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The Walking Dead (video game)






"The Walking Dead: Season One" redirects here. For the first season of the television series, see The Walking Dead (season 1)[image: External link].

This article is about the Telltale game. For other video games based on the franchise, see The Walking Dead: Survival Instinct and The Walking Dead: Road to Survival.

The Walking Dead (also known as The Walking Dead: The Game[5] and The Walking Dead: Season One[6]) is an episodic interactive drama graphic adventure survival horror video game developed and published by Telltale Games. Based on The Walking Dead comic book series, the game consists of five episodes, released between April and November 2012. It is available for Android, iOS, Kindle Fire HDX, Microsoft Windows, Mac OS X, PlayStation 3, PlayStation Vita, Xbox 360, PlayStation 4 and Xbox One. The game is the first of The Walking Dead video game series published by Telltale.

The game takes place in the same fictional world as the comic, with events occurring shortly after the onset of the zombie apocalypse in Georgia. However, most of the characters are original to the game, which centers on university professor and convicted criminal Lee Everett, who helps to rescue and subsequently care for a young girl named Clementine. Kirkman provided oversight for the game's story to ensure it corresponded to the tone of the comic, but allowed Telltale to handle the bulk of the developmental work and story specifics. Some characters from the original comic book series also make in-game appearances.

Unlike many graphic adventure games, The Walking Dead does not emphasize puzzle solving, but instead focuses on story and character development. The story is affected by both the dialogue choices of the player and their actions during quick time events, which can often lead to, for example, certain characters being killed, or an adverse change in the disposition of a certain character or characters towards Lee. The choices made by the player carry over from episode to episode. Choices were tracked by Telltale, and used to influence their writing in later episodes.

The Walking Dead has been critically acclaimed, with reviewers praising the harsh emotional tone of the story and the empathetic connection established between Lee and Clementine. It won year-end accolades, including Game of the Year awards from several gaming publications. More than one million unique players have purchased at least one episode from the series, with over 8.5 million individual units sold by the end of 2012, and its success has been seen as constituting a revitalization of the weakened adventure game genre. In July 2013, Telltale released an additional downloadable episode, 400 Days, to extend the first season and bridge the gap towards the second season. The third season premiered on December 20, 2016.[7]



TOP
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 Gameplay




The Walking Dead is a graphic adventure, played from a third-person perspective with a variety of cinematic camera angles, in which the player, as protagonist Lee Everett, works with a rag-tag group of survivors to stay alive in the midst of a zombie apocalypse.[8] The player can examine and interact with characters and items, and must make use of inventory items and the environment. Throughout the game, the player is presented with the ability to interact with their surroundings, and options to determine the nature of that interaction. For example, the player may be able to look at a character, talk to that character, or if they are carrying an item, offer it to the character or ask them about it. According to Robert Kirkman, The Walking Dead game is focused more on developing characters and story, and less on the action tropes that tend to feature in other zombie-based games, such as Left 4 Dead.[9]

Some parts of the game require timed responses from the player, often leading to significant decisions that will impact the game's story, in the manner of role-playing games (RPGs).[10] Some conversation trees require the player to make a selection within a limited time, otherwise Lee will remain quiet, which can affect how other characters respond to him. Unlike in other RPGs such as the Mass Effect or Fallout series, where choices fall on either side of a "good or evil" scale, the choices within The Walking Dead have ambiguous results, having an effect on the attitude of the non-player characters towards Lee.[10] The player can opt to enable a "choice notification" feature, in which the game's interface indicates that a character has changed their disposition towards Lee as a result of these choices.[11] In more action-based sequences, the player must follow on-screen prompts for quick time events (QTEs) so as to keep themselves or other characters alive. If the player dies, the game restarts from just prior to the QTE. Other timed situations involve major decisions, such as choosing which of two characters to keep alive.

Each episode contains five points where the player must make a significant decision, choosing from one of two available options. Through Telltale's servers, the game tracks how many players selected which option and lets the player compare their choices to the rest of the player base. The game can be completed regardless of what choices are made in these situations; the main events of the story, as described below, will continue regardless of what choices are made, but the presence and behavior of the non-player characters in later scenes will be affected by these choices. The game does allow the player to make multiple saves, and includes a "rewind" feature where the player can back up and alter a previous decision, thus facilitating the exploration of alternative choices.[12]
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 Synopsis
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 Setting




The Walking Dead occurs simultaneously with the events from the original comic series, where a zombie apocalypse overwhelms much of society.[13][14][15] Characters in the game come to call the zombies "walkers", due to the slowness of their movement. Although the survivors initially think that being bitten by a zombie is the only way to become infected, it is later discovered that one becomes a zombie upon death irrespective of the manner in which one dies; only by damaging the brain can the reanimation be stopped. As with the comic and television series[image: External link], the game's events occur in the state of Georgia.
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 Characters




Numerous characters appear throughout the game. Lee Everett (voiced by Dave Fennoy[image: External link][16]), the primary protagonist of the series, is a native of Macon and a former university professor convicted for killing a state senator who was sleeping with his wife.[17] Lee eventually finds and becomes a father figure to Clementine (voiced by Melissa Hutchison[18]), an eight-year-old whose parents went away for the weekend, leaving her with a babysitter. Lee and Clementine soon encounter a family from Fort Lauderdale, Florida; Kenny (voiced by Gavin Hammon[19]), a fisherman who prioritizes his family above all else;[20] Katjaa, Kenny's wife, who works as a veterinarian (voiced by Cissy Jones[21]);[22] and Kenny and Katjaa's son, Kenny Jr. (voiced by Max Kaufman[23]), more commonly known as "Duck".[22] The five join a survivor group led by Lilly (voiced by Nicki Rapp[24]), who was formerly stationed on the Robins Air Force Base.[25] Lilly's group consists of multiple survivors, including Larry (voiced by Terry McGovern[26]), her aggressive and judgmental father, a retired U.S. Army[image: External link] commander who knows Lee's past;[27] Carley (voiced by Nicole Vigil[28]) a quick-thinking regional news reporter who is also aware of Lee's crimes;[25] Doug (voiced by Sam Joan[29]), a resourceful and logical information systems technician;[27] and Glenn Rhee (voiced by Nick Herman[30]), a former pizza delivery boy.[31] In the second episode, two more survivors join the group: Mark (voiced by Mark Middleton[32]), a survivor who used to work for the U.S. Air Force;[33] and Ben Paul (voiced by Trevor Hoffman[34]), a high school student rescued by Lee, Mark and Kenny. In the third episode, more characters are introduced; Chuck (voiced by Roger Jackson[image: External link][35]), a level-headed homeless man who lives in a boxcar; and Omid and Christa (voiced by Owen Thomas[36] and Mara Junot[37] respectively), a young couple who tend to stay away from large groups. The fourth episode introduces two more characters; Molly (voiced by Erin Ashe[image: External link][38]), an acrobatic and resourceful young woman who carries an ice axe; and Vernon (voiced by Butch Engle[39]), a doctor and leader of a group of cancer survivors hiding in the morgue of a hospital. The Stranger (voiced by Anthony Lam,[40] and by Roger Jackson through the walkie-talkie) is a man that communicates to Clementine via her walkie-talkie as the group nears Savannah.
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 Plot




The following summary is a broad overview of the work, describing the major events that occur regardless of player choice. Some specific elements not listed here will change based on the impact of player choices.

The game opens with Lee Everett on his way to prison after his conviction in Atlanta, Georgia. En route, the police car in which he is travelling strikes a walker and careens off-road. The officer is killed by walkers, and Lee takes shelter in a nearby home, discovering a little girl named Clementine. Her parents went away for a few days to Savannah, when the zombie apocalypse began, though through answering machine messages, it is revealed they were involved in an attack. Lee offers to protect and care for Clementine, and help her find them.

They then come meet Kenny, his wife Katjaa and their son Kenny Jr. (nicknamed "Duck"). The group head towards Macon; there, they find shelter with several other survivors in a drugstore that had been owned by Lee's family; the group are able to find escape and find safety in a motel with a defensible perimeter. Though protected from walkers, Lee and the survivors struggle to find food, and after three months, are at the last of their supplies. They are approached by the St. Johns, a family who own a nearby dairy. The group exchange gasoline to power the St. Johns' electric fence for food and shelter. However, while on the dairy, Lee discovers the St. Johns have engaged in cannibalism. The group escapes, leaving the St. Johns to their fate as the farm is overrun by walkers. On the way back to the motor inn, the group discovers an abandoned station wagon stocked full of provisions, which they take amongst themselves.

The group soon learns that the St. Johns had a deal with local bandits; they gave the bandits food and in exchange the bandits would not attack the dairy. The bandits launch an attack on the motel that attracts walkers, and the group is forced to abandon their base and supplies. During the attack, Duck is bitten. The group come upon a freight train and get it working, heading towards Savannah, with the intention of finding a boat and getting out onto the ocean. During the trip, Duck succumbs to his bite; the loss drives Katjaa to suicide. Kenny is completely inconsolable by the ordeal of losing his wife and son. The group encounter Christa and Omid, two other survivors who join them.

Nearing Savannah, Clementine's walkie-talkie goes off. An unknown man tells her she will be safe once he deals with Lee and the group, and promises her that her parents are waiting for her. The group takes shelter in a well-fortified mansion, and Lee and Kenny head towards the pier to find a boat. There, they discover that there are no boats left in the city, and whatever useful supplies remain are being held in Crawford, a fortified elitist community who do not permit the elderly, the sick, or children into their ranks.

When walkers attack, Lee is separated from the group, and he makes his way back to the mansion through the sewers, where he finds Chuck eaten by walkers. While there, he discovers a group of cancer survivors, led by Vernon, hiding in a hospital morgue. Vernon returns with Lee back to the mansion, where Clementine has discovered a boat in the shed; it lacks fuel and a battery, but both items can be obtained in Crawford. Lee and the group plan an invasion, but once there, they find the entire population has turned into walkers. They quickly gather the necessary supplies and leave. Vernon departs, but not before warning Lee that he does not believe Lee an appropriate guardian for Clementine, and offering to take care of her instead.

The next morning, Lee wakes to find Clementine missing, and in his haste to find her, he is attacked and bitten by a walker. Initially suspecting Vernon, Lee finds the morgue abandoned, when Clementine's walkie-talkie goes off. The man on the other end reports that he has Clementine and challenges Lee to come and find her. Clementine is able to reveal to Lee where she is being held, and Lee returns to the mansion only to find that the boat and other supplies have been stolen by Vernon's group. As the group head to rescue Clementine, Kenny is lost during an attack by a herd of walkers. Soon after, Lee is separated from Omid and Christa, and he instructs them to care for Clementine after he is gone.

Lee reaches the hotel where Clementine is captive where he comes face to face with her captor, who reveals that he was the owner of the station wagon that the group ransacked after leaving the dairy and lost his family to walkers as a result. Realizing that the man is insane, Lee, with Clementine's help, kills him. As Lee and Clementine leave the hotel, Clementine spots her parents, both of whom have turned into walkers, and Lee falls unconscious. Awakening soon after, he realizes he is near conversion, and instructs her to escape the city and meet Omid and Christa at the edge of town. The player can choose to have Lee order Clementine to either kill him or leave him to become a walker, or can opt to do nothing, in which case Clementine will choose based on the culmination of the player's choices within the game.

After the game's credits, Clementine is seen walking in a field by herself saddened by Lee's passing. She spots two figures in the distance, that notice her.
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 400 Days




The downloadable content 400 Days relates stories of other survivors of zombie apocalypse, starting at its onset and occurring concurrently with Season One. Some of these characters, depending on player choices, reappear in Season Two.

The character stories include:


	Vince (Anthony Lam) who has been sentenced to prison for murder which he had done to help his brother sometime prior to the outbreak. On Day 2 of the outbreak, Vince is on a prison-bound bus with Danny (Erik Braa) and Justin (Trevor Hoffmann) when it is ambushed by walkers. He manages to escape, helping one of his fellow prisoners as well while forced to leave another behind.

	Wyatt (Jace Smykel) his friend Eddie (Brandon Bales) have just accidentally killed a friend of Nate (Jefferson Arca) and are fleeing in a car on Day 41 of the outbreak when they run over one of Vince's security guards in a dense fog. One of them gets out to check on the damage to the car and the fate of the guard, but the other one flees in the car, abandoning their friend.

	Russell (Vegas Trip), a teenager traveling by foot to try to see if his grandmother is safe. On Day 184 of the outbreak he hitchhikes and is picked up by Nate, who takes Russell to a nearby gas station and truck stop. The two explore the stop for supplies coming across an older couple, Walt and Jean, who Nate prepares to kill, while Russell deliberates on staying with Nate or leaving him.

	Bonnie (Erin Yvette[image: External link]), a former drug-addict, has joined with married couple Leland (Adam Harrington) and Dee (Cissy Jones), Dee suspecting that Leland is becoming attracted to Bonnie. On Day 220 of the outbreak they are discovered by the survivors that Dee stole supplies from, forcing them to split up into a corn field. To protect herself, Bonnie attacks an approaching shadow with a farm tool, shocked to find it was actually Dee, who accuses her of purposely attacked her as she dies. Bonnie must determine whether to tell Leland the truth or not.

	Shel (Cissy Jones) and her younger sister, Becca (Brett Pels) have joined a large group who have acquired the truck stop some time after Russell's story and were the same group Dee stole from in Bonnie's story. Several members of the group are also former cancer patients who Lee encounter in Episode 4 of the main story and who stole Kenny's boat. Roman (Kid Beyond) holds tight control as the leader of the group, and when Roberto, a scavenger, attempts to steal from the group on Day 236 of the outbreak, Roman debates whether to have him kill the scavenger or let him go and risk their safety, making Shel give the deciding vote. Sometime after on Day 259, the consequences of her choice have splintered the group's security or positivity. When another group member Stephanie (Dana Bauer) is caught stealing supplies, Roman asks Shel to kill her, leading Shel to consider either going through with it or fleeing the camp with Becca.



The five stories culminate in a final scene on Day 400 where Tavia (Rashida Clendening) discovers photos of the five on a billboard near the now-overrun truck stop, along with a map to a nearby location. There, she finds the survivors, and offers them sanctuary nearby. The choices the player has previously made, and will make as Tavia, will determine which members join Tavia or remain behind.
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 Episodes




The game was separated into five episodes, released in two-month intervals.



	No.
	Title
	Directed by
	Written by
	Original air date



	1
	"A New Day"
	Sean Vanaman & Jake Rodkin
	Sean Vanaman[41]
	Original release: April 24, 2012

iOS release: April 26, 2012



	At the onset of the zombie apocalypse, Lee Everett rescues young Clementine, and joins with other survivors in Macon, Georgia to protect themselves from the undead.



	2
	"Starved for Help"
	Dennis Lenart
	Mark Darin[42]

Story by Chuck Jordan
	Original release: June 27, 2012

iOS release: August 29, 2012



	After having secured a motel, Lee saves a young man named Ben Paul, and the other survivors run low on food, and decide to take an offer made by the St. Johns, a family who own a nearby dairy farm. They come to learn the St. Johns may not be what they seem.



	3
	"Long Road Ahead"
	Eric Parsons
	Sean Vanaman[1]

Story by Sean Vanaman, Jake Rodkin & Harrison G. Pink
	Original release: August 28, 2012

iOS release: October 18, 2012



	When bandits and walkers attack the motel, the group is forced to flee without their supplies, leading to tensions on the road. The group finds an operating train, headed for Savannah, where Clementine hopes to find her parents.



	4
	"Around Every Corner"
	Nick Herman
	Gary Whitta[43]
	Original release: October 9, 2012

iOS release: November 8, 2012



	The survivors arrive in Savannah to search for a boat, only to get caught in a conflict involving a corrupt community and an elusive enemy, whom Clementine has been contacting.



	5
	"No Time Left"
	Sean Vanaman, Jake Rodkin & Sean Ainsworth
	Sean Vanaman[44]
	November 20, 2012



	Lee and the remaining survivors travel across the now infested Savannah in an effort to rescue Clementine from The Marsh House.
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  Supplemental episodes




An additional episode, titled 400 Days, was released in July 2013 as downloadable content, bridging the gap between the first and second season. It focuses on five new characters, and is presented in a nonlinear narrative style; players can approach the five stories in any order they choose.[45]



	Title
	Directed by
	Written by
	Original air date



	"400 Days"
	Sean Ainsworth
	Sean Ainsworth, Nick Breckon, Mark Darin, Sean Vanaman & Gary Whitta
	July 2, 2013



	The story focuses on five new characters during the first 400 days of the zombie outbreak: Vince, a convicted criminal; Wyatt, who is fleeing from an unknown pursuer; Russell, who is trying to discover his grandmother's fate; Bonnie, a drug addict; and Shel, who is fleeing with her sister Becca. The epilogue follows Tavia, who is trying to save other survivors.[46]
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 Development
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 Rights




Prior to The Walking Dead, Telltale Games had made several successful episodic adventure games based on established properties, including three seasons of Sam & Max[image: External link] based on the comics and prior video games, and the five-episode Tales of Monkey Island, based upon the Monkey Island video game series. In 2010, the company secured the rights to two licensed movie properties from Universal Studios, resulting in Back to the Future: The Game and Jurassic Park: The Game. The latter included elements atypical of adventure games, including more action-oriented sequences incorporating quick time events, and was inspired by Quantic Dream's Heavy Rain.[47]

In February 2011, Telltale announced deals with Warner Bros. to develop episodic series based on both The Walking Dead and Fables.[48][49] For The Walking Dead, the agreement including provisions for "multi-year, multi-platform, multi-title" arrangements, with an initial episodic series release to commence in the fourth quarter of 2011.[50]
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 Writing




During development of the game, Robert Kirkman and the comic publisher Skybound Entertainment worked with Telltale.[51] According to Kirkman, he had previously played Telltale's Strong Bad's Cool Game for Attractive People, and felt that they "were more focused on telling a good story, and I thought they were good at engaging the player in the narrative."[52] Telltale approached him with a proposal which, according to Kirkman, "involved decision-making and consequences rather than ammunition gathering or jumping over things." The proposal's emphasis on the survival aspect of the comics, and the need for the player to make choices between two bad options sold him on the project.[52] Since then, Kirkman became involved with Telltale, mostly providing oversight on what aspects of the story were appropriate components of The Walking Dead universe, in much the same manner as he does for the television show, staying out of the direct development process.[52] Dan Connors, CEO of Telltale, stated that working with Kirkman made it easier for Telltale to craft its story and introduce new characters, instead of having to work with those already established in the comic.[51][53] One of the few demands Kirkman asked of Telltale was to avoid telling anything involved with the comic's main character, Rick Grimes, as Kirkman has stated long-term plans with the character in other media.[53] Kirkman had not been impressed with an early build of the first episode, but by the time they had presented him with a near-final build, Kirkman told the Telltale team, "Holy shit guys, you did it", according to the game's co-lead developer Jake Rodkin.[54]

Connors stated that from a gameplay perspective, they had looked to games such as Heavy Rain and the Uncharted series as a basis for in-game cinematics, while the idea of giving the player choice was influenced by the Mass Effect series.[51] In addition to the television version of The Walking Dead, Telltale took cues from Game of Thrones[image: External link] and Mad Men[image: External link] in terms of how to develop characters within a brief time.[51] Connors also noted that the found that traditional conversation trees did not possess "a believable rhythm" to dialog, and developed a conversion system, using timed input, to create more natural-sounding dialog.[55]

The game's story was written with the final scene in the fifth episode, where Clementine either shoots Lee or walks away to let him become a walker, as the established ending that the game would build towards.[40][56] As such, the character of Clementine was considered critical to the game's writing, and the team spent much time making her the "moral compass" for the game, while assuring that as a child character, she would not come off to the player as whining or annoying.[56] Similarly, the scene with the Stranger in the hotel room was planned very early in development, and also used to review the player's decisions on a moral basis, allowing the player to respond, if they desired, to the allegations.[40] Each episode was developed by pairing a writer and a game designer so that the plot and gameplay style for that episode would work in cooperation and avoid having one feel detached from the other, according to Vanaman.[54] As such, certain gameplay ideas were left out of the game; one example given by Vanaman was a scene where everyone in the survivor group was firing on a wall of zombies, but as this would lead to a discrete success or failure, it did not fit in with the sense of panic they wanted to convey in the scene.[54]
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A major aspect in the writing The Walking Dead was the concept of death, whether for the player or non-player characters. Telltale itself was formed from many former LucasArts employees, who had previously written games where the player could not die.[57] As such, they introduced situations where Lee would die if the player did not react fast enough, although the game would restart just before these events, and situations where non-player characters would die based on the player's on-the-spot decisions.[57] This latter aspect was designed to maintain the game's pace, and led to the idea of tracking the player's decisions. Telltale's development tools and engines had previously included means of tracking players' progress, but the use in The Walking Dead was more explicit, revealing global statistics.[57]

The ultimate goal of introducing non-game-ending choices into the game was to make the player more invested in the story and more likely to avoid using the rewind feature. Telltale spent a great deal of time to assure that no choice would appear to be punishing to the player, though ultimately "all choices are equally wrong", according to Whitta.[54] The writers wanted to create choices that would appear to have a significant impact on the story but ultimately would be mostly inconsequential to the larger story.[54] At major decision points, the writers' aim was try to have the audience split evenly by making the dialog as neutral as possible prior to the choice; they considered that a split of 75 to 25 percent was not ideal.[57] They noted such cases occurred in both the first episode, where the player has an option to save Carley (the "hot reporter with a gun") or Doug (the "dorky dude"), with the vast majority of players saving Carley,[41] and in the second episode, where the player is given the option to cut off Parker's leg before they are attacked by Walkers or leave him behind, with most players cutting off the leg.[42] As such, in subsequent episodes, they worked to modify dialog to eliminate any sense of suggestion, leaving the notion of the 'right' choice ambiguous, and totally up to the player themself.[57]

In some cases, the writers had to work around the established characters and chronology from the comic series. In the first episode, for example, the player is introduced to Hershel Greene, who is established in the comics as a bitter character due to witnessing his son Shawn turn into a walker in the early stages of the outbreak. One of the first decisions the player makes is whether to save Shawn or Duck; however, either choice results in Shawn being bitten, so as to maintain the comic's continuity; only the manner in which he is bitten is changed. The major consequence aspect of the choice instead involves how Kenny feels towards Lee.[41] In other cases, Telltale designed scenes and choices knowing how the majority of players would be predisposed to certain characters. One example is the character of Larry, who is introduced in the first episode as a hard-nosed jerk. Based on the statistical feedback, Telltale recognized that most players would want to either abandon or kill Larry at the first opportunity, and as such, they created a conversation tree in episode two where Lilly goes some way to redeem Larry in the eyes of the player. The idea was that this might influence the player when they must choose whether to help Kenny kill Larry, who may, or may not, have died from a heart attack and be on the verge of turning. Telltale found that 75% of the players now wanted to save Larry, a result they had expected.[42]

The writers also used the decision statistics from previous episodes to develop the direction of future ones. Gary Whitta, the writer of the fourth episode, specifically reviewed all the statistics from the previous three episodes to determine the general development of the episode's story. One example involved the death of Duck in the third episode. In that episode, the player must choose to either kill Duck for Kenny, or have Kenny do it himself. In the fourth episode, Whitta wrote a scene where Kenny finds a similar-looking boy, who has starved to death in an attic and come back as a walker. Again, the player is faced with the choice of whether to kill the boy themselves or have Kenny do it. They also included a third choice, in which the player would simply walk away, leaving the boy as a walker trapped in the attic, but this decision would harshly affect the disposition of the others characters towards Lee.[43] By the first act of episode 5, there were 32 variations due to past player choices that they had to write towards.[40] The number of possible scenarios were considered necessary to make the game feel "organic" to the individual player, making the player feel like they weaved their own story within the game instead of just taking a specific route through the choices.[40]
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Telltale's art director, Derek Sakai, led the creation of the characters and their expressions. Sakai was told to not use symmetric expressions to help create more human-like expressions and help improve the realism of the game.[54] Sakai drew inspiration from his own daughter to develop the character of Clementine.[56]
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 Multi-platform




The game engine used for The Walking Dead was optimized so as to facilitate the multi-platform nature of the release, which included PCs, gaming consoles[image: External link] and mobile devices, with the aim of minimizing the work in porting.[58] However, the development team still focused on achieving the best control schemes for each platform; in particular, the touchscreen control scheme on mobile devices was based on experience gained during the development of the Back to the Future game.[58] A major challenge through the development of all five episodes was the save game file format, which they continually have to update and fix across platforms, and in some cases, causing existing save files to become invalid.[53] Unique fixes applied for earlier episodes on one platform would reappear as problems in later ones.[53] Connors stated that for the next series, they will be "a lot more diligent" on the save game issues, using data gathered during the first season development and information on how players would approach the game.[53]

In previous series developed by Telltale for multiple platforms, they had had difficulty in timing releases to reach all players at the same time. One aspect of this was due to issues encountered on the Xbox Live Arcade service for the Xbox 360; for small publishers, like Telltale at the time, they had to arrange with larger publishers to allocate a slot within the Arcade's release schedule several months in advance, making it difficult to coordinate with releases on other platforms.[57] After the success of the Back to the Future and Jurassic Park games, however, Telltale were able to officially achieve a publisher status on Xbox Live, giving them more control of the release schedule. Furthermore, they had designed the game such that the second through fifth episodes would be treated as downloadable content, allowing them to bypass slot scheduling and assuring same-day release on both PCs and consoles.[57]
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Main articles: The Walking Dead: Season Two, The Walking Dead: Michonne, and The Walking Dead: A New Frontier


The first series proved successful, leading Telltale to begin development of a second episodic season.[59][60] The first episode of the second season was released in the fourth quarter of 2013.[61][62][63] One aspect they are investigating is if players will be able to reuse their saved game from the first season as a seed to impact the development of the second.[51] According to Connors, Telltale is working at trying to determine how to incorporate what players liked best from the first series into the second, while considering how and by what means they will continue the story, and include the possibility of tying in more of the characters from the television show. Connors also stated they are looking for ways to keep players engaged between the episodic releases.[64]

In February 2013, writer Whitta suggested that there may also be some material released before the second season to tide players over until then.[65] This was revealed to be the aforementioned 400 Days downloadable content, revealed at the 2013 Electronic Entertainment Expo following a week of brief Vine video teaser movies posted by Telltale, introducing the five main characters in the added episode.[66] The content uses information from the player's saved game from the first season, and decisions made within 400 Days will continue into season two. The content was made available on the game's existing platforms between July 2 and 11, 2013, while a special bundled edition of the PlayStation Vita, including the full The Walking Dead game and 400 Days content, was released on August 20, 2013.[46][67][68][69][70][71] A "Game of the Year" edition of The Walking Dead, including all five episodes and 400 Days, was released for retail for the Microsoft Windows, Xbox 360, and PlayStation 3 platforms on November 19, 2013.[61]

At the 2014 San Diego Comic-Con International, Telltale confirmed there will be a third season of The Walking Dead.[72] Telltale is also producing a three episode mini-series, The Walking Dead: Michonne, based on the character Michonne. The arc will cover events between issues #126 and #139 of the comic series, explaining her departure from the Grimes' group and why she returns. The series was released in February 2016 for Microsoft Windows, PlayStation 3, PlayStation 4, Xbox 360, Xbox One, iOS, and Android devices, with the prerequisite that players must have already bought The Walking Dead: Season Two.[73]

The first episode of third season The Walking Dead: A New Frontier was released on December 20, 2016, with physical season pass disc released on February 7, 2017.[74]
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 Marketing and release




The Walking Dead was originally announced as a five-episode series with approximately monthly releases as digital downloads for Microsoft Windows, OS X, Xbox 360, and PlayStation 3 systems. Its release was slated for late 2011, but it was ultimately pushed back to April 2012.[75][76] This date was shortly after the conclusion of the final episode of the second season of The Walking Dead television show, providing a means for the game to ride the popularity of the show.[58]

Telltale later announced that they would provide a disc-based release of the complete game for these platforms on December 11, 2012, after the release of the fifth episode.[77][78] Exclusive to GameStop stores in North America is the Collector's Edition, which includes new artwork by Charlie Adlard and The Walking Dead: Compendium One, a comic book that embody the first 48 issues of the series by Robert Kirkman.[79] Following the retail release, some Xbox 360 owners without large storage options reported stuttering issues with the disc-based game; Telltale compensated these users with free codes to download the full series digitally.[80]

An iOS version of the game was announced in August 2012, with episodes released shortly after their computer/console debut.[81] Later, after the full release of all five episodes to the App Store, Telltale offered the first episode for free, something they had done in the past, as doing so, according to Dan Connors, "opens the funnel and gets it out to more people who can then convert into the [full] game".[58]

In March 2013, Telltale announced that The Walking Dead will be ported to the PlayStation Vita, later revealed in June 2013 to be a retail release, including a special Vita bundle package that would include the game, the 400 Days episode, and additional content.[68][82]

In November 2013, Telltale announced that a Game of the Year edition of The Walking Dead was to be released for PC, Xbox 360 and PlayStation 3 through retail. It will includes the five episodes, the 400 Days DLC episode, the original score and a behind-the-scenes feature. Releases for the PlayStation 4 and Xbox One consoles were announced in May 2014 and released in October later that year.[83]
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 Reception






	Aggregate review scores



	Game
	Metacritic



	Episode 1 – A New Day
	(PS3) 84[84]

(PC) 82[85]

(X360) 79[86]




	Episode 2 – Starved for Help
	(PC) 84[87]

(X360) 84[88]

(PS3) 84[89]




	Episode 3 – Long Road Ahead
	(X360) 88[90]

(PS3) 87[91]

(PC) 85[92]




	Episode 4 – Around Every Corner
	(X360) 82[93]

(PS3) 81[94]

(PC) 80[95]




	Episode 5 – No Time Left
	(PC) 89[96]

(X360) 89[97]

(PS3) 88[98]




	Special Episode – 400 Days
	(X360) 80[99]

(PS3) 78[100]

(PC) 78[101]




	A Telltale Games Series
	(X360) 92[102]

(PS3) 94[103]

(PC) 89[104]

(PSVITA) 82[105]





The Walking Dead has received critical acclaim, with reviewers giving praise for the harsh emotional tone, the characters, story and the resemblance to the original comic book, although criticizing the graphical glitches. The game received over 80 Game of the Year awards and many other awards.

"Episode 1 – A New Day" received positive reviews. Aggregating review websites GameRankings and Metacritic gave the PlayStation 3 version 85.14% and 84/100,[84][106] the Xbox 360 version 83.87% and 79/100[86][107] and the PC version 83.38% and 82/100.[85][108] The game received various accolades including the IGN "Editors' Choice", PC Gamer "Editors' Choice", Xbox Editors' Choice Award, and the PlayStation Gold Award.

"Episode 2 – Starved for Help" received positive reviews. Aggregating review websites GameRankings and Metacritic gave the PC version 86.53% and 84/100,[87][109] the Xbox 360 version 86.26% and 84/100[88][110] and the PlayStation 3 version 85.90% and 84/100.[89][111] The game won the GameSpy E3 2012 award for "Best Adventure Game".[112]

"Episode 3 – Long Road Ahead" received positive reviews. Aggregating review websites GameRankings and Metacritic gave the Xbox 360 version 88.47% and 88/100,[90][113] the PlayStation 3 version 86.11% and 87/100[91][114] and the PC version 85.41% and 85/100.[92][115] IGN's Greg Miller gave it a 9 out of 10, saying "It's a disturbing, depressing and entertaining entry in a journey that's been nothing short of excellent so far."[116] GameSpot gave the game an 8.5, saying "The Walking Dead has passed the midway point of its series of five episodes with every indication that the game will keep getting better right through to its inevitably depressing and unsettling conclusion."[117] MTV also gave it a positive review, saying "Telltale has created a series of wrenching, emotional decisions in the middle of a collection of not-too-hard puzzles in a visually-impressive adaptation of the Robert Kirkman comic series (with some nods to the TV show)."[118]

"Episode 4 – Around Every Corner" received positive reviews. Aggregating review websites GameRankings and Metacritic gave the PC version 84.00% and 80/100,[95][119] the Xbox 360 version 82.50% and 82/100[93][120] and the PlayStation 3 version 78.94% and 81/100.[94][121]

"Episode 5 – No Time Left" received critical acclaim. Aggregating review websites GameRankings and Metacritic gave the PC version 94.75% and 89/100,[96][122] the Xbox 360 version 88.15% and 89/100[97][123] and the PlayStation 3 version 87.75% and 88/100.[98][124]

400 Days received positive reviews. Aggregating review websites GameRankings and Metacritic gave the PlayStation 3 version 78.20% and 78/100,[100][125] the PC version 78.00% and 78/100[101][126] and the Xbox 360 version 76.88% and 80/100.[99][127]
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 Sales




The Walking Dead was a financial success, aided by the ease of digital distribution.[128] The first episode topped the charts on Xbox Live Arcade for the week of April 30,[129] and remained at the top for two weeks. It also topped the sales charts for both PlayStation Network and Steam for a week.[130] The first episode sold one million copies in 20 days (not including iOS sales), making it Telltale's fastest selling title to date.[130] With the third episode's release, over 3.8 million episodes were delivered to 1.2 million players.[128] As of January 2013, over 8.5 million episodes have been sold across all platforms, representing about $40 million in revenue.[58] Telltale's CEO Dan Connors has stated that the iOS version represented about 25% of their overall sales, the "largest upswing" for any platform, with sale particularly high in November and December 2012, due in part due to various sales on the App Store.[58] Upon announcement of the 400 Days content, Telltale reported that over 17 million episodes have been purchased across all platforms worldwide,[131] while by October 2013, at the time of the formal announcement of Season Two, over 21 million episodes have been sold.[61] As of July 28, 2014, 28 million episodes have been sold.[132]
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 Accolades




The Walking Dead has been described as representing a revitalization of the adventure game genre,[133] which had been in decline since the mid-1990s.[134] Telltale have been praised for taking their previous experiences in the genre and expanding on them, whilst also incorporating strong writing and voice acting; Gamasutra and Game Developer named the studio one of the top 10 developers in 2012.[135]

The Walking Dead has garnered many other 2012 "Game of the Year" awards, notably from USA Today, Wired, Complex, GamesRadar and Official Xbox Magazine.[136][137][138][139][140] The Walking Dead was awarded "Game of the Year", "Best Adapted Video Game", and "Best Downloadable Game" at the 2012 Spike Video Game Awards; Melissa Hutchison's role as Clementine was named as "Best Performance By a Human Female", while Dave Fennoy was nominated for "Best Performance by a Human Male". Telltale Games was also named as "Studio of the Year".[141] The game was awarded "Best Downloadable Game" and "Best Character Design" for Lee Everett at the 2012 Inside Gaming Awards.[142] The Walking Dead was Destructoid's 2012 "Game of the Year" and "Best Multi-Platform Game".[143][144] Digital Trends awarded the game with "Best Writing", "Best Digitally Distributed Game", and "Game of the Year" for 2012.[145] Yahoo! Games' Flan Dering listed The Walking Dead as his "Game of the Year" and "Best Downloadable Game" for 2012.[146][147] For the 2013 D.I.C.E. Interactive Achievement Awards, The Walking Dead was nominated for eight awards,[148] and won for "Adventure Game of the Year", "Downloadable Game of the Year", "Outstanding Achievement in Story", and "Outstanding Character Performance" for the character of Lee.[149] The Walking Dead won the "Best Narrative" award[150] and received nominations for "Best Downloadable Game" and "Game of the Year" for the 2013 Game Developer's Choice Awards.[151] The Walking Dead won the "Story" and "Mobile & Handheld" awards at the 2013 British Academy Video Games Awards,[62] and was nominated for "Best Game", "Game Design", and "Original Music" for the 2013 British Academy Video Games Awards, along with separate "Performance" nominations for Fennoy and Hutchinson for their roles as Lee and Clementine, respectively.[152] In March 2013, the game was nominated for and won several Pocket Gamer Awards categories, including iOS Game of the Year.[153] The Walking Dead: 400 Days won Animation, Interactive at the 2013 National Academy of Video Game Trade Reviewers (NAVGTR) awards.[154]

A virtual pinball table, developed jointly by Telltale Games and Zen Studios, was released on August 27, 2014[155] as downloadable content for Zen Pinball 2 and Pinball FX 2.[156][157]
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The Walking Dead: Survival Instinct






"The Walking Dead (2013 video game)" redirects here. For the graphic adventure by Telltale Games, see The Walking Dead (video game).

The Walking Dead: Survival Instinct is a single-player post apocalyptic first-person shooter[image: External link] video game[image: External link] developed by Terminal Reality[image: External link] and published by Activision[image: External link].[3] It is based on and canon[image: External link] to The Walking Dead television series[image: External link], in contrast to the video game by Telltale Games, which is based on and canon to the comics.[4] The Walking Dead: Survival Instinct acts as a prequel[image: External link] to the TV series; it is set in the Georgia countryside and focuses on Daryl and Merle Dixon as they make their way to Atlanta[image: External link] during the early days of the zombie apocalypse. The critical reception for The Walking Dead: Survival Instinct was received poorly[image: External link], with criticisms mainly directed to the game's graphics, control, and plot.



TOP
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 Gameplay




The player assumes the role of Daryl Dixon, who can either fight the walkers or stealthily sneak past them. As he travels, he meets other survivors, who can either help or leave. He will have to be cautious of how much fuel, ammo and food he has, and think very strategically of who and how many he chooses to take in to his group. When he travels, he can either choose to take the highway, and save fuel but break down a lot, or take the small roads, where he will be able to scavenge from small villages and chance of breaking down is low. He can also change the vehicle he is using, ranging from a small truck to an SUV. The vehicles use up fuel which you have to watch over. When you run out of fuel, you must stop at various roadsides to try and scavenge jerry cans of fuel.
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 Plot




In the midst of a zombie outbreak and shortly after the death of Daryl Dixon's father, Will Dixon, Daryl and his half-uncle Jess Collins escape their mountain shelter in Cabot Ridge to gather supplies in the nearby town of Sedalia. During the scavenger hunt for fuel, Daryl meets Jimmy Blake, the last standing police officer of Sedalia who requests that Daryl find radio batteries to call for help, in exchange for sniper support. In a nearby gas station, Daryl meets Warren Bedford, who gives fuel to Daryl under the condition he join the group. The quartet then escapes with the newly acquired fuel, this time heading to Pemberton.

Upon entering Pemberton, Jess continues to get weaker from a bite he suffered in the mountains, and the truck they took is about to die out. At the campgrounds, Daryl meets deputy Lee, who gives Daryl a shotgun and asks him to look for a park ranger in order to get car keys to another vehicle. When looking for the ranger, Daryl hears a girl calling for help over a radio. Daryl also finds that the ranger has turned into a walker already. In the aftermath, Jess succumbs to the bite and reanimates.[5]

Shortly after arriving at a town called Fontana to look for his brother Merle Dixon, Daryl hears gunshots from a building. When Daryl enters a diner, two survivors are being surrounded by walkers, which Daryl kills before talking to them. A woman called Scout and her partner Noah who was injured by an unknown sniper asks Daryl to check the movie theater for another survivor named Mia in exchange for one of their bags of supplies. After finding Mia alive, Daryl returns to the diner for the bag only to realize that Scout and Noah ran off to Memorial Hospital with the bags, yet gives him keys to another car. When Daryl arrives at the police station, the unknown shooter was revealed to be Merle, who was trying to protect himself from U.S. soldiers attempting to bring him to prison. Merle joins the group and demands to go to a bar called Jake's as their next destination.[5]

When Daryl questions Merle's reason to go to Jake's, Merle tells him he kept something of Daryl's at the bar. After arriving at the bar, Merle instructs Daryl to stay by the car but Daryl goes and looks for his brother anyway. It is revealed that Merle really went back to get revenge on the gang that sold him out and took Daryl's crossbow. Merle attacks some of them in the bar, until the rest of the gang comes back and knocks Daryl out, taking all of his equipment and supplies. However, an undead gang member has Daryl's crossbow. Daryl takes the crossbow and continues to look for Merle, the gang, and his missing equipment. Afterwards, Daryl finds out that Merle had gone missing while the entire gang was killed and eaten by walkers.

Before leaving, Daryl runs into Scout who's real name is Anna Turner and contacts her father John, a sheriff, and plans on meeting at the evacuation point at Palmetto Estates. After arriving at Danvers research lab for the serum (a supposed cure), Daryl fights his way through the lab and finds a woman named Sheila Schneider, who was a member of the Archer Creek Dam group. Sheila tells Daryl that the serum is just a fairy tale, and there is no cure. The lab is locked down by the automatic security system and Daryl tells Anna to flip the alarm switch, which actually ends up accidentally triggering the alarm. After escaping the lab, Daryl and Anna go to Sherwood to gather information about the evacuation. Daryl later says goodbye to Anna when she and her father find each other and drive away.[5]

While scavenging the area, Daryl finds two elderly survivors, Terry Harrison and his wife, who is bedridden and in bad condition. Harrison is taking care of his wife, though he is concerned for his daughters, Amy and Andrea. He tells Daryl to find Aiden, who was in charge of signaling an evacuation helicopter. He also asks Daryl to get antibiotics from the pharmacy to ease his wife's suffering. Daryl finds Aiden's wife, Jane, who tells Daryl to look for her husband in the pharmacy. Daryl finds Aiden who has apparently twisted his ankle, stuck on the roof of the pharmacy. Aiden tells Daryl that, to signal the evac chopper, he must retrieve his bag from a garage, as the bag has flares that can be used to signal the helicopter. Daryl retrieves and brings it to Aiden, who starts the evacuation. Daryl then returns to the neighborhood where Terry, his wife, and Jane are located. When he arrives, Aiden tells Daryl the choppers have arrived but instead they only grab Aiden and takeoff despite his pleas to wait for the others. Daryl is forced to choose between them as both of their houses are under attack by walkers. The survivor that Daryl chooses to save then tells him that the last evacuation site is Atlanta, at the Firesign Stadium.[5]

Daryl and his remaining survivors continue to the stadium but find it overrun by walkers. Daryl tries to reach various helicopters, but they take off before he can get on, until only one is left, which is problematically surrounded by walkers. Daryl holds off the horde with an M2 Browning[image: External link] mounted on a Humvee[image: External link] that is driven by Merle, who returns. After defending the helicopter, Daryl attempts to get on but is held back by Merle, who tells him the pilot was bitten. The survivors, who have already boarded the helicopter, are left to their fates.[5][6][7]
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 Development




In the game, Norman Reedus[image: External link] and Michael Rooker[image: External link] reprise their television roles as Daryl and Merle Dixon, respectively.[8][9]

During each of the first eight episodes of the TV series' third season[image: External link], three code words per episode were shown during the commercial breaks which could be entered for a limited time at amcdead.com for the Dead Giveaway / The Survive And Drive Sweepstakes. Each week a winner won the opportunity to be featured in the game. Each weekly winner's headshot would be incorporated into a fictional character in the game and used in one of eight "death vignettes."[10]
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	Reception



	




The Walking Dead: Survival Instinct was panned by critics[image: External link], citing broken gameplay mechanics, poor graphics and "bland" environments, a lack of meaningful storyline, and for not meeting the high expectations associated with its source material.[21] On Metacritic, the Xbox 360 version holds an aggregate score of 32 out of 100, based upon 30 critic reviews.[17]

Although feeling that its "no thrills approach to zombie [first-person shooter] games and its emphasis on stealth and non-firearm weaponry (in comparison to other franchises such as Dead Rising[image: External link] and Left 4 Dead) "[wasn't] necessarily a bad thing", Computer & Video Games[image: External link] criticized Survival Instinct for being a "shoddy squandering of one of entertainment's hottest licenses", citing its "archaic" design, broken, slow-paced gameplay with inconsistent level behaviors, and its "atrocious" graphical quality.[27]

Writing for Giant Bomb, Alex Navarro was even more harsh, believing that in comparison to Telltale's The Walking Dead game, "nothing about Survival Instinct feels properly executed, let alone coherent or thoughtful." Of particular criticism was its gameplay mechanics, the requirement to perform resource gathering and side missions at "the same handful of recycled environments" between story missions, and for providing "no meaningful information or commentary on the characters it revolves around." Giving the game one star, he concluded that Survival Instinct was "an abysmally rushed game of barely connected ideas that brings the player little more than frustration and disappointment."[20] Considering it to be an example of licensed video games that are "lazy, cheap cash-grab[s]", Polygon compared playing Survival Instinct to "listening to a roomful of barely competent musicians, each of whom is playing a completely different song. And every once in a while one kicks you in the groin. Also, you have a sunburn."[25]

During a Reddit[image: External link] AMA session, The Walking Dead creator Robert Kirkman distanced himself from Survival Instinct due to its negative reception, citing his more direct involvement in the Telltale game, and remarking that "I'm pretty sure there's an AMC[image: External link] logo before the title of that game and not a picture of my face. If there was a picture of my face in front of the logo, then I'd be completely responsible for that." Kirkman, however, felt that the ability to play as Daryl was "at least cool".[28]
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The Walking Dead: Road to Survival






The Walking Dead: Road to Survival is a role-playing game for Android and iOS, based on the comic book series The Walking Dead by Robert Kirkman, as well as the story of The Walking Dead TV series[image: External link] writer Jay Bonansinga[image: External link]. Road to Survival was developed by Scopely[image: External link] and co-created with IUGO Mobile Entertainment.[1]

Initially released in Australia on the Android platform,[2][3] the game was officially launched in the U.S. on 27 August 2015 on Android and iOS.[4]

On December 10, 2015, Scopely combined with Telltale Games to use some of their characters from The Walking Dead and made adaptations of scenes from episodes in the game as well as additional tie-ins featuring the same characters, in the Scopely release.[5]

Reception

Gamezebo[image: External link] described the game as a "mature [role-playing game]"', in their First Impression Review, comparing the gameplay to Clash of Clans[image: External link].[2] Modojo stated that it was a 'clone of other resource management sims' that are already available on the mobile platform, describing it also as a "mature [role-playing game]", more so than an "action game".[6]

The game went to number 1 on the iOS App Store upon release.[7]

Scopely reported that so far more walkers have been killed in gameplay than the entire population of Australia.[8]
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Video game Developer






A video game developer is a software developer[image: External link] that specializes in video game development[image: External link] – the process and related disciplines of creating video games[image: External link].[1][2] A game developer can range from one person who undertakes all tasks[3] to a large business with employee responsibilities split between individual disciplines, such as programming[image: External link], design, art[image: External link], testing[image: External link], etc. Most game development companies have video game publisher financial and usually marketing support.[4] Self-funded developers are known as independent or indie developers and usually make indie games[image: External link].[5]

A developer may specialize in a certain video game console[image: External link] (such as Nintendo[image: External link]'s Wii U[image: External link], Microsoft[image: External link]'s Xbox One, Sony[image: External link]'s PlayStation 4), or may develop for a number of systems (including personal computers and mobile devices[image: External link]).[citation needed[image: External link]] Video-game developers specialize in certain types of games (such as role-playing video games or first-person shooters[image: External link]). Some focus on porting[image: External link] games from one system to another, or translating games from one language to another. Less commonly, some do other kinds of software-development work in addition to games.

Most video game publishers maintain development studios (such as Electronic Arts[image: External link]'s EA Canada[image: External link], Square Enix[image: External link]'s studios, Activision[image: External link]'s Radical Entertainment[image: External link], Nintendo EAD[image: External link] and Sony's Polyphony Digital[image: External link] and Naughty Dog[image: External link]). However, since publishing is still their primary activity they are generally described as "publishers" rather than "developers". Developers may be private as well (such as how Bungie[image: External link] was, the company which developed the Halo series[image: External link] exclusive to Microsoft's Xbox[image: External link]).
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 First-party developer




In the video game industry[image: External link], a first-party developer is part of a company which manufactures a video game console[image: External link] and develops exclusively for it. First-party developers may use the name of the company itself (such as Nintendo[image: External link]), have a specific division name (such as Sony's[image: External link] Polyphony Digital[image: External link]) or have been an independent studio before being acquired by the console manufacturer (such as Rare[image: External link] or Naughty Dog[image: External link]).[6]
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 Second-party developer




Second-party developer is a colloquial term often used by gaming enthusiasts and media to describe two different forms of game development studios:


	Independently owned studios who take development contracts from the platform holders and produce games exclusive to that platform.[7]


	Studios that are partially or wholly owned by the platform holder (also known as a subsidiary[image: External link]) and produce games exclusive to that platform.[citation needed[image: External link]]




In reality, the resulting game is first party (since it is funded by the platform holder, who usually owns the resulting IP), but the term helps to distinguish independent studios from those directly owned by the platform holder. These studios may have exclusive publishing agreements (or other business relationships) with the platform holder, while maintaining independence. Examples are Insomniac Games[image: External link] (which previously developed games solely for Sony's PlayStation platforms as an independent studio), ADK[image: External link] for SNK[image: External link] consoles, Rareware[image: External link] for Nintendo and later Microsoft, and Game Freak[image: External link] (which primarily develops the Nintendo[image: External link]-exclusive Pokémon[image: External link] game series).
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 Third-party developers




See also: Third-party software component[image: External link]


Activision[image: External link] in 1979 became the first third-party video game developer,[8] where the term "second-party" originally referred to the consumers. A third-party developer may also publish games, or work for a video game publisher to develop a title. Both publisher and developer have considerable input in the game's design[image: External link] and content. However, the publisher's wishes generally override those of the developer.

The business arrangement between the developer and publisher is governed by a contract[image: External link], which specifies a list of milestones[image: External link] intended to be delivered over a period of time. By updating its milestones, the publisher verifies that work is progressing quickly enough to meet its deadline and can direct the developer if the game is not meeting expectations. When each milestone is completed (and accepted), the publisher pays the developer an advance on royalties[image: External link]. Successful developers may maintain several teams working on different games for different publishers. Generally, however, third-party developers tend to be small, close-knit teams. Third-party game development is a volatile sector, since small developers may be dependent on income from a single publisher; one canceled game may be devastating to a small developer. Because of this, many small development companies are short-lived.

A common exit strategy[image: External link] for a successful video-game developer is to sell the company to a publisher, becoming an in-house developer. In-house development teams tend to have more freedom in the design and content of a game compared to third-party developers. One reason is that since the developers are employees of the publisher, their interests are aligned with those of the publisher; the publisher may spend less effort ensuring that the developer's decisions do not enrich the developer at the publisher's expense.

In recent years, larger publishers have acquired several third-party developers. While these development teams are now technically "in-house", they often continue to operate in an autonomous manner (with their own culture and work practices). For example, Activision acquired Raven[image: External link] (1997); Neversoft[image: External link] (1999), which merged with Infinity Ward[image: External link] in 2014; Z-Axis[image: External link] (2001); Treyarch[image: External link] (2001); Luxoflux[image: External link] (2002); Shaba[image: External link] (2002); Infinity Ward[image: External link] (2003) and Vicarious Visions[image: External link] (2005). All these developers continue operating much as they did before acquisition, the primary differences being exclusivity and financial details. Publishers tend to be more forgiving of their own development teams going over budget (or missing deadlines) than third-party developers.

A developer may not be the primary entity creating a piece of software, usually providing an external software tool which helps organize (or use) information for the primary software product. Such tools may be a database[image: External link], Voice over IP[image: External link], or add-in interface[image: External link] software; this is also known as middleware[image: External link]. A good example of this is SpeedTree[image: External link] developed by Interactive Data Visualization Inc.

In addition, accessories like headsets[image: External link] may be known as third-party headsets; the company manufacturing the headset may be different from the console company. For example, Turtle Beach[image: External link] is a third-party headset manufacturer for the PlayStation 3 and Xbox 360. Also now including the Xbox One and PlayStation 4.[9]
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 Independent developers




See also: Indie game[image: External link] and Independent video game development[image: External link]


Independents are software developers which are not owned by (or dependent on) a single publisher. Some of these developers self-publish their games, relying on the Internet[image: External link] and word of mouth for publicity. Without the large marketing budgets of mainstream publishers, their products may receive less recognition than those of larger publishers such as Sony, Microsoft or Nintendo. With the advent of digital distribution of inexpensive games on game consoles, it is now possible for independent developers to forge agreements with console manufacturers for broad distribution of their games.

Other independent developers create game software for a number of video-game publishers on several gaming platforms.[citation needed[image: External link]] In recent years this model has been in decline; larger publishers, such as Electronic Arts and Activision, increasingly turn to internal studios (usually former independent developers acquired for their development needs).[citation needed[image: External link]]
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 Quality of life




Video-game development is usually conducted in a casual business environment, with T-shirts and sandals common work attire. Many workers find this type of environment rewarding and pleasant professionally and personally.[10] However, the industry also requires long working hours from its employees (sometimes to an extent seen as unsustainable).[11] Employee burnout[image: External link] is not uncommon.[10]

An entry-level programmer can make, on average, over $66,000 annually only if they are successful in obtaining a position in a medium to large video game company.[12] An experienced game-development employee, depending on his or her expertise and experience, averaged roughly $73,000 in 2007.[13] Indie game developers may only earn between $10,000 to $50,000 a year depending on how successful their titles are.[14]

In addition to being part of the software industry[citation needed[image: External link]], game development is also within the entertainment[image: External link] industry; most sectors of the entertainment industry (such as films[image: External link] and television[image: External link]) require long working hours and dedication from their employees, such as willingness to relocate or/and to develop games that do not appeal. The creative rewards of work in the entertainment business attracts labor[image: External link] to the industry, creating a competitive labor market[image: External link] which demands a high level of commitment and performance from employees. Industry communities, such as the International Game Developers Association[image: External link] (IGDA), are conducting increasing discussions about the problem; they are concerned that working conditions in the industry cause significant deterioration in its employees' quality of life.[15][16]
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 "Crunch time"




Some video game developers (such as Electronic Arts[image: External link]) have been accused of the excessive invocation of "crunch time[image: External link]".[17] "Crunch time" is the point at which the team is thought to be failing to achieve milestones needed to launch a game on schedule. The complexity of work flow and the intangibles of artistic and aesthetic demands in video-game creation create difficulty in predicting milestones.

Most game-development engineers and artists in the United States are considered salaried employees[image: External link]; as " exempt[image: External link] non-hourly-paid professionals", they are not subject to state laws governing overtime[image: External link].[18] An exception is California[image: External link], where software developers are specifically protected by a minimum hourly wage to be considered exempt.[19] In 2008, due to the amendment to California Labor Code Section 515.5 by Bill SB 929,[20] the minimum wage was $36 per hour (or $74,880 per year).

Attention to "crunching" was drawn by a 2004 blog[image: External link] post entitled ea_spouse.[21] The protest against crunch time was posted by Erin Hoffman[image: External link] ( fiancee[image: External link] of Electronic Arts developer Leander Hasty), who contended that her life was being indirectly destroyed by the company's work policy. This led to debate in the industry but no visible changes until March 2005, when Electronic Arts announced internally that it was planning to extend overtime pay to some employees not currently eligible. Hasty and Hoffman later joined an independent development studio (1st Playable Productions[image: External link]) and founded Gamewatch, a website for discussing the game-development environment industry-wide. As senior game developers age and family responsibilities become more important, many companies are moderating the worst crunch-time practices to attract better-quality staff.[22]
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Telltale Games






Telltale Incorporated, doing business as[image: External link] Telltale Games, is an American independent[image: External link] video game developer and publisher founded in June 2004. Based in San Rafael, California[image: External link], the studio includes designers formerly employed by LucasArts. Its business model revolves around episodic gaming[image: External link] and digital distribution[image: External link], and it is best known for its various graphic adventure game series based on popular licensed properties.

Many of the games that have been developed by Telltale Games are released episodically. Several episodes, released together in a season, are released periodically through a certain timeframe, often concluding around half a year or so after the initial release. Despite critical and commercial success, Telltale's titles are reported to contain notable bugs and technical deficiencies.

Most of Telltale's products are adventure games based on licensed properties from film, comics, television, and other video games. Their initial games followed more traditional adventure game approaches with the player solving puzzles to progress. Their critical breakout title, The Walking Dead based on the comic book series of the same name[image: External link], introduced a more narrative-directed approach, featuring decisions that are made by the player that created determinants that affect how future events in the game or its sequels can play out, effectively allowing players to craft their own personalized take on the offered story; all of Telltale's games since have featured this player choice-driven approach.
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 Company foundation




Telltale Games was founded by Dan Connors, Kevin Bruner and Troy Molander, a group of former LucasArts employees who had been working on Sam & Max: Freelance Police[image: External link], a sequel to the 1993 game Sam & Max Hit the Road[image: External link], prior to its cancellation on March 3, 2004. In an early press release the vocal public response to said cancellation was cited as a main reason the company was founded.[2] The Telltale Games team has a large collective experience working on LucasArts' famed classics[image: External link].

Telltale Games was formed in San Rafael, California[image: External link] with the assistance of technology attorney Ira P. Rothken[image: External link], who provided initial seed capital, procured angel investments[image: External link], and negotiated deals involving Bone, Sam & Max[image: External link], GameTap[image: External link], Ubisoft[image: External link], and others which led to initial revenue, marketing, and development of the core episodic game technology.

On February 11, 2005, the company released their first game, Telltale Texas Hold'em, a poker[image: External link] card game simulator which was intended primarily to test the Telltale Tool, their in-house game engine.[3] This was followed by two games based on Jeff Smith[image: External link]'s Bone comic book series. More episodes were planned, but later aborted. They then developed CSI: 3 Dimensions of Murder for Ubisoft, and although it was composed of several free-standing episodes, it was released exclusively at retail as a single package. The same is true for the follow-ups, CSI: Hard Evidence, CSI: Deadly Intent, and CSI: Fatal Conspiracy.

After securing two rounds of angel investment from San Francisco Bay Area angels including superangel Matthew Le Merle[image: External link] and members of angel group Keiretsu Forum,[4] Telltale attempted to buy the rights to complete Sam & Max: Freelance Police from LucasArts, but when they were denied, they secured the rights to create new games from series creator Steve Purcell. Unlike their previous games, Sam & Max: Season One[image: External link] (published in collaboration with GameTap) was their first episodic series released on a tight monthly schedule — a landmark for the game industry. The series proved successful, and Telltale went on to produce two additional Sam & Max seasons. Since then, they have continued to produce series based on popular licenses released in monthly, and more recently in bi-monthly, episodes. Several series that Telltale went on to work with were largely comedic, including games based on Wallace & Gromit[image: External link] (until 2014 when their distribution rights for Wallace & Gromit games expired) and Homestar Runner[image: External link]. Tales of Monkey Island, based on the popular LucasArts series, marked one of their most successful series to date, owing in part to the history many of its developers had with LucasArts adventure games.
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 Pilot program




To supplement their normal episodic games, Telltale created a pilot program in early 2010 to explore one-off games that would explore other gameplay and storytelling approaches that could eventually be incorporated into their episodic games.[5] The first game, Nelson Tethers: Puzzle Agent, a puzzle-solving game in collaboration with Graham Annable[image: External link], was released in the middle of June 2010, while Poker Night at the Inventory, a crossover[image: External link] poker game featuring characters from Sam and Max, Homestar Runner, Valve's Team Fortress 2[image: External link], and the webcomic Penny Arcade[image: External link], was released late in 2010. Telltale followed up Puzzle Agent with a sequel, Puzzle Agent 2, in 2011. In 2013, Telltale continued the series with Poker Night 2. The pilot program is also utilized by Telltale Games to develop new gameplay ideas that are then adapted to their normal episodic game series. The Walking Dead started out as a pilot program title that was known internally as the "zombie prototype".[6]
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 Growth and franchise acquisitions




Having established themselves as working with comedy franchises, Telltale later chose to work with dramatic franchises as well as comedy series. In June 2010, Telltale announced that they had secured licences with NBC Universal[image: External link] to develop two episodic series based on Back to the Future[image: External link] and Jurassic Park[image: External link].[7] Telltale also obtained the license from NBC Universal to develop episodic series around the Law & Order[image: External link] franchise in April 2011.[8]

By 2010, Telltale had proven itself successful, with yearly revenues of $10 million, 90% greater than the previous year.[9] Part of this was attributed to Back to the Future: The Game, which Steve Allison, the senior vice president of marketing, called in 2011 their "most successful franchise to date".[10] Allison stated that for most of their games, they only need to sell 100,000 copies to break even, but many of their recent releases have seen twice that number or more.[9] The studio expanded from 90 to 140 employees.[9] They had obtained a license in 2011 to develop a King's Quest[image: External link] adventure game based on the original Sierra[image: External link] games,[11] but Activision[image: External link] took back the rights in 2013, which were subsequently used by The Odd Gentlemen[image: External link] to create their 2015 episodic King's Quest[image: External link] game.[12]

Telltale's breakthrough success came with the licenses of the comic book series The Walking Dead and Fables in association with Warner Bros. Interactive Entertainment[image: External link] in 2011.[9] Allison anticipated that The Walking Dead series could be a $20 to $30 million franchise.[9] Their The Walking Dead video game presented an alteration of Telltale's approach, as rather than a traditional adventure game where players would need to solve puzzles, The Walking Dead was more focused on providing a cinematic experience but presenting choices to the player, either through dialog trees or through quick time events, that would create "determinants" that would feed into latter parts of the episode and into future episodes; one example would be deciding which of one of two characters to save from a zombie attack at the spur of the moment. This was designed to allow each player to have a more personalized story around what they wrote. This format provided highly successful: the game sold one million copies in 20 days,[13][14] exceeded 8.5 million episode purchases by 2013,[15] and has led to two additional 5-episode seasons plus a 3-epiosde mini-season to date. The Walking Dead is considered to have revitalized the waning adventure game genre due to this more emotionally-driven focus. Since The Walking Dead, nearly all of Telltale's games have used a similar approach of being built around the impacts of the player's choices as determinants in later episodes and seasons.

Spurred by The Walking Dead's success, Telltale relocated to a larger space and expanded from 125 to 160 in mid-2013.[16]

Telltale has since had several other licensing details from popular works, including Tales from the Borderlands based on the Borderlands[image: External link] series from Gearbox Software[image: External link],[17] and Game of Thrones, based on the HBO television show adaption,[17] Minecraft: Story Mode based on the Mojang[image: External link] game, Minecraft[image: External link],[18] Batman: The Telltale Series from DC Comics[image: External link], and Guardians of the Galaxy: The Telltale Series from Marvel Comics[image: External link].[19]

With Batman: The Telltale Series and most of their subsequently released episodic adventure games, Telltale added a "Crowd Play" feature that can be used by those that stream their playthroughs on services like Twitch.tv[image: External link]. Through Crowd Play, viewers can vote for an option for the streamer to select.[20]

In January 2015, original CEO Dan Connors resigned; co-founder Kevin Bruner replaced him. Connors noted that with the studio's continued growth, it had begun experiencing growth-specific challenges. Connors stated that Bruner's ascension to CEO would best enable Telltale Games to act on future expansion opportunities. Connors remains on the board of directors[image: External link], and also serves as a creative consultant[image: External link].[21]

In February 2015, Lionsgate[image: External link] announced an investment within Telltale Games to produce a number of "Super Shows", a hybrid interactive work combining television and video game elements, which can be distributed through non-traditional channels such as through streaming services. The first Super Show planned is an original IP that Telltale has been developing that is said to be able to take advantage of this format.[22] Telltale also announced that Lions Gate CEO Jon Feltheimer[image: External link] and Unity Technologies[image: External link]' CEO John Riccitiello[image: External link] joined Telltale's board of directors.[23]

On March 15, 2017, Bruner announced he had stepped down as CEO of Telltale, turning the day-to-day operations to Conners, while still remaining on the Board of Directors. Bruner said "The time has come to pass the reins to someone that can better drive Telltale to the next level and realize all the potential that is here."[24]
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 Telltale Publishing




Telltale has also helped other developers to publish their games. Under the moniker Telltale Publishing, Telltale entered into a publishing deal with Jackbox Games to bring the console versions of The Jackbox Party Pack to retail markets,[25] and with The Fun Pimps[image: External link] to publish 7 Days to Die for consoles.[26] On 18 August 2016, Telltale published Mr. Robot:1.51exfiltrati0n by Night School Studio[image: External link].[27]
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 Development model




Telltale Games presents itself specifically as a developer of the episodic genre.[28][29][30][31] It is seen by production studios and other content producers to take a more realistic approach to movie tie-in games rather than the difficult "see the movie, play the game" model, and also collaborates with studios and screenwriters to create a strong experience that pays homage to the original film or franchise.[9]

While mainly a developer, Telltale also verifies its self-publishing ethos;[32] the only classic developer-publisher relationship was with Ubisoft for the CSI video game franchise[image: External link].[33] They have struck financial arrangements with GameTap[image: External link] for the first two seasons of the rebooted Sam & Max games, but their publishing arrangements have been chiefly made after the games were already completed and had already been sold via digital distribution.

Telltale aims to also present itself on as many digital platforms and avenues as possible.[34] To date, it has released games through GameTap; on PC and OS X, through Steam and similar services, plus its own online store; on Wii[image: External link], via WiiWare[image: External link] and disc; on Xbox 360, via Xbox Live Arcade and disc; on PlayStation 3, through PlayStation Network and disc; on iPhone[image: External link] and iPad[image: External link], through iTunes[image: External link]; on PlayStation Vita; and, on Kindle Fire HDX.[35] Though Telltale normally port their own games to other systems, CSI: 3 Dimensions of Murder was ported to the PlayStation 2[image: External link] by Ubisoft Sofia,[36] and Bone: Out from Boneville was ported to Mac OS[image: External link] by Vanbrio.[37] Telltale was one of the companies who Sony confirmed pledged PlayStation 4 third-party support at the PlayStation Meeting 2013.[38]

With Bruner's placement as CEO in January 2015, Telltale said it was currently developing a game based on its own intellectual property[image: External link] — not just its licensed variable-in-game-chronology concept — as a result of this leadership change.[39]

Telltale's games reportedly suffer from an abnormally high rate of bugs and other technical flaws, pervasive enough to pose a significant risk of impeding players' ability to progress through a given title. A 2015 article by Kotaku[image: External link] noted that "their games, wonderful in many ways as they may be, have been accompanied by an undercurrent of fan anger" over widespread bugs and glitches. The article concluded that Telltale's support forums "paint a portrait of a publisher that is constantly releasing buggy and even outright broken games", seemingly lacking the resources to fix or even monitor most of them.[40]
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 Games developed






	Title
	Release date(s)
	# of episodes
	Platform(s)



	Telltale Texas Hold'em
	February 11, 2005
	1 episode (standalone title)
	Win



	Bone: Out from Boneville
	September 15, 2005
	1 episode (standalone title)
	Win, OS X



	CSI: 3 Dimensions of Murder
	March 21, 2006
	5 episodes (standalone title)
	Win, PS2



	Bone: The Great Cow Race
	April 12, 2006
	1 episode (standalone title)
	Win



	Sam & Max Save the World[image: External link]
	October 17, 2006—April 26, 2007
	6 episodes (monthly)
	Win, Wii, X360



	CSI: Hard Evidence
	September 25, 2007
	5 episodes (standalone title)
	Win, OS X, Wii, X360



	Sam & Max Beyond Time and Space[image: External link]
	November 8, 2007—April 10, 2008
	5 episodes (monthly)
	iOS, Win, OS X, PS3, Wii, X360



	Strong Bad's Cool Game for Attractive People
	August 11, 2008—December 15, 2008
	5 episodes (monthly)
	Win, OS X, PS3, Wii



	Wallace & Gromit's Grand Adventures[image: External link]
	March 24, 2009—July 30, 2009
	4 episodes (monthly)
	iOS, Win, X360



	Tales of Monkey Island
	July 7, 2009—December 8, 2009
	5 episodes (monthly)
	iOS, Win, OS X, PS3, Wii



	CSI: Deadly Intent
	October 20, 2009
	5 episodes (standalone title)
	Win, Wii, X360



	Sam & Max: The Devil's Playhouse[image: External link]
	April 15, 2010—August 30, 2010
	5 episodes (monthly)
	iOS, Win, OS X, PS3



	Nelson Tethers: Puzzle Agent
	June 30, 2010
	1 episode (standalone title)
	iOS, Win, OS X, PS3



	CSI: Fatal Conspiracy
	October 26, 2010
	5 episodes (standalone title)
	Win, PS3, Wii, X360



	Poker Night at the Inventory
	November 22, 2010
	1 episode (standalone title)
	Win, OS X



	Back to the Future: The Game
	December 22, 2010—June 23, 2011
	5 episodes (monthly)
	iOS, Win, OS X, PS3, PS4, Wii, X360, XONE



	Puzzle Agent 2
	June 30, 2011
	1 episode (standalone title)
	iOS, Win, OS X



	Jurassic Park: The Game
	November 15, 2011
	4 episodes (standalone title)
	iOS, Win, OS X, PS3, X360



	Law & Order: Legacies
	December 22, 2011—March 29, 2012
	7 episodes (bi-weekly)
	iOS, Win, OS X



	The Walking Dead
	April 24, 2012—November 20, 2012

July 2, 2013 (400 Days)
	5 episodes (bi-monthly)

1 episode (downloadable content)
	Android, iOS, Win, OS X, PS3, PS4, Vita, X360, XONE



	Poker Night 2
	April 24, 2013
	1 episode (standalone title)
	iOS, Win, OS X, PS3, X360



	The Wolf Among Us
	October 11, 2013—July 8, 2014
	5 episodes (bi-monthly)
	Android, iOS, Win, OS X, PS3, PS4, Vita, X360, XONE



	The Walking Dead: Season Two
	December 17, 2013—August 26, 2014
	5 episodes (bi-monthly)
	Android, iOS, Win, OS X, PS3, PS4, Vita, X360, XONE



	Tales from the Borderlands
	November 25, 2014—October 20, 2015
	5 episodes (quarterly)
	Android, iOS, Win, OS X, PS3, PS4, X360, XONE



	Game of Thrones
	December 2, 2014—November 17, 2015
	6 episodes (bi-monthly)
	Android, iOS, Win, OS X, PS3, PS4, X360, XONE



	Minecraft: Story Mode
	October 13, 2015—March 29, 2016

June 7, 2016—September 13, 2016 (Adventure Pass)
	5 episodes (monthly)

3 episodes (downloadable content)
	Android, iOS, Win, OS X, PS3, PS4, Wii U, NS, X360, XONE



	The Walking Dead: Michonne
	February 23, 2016—April 26, 2016
	3 episodes (monthly)
	Android, iOS, Win, OS X, PS3, PS4, X360, XONE



	Batman: The Telltale Series
	August 2, 2016—December 13, 2016
	5 episodes (monthly)
	Android, iOS, Win, PS3, PS4, X360, XONE



	The Walking Dead: A New Frontier
	December 20, 2016—May 30, 2017
	5 episodes (monthly)
	Android, iOS, Win, PS4, XONE



	Guardians of the Galaxy: The Telltale Series[41]
	April 18, 2017—present
	5 episodes
	Android, iOS, Win, PS4, XONE



	Minecraft: Story Mode – Season Two[image: External link][42]
	July 11, 2017—TBD
	5 episodes
	Android, iOS, Win, Mac, PS4, XONE



	Game of Thrones: Season Two[image: External link][43]
	TBA
	TBA
	TBA
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 Games published






	Title
	Developer(s)
	Release date(s)
	# of episodes
	Platform(s)



	Hector: Badge of Carnage
	Straandlooper[image: External link]
	June 2, 2010—September 22, 2011
	3 episodes (monthly)
	iOS, Win, OS X



	The Jackbox Party Pack
	Jackbox Games
	November 3, 2015
	1 episode (standalone title)
	PS3, PS4, X360, XONE



	7 Days to Die
	The Fun Pimps[image: External link]
	June 28, 2016
	1 episode (standalone title)
	PS4, XONE



	Mr. Robot:1.51exfiltrati0n.ipa

Mr. Robot:1.51exfiltrati0n.apk[44]
	Night School Studio[image: External link]
	August 16, 2016
	1 episode (standalone title)
	iOS, Android
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Video game Publisher






A video game publisher is a company that publishes[image: External link] video games[image: External link] that they have either developed internally or externally by a video game developer. As with book publishers[image: External link] or publishers of DVD[image: External link] movies, video game publishers are responsible for their product's manufacturing[image: External link] and marketing[image: External link], including market research[image: External link] and all aspects of advertising[image: External link].

They often finance the development, sometimes by paying a video game developer (the publisher calls this external development) and sometimes by paying an internal staff of developers called a studio. The large video game publishers also distribute[image: External link] the games they publish, while some smaller publishers instead hire distribution companies (or larger video game publishers) to distribute the games they publish. Other functions usually performed by the publisher include deciding on and paying for any licenses[image: External link] used by the game; paying for localization[image: External link]; layout, printing, and possibly the writing of the user manual; and the creation of graphic design elements such as the box design.

Large publishers may also attempt to boost efficiency across all internal and external development teams by providing services such as sound design[image: External link] and code packages for commonly needed functionality.

Because the publisher often finances development, it usually tries to manage development risk with a staff of producers[image: External link] or project managers[image: External link] to monitor the progress of the developer, critique ongoing development, and assist as necessary. Most video games created by an external video game developer are paid for with periodic advances on royalties. These advances are paid when the developer reaches certain stages of development, called milestones[image: External link].



TOP
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 Business risks




Video game publishing is associated with high risk[image: External link]:


	The Christmas[image: External link] selling season accounts for about a quarter of the industry's yearly sales of video and computer games,[citation needed[image: External link]] leading to a concentrated influx of high-quality competition every year in every game category, all in the fourth quarter of the year.

	Product slippage is common due to the uncertain schedules of software development. Most publishers have suffered a "false launch", in which the development staff assures the company that game development will be completed by a certain date, and a marketing[image: External link] launch is planned around that date, including advertising commitments, and then after all the advertising is paid for, the development staff announces that the game will "slip", and will actually be ready several months later than originally intended. When the game finally appears, the effects among consumers of the marketing launch—excitement and "buzz" over the release of the game and an intent to purchase have dissipated, and lackluster interest leads to weak sales. An example of this is the PSP version of Spider-Man 3.[1] These problems are compounded if the game is supposed to ship for the Christmas selling season, but actually slips into the subsequent year. Some developers (notably id[image: External link] and Epic[image: External link]) have alleviated this problem by simply saying that a given game will be released "when it's done", only announcing a definite date once the game is released to manufacturing[image: External link]. However, this sometimes can be problematic as well, as seen with Duke Nukem Forever[image: External link].

	The industry has become more "hit driven" over the past decade.[2][3][4] Consumers buy the game that's best-marketed but not necessarily of the highest quality, therefore buying fewer other games in that genre. This has led to much larger game development budgets, as every game publisher tries to ensure that its game is #1 in its category. It also caused publishers to on occasion force developers to focus on sequels of successful franchises instead of exploring original IP[image: External link]; some publishers such as Activision Blizzard[image: External link] and Electronic Arts[image: External link] have both attracted criticism for acquiring studios with original games, and assigning them to support roles in more mainstream franchises.[5][6]


	Games are becoming more expensive to produce.[7] Current generation consoles have more advanced graphic capabilities than previous consoles. Taking advantage of those capabilities requires a larger team-size than games on earlier, simpler consoles. In order to compete with the best games on these consoles, there are more characters to animate; all characters must be modeled[image: External link] with a higher level of detail; more textures must be created; the entire art pipeline[image: External link] must be made more complex to allow the creation of normal maps[image: External link] and more complex programming code is required to simulate physics in the game world, and to render everything as precisely and quickly as possible. On this generation of consoles, games commonly require budgets of US[image: External link]$15 million to $20 million. Activision's Spider-Man 3[image: External link], for example, cost US$35 million to develop, not counting the cost of marketing and sales.[8] Every game financed is, then, a large gamble, and pressure to succeed is high.




	

	Contrasting with the big budget titles increased expense of "front-line" console games is the casual game[image: External link] market, in which smaller, simpler games are published for PCs and as downloadable console games. Also, Nintendo's Wii[image: External link] console, though debuting in the same generation as the PlayStation 3[9] and the Xbox 360,[10] requires a smaller development budget, as innovation on the Wii is centered around the use of the Wii Remote[image: External link] and not around the graphics pipeline.








	When publishing for game consoles[image: External link], game publishers take on the burden of a great deal of inventory[image: External link] risk. All significant console manufacturers since Nintendo with its NES[image: External link] (1985) have monopolized the manufacture of every game made for their console, and have required all publishers to pay a royalty[image: External link] for every game so manufactured. This royalty must be paid at the time of manufacturing, as opposed to royalty payments in almost all other industries, where royalties are paid upon actual sales of the product—and, importantly, are payable for games that did not sell to a consumer. So, if a game publisher orders one million copies of its game, but half of them do not sell, the publisher has already paid the full console manufacturer royalty on one million copies of the game, and has to absorb that cost.
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 Investor interest




Numerous video game publishers are traded publicly on stock markets[image: External link]. As a group, they have had mixed performance. At present, Electronic Arts[image: External link] is the only third-party publisher present in the S&P 500[image: External link] diversified list of large U.S. corporations; in April 2010, it entered the Fortune 500[image: External link] for the first time.[11]

Hype over video game publisher stocks has been breathless at two points:


	In the early 1990s, the introduction of CD-ROM[image: External link] computer drives caused hype[image: External link] about a multimedia[image: External link] revolution that would bring interactive entertainment to the masses. Several Hollywood[image: External link] movie studios[image: External link] formed "interactive" divisions to profit in this allegedly booming new media. Most of these divisions later folded after expensively producing several games that were heavy in "full-motion video" content, but light in the quality of gameplay.

	In the United States[image: External link], revenue from the sales of video and computer games exceeded revenue from film[image: External link] box-office receipts for the first time in the dot-com[image: External link] days of the late 1990s, when technology companies in general were surrounded by hype[image: External link]. The video game publishers did not, however, experience the same level of rise in stock prices that many dot-com companies saw. This was probably because video game publishing was seen as a more mature industry whose prospects were fairly well understood, as opposed to the typical exciting dot-com business model with unknown but possibly sky-high prospects. While many technology stocks were eventually destroyed in the dot-com crash in the early 2000s, the stock prices of the video game publishers recovered as a group; several of the larger publishers such as EA and Take-Two Interactive[image: External link] achieved historical highs in the mid-2000s.
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 Rankings
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 Major publishers




Below are the largest publishers in general according to their revenue in BIllions of Euros.[12]



	2015
	Name of Publisher
	Revenue in €bn



	1
	Sony Interactive Entertainment[image: External link]
	9.89



	2
	Tencent[image: External link]
	7.73



	3
	Microsoft Game Studios[image: External link]
	7.25



	4
	Nintendo[image: External link]
	3.92



	5
	Activision Blizzard[image: External link]
	3.32



	6
	Electronic Arts[image: External link]
	3.25



	7
	Bandai Namco Games[image: External link]
	2.05



	8
	King Digital Entertainment[image: External link]
	1.7



	9
	Nexon[image: External link]
	1.55



	10
	Ubisoft[image: External link]
	1.46
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 Mid-size publishers




Below are the top AA (midsize) video game publishers, ranked by Metacritic in January 2014 based on game quality according to reviews.[13] These lists are based on the ranking by best to worst publishers according to metacritic's website. Note that two major publishers, Take-Two Interactive[image: External link] and Sega[image: External link] fell to mid-size and one, Square Enix[image: External link], jumped from mid-size to major. Three mid-size publishers ranked in 2013 were dropped from 2014 chart, namely Xseed Games[image: External link] and Kalypso Media[image: External link]. Note also that iOS games were not included in the figures.



	2014 Position
	Name of Publisher
	2013 Position



	1
	Telltale Games
	N/A



	2
	Paradox Interactive[image: External link]
	4



	3
	Capcom[image: External link]
	2



	4
	Take-Two Interactive[image: External link]
	N/A[note 1]




	5
	Sega[image: External link]
	N/A[note 2]




	6
	Zen Studios
	N/A



	7
	Devolver Digital[image: External link]
	N/A



	8
	Konami[image: External link]
	1



	9
	Slitherine Strategies[image: External link]
	N/A



	10
	NIS America[image: External link]
	9



	11
	Warner Bros. Interactive Entertainment[image: External link]
	3



	12
	Koei Tecmo[image: External link]
	7



	13
	Atlus[image: External link]
	6



	14
	505 Games[image: External link]
	5



	15
	Aksys Games[image: External link]
	N/A



	16
	Deep Silver[image: External link]
	9



	17
	Focus Home Interactive[image: External link]
	10






	
^ Was #1 as a major publisher


	
^ Was #7 as a major publisher
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Sean Vanaman






Sean Vanaman[1] (born June 16, 1984 in Cork, Ireland[image: External link]) is an American video game designer, writer[image: External link], and podcaster[image: External link]. He was the co-project leader and lead writer of The Walking Dead,[2] and Puzzle Agent 2.[3] He also wrote the third episode of Tales of Monkey Island, and was the designer of Wallace & Gromit's Grand Adventures[image: External link],[4] and the writer of the third episode, Muzzled. He is one of the regular hosts of the Idle Thumbs[image: External link] podcast and is one of the co-founders of Campo Santo[image: External link].
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 Career




While studying at University of Southern California[image: External link], Vanaman interned at Buena Vista Games (later renamed Disney Interactive Studios[image: External link]) in their creative development group. This group put together the initial concept and pitch for Epic Mickey[image: External link] in 2003.[1] After graduation, he worked as an associate creative development producer at Disney Interactive. In 2008, Vanaman took a position at Telltale Games as a writer and game designer. He worked on Wallace & Gromit's Grand Adventures[image: External link], Tales of Monkey Island, and Nelson Tethers: Puzzle Agent before becoming project lead on Poker Night at the Inventory and The Walking Dead.

In 18 September 2013, he and Jake Rodkin left Telltale and joined with Olly Moss[image: External link] and Mark of the Ninja[image: External link] lead designer Nels Anderson to found Campo Santo[image: External link].[5]
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Tales of Monkey Island, for which Vanaman co-wrote, was nominated for "Best Artistic Design" and won for the award for "Biggest Surprise" at IGN's Best of PC E3 2009 Awards.[6] After release, it won the PC Gamer 2009 "Adventure Game of the Year",[7] was nominated for the IGN "Best Adventure Game of the Year" for PC and Wii,[8][9] won the Adventure Gamers[image: External link] "Best Adventure of 2009",[10] and was named the "Best Series Revival" by OC Weekly[image: External link].[11]

Puzzle Agent 2 was nominated at IGN's Best of E3 2011 Awards for "Best iPhone/iPad Game".[12] The Walking Dead also won over 80 "Game of the Year" awards since release.[13]

Vanaman won Game (Original Adventure) and Writing in a Drama at the 2017 National Academy of Video Game Trade Reviewers Awards for his work on Firewatch.[14]
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	Year
	Title
	Role
	Genre
	Studio



	Co-developer
	Publisher



	2009[image: External link]
	Wallace & Gromit's Grand Adventures[image: External link]
	
Co-designer
Co-writer


	Episodic graphic adventure video game
	Telltale Games



	Tales of Monkey Island
	
Writer
Episode designer





	2010[image: External link]
	Sam & Max: The Devil's Playhouse[image: External link]
	Episode design - The City that Dares Not Sleep
	Episodic point-and-click video game



	Puzzle Agent
	
Co-writer
Puzzle design


	Puzzle adventure video game



	CSI: Fatal Conspiracy
	Additional design
	Telltale Games
	Ubisoft[image: External link]



	Poker Night at the Inventory
	Project leader
	Poker video game
	Telltale Games



	2011
	Puzzle Agent 2
	
Co-project leader
Lead writer


	Puzzle adventure video game



	2012
	The Walking Dead
	Graphic adventure drama[image: External link] video game[image: External link]



	2016
	Firewatch[image: External link]
	Writer
	Mystery[image: External link] adventure video game
	Campo Santo[image: External link]
	Panic[image: External link]
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Jake Rodkin






Jake Rodkin is an American video game designer, writer, graphic designer[image: External link], and podcaster[image: External link]. He was the co-project leader of Tales of Monkey Island and the co-project leader and co-writer of The Walking Dead[image: External link],[1] Poker Night at the Inventory, and Puzzle Agent 2.[2] He was also the director of the fifth episode of Sam & Max: The Devil's Playhouse[image: External link].

Besides the video game industry, he is also a co-founder of the Idle Thumbs[image: External link] podcast network and its flagship podcast, which he co-hosts alongside Chris Remo[image: External link], Nick Breckon and Sean Vanaman, and is a co-founder of the video game developer Campo Santo[image: External link], along with Vanaman, Nels Anderson and Olly Moss[image: External link].
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 Career




Jake Rodkin began his career writing for the gaming websites The International House of Mojo[image: External link] and Adventure Gamers[image: External link], and co-founded Idle Thumbs[image: External link].[3] He joined Telltale Games as a graphic designer. He eventually became a game designer, director, writer, and project leader at Telltale. In September 2013, he and Sean Vanaman left Telltale and joined with Olly Moss[image: External link] and Mark of the Ninja[image: External link] lead designer Nels Anderson to found their own studio, Campo Santo[image: External link].[4]
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The re-issue of the comic collection Sam & Max: Surfin' the Highway[image: External link], which Jake Rodkin co-designed with franchise creator Steve Purcell[image: External link], was nominated for the Eisner Award[image: External link] for "Best Graphic Album-Reprint" in 2009.[5]

Tales of Monkey Island, for which Jake Rodkin was the season co-director, was nominated for "best artistic design" and won for the award for "biggest surprise" at IGN's Best of E3 2009 Awards.[6] After release, it won the PC Gamer 2009 adventure game of the year,[7] was nominated for the IGN best adventure game of the year for PC and Wii,[8][9] won the Adventure Gamers[image: External link] Best Adventure of 2009,[10] and was named the "Best Series Revival" by OC Weekly[image: External link].[11]

Puzzle Agent 2, which was co-written by Jake Rodkin, was nominated for IGN's Best of E3 2011 Awards for "Best iPhone/iPad Game".[12]

The 2012 episodic game series The Walking Dead, in which Jake Rodkin was the season co-designer, won over 80 game of the year awards.[13]

Rodkin won Writing in a Drama at the 2017 National Academy of Video Game Trade Reviewers Awards for his work on Firewatch.[14]
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	2009 Sam & Max: Surfin' the Highway[image: External link] (reprint), graphic design (Telltale Games)
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2006[image: External link] CSI: 3 Dimensions of Murder, graphic design (Telltale Games)

	
2006[image: External link] Bone: The Great Cow Race, graphic design (Telltale Games)

	
2007[image: External link] Sam & Max Save the World[image: External link], graphic design (Telltale Games)

	
2007[image: External link] CSI: Hard Evidence, graphic design (Telltale Games)

	
2008[image: External link] Sam & Max: Beyond Time and Space[image: External link], graphic design (Telltale Games)

	
2008[image: External link] Strong Bad's Cool Game for Attractive People, graphic design (Telltale Games)

	
2009[image: External link] Wallace & Gromit's Grand Adventures[image: External link], graphic design (Telltale Games)

	
2009[image: External link] Tales of Monkey Island, co-project leader (Telltale Games)

	
2010[image: External link] Nelson Tethers: Puzzle Agent, writer (Telltale Games)

	
2010[image: External link] Sam & Max: The Devil's Playhouse[image: External link], graphic design, director of The City that Dares Not Sleep (Telltale Games)

	
2011[image: External link] Hector: Badge of Carnage, additional art (Telltale Games)


	
2011[image: External link] Jurassic Park: The Game, artist (user interface) (Telltale Games)


	
2011[image: External link] Puzzle Agent 2, co-writer, co-project leader (Telltale Games)

	
2012[image: External link] The Walking Dead[image: External link], co-project leader (Telltale Games)

	
2016[image: External link] Firewatch[image: External link], director (Campo Santo)
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Mark Darin






Mark Darin is an American computer game designer[image: External link] and writer. He was the co-designer of CSI: Hard Evidence, Sam & Max Beyond Time and Space[image: External link], Strong Bad's Cool Game for Attractive People, Tales of Monkey Island,[1] and Nelson Tethers: Puzzle Agent. He wrote the second episode of The Walking Dead[image: External link], Starved for Help.[2]
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Mark Darin began his career creating the Nick Bounty series of freeware[image: External link] adventure games[image: External link].[3] He joined Telltale Games as a lead designer and writer.
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Tales of Monkey Island, for which Mark Darin was the co-designer, was nominated for "best artistic design" and won for the award for "biggest surprise" at IGN's Best of E3 2009 Awards.[4] After release, it won the PC Gamer 2009 adventure game of the year,[5] was nominated for the IGN best adventure game of the year for PC and Wii,[6][7] won the Adventure Gamers[image: External link] Best Adventure of 2009,[8] and was named the "Best Series Revival" by OC Weekly[image: External link].[9]

The second episode of The Walking Dead, which Mark Darin wrote, won the GameSpy E3 2012 award for "Best Adventure Game".[10]
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2008[image: External link] CSI: Hard Evidence, co-designer (Telltale Games)

	
2008[image: External link] Sam & Max Beyond Time and Space[image: External link], co-designer (Telltale Games)

	
2008[image: External link] Strong Bad's Cool Game for Attractive People, co-designer (Telltale Games)

	
2009[image: External link] Tales of Monkey Island, co-designer (Telltale Games)

	
2010[image: External link] Nelson Tethers: Puzzle Agent, co-designer (Telltale Games)

	
2011[image: External link] Hector: Badge of Carnage, design, script editing (Telltale Games)

	
2011[image: External link] Jurassic Park: The Game, co-designer (The Calvary) (Telltale Games)

	
2012[image: External link] Law & Order: Legacies, additional design (Telltale Games)

	
2012[image: External link] The Walking Dead[image: External link], writer (Starved for Help) (Telltale Games)

	
2013[image: External link] The Walking Dead: 400 Days[image: External link], co-designer, co-writer (Telltale Games)

	
2014[image: External link] The Walking Dead: Season Two, additional design (Telltale Games)
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Video game Programmer






A game programmer is a software engineer[image: External link], programmer[image: External link], or computer scientist[image: External link] who primarily develops codebases[image: External link] for video games[image: External link] or related software[image: External link], such as game development tools[image: External link]. Game programming[image: External link] has many specialized disciplines, all of which fall under the umbrella term of "game programmer".[1][2] A game programmer should not be confused with a game designer[image: External link], who works on game design[image: External link].[3]
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In the early days of video games (from the early 1970s to mid-1980s), a game programmer also took on the job of a designer and artist. This was generally because the abilities of early computers[image: External link] were so limited that having specialized personnel for each function was unnecessary. Game concepts were generally light and games were only meant to be played for a few minutes at a time, but more importantly, art content and variations in gameplay were constrained by computers' limited power.

Later, as specialized arcade[image: External link] hardware and home systems[image: External link] became more powerful, game developers could develop deeper storylines and could include such features as high-resolution and full color graphics, physics[image: External link], advanced artificial intelligence[image: External link] and digital sound[image: External link]. Technology has advanced to such a great degree that contemporary games usually boast 3D graphics[image: External link] and full motion video[image: External link] using assets developed by professional graphic artists[image: External link]. Nowadays, the derogatory term "programmer art[image: External link]" has come to imply the kind of bright colors and blocky design that were typical of early video games.

The desire for adding more depth and assets to games necessitated a division of labor[image: External link]. Initially, art production was relegated to full-time artists[image: External link]. Next game programming[image: External link] became a separate discipline from game design[image: External link]. Now, only some games, such as the puzzle game[image: External link] Bejeweled[image: External link], are simple enough to require just one full-time programmer. Despite this division, however, most game developers (artists, programmers and even producers[image: External link]) have some say in the final design of contemporary games.
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 Disciplines




A contemporary video game may include advanced physics, artificial intelligence, 3D graphics, digitised sound, an original musical score, complex strategy and may use several input devices (such as mice[image: External link], keyboards[image: External link], gamepads[image: External link] and joysticks[image: External link]) and may be playable against other people via the Internet[image: External link] or over a LAN[image: External link]. Each aspect of the game can consume all of one programmer's time and, in many cases, several programmers. Some programmers may specialize in one area of game programming[image: External link], but many are familiar with several aspects. The number of programmers needed for each feature depends somewhat on programmers' skills, but mostly are dictated by the type of game being developed.
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 Game engine programmer




Game engine programmers create the base engine of the game, including the simulated physics and graphics disciplines.[4] Increasingly, video games use existing game engines, either commercial, open source or free[image: External link]. They are often customized for a particular game, and these programmers handle these modifications.


[image: TOC] TOC Next [image: Next chapter] 
 Physics engine programmer




A game's physics programmer is dedicated to developing the physics[image: External link] a game will employ.[5] Typically, a game will only simulate a few aspects of real-world physics. For example, a space game may need simulated gravity[image: External link], but would not have any need for simulating water viscosity[image: External link].

Since processing cycles are always at a premium, physics programmers may employ "shortcuts" that are computationally inexpensive, but look and act "good enough" for the game in question. In other cases, unrealistic physics are employed to allow easier gameplay or for dramatic effect. Sometimes, a specific subset of situations is specified and the physical outcome of such situations are stored in a record of some sort and are never computed at runtime at all.

Some physics programmers may even delve into the difficult tasks of inverse kinematics[image: External link] and other motions attributed to game characters, but increasingly these motions are assigned via motion capture[image: External link] libraries so as not to overload the CPU[image: External link] with complex calculations.

For a role-playing game[image: External link] such as World of Warcraft[image: External link], only one physics programmer may be needed. For a complex combat game such as Battlefield 1942[image: External link], teams of several physics programmers may be required.[citation needed[image: External link]]
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 Graphics engine programmer




Historically, this title usually belonged to a programmer who developed specialized blitter algorithms[image: External link] and clever optimizations for 2D graphics[image: External link]. Today, however, it is almost exclusively applied to programmers who specialize in developing and modifying complex 3D graphic[image: External link] renderers. Some 2D graphics skills have just recently become useful again, though, for developing games for the new generation of cell phones[image: External link] and handheld game consoles[image: External link].

A 3D graphics programmer must have a firm grasp of advanced mathematical concepts such as vector[image: External link] and matrix[image: External link] math, quaternions[image: External link] and linear algebra[image: External link].

Skilled programmers specializing in this area of game development[image: External link] can demand high wages and are usually a scarce commodity.[citation needed[image: External link]] Their skills can be used for video games on any platform.
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 Artificial intelligence programmer




An AI programmer develops the logic of time to simulate intelligence in enemies and opponents.[6] It has recently evolved into a specialized discipline, as these tasks used to be implemented by programmers who specialized in other areas. An AI programmer may program pathfinding[image: External link], strategy and enemy tactic systems. This is one of the most challenging aspects of game programming and its sophistication is developing rapidly. Contemporary games dedicate approximately 10 to 20 percent of their programming staff to AI.[7]

Some games, such as strategy games[image: External link] like Civilization III[image: External link] or role-playing video games such as The Elder Scrolls IV: Oblivion[image: External link], use AI heavily, while others, such as puzzle games[image: External link], use it sparingly or not at all. Many game developers have created entire languages[image: External link] that can be used to program their own AI for games via scripts[image: External link]. These languages are typically less technical than the language used to implement the game, and will often be used by the game or level designers to implement the world of the game. Many studios also make their games' scripting available to players, and it is often used extensively by third party mod developers[image: External link].

The AI technology used in games programming[image: External link] should not be confused with academic AI[image: External link] programming and research. Although both areas do borrow from each other, they are usually considered distinct disciplines, though there are exceptions. For example, the 2001 game by Lionhead Studios[image: External link] Black & White[image: External link] features a unique AI approach to a user controlled creature[image: External link] who uses learning to model behaviors during game-play.[8] In recent years, more effort has been directed towards intervening promising fields of AI research and game AI programming.[9][10][11][12]
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 Sound programmer




Not always a separate discipline, sound programming has been a mainstay of game programming since the days of Pong[image: External link]. Most games make use of audio, and many have a full musical score. Computer audio games[image: External link] eschew graphics altogether and use sound as their primary feedback mechanism.[13]

Many games use advanced techniques such as 3D positional sound[image: External link], making audio programming a non-trivial matter. With these games, one or two programmers may dedicate all their time to building and refining the game's sound engine, and sound programmers may be trained or have a formal background in digital signal processing[image: External link].

Scripting tools are often created or maintained by sound programmers for use by sound designers[image: External link]. These tools allow designers to associate sounds with characters, actions, objects and events while also assigning music or atmospheric sounds for game environments (levels or areas) and setting environmental variables such as reverberation.
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 Gameplay programmer




Though all programmers add to the content and experience that a game provides, a gameplay programmer focuses more on a game's strategy, implementation of the game's mechanics and logic, and the "feel" of a game. This is usually not a separate discipline, as what this programmer does usually differs from game to game, and they will inevitably be involved with more specialized areas of the game's development such as graphics or sound.

This programmer may implement strategy tables, tweak input code, or adjust other factors that alter the game. Many of these aspects may be altered by programmers who specialize in these areas, however (for example, strategy tables may be implemented by AI programmers).
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 Scripter




In early video games, gameplay programmers would write code to create all the content in the game—if the player was supposed to shoot a particular enemy, and a red key was supposed to appear along with some text on the screen, then this functionality was all written as part of the core program in C[image: External link] or assembly language[image: External link] by a gameplay programmer.

More often today the core game engine is usually separated from gameplay programming. This has several development advantages. The game engine deals with graphics rendering, sound, physics and so on while a scripting language[image: External link] deals with things like cinematic events, enemy behavior and game objectives. Large game projects can have a team of scripters to implement these sorts of game content.

Scripters usually are also game designers. It is often easier to find a qualified game designer who can be taught a script language[image: External link] as opposed to finding a qualified game designer who has mastered C++[image: External link].
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 UI programmer




This programmer specializes in programming user interfaces[image: External link] (UIs) for games.[14] Though some games have custom user interfaces, this programmer is more likely to develop a library[image: External link] that can be used across multiple projects. Most UIs look 2D, though contemporary UIs usually use the same 3D technology as the rest of the game so some knowledge of 3D math and systems is helpful for this role. Advanced UI systems may allow scripting and special effects, such as transparency, animation or particle effects for the controls.
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 Input programmer




Input programming, while usually not a job title, or even a full-time position on a particular game project, is still an important task. This programmer writes the code specifying how input devices such as a keyboard[image: External link], mouse or joystick affect the game. These routines are typically developed early in production and are continually tweaked during development. Normally, one programmer does not need to dedicate his entire time to developing these systems. A real-time motion-controlled game utilizing devices such as the Wii Remote[image: External link] or Kinect[image: External link] may need a very complex and low latency input system, while the HID[image: External link] requirements of a mouse-driven turn-based strategy game such as Heroes of Might and Magic[image: External link] are significantly simpler to implement.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Network programmer




This programmer writes code that allows players to compete or cooperate, connected via a LAN[image: External link] or the Internet[image: External link] (or in rarer cases, directly connected via modem[image: External link]).[15] Programmers implementing these game features can spend all their time in this one role, which is often considered one of the most technically challenging. Network latency[image: External link], packet compression, and dropped or interrupted connections are just a few of the concerns one must consider. Although multi-player features can consume the entire production timeline and require the other engine systems to be designed with networking in mind, network systems are often put off until the last few months of development, adding additional difficulties to this role. Some titles have had their online features (often considered lower priority than the core gameplay) cut months away from release due to concerns such as lack of management, design forethought, or scalability. Virtua Fighter 5[image: External link] for the PS3 is a notable example of this trend.[16]
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 Game tools programmer




The tools programmer[17] can assist the development of a game by writing custom tools for it. Game development Tools[image: External link] are often contain features such as script compilation, importing or converting art assets, and level editing. While some tools used may be COTS[image: External link] products such as an IDE[image: External link] or a graphics editor, tools programmers create tools with specific functions tailored to a specific game which are not available in commercial products. For example an adventure game developer might need an editor for branching story dialogs, and a sport game developer could use a proprietary editor to manage players and team stats. These tools are usually not available to the consumers who buy the game.
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 Porting programmer




Porting[image: External link] a game from one platform[image: External link] to another has always been an important activity for game developers. Some programmers specialize in this activity, converting code[image: External link] from one operating system to work on another. Sometimes, the programmer is responsible for making the application work not for just one operating system, but on a variety of devices, such as mobile phones[image: External link]. Often, however, "porting" can involve re-writing the entire game from scratch as proprietary languages[image: External link], tools or hardware make converting source code a fruitless endeavour.

This programmer must be familiar with both the original and target operating systems and languages (for example, converting a game originally written in C++[image: External link] to Java[image: External link]), convert assets, such as artwork and sounds or rewrite code for low memory phones. This programmer may also have to side-step buggy language implementations, some with little documentation, refactor code[image: External link], oversee multiple branches of code, rewrite code to scale for wide variety of screen sizes and implement special operator guidelines. They may also have to fix bugs that were not discovered in the original release of a game.
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 Technology programmer




The technology programmer is more likely to be found in larger development studios with specific departments dedicated solely to R&D[image: External link]. Unlike other members of the programming team, the technology programmer usually isn't tied to a specific project or type of development for an extended length of time, and they will typically report directly to a CTO or department head rather than a game producer. As the job title implies, this position is extremely demanding from a technical perspective and requires intimate knowledge of the target platform hardware. Tasks cover a broad range of subjects including the practical implementation of algorithms described in research papers, very low-level assembly optimization and the ability to solve challenging issues pertaining to memory requirements and caching issues during the latter stages of a project. There is considerable amount of cross-over between this position and some of the others, particularly the graphics programmer.
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 Generalist




In smaller teams, one or more programmers will often be described as 'Generalists' who will take on the various other roles as needed. Generalists are often engaged in the task of tracking down bugs and determining which subsystem expertise is required to fix them.
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 Lead game programmer




The lead programmer is ultimately in charge of all programming for the game. It is their job to make sure the various submodules of the game are being implemented properly and to keep track of development from a programming standpoint. A person in this role usually transitions from other aspects of game programming to this role after several years of experience. Despite the title, this person usually has less time for writing code than other programmers on the project as they are required to attend meetings and interface with the client or other leads on the game. However, the lead programmer is still expected to program at least some of the time and is also expected to be knowledgeable in most technical areas of the game. There is often considerable common ground in the role of technical director and lead programmer, such that the jobs are often covered by one person.
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 Platforms




Game programmers can specialize on one platform or another, such as the Wii U[image: External link] or Windows. So, in addition to specializing in one game programming discipline, a programmer may also specialize in development on a certain platform. Therefore, one game programmer's title might be "PlayStation 3 3D Graphics Programmer." Some disciplines, such as AI, are transferable to various platforms and needn't be tailored to one system or another. Also, general game development principles such as 3D graphics programming concepts, sound engineering and user interface design are naturally transferable between platforms.
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 Education




Notably, there are many game programmers with no formal education in the subject, having started out as hobbyists and doing a great deal of programming on their own, for fun, and eventually succeeding because of their aptitude and homegrown experience. However, most job solicitations for game programmers specify a bachelor's degree (in mathematics, physics, computer science, "or equivalent experience").

Increasingly, universities[image: External link] are starting to offer courses and degrees in game programming. Any such degrees have considerable overlap with computer science[image: External link] and software engineering[image: External link] degrees.[citation needed[image: External link]]
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 Salary




Salaries for game programmers vary from company to company and country to country. In general, however, pay for game programming is generally about the same for comparable jobs in the business sector. This is despite the fact that game programming is some of the most difficult of any type and usually requires longer hours than mainstream programming.

Results of a 2010 survey in the United States indicate that the average salary for a game programmer is USD[image: External link]$95,300 annually. The least experienced programmers, with less than 3 years of experience, make an average annual salary of over $72,000. The most experienced programmers, with more than 6 years of experience, make an average annual salary of over $124,000.[18]

Generally, lead programmers are the most well compensated, though some 3D graphics programmers may challenge or surpass their salaries. According to the same survey above, lead programmers on average earn $127,900 annually.[19]
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 Job security




Though sales of video games rival other forms of entertainment such as movies[image: External link], the video game industry[image: External link] is extremely volatile. Game programmers are not insulated from this instability as their employers experience financial difficulty.

Third-party developers, the most common type of video game developers, depend upon a steady influx of funds from the video game publisher. If a milestone or deadline is not met (or for a host of other reasons, like the game is cancelled), funds may become short and the developer may be forced to retrench employees or declare bankruptcy[image: External link] and go out of business. Game programmers who work for large publishers are somewhat insulated from these circumstances, but even the large game publishers can go out of business (as when Hasbro Interactive[image: External link] was sold to Infogrames[image: External link] and several projects were cancelled; or when The 3DO Company[image: External link] went bankrupt in 2003 and ceased all operations). Some game programmers' resumes consist of short stints lasting no more than a year as they are forced to leap from one doomed studio to another. This is why some prefer to consult and are therefore somewhat shielded from the effects of the fates of individual studios.
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 Languages and tools






Most commercial computer and video games are written primarily in C++[image: External link], C[image: External link], and some assembly language[image: External link]. Many games, especially those with complex interactive gameplay mechanics, tax hardware to its limit. As such, highly optimized code is required for these games to run at an acceptable frame rate. Because of this, compiled code[image: External link] is typically used for performance-critical components, such as visual rendering and physics calculations. Almost all PC[image: External link] games also use either the DirectX[image: External link], OpenGL[image: External link] APIs[image: External link] or some wrapper library to interface with hardware devices.

Various script languages[image: External link], like Ruby[image: External link], Lua[image: External link] and Python[image: External link], are also used for the generation of content such as gameplay and especially AI. Scripts are generally parsed[image: External link] at load time (when the game or level is loaded into main memory) and then executed at runtime (via logic branches or other such mechanisms). They are generally not executed by an interpreter[image: External link], which would result in much slower execution. Scripts tend to be used selectively, often for AI and high-level game logic. Some games are designed with high dependency on scripts and some scripts are compiled to binary format before game execution. In the optimization phase of development, some script functions will often be rewritten in a compiled language.

Java[image: External link] is used for many web browser[image: External link] based games because it is cross-platform[image: External link], does not usually require installation by the user, and poses fewer security[image: External link] risks, compared to a downloaded executable program. Java is also a popular language for mobile phone[image: External link] based games. Adobe Flash[image: External link], which uses the ActionScript[image: External link] language, and JavaScript[image: External link] are popular development tools for browser-based games.

As games have grown in size and complexity, middleware[image: External link] is becoming increasingly popular within the industry. Middleware provides greater and higher level functionality and larger feature sets than the standard lower level APIs[image: External link] such as DirectX[image: External link] and OpenGL[image: External link], such as skeletal animation[image: External link]. In addition to providing more complex technologies, some middleware also makes reasonable attempts to be platform independent[image: External link], making common conversions from, for example, Microsoft Windows to PS4 much easier. Essentially, middleware is aimed at cutting out as much of the redundancy in the development cycle as possible (for example, writing new animation systems for each game a studio produces), allowing programmers to focus on new content.

Other tools are also essential to game developers: 2D and 3D packages (for example Blender[image: External link], GIMP[image: External link], Photoshop[image: External link], Maya[image: External link] or 3D Studio Max[image: External link]) enable programmers to view and modify assets generated by artists or other production personnel. Source control[image: External link] systems keep source code[image: External link] safe, secure and optimize merging. IDEs[image: External link] with debuggers[image: External link] (such as Visual Studio[image: External link]) make writing code and tracking down bugs a less painful experience.

See also: Game development tool[image: External link] and Tools[image: External link] from game programming[image: External link]
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	List of notable game programmers[image: External link]

	Programmer Game School[image: External link]

	
Code Monkeys[image: External link], an animated show about game programmers

	Programmer[image: External link]

	Game Design[image: External link]
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Video game Artist






A game artist is an artist[image: External link] who creates art for one or more types of games[image: External link]. In video games, game artists are responsible for all of the aspects of game development[image: External link] that call for visual art[image: External link].[1] Game artists play a vital role and are often credited in role-playing games[image: External link], collectible card games[image: External link] and video games[image: External link].[2]

Role-playing games

Many game artists are called upon to develop graphical treatments for the environments and elements in which role-playing games take place. For example, in the Monster Manual[image: External link] early Dungeons & Dragons[image: External link] artists created visual representations of monsters[image: External link] players might encounter while adventuring.[3] Many such depictions may influence subsequent art and the type of campaigns or adventures that developers and players create.

Art for role-playing games can be expressed in a variety of media, from pencil[image: External link] drawings, to pen and ink[image: External link] illustrations, to oil paintings[image: External link] or even 3D models[image: External link] created with a computer. Therefore, no one skill set can be pinpointed as necessary for a role-playing game artist, beyond that of some artistic ability. Necessary skills will vary from game to game and developer to developer.[citation needed[image: External link]]

Video games

Main article: Game art design[image: External link]


In modern video games, game artists create 2D[image: External link] art, such as, concept art[image: External link], sprites[image: External link], textures and environment backdrops; and 3D[image: External link] art, such as, models[image: External link], animations[image: External link] and level layout. Video game artists can earn an annual salary anywhere from $50,000 to $100,000 depending on experience and region.[4]
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Video game Writer





The video game writer is part of the design team, during pre-production[image: External link],[1] and creates the main plot of a video game[image: External link] but can also focus on the dialogue, the character[image: External link] creation and development or the worldbuilding[image: External link].[2] During the game development process, the design may change and a video game writer can also be asked to fix the eventual narrative[image: External link] issues.[3] It is also referred to as scenario in Japanese video game development.

The importance of the plot can be minimized by some video game designers, for instance Harvey Smith[image: External link] of Arkane Studios[image: External link] claimed that "The world is very important. The characters are very important. The plot? It can be thrown away. Because each gamer will build his own story.".[4]

This is one issue specific to the medium : priority is given to interactive play mechanics[image: External link] over narrative[5][6][7] which could lead to Ludonarrative dissonance[image: External link] : a situation when ludic and narrative elements are opposed to each other as Clint Hocking defined the concept in his blog.[8][9][10]

Also as video games are more recent than other media, video game writing is still a field to be conquered.[11]
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Gary Whitta






Gary Leslie Whitta (born 21 July 1972) is an English screenwriter, author, game designer, and video game journalist. He is known as the former editor-in-chief[image: External link] of both the UK and US editions of PC Gamer magazine and contributor to gaming magazine ACE[image: External link].

Whitta was the screenwriter of The Book of Eli[image: External link] (2010), co-wrote After Earth[image: External link] (2013) with M. Night Shalyamanan, and co-developed the story for Rogue One[image: External link] (2016).
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 Early life




Whitta was born and raised in Poplar, London[image: External link].[citation needed[image: External link]]
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 Career




Whitta began his career as a writer and games journalist for ACE[image: External link] magazine. When ACE closed down in 1992,[2] he became deputy editor of The One for Amiga Games[image: External link] and was involved with founding the original PC Gamer magazine[3] in the UK[image: External link]. He subsequently served as the editor of Total Football[image: External link]. A few years later, he moved to the United States[image: External link] to become editor-in-chief of the newer, US version, of PC Gamer.[3] He left the magazine in early 2000, but continued to write columns for the publication.[citation needed[image: External link]]
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 Magazine publishing




Besides his involvement setting up PC Gamer, Whitta has a long history of involvement with print and online magazines of all kinds. ACE magazine was owned by UK publisher Future Publishing[image: External link], and in early 2000 Whitta worked with Future to establish a film magazine, Total Movie magazine. Due to financial difficulties at the publisher, Total Movie was canceled after only four issues in early 2001.[4]

While no longer managing or editing, Whitta still contributes game reviews and opinion pieces for a number of gaming publications. His articles can be found in various places, including PC Gamer[5] and 1UP.[6] He also shows up in industry podcasts, for example with Tested.com, PC Gamer[7] and Next Generation.[8]
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 Screenwriting




In addition to contributing to periodicals, Whitta has written a number of screenplays and TV episodes. A partial list, including the text of those which were not picked up, could at one time be found on his homepage[image: External link]. Included among them are both film scripts and TV episodes for Star Trek: Voyager[image: External link][citation needed[image: External link]] and Futurama[image: External link].[citation needed[image: External link]]

Whitta has found Hollywood success as the screenwriter of the film The Book of Eli[image: External link].[9][10] He was also working on a script known as the "Monkey Project" with Chris Weston[image: External link],[11] which would have reimagined the classic Buddhist novel Journey to the West[image: External link] (and the related classic television series Monkey[image: External link]) as an animated series. However, Weston pulled out of the project.

More recent rumors have tied him to a Blizzard project, possibly a title based on the Diablo[image: External link] series of games.[12] It was announced on FirstShowing.net that Whitta was set to write the script for the live-action version of Akira[image: External link].[13] However, Whitta is no longer attached to the project. He wrote the script for the action thriller film Undying.[14] His latest screenwriting work was the sci-fi film After Earth[image: External link]. He was hired to script the first Star Wars[image: External link] stand-alone film, Rogue One[image: External link], directed by Gareth Edwards[image: External link].[15] On January 9, 2015, he was announced to have amicably parted ways with the film.[16]

On October 27, 2016, Variety[image: External link] reported that Warner Bros., Village Roadshow and Team Downey had put together a writers' room for the third of the Guy Ritchie[image: External link] Sherlock Holmes movies, with several top names, including Whitta, Nicole Perlman[image: External link], Justin Malen, Geneve Dworet-Robertson and Kieran Fitzgerald.[17]
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 Game development




In the realm of game development, Whitta has consulted on a number of game titles. Perhaps his best known contributions have been as a writer for Duke Nukem Forever[image: External link],[18][19] Prey[image: External link],[19][20] and Gears of War[image: External link].[19] He has also consulted on general game design for Microsoft[image: External link], Electronic Arts[image: External link], Activision[image: External link], Midway Games[image: External link], and others.[19] More recently, Whitta has been tapped to oversee the narrative development of Telltale Games' episodic video game adaptation of The Walking Dead[image: External link], while writing its fourth episode.[21]
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 Comic books




Whitta is also the writer behind a popular short series of comic books based on the Death, Jr.[image: External link] character, together with cover artist Mike Mignola[image: External link] and illustrator Ted Naifeh[image: External link].[22] Having been extended to a second three-part series,[23] the writing has received praise as "charming and cleverly subversive"[24] and for its "quirky characters and slick humor".[25] Whitta spoke about his experience writing this comic with Silver Bullet Comics[image: External link] in May 2005.[26]

Whitta is currently co-creating the comic OLIVER with Transmetropolitan[image: External link]/The Boys[image: External link][27] co-creator and illustrator Darick Robertson[image: External link] for a 2015 release from Image Comics.[28]
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 Podcasts




Whitta was a frequent commentator on the PC Gamer podcast and he co-hosted the Game Theory podcast with Colin Campbell, which has since stopped being produced. In September 2011, Whitta and Campbell, then News and Features Editor at IGN, started a new podcast in the same vein as Game Theory, called IGN's Game Business Show.[29] He also commentated on the Next Gen podcast until the podcast was canceled.

He was a weekly co-host of This is Only a Test ( Tested[image: External link]) and an occasional guest on Behind the Screened Door ( Screened[image: External link]), the Giant Bombcast (Giant Bomb) the Comic Vine[image: External link] Podcast, before Whiskey Media[image: External link] was sold in two deals to CBS Interactive[image: External link] and BermanBraun. In October 2011, Whitta helped raise over $50,000 for Child's Play[image: External link] when he co-hosted a 24-hour-long, live-streamed edition of This is Only a Test with Tested creators Will Smith and Norman Chan. Whitta continues to chair the Octoberkast charity event every year, creating the "Space Rocks" game in 2013.[30]

Whitta resides in the San Francisco Bay Area, California[image: External link]. In 2009, he became a US citizen.[31]
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 Filmography




As writer

Film


	
The Book of Eli[image: External link] (2010)

	
After Earth[image: External link] (2013) – Co-wrote the script with M. Night Shyamalan[image: External link] from a story written by Will Smith[image: External link]


	
Rogue One: A Star Wars Story[image: External link] (2016) – Co-wrote only the story with John Knoll[image: External link] and Chris Weitz[image: External link] and Tony Gilroy[image: External link] wrote the script



Television


	
Star Wars Rebels[image: External link] (2016-2017) – 3 episodes



Video Game


	
The Walking Dead: The Game (2012) – Co-wrote the game with Sean Vanaman and Jake Rodkin


	
The Walking Dead: 400 Days[image: External link] (2013) – Co-wrote the game with Sean Ainsworth, Nick Breckon, Mark Darin and Sean Vanaman
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Video game Music






This article is about a general overview of video game music. For the style of electronic music associated with older video games, see Chiptune[image: External link].
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Video game music is the soundtrack[image: External link] that accompanies video games[image: External link]. Early video game music was once limited to simple melodies of early sound synthesizer[image: External link] technology.[1] These limitations inspired the style of music known as chiptunes[image: External link], which combines simple melodic styles with more complex patterns or traditional music styles, and became the most popular sound of the first video games.

With advances in technology, video game music has now grown to include the same breadth and complexity associated with television and film scores[image: External link], allowing for much more creative freedom.[1] While simple synthesizer pieces are still common, game music now includes full orchestral pieces and popular music[image: External link]. Music in video games can be heard over a game’s title screen, options menu, and bonus content, as well as during the entire gameplay.[1] Today’s soundtracks can also change depending on a player’s actions or situation, such as indicating missed actions in rhythm games[image: External link].

Video game music can be one of two options: original or licensed[image: External link].[1] In order to create or collect this music, teams of composers, music directors, and music supervisors must work with the game developers and game publishers.[1] Today, original composition has included the work of film composers Harry Gregson-Williams[image: External link], Trent Reznor[image: External link], Hans Zimmer[image: External link], Josh Mancell[image: External link], Steve Jablonsky[image: External link], and Michael Giacchino[image: External link].[2][3][4]

Some notable games composers working today are Jesper Kyd[image: External link], Jason Graves[image: External link], Austin Wintory[image: External link], James Hannigan[image: External link], Garry Schyman[image: External link] and Peter McConnell[image: External link], some of whom work in film and television alongside video games.[5]

The popularity of video game music has expanded education and job opportunities, generated awards, and allowed video game soundtracks to be commercially sold and performed in concert.[6]
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 Early video game technology and computer chip music




See also: Chiptune[image: External link] and Music Macro Language[image: External link]


At the time video games had emerged as a popular form of entertainment in the late 1970s (the golden age of arcade video games[image: External link] and second-generation consoles), music[image: External link] was stored on physical medium in analog waveforms such as compact cassettes[image: External link] and phonograph records[image: External link]. Such components were expensive and prone to breakage under heavy use making them less than ideal for use in an arcade cabinet[image: External link], though in rare cases, they were used ( Journey[image: External link]). A more affordable method of having music in a video game was to use digital means, where a specific computer chip would change electrical impulses from computer code into analog sound waves on the fly for output on a speaker. Sound effects for the games were also generated in this fashion. An early example of such an approach to video game music was the opening chiptune[image: External link] in Tomohiro Nishikado[image: External link]'s Gun Fight[image: External link] (1975).[7]

While this allowed for inclusion of music in early arcade video games[image: External link], it was usually monophonic, looped[image: External link] or used sparingly between stages or at the start of a new game, such as the Namco[image: External link] titles Pac-Man[image: External link] (1980) composed by Toshio Kai or Pole Position[image: External link] (1982) composed by Nobuyuki Ohnogi.[8] The first game to use a continuous background soundtrack[image: External link] was Tomohiro Nishikado[image: External link]'s Space Invaders[image: External link], released by Taito[image: External link] in 1978.[9] It had four descending chromatic[image: External link] bass notes[image: External link] repeating in a loop, though it was dynamic and interacted with the player, increasing pace as the enemies descended on the player.[10] The first video game to feature continuous, melodic background music[image: External link] was Rally-X[image: External link], released by Namco[image: External link] in 1980, featuring a simple tune that repeats continuously during gameplay[image: External link].[11] The decision to include any music into a video game meant that at some point it would have to be transcribed into computer code by a programmer, whether or not the programmer had musical experience. Some music was original, some was public domain music[image: External link] such as folk songs. Sound capabilities were limited; the popular Atari 2600[image: External link] home system, for example, was capable of generating only two tones, or "notes", at a time.

As advances were made in silicon technology and costs fell, a definitively new generation of arcade machines and home consoles[image: External link] allowed for great changes in accompanying music. In arcades, machines based on the Motorola 68000[image: External link] CPU and accompanying various Yamaha[image: External link] YM programmable sound generator[image: External link] sound chips[image: External link] allowed for several more tones or "channels" of sound, sometimes eight or more. The earliest known example of this was Sega[image: External link]'s 1980 arcade game Carnival[image: External link], which used an AY-3-8910[image: External link] chip to create an electronic rendition of the classical[image: External link] 1889 composition "Over The Waves[image: External link]" by Juventino Rosas[image: External link].[9]

Konami[image: External link]'s 1981 arcade game Frogger[image: External link] introduced a dynamic approach to video game music, using at least eleven different gameplay tracks, in addition to level-starting and game over[image: External link] themes, which change according to the player's actions. This was further improved upon by Namco[image: External link]'s 1982 arcade game Dig Dug[image: External link], where the music stopped when the player stopped moving.[12] Dig Dug was composed by Yuriko Keino, who also composed the music for other Namco games such as Xevious[image: External link] (1982) and Phozon[image: External link] (1983).[8] Sega[image: External link]'s 1982 arcade game Super Locomotive[image: External link] featured a chiptune[image: External link] rendition of Yellow Magic Orchestra[image: External link]'s " Rydeen[image: External link]" (1979);[13] several later computer games[image: External link] also covered[image: External link] the song, such as Trooper Truck (1983) by Rabbit Software[image: External link] as well as Daley Thompson's Decathlon[image: External link] (1984) and Stryker's Run[image: External link] (1986) composed by Martin Galway[image: External link].[14]

Home console systems also had a comparable upgrade in sound ability beginning with the ColecoVision[image: External link] in 1982 capable of four channels. However, more notable was the Japanese release of the Famicom in 1983 which was later released in the US as the Nintendo Entertainment System[image: External link] in 1985. It was capable of five channels, one being capable of simple PCM[image: External link] sampled sound. The home computer Commodore 64[image: External link] released in 1982 was capable of early forms of filtering effects, different types of waveforms[image: External link] and eventually the undocumented ability to play 4-bit samples on a pseudo fourth sound channel. Its comparatively low cost made it a popular alternative to other home computers, as well as its ability to use a TV for an affordable display monitor.

Approach to game music development in this time period usually involved using simple tone generation and/or frequency modulation synthesis[image: External link] to simulate instruments for melodies, and use of a "noise channel" for simulating percussive noises. Early use of PCM samples in this era was limited to short sound bites(Monopoly), or as an alternate for percussion sounds (Super Mario Bros. 3[image: External link]). The music on home consoles often had to share the available channels with other sound effects. For example, if a laser beam was fired by a spaceship, and the laser used a 1400 Hz tone, then whichever channel was in use by music would stop playing music and start playing the sound effect.

The mid-to-late 1980s software releases for these platforms had music developed by more people with greater musical experience than before. Quality of composition improved noticeably, and evidence of the popularity of music of this time period remains even today. Composers who made a name for themselves with their software include Koichi Sugiyama[image: External link] (Dragon Quest[image: External link]),[15] Nobuo Uematsu[image: External link] (Final Fantasy[image: External link]), Rob Hubbard[image: External link] (Monty On the Run[image: External link], International Karate[image: External link]), Koji Kondo[image: External link] (Super Mario Bros.[image: External link], The Legend of Zelda[image: External link]), Miki Higashino[image: External link] ( Gradius[image: External link], Yie-Ar Kung Fu[image: External link], Teenage Mutant Ninja Turtles[image: External link]), Hiroshi Kawaguchi (Space Harrier[image: External link], Hang-On[image: External link], Out Run[image: External link]), Hirokazu Tanaka[image: External link] ( Metroid[image: External link], Kid Icarus[image: External link], EarthBound[image: External link]), Martin Galway[image: External link] (Daley Thompson's Decathlon[image: External link], Stryker's Run[image: External link], Times of Lore[image: External link]), Yuzo Koshiro[image: External link] (Dragon Slayer[image: External link], Ys[image: External link], Shinobi[image: External link], ActRaiser[image: External link], Streets of Rage[image: External link]), Mieko Ishikawa (Dragon Slayer, Ys), and Ryu Umemoto[image: External link] (visual novels[image: External link], shoot 'em ups[image: External link]). By the late 1980s, video game music was being sold as cassette tape soundtracks in Japan, inspiring American companies such as Sierra[image: External link], Cinemaware[image: External link] and Interplay[image: External link] to give more serious attention to video game music by 1988.[16] The Golden Joystick Awards[image: External link] introduced a category for Best Soundtrack of the Year in 1986, won by Sanxion[image: External link].

Some games for cartridge systems have been sold with extra audio hardware on board, including Pitfall II[image: External link] for the Atari 2600 and several late Famicom titles. These chips add to the existing sound capabilities.
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 Early digital synthesis and sampling




See also: Chiptune[image: External link]


From around 1980, some arcade games began taking steps toward digitized, or sampled[image: External link], sounds. Namco[image: External link]'s 1980 arcade game Rally-X[image: External link] was the first known game to use a digital-to-analog converter[image: External link] (DAC) to produce sampled tones instead of a tone generator.[9] That same year, the first known video game to feature speech synthesis[image: External link] was also released: Sunsoft's shoot 'em up[image: External link] game Stratovox[image: External link].[11] Around the same time,[17] the introduction of frequency modulation synthesis[image: External link] (FM synthesis), first commercially released by Yamaha[image: External link] for their digital synthesizers[image: External link] and FM sound chips[image: External link], allowed the tones to be manipulated to have different sound characteristics, where before the tone generated by the chip was limited to the design of the chip itself. Konami[image: External link]'s 1983 arcade game Gyruss[image: External link] used five synthesis sound chips along with a DAC, which were somewhat used to create an electronic version of J. S. Bach[image: External link]'s Toccata and Fugue in D minor[image: External link].[18]

Beyond arcade games, significant improvements to personal computer game[image: External link] music were made possible with the introduction of digital[image: External link] FM synth boards[image: External link], which Yamaha[image: External link] released for Japanese computers such as the NEC PC-8801[image: External link] and PC-9801[image: External link] in the early 1980s, and by the mid-1980s, the PC-8801 and FM-7[image: External link] had built-in FM sound. This allowed computer game music to have greater complexity than the simplistic beeps[image: External link] from internal speakers. These FM synth boards produced a "warm and pleasant sound" that musicians such as Yuzo Koshiro[image: External link] and Takeshi Abo[image: External link] utilized to produce music that is still highly regarded within the chiptune[image: External link] community.[19] The widespread adoption of FM synthesis by consoles would later be one of the major advances of the 16-bit era[image: External link], by which time 16-bit arcade machines were using multiple FM synthesis chips.[17]

One of the earliest home computers[image: External link] to make use of digital signal processing in the form of sampling was the Commodore Amiga[image: External link] in 1985. The computer's sound chip featured four independent 8-bit digital-to-analog converters[image: External link]. Developers could use this platform to take samples[image: External link] of a music performance, sometimes just a single note long, and play it back through the computer's sound chip[image: External link] from memory. This differed from Rally-X in that its hardware DAC was used to play back simple waveform[image: External link] samples, and a sampled sound allowed for a complexity and authenticity of a real instrument that an FM simulation could not offer. For its role in being one of the first and affordable, the Amiga would remain a staple tool of early sequenced[image: External link] music composing, especially in Europe[image: External link].

The Amiga offered these features before other competing home computer platforms. The Amiga's main rival, the Atari ST[image: External link], sourced the Yamaha YM2149[image: External link] Programmable Sound Generator[image: External link] (PSG). Compared to the in-house designed Amiga sound engine, the PSG could only handle 1 channel of sampled sound, and needed the computer's CPU to process the data for it. This made it impractical for game development use until 1989 with the release of the Atari STE[image: External link] which used DMA techniques to play back PCM samples at up to 50 kHz. The ST however remained relevant as it was equipped with a MIDI[image: External link] controller and external ports. It became the choice of by many professional musicians as a MIDI programming device.

IBM PC clones[image: External link] in 1985 would not see any significant development in multimedia abilities for a few more years, and sampling would not become popular in other video game systems for several years. Though sampling had the potential to produce much more realistic sounds, each sample required much more data in memory[image: External link]. This was at a time when all memory, solid state (ROM cartridge[image: External link]), magnetic (floppy disk[image: External link]) or otherwise was still very costly per kilobyte[image: External link]. Sequenced soundchip generated music on the other hand was generated with a few lines of comparatively simple code and took up far less precious memory.

Arcade systems pushed game music forward in 1984 with the introduction of FM (Frequency Modulation) synthesis, providing more realistic sounds than previous PSGs. The first such game, Marble Madness[image: External link] used the Yamaha YM2151 FM synthesis chip.[20]

As home consoles moved into the fourth generation[image: External link], or 16-bit era, the hybrid approach (sampled and tone) to music composing continued to be used. The Sega Genesis[image: External link] offered advanced graphics over the NES[image: External link] and improved sound synthesis features (also using a Yamaha chip, the YM2612[image: External link]),[21] but largely held the same approach to sound design. Ten channels in total for tone generation with one for PCM samples were available in stereo[image: External link] instead of the NES's five channels in mono, one for PCM. As before, it was often used for percussion samples. The Genesis did not support 16-bit sampled sounds. Despite the additional tone channels, writing music still posed a challenge to traditional composers and it forced much more imaginative use of the FM synthesizer[image: External link] to create an enjoyable listening experience. The composer Yuzo Koshiro[image: External link] utilized the Genesis hardware effectively to produce " progressive[image: External link], catchy, techno[image: External link]-style compositions far more advanced than what players were used to" for games such as The Revenge of Shinobi[image: External link] (1989) and the Streets of Rage[image: External link] series, setting a "new high watermark for what music in games could sound like."[22] The soundtrack for Streets of Rage 2[image: External link] (1992) in particular is considered "revolutionary" and "ahead of its time" for its blend[image: External link] of house music[image: External link] with " dirty[image: External link]" electro[image: External link] basslines and " trancey[image: External link] electronic textures" that "would feel as comfortable in a nightclub[image: External link] as a video game."[23] Another important FM synth composer was the late Ryu Umemoto[image: External link], who composed music for many visual novels[image: External link] and shoot 'em ups[image: External link] during the 1990s.[24]

As cost of magnetic memory declined in the form of diskettes, the evolution of video game music on the Amiga, and some years later game music development in general, shifted to sampling in some form. It took some years before Amiga game designers learned to wholly use digitized sound effects in music (an early exception case was the title music of text adventure[image: External link] game The Pawn[image: External link], 1986). By this time, computer and game music had already begun to form its own identity, and thus many music makers intentionally tried to produce music that sounded like that heard on the Commodore 64[image: External link] and NES, which resulted in the chiptune[image: External link] genre.

The release of a freely-distributed Amiga program named Soundtracker[image: External link] by Karsten Obarski in 1987 started the era of MOD[image: External link]-format which made it easy for anyone to produce music based on digitized samples. Module files[image: External link] were made with programs called " trackers[image: External link]" after Obarski's Soundtracker. This MOD/tracker tradition continued with PC computers in the 1990s. Examples of Amiga games[image: External link] using digitized instrument samples include David Whittaker[image: External link]'s soundtrack for Shadow of the Beast[image: External link], Chris Hülsbeck[image: External link]'s soundtrack for Turrican 2[image: External link] and Matt Furniss's tunes for Laser Squad[image: External link]. Richard Joseph[image: External link] also composed some theme songs featuring vocals and lyrics for games by Sensible Software[image: External link] most famous being Cannon Fodder[image: External link] (1993) with a song "War Has Never Been So Much Fun" and Sensible World of Soccer[image: External link] (1994) with a song "Goal Scoring Superstar Hero". These songs used long vocal samples.

A similar approach to sound and music developments had become common in the arcades by this time and had been used in many arcade system boards[image: External link] since the mid-1980s.[25] This was further popularized in the early 1990s by games like Street Fighter II[image: External link] (1991) on the CPS-1[image: External link], which used voice samples extensively along with sampled sound effects and percussion. Neo Geo[image: External link]'s MVS system also carried powerful sound development which often included surround sound[image: External link].

The evolution also carried into home console video games, such as the release of the Super Famicom[image: External link] in 1990, and its US/EU version Super NES in 1991. It sported a specialized custom Sony[image: External link] chip for both the sound generation and for special hardware DSP. It was capable of eight channels of sampled sounds at up to 16-bit resolution, had a wide selection of DSP effects, including a type of ADSR[image: External link] usually seen in high end synthesizers of the time, and full stereo sound. This allowed experimentation with applied acoustics in video games, such as musical acoustics (early games like Super Castlevania IV[image: External link], F-Zero[image: External link], Final Fantasy IV[image: External link], Gradius III[image: External link], and later games like Chrono Trigger[image: External link]), directional (Star Fox[image: External link]) and spatial acoustics (Dolby Pro-Logic[image: External link] was used in some games, like King Arthur's World and Jurassic Park), as well as environmental and architectural acoustics[image: External link] (Zelda III[image: External link], Secret of Evermore[image: External link]). Many games also made heavy use of the high quality sample playback capabilities (Super Star Wars[image: External link], Tales of Phantasia[image: External link]). The only real limitation to this powerful setup was the still-costly solid state memory[image: External link]. Other consoles of the generation could boast similar abilities yet did not have the same circulation levels as the Super NES. The Neo-Geo[image: External link] home system was capable of the same powerful sample processing as its arcade counterpart, but was several times the cost of a Super NES. The Sega CD[image: External link] (the Mega CD outside North America) hardware upgrade to the Mega Drive (Genesis in the US) offered multiple PCM channels, but they were often passed over instead to use its capabilities with the CD-ROM itself.

Popularity of the Super NES and its software remained limited to regions where NTSC[image: External link] television was the broadcast standard. Partly because of the difference in frame rates of PAL[image: External link] broadcast equipment, many titles released were never redesigned to play appropriately and ran much slower than originally intended, or were never released. This showed a divergence in popular video game music between PAL and NTSC countries that still shows to this day. This divergence would be lessened as the fifth generation of home consoles launched globally, and as Commodore began to take a back seat to general purpose PCs and Macs for developing and gaming.

Though the Mega CD/Sega CD, and to a greater extent the PC Engine[image: External link] in Japan, would give gamers a preview of the direction video game music would take in streaming[image: External link] music, the use of both sampled and sequenced music continues in game consoles even today. The huge data storage benefit of optical media would be coupled with progressively more powerful audio generation hardware and higher quality samples in the Fifth Generation[image: External link]. In 1994, the CD-ROM equipped PlayStation[image: External link] supported 24 channels of 16-bit samples of up to 44.1 kHz sample rate, samples equal to CD audio in quality. It also sported a few hardware DSP effects like reverb[image: External link]. Many Square[image: External link] titles continued to use sequenced music, such as Final Fantasy 7[image: External link], Legend of Mana[image: External link], and Final Fantasy Tactics[image: External link]. The Sega Saturn[image: External link] also with a CD drive supported 32 channels of PCM at the same resolution as the original PlayStation. In 1996, the Nintendo 64[image: External link], still using a solid state cartridge, actually supported an integrated and scalable sound system that was potentially capable of 100 channels of PCM, and an improved sample rate of 48 kHz. Games for the N64, because of the cost of the solid state memory, typically had samples of lesser quality than the other two however, and music tended to be simpler in construct.

The more dominant approach for games based on CDs, however, was shifting toward streaming[image: External link] audio.
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 MIDI on the PC




In the same timeframe of the late 1980s to mid-1990s, the IBM PC clones using the x86 architecture became more ubiquitous, yet had a very different path in sound design than other PCs and consoles. Early PC gaming was limited to the PC speaker[image: External link], and some proprietary standards such as the IBM PCjr[image: External link] 3-voice chip. While sampled sound could be achieved on the PC speaker using pulse width modulation, doing so required a significant proportion of the available processor power, rendering its use in games rare.

With the increase of x86 PCs in the market, there was a vacuum in sound performance in home computing that expansion cards attempted to fill. The first two recognizable standards were the Roland MT-32[image: External link], followed by the AdLib[image: External link] sound card. Roland's solution was driven by MIDI[image: External link] sequencing using advanced LA synthesizers. This made it the first choice for game developers to produce upon, but its higher cost as an end-user solution made it prohibitive. The AdLib used a low-cost FM synthesis chip from Yamaha, and many boards could operate compatibly using the MIDI standard.

The AdLib[image: External link] card was usurped in 1989 by Creative[image: External link]'s Sound Blaster[image: External link], which used the same Yamaha FM chip in the AdLib, for compatibility, but also added 8-bit 22.05 kHz (later 44.1 kHz) digital audio recording and playback of a single stereo channel. As an affordable end-user product, the Sound Blaster constituted the core sound technology of the early 1990s; a combination of a simple FM engine that supported MIDI, and a DAC engine of one or more streams. Only a minority of developers ever used Amiga-style tracker formats in commercial PC games, ( Unreal[image: External link]) typically preferring to use the MT-32 or AdLib/SB-compatible devices. As general purpose PCs using x86 became more ubiquitous than the other PC platforms, developers drew their focus towards that platform.

The last major development before streaming music came in 1992: Roland Corporation[image: External link] released the first General MIDI[image: External link] card, the sample-based[image: External link] SCC-1[image: External link], an add-in card version of the SC-55 desktop MIDI module. The comparative quality of the samples spurred similar offerings from Soundblaster, but costs for both products were still high. Both companies offered 'daughterboards' with sample-based synthesizers that could be later added to a less expensive soundcard (which only had a DAC and a MIDI controller) to give it the features of a fully integrated card.

Unlike the standards of Amiga or Atari, a PC using x86 even then could be using a broad mix of hardware. Developers increasingly used MIDI sequences: instead of writing soundtrack data for each type of soundcard, they generally wrote a fully featured data set for the Roland application that would be compatible with lesser featured equipment so long as it had a MIDI controller to run the sequence. However, different products used different sounds attached to their MIDI controllers. Some tied into the Yamaha FM chip to simulate instruments, some daughterboards of samples had very different sound qualities; meaning that no single sequence performance would be accurate to every other General MIDI device.

All of these considerations in the products reflected the high cost of memory storage which rapidly declined with the optical CD format.
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 Pre-recorded and streaming music




Main article: Streaming audio in video games[image: External link]


Taking entirely pre-recorded music had many advantages over sequencing for sound quality. Music could be produced freely with any kind and number of instruments, allowing developers to simply record one track to be played back during the game. Quality was only limited by the effort put into mastering the track itself. Memory space costs that was previously a concern was somewhat addressed with optical media becoming the dominant media for software games. CD quality[image: External link] audio allowed for music and voice that had the potential to be truly indistinguishable from any other source or genre of music.

In fourth generation home video games and PCs this was limited to playing a Mixed Mode CD[image: External link] audio track from a CD[image: External link] while the game was in play (such as Sonic CD[image: External link]). The earliest examples of Mixed Mode CD audio in video games include the TurboGrafx-CD[image: External link] RPG franchises Tengai Makyō[image: External link], composed by Ryuichi Sakamoto[image: External link] from 1989,[26] and the Ys series[image: External link], composed by Yuzo Koshiro[image: External link] and Mieko Ishikawa[image: External link] and arranged by Ryo Yonemitsu[image: External link] in 1989. The Ys soundtracks, particularly Ys I & II[image: External link] (1989), are still regarded as some of the most influential video game music ever composed.[27][28][29]

However, there were several disadvantages of regular CD-audio. Optical drive technology was still limited in spindle speed, so playing an audio track from the game CD meant that the system could not access data again until it stopped the track from playing. Looping[image: External link], the most common form of game music, was also problem as when the laser reached the end of a track, it had to move itself back to the beginning to start reading again causing an audible gap in playback.

To address these drawbacks, some PC game developers designed their own container formats[image: External link] in house, for each application in some cases, to stream compressed audio. This would cut back on memory used for music on the CD, allowed for much lower latency and seek time when finding and starting to play music, and also allowed for much smoother looping due to being able to buffer[image: External link] the data. A minor drawback was that use of compressed audio meant it had to be decompressed which put load on the CPU of a system. As computing power increased, this load became minimal, and in some cases dedicated chips in a computer (such as a sound card) would actually handle all the decompressing.

Fifth generation home console systems also developed specialised streaming formats and containers for compressed audio playback. Games would take full advantage of this ability, sometimes with highly praised results (Castlevania: Symphony of the Night[image: External link]). Games ported from arcade machines, which continued to use FM synthesis, often saw superior pre-recorded music streams on their home console counterparts (Street Fighter Alpha 2[image: External link]). Even though the game systems were capable of "CD quality" sound, these compressed audio tracks were not true "CD quality." Many of them had lower sampling rates, but not so significant that most consumers would notice. Using a compressed stream allowed game designers to play back streamed music and still be able to access other data on the disc without interruption of the music, at the cost of CPU power used to render the audio stream. Manipulating the stream any further would require a far more significant level of CPU power available in the 5th generation.

Some games, such as the Wipeout[image: External link] series, continued to use full Mixed Mode CD audio for their soundtracks.

This overall freedom offered to music composers gave video game music the equal footing with other popular music it had lacked. A musician could now, with no need to learn about programming or the game architecture itself, independently produce the music to their satisfaction. This flexibility would be exercised as popular mainstream musicians would be using their talents for video games specifically. An early example is Way of the Warrior on the 3DO[image: External link], with music by White Zombie[image: External link]. A more well-known example is Trent Reznor[image: External link]'s score for Quake.

An alternate approach, as with the TMNT arcade, was to take pre-existing music not written exclusively for the game and use it in the game. The game Star Wars: X-Wing vs. TIE Fighter[image: External link] and subsequent Star Wars games took music composed by John Williams[image: External link] for the Star Wars[image: External link] films of the 1970s and 1980s and used it for the game soundtracks.

Both using new music streams made specifically for the game, and using previously released/recorded music streams are common approaches for developing sound tracks to this day. It is common for X-games sports-based video games to come with some popular artists recent releases (SSX, Tony Hawk, Initial D), as well as any game with heavy cultural demographic theme that has tie-in to music (Need For Speed: Underground[image: External link], Gran Turismo[image: External link], and Grand Theft Auto[image: External link]). Sometimes a hybrid of the two are used, such as in Dance Dance Revolution[image: External link].

Sequencing samples continue to be used in modern gaming for many uses, mostly RPGs. Sometimes a cross between sequencing samples, and streaming music is used. Games such as Republic: The Revolution[image: External link] (music composed by James Hannigan[image: External link][30]) and Command & Conquer: Generals[image: External link] (music composed by Bill Brown) have utilised sophisticated systems governing the flow of incidental music by stringing together short phrases based on the action on screen and the player's most recent choices (see dynamic music[image: External link]). Other games dynamically mixed the sound on the game based on cues of the game environment.

As processing power increased dramatically in the 6th generation of home consoles, it became possible to apply special effects in realtime to streamed audio. In SSX[image: External link], a recent video game series, if a snowboarder takes to the air after jumping from a ramp, the music softens or muffles a bit, and the ambient noise of wind and air blowing becomes louder to emphasize being airborne. When the snowboarder lands, the music resumes regular playback until its next "cue". The LucasArts company pioneered this interactive music technique with their iMUSE[image: External link] system, used in their early adventure games and the Star Wars flight simulators Star Wars: X-Wing[image: External link] and Star Wars: TIE Fighter[image: External link]. Action games such as these will change dynamically to match the amount of danger. Stealth-based games will sometimes rely on such music, either by handling streams differently, or dynamically changing the composition of a sequenced soundtrack.
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 Personalized soundtracks




Being able to play one's own music during a game in the past usually meant turning down the game audio and using an alternative music player. Some early exceptions were possible on PC/Windows gaming in which it was possible to independently adjust game audio while playing music with a separate program running in the background. Some PC games, such as Quake[image: External link], play music from the CD while retrieving game data exclusively from the hard disk, thereby allowing the game CD to be swapped for any music CD. The first PC game to introduce in-game support for custom soundtracks was Lionhead Studio's Black and White. The 2001 game included an in-game interface for Winamp that enabled the players to play audio tracks from their own playlists. In addition, this would sometimes trigger various reactions from the player's Creature, like dancing or laughing.

Some PlayStation games supported this by swapping the game CD with a music CD, although when the game needed data, players had to swap the CDs again. One of the earliest games, Ridge Racer[image: External link], was loaded entirely into RAM, letting the player insert a music CD to provide a soundtrack throughout the entirety of the gameplay. In Vib Ribbon[image: External link], this became a gameplay feature, with the game generating levels based entirely on the music on whatever CD the player inserted.

Microsoft's Xbox[image: External link] allowed music to be copied from a CD onto its internal hard drive, to be used as a "Custom Soundtrack", if enabled by the game developer. The feature carried over into the Xbox 360 where it became supported by the system software and could be enabled at any point. The Wii[image: External link] is also able to play custom soundtracks if it is enabled by the game (Excite Truck,[31] Endless Ocean[32]). The PlayStation Portable[image: External link] can, in games like Need for Speed Carbon: Own the City[image: External link] and FIFA 08[image: External link], play music from a Memory Stick[image: External link].

The PlayStation 3 has the ability to utilize custom soundtracks in games using music saved on the hard drive, however few game developers used this function. MLB 08: The Show, released in 2008, has a My MLB sound track feature which allows the user to play music tracks of their choice saved on the hard drive of their PS3, rather than the preprogrammed tracks incorporated into the game by the developer. An update to Wipeout HD[image: External link], released on the PlayStation Network, was made to also incorporate this feature.[33]

In the video game Audiosurf[image: External link], custom soundtracks are the main aspect of the game. Users have to pick a music file to be analyzed. The game will generate a race track based on tempo, pitch and complexity of the sound. The user will then race on this track, synchronized with the music.

Games in the Grand Theft Auto series have supported custom soundtracks, using them as a separate in-game radio station. The feature was primarily exclusive to PC versions, and was adopted to a limited degree on console platforms. On a PC, inserting custom music into the stations is done by placing music files into a designated folder. For the Xbox version, a CD must be installed into the console's hard drive. For the iPhone version of Grand Theft Auto: Chinatown Wars[image: External link], players create an iTunes playlist which is then played by the game.

Forza Horizon 3[image: External link] used a similar technology of custom soundtracks with the help of Groove Music[image: External link].
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 Developments in the 2000s




The Xbox 360 supports Dolby Digital[image: External link] software, sampling and playback rate of 16-bit @ 48 kHz (internal; with 24-bit hardware D/A converters), hardware codec streaming, and potential of 256 audio simultaneous channels.[34] While powerful and flexible, none of these features represent any major change in how game music is made from the last generation of console systems. PCs continue to rely on third-party devices for in-game sound reproduction, and SoundBlaster is largely the only major player in the entertainment audio expansion card business.

The PlayStation 3 handles multiple types of surround sound technology, including Dolby TrueHD[image: External link] and DTS-HD[image: External link], with up to 7.1[image: External link] channels, and with sampling rates of up to 192 kHz.

Nintendo's Wii[image: External link] console shares many audio components with the Nintendo GameCube[image: External link] from the previous generation, including Dolby Pro Logic II[image: External link]. These features are extensions of technology already currently in use.

The game developer of today has many choices on how to develop music. More likely, changes in video game music creation will have very little to do with technology and more to do with other factors of game development as a business whole. Video game music has diversified much to the point where scores for games can be presented with a full orchestra or simple 8/16-bit chiptunes. This degree of freedom has made the creative possibilities of video game music limitless to developers. As sales of video game music diverged from the game itself in the West (compared to Japan where game music CDs had been selling for years), business elements also wield a new level of influence. Music from outside the game developer's immediate employment, such as music composers and pop artists, have been contracted to produce game music just as they would for a theatrical movie. Many other factors have growing influence, such as editing for content, politics on some level of the development, and executive input.
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 Game music as a genre




See also: Chiptune[image: External link]


Many games for the Nintendo Entertainment System and other early game consoles feature a similar style of musical composition that is sometimes described as the "video game genre." Some aspects of this style continue to influence certain music today, though gamers do not associate many modern game soundtracks with the older style. The genre's compositional elements largely developed due to technological restraints, while also being influenced by electronic music[image: External link] bands, particularly Yellow Magic Orchestra[image: External link] (YMO), who were popular during the late 1970s to 1980s.[35] YMO sampled sounds from several classic arcade games[image: External link] in their early albums, most notably Space Invaders[image: External link] in the 1978 hit song "Computer Game[image: External link]".[36] In turn, the band would have a major influence on much of the video game music produced during the 8-bit[image: External link] and 16-bit eras[image: External link].[35]

Features of the video game music genre include:


	Pieces designed to repeat indefinitely, rather than having an arranged ending or fading out.

	Pieces lacking lyrics and playing over gameplay sounds.

	Limited polyphony. Only three notes can be played simultaneously on the Nintendo Entertainment System. A great deal of effort was put into composition to create the illusion of more notes playing at once.



Although the tones featured in NES music can be thought of emulating a traditional four-piece rock band (triangle wave used as a bass, two pulse waves analogous to two guitars, and a white noise channel used for drums), composers would often go out of their way to compose complex and rapid sequences of notes, in part due to the restrictions mentioned above. This is similar to music composition during the Baroque[image: External link] period, when composers, particularly when creating solo pieces, focused on musical embellishments to compensate for instruments such as the harpsichord[image: External link] that do not allow for expressive dynamics.[37] For the same reason, many early compositions also feature a distinct jazz influence. These would overlap with later influences from heavy metal[image: External link] and j-pop[image: External link] music, resulting in an equally distinct compositional style in the 16-bit era.[37]

In an unrelated but parallel course in the European and North American developer scene, similar limitations were driving the musical style of home computer games[image: External link]. Module file[image: External link] format music, particularly MOD[image: External link], used similar techniques but was more heavily influenced from the electronic music scene as it developed, and resulted in another very distinct subgenre. Demos[image: External link] and the developing demoscene[image: External link] played a big part in the early years, and still influence video game music today.

As technological limitations gradually lifted, composers were given more freedom and with the advent of CD-ROM pre-recorded soundtracks came to dominate, resulting in a noticeable shift in composition and voicing style.[38] Popular early CD-ROM titles were released with high-resolution graphics and recorded music. Since the audio was not reliant on a sound-card's synthesis, CD-ROM technology ensured that composers and sound designers could know what audio would sound like on most consumer configurations and could also record sound effects, live instruments, vocals, and in-game dialogue.[39]

As the divisions between movies and video games has blurred, so have divisions between film scores and video game scores. Adventure and fantasy movies have similar needs to adventure and fantasy games, i.e. fanfare, traveling, hero's theme and so on. Some composers have written scores in both genres. One noted example is U.S. composer Michael Giacchino[image: External link] who composed the soundtrack for the game Medal of Honor[image: External link] and later composed for the television series Lost[image: External link] and wrote scores for movies such as The Incredibles[image: External link] (2004) and Star Trek[image: External link] (2009).
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 Outside of video games




See also: Chiptune[image: External link]


Appreciation for video game music is strong among fans and composers, particularly for music from the third[image: External link] and fourth[image: External link] generations of home video game consoles, and sometimes newer generations. This appreciation has been shown outside the context of a video game, in the form of CDs, sheet music, public performances, art installations, and popular music.
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 CDs and sheet music




Selling video game soundtracks separately as CDs has become increasingly popular in the industry.[9] Interpretive albums, remixes, and live performance albums were also common variations to original soundtracks (OSTs).[40]

Koichi Sugiyama[image: External link] was an early figure in this practice, and following the release of the first Dragon Quest[image: External link] game in 1986, a live performance CD of his compositions was released and performed by the London Philharmonic Orchestra[image: External link] (then later by other groups including the Tokyo Philharmonic Orchestra[image: External link], and NHK Symphony[image: External link]). Yuzo Koshiro[image: External link], another early figure, released a live performance of the Actraiser[image: External link] soundtrack. Both Koshiro's and fellow Falcom[image: External link] composer Mieko Ishikawa's contributions to Ys[image: External link] music would have such long lasting impact that there were more albums released of Ys music than of almost all other game-type music.

Like anime[image: External link] soundtracks, these soundtracks and even sheet music books were usually marketed exclusively in Japan. Therefore, interested non-Japanese gamers had to import the soundtracks and/or sheet music books through on or offline firms specifically dedicated to video game soundtrack imports. This has been somewhat less of an issue more recently as domestic publishers of anime and video games have been producing western equivalent versions of the OSTs for sale in UK and US, though these are often for more popular titles.

The sale of video game soundtracks has created a growing symbiotic relationship between the music industry and the games industry.[9] Commonly, games are being used to promote and sell licensed music, rather than just original score, and recording artists are being used to market and sell games.[9] Music marketing agency Electric Artists conducted a study that revealed a number of interesting statistics surrounding ‘‘hard-core gamers’’ and their music habits: 40% of hard-core gamers bought the CD after hearing a song they liked in a video game, 73% of gamers said soundtracks within games help sell more CDs, and 40% of respondents said a game introduced them to a new band or song, then 27% of them went out and bought what they heard.[9] Some game soundtracks have become so popular they have reached platinum status, such as NBA Live 2003.[9]
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 Public performance




Many original composers have publicly exhibited their music through symphonic concert performances. Once again, Koichi Sugiyama[image: External link] was the first to execute this practice in 1987 with his "Family Classic Concert" and has continued these concert performances almost annually.[37] In 1991, he also formed a series called Orchestral Game Music Concerts, notable for featuring other talented game composers such as Yoko Kanno[image: External link] (Nobunaga's Ambition, Romance of the Three Kingdoms, Uncharted Waters), Nobuo Uematsu[image: External link] (Final Fantasy), Keiichi Suzuki (Mother/Earthbound), and Kentaro Haneda (Wizardry).[41]

Following suit, compositions by Nobuo Uematsu on Final Fantasy IV[image: External link] were arranged into Final Fantasy IV: Celtic Moon[image: External link], a live performance by string musicians with strong Celtic influence recorded in Ireland. The Love Theme from the same game has been used as an instructional piece of music in Japanese schools.[42]

With the success of Square[image: External link]'s 1990s games Final Fantasy VI[image: External link], Final Fantasy VII[image: External link] and Final Fantasy VIII[image: External link] by Nobuo Uematsu, and Chrono Trigger[image: External link], Xenogears[image: External link] and Chrono Cross[image: External link] by Yasunori Mitsuda[image: External link], public performance began to gain international popularity. On August 20, 2003, music written for video games such as Final Fantasy and The Legend of Zelda was performed for the first time outside Japan, by the Czech National Symphony Orchestra[image: External link] in a Symphonic Game Music Concert[image: External link] in Leipzig, Germany at the Gewandhaus concert hall.[40] This event was held as the official opening ceremony of Europe's biggest trading fair for video games, the GC Games Convention and repeated in 2004, 2005, 2006 and 2007.[40]

On November 17, 2003, Square Enix launched the Final Fantasy Radio on America Online[image: External link]. The radio station has initially featured complete tracks from Final Fantasy XI[image: External link] and Final Fantasy XI: Rise of Zilart[image: External link] and samplings from Final Fantasy VII through Final Fantasy X[image: External link].[40]

The first officially sanctioned Final Fantasy concert[image: External link] in the United States was performed by the Los Angeles Philharmonic Orchestra[image: External link] at Walt Disney Concert Hall[image: External link] in Los Angeles[image: External link], California[image: External link], on May 10, 2004.[43] All seats at the concert were sold out in a single day. "Dear Friends: Music from Final Fantasy" followed and was performed at various cities across the United States. Nobuo Uematsu has also performed a variety of Final Fantasy compositions live with his rock band, The Black Mages[image: External link].[44]

On July 6, 2005, the Los Angeles Philharmonic Orchestra also held a Video Games Live[image: External link] concert at the Hollywood Bowl[image: External link], an event founded by video game music composers Tommy Tallarico[image: External link] and Jack Wall[image: External link].[40] This concert featured a variety of video game music, ranging from Pong to Halo 2[image: External link]. It also incorporated real-time video feeds that were in sync with the music, as well as laser and light special effects. Media outside the video game industry, such as NPR[image: External link] and The New York Times[image: External link], have covered their subsequent world tours.[45][46]

On August 20, 2006, the Malmö Symphonic Orchestra with host Orvar Säfström[image: External link] performed the outdoor game music concert Joystick in Malmö[image: External link], Sweden[image: External link] before an audience of 17,000, holding the current record of attendance for a game music concert.[47] Säfström has since continued to produce game music concerts around Europe under the names Joystick and Score.[48]

From April 20–27, 2007, Eminence Symphony Orchestra[image: External link], an orchestra dedicated to video game and anime music, performed the first part of their annual tour, the "A Night in Fantasia" concert series in Australia. Whilst Eminence had performed video game music as part of their concerts since their inception, the 2007 concert marked the first time ever that the entire setlist was pieces from video games. Up to seven of the world's most famous game composers were also in attendance as special guests. Music performed included Red Alert 3 Theme: Soviet March by James Hannigan[image: External link] and Shadow of the Colossus[image: External link] by Kow Otani[image: External link].

Since 2010, video games-themed " pops[image: External link]" concerts have become a major proportion of the revenue in many United States concert halls[image: External link], as traditional classical music performances decline in popularity.[49]

On March 16, 2012 the Smithsonian American Art Museum[image: External link]'s "The Art of Video Games" exhibit opened featuring a chipmusic soundtrack at the entrance by artists 8 Bit Weapon[image: External link] & ComputeHer[image: External link].[50] 8 Bit Weapon also created a track called "The art of Video Games Anthem" for the exhibit as well.[51]
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 In popular music




See also: Chiptune[image: External link] and Bitpop[image: External link]


In the popular music[image: External link] industry, video game music and sounds have appeared in songs by various popular artists.[52] Arcade game sounds had a particularly strong influence on the hip hop[image: External link],[53] pop music[image: External link] (particularly synthpop[image: External link])[54] and electro music[image: External link][55] genres during the golden age of arcade video games[image: External link] in the early 1980s. Arcade game sounds had an influence on synthpop pioneers Yellow Magic Orchestra[image: External link],[56] who sampled Space Invaders sounds in their influential 1978 debut album, particularly the hit song "Computer Game[image: External link]".[36] In turn, the band would had a major influence on much of the video game music produced during the 8-bit[image: External link] and 16-bit eras[image: External link].[35]

Other pop songs based on Space Invaders soon followed, including "Disco Space Invaders" (1979) by Funny Stuff,[57] "Space Invaders" (1980) by Playback,[58] and the hit songs "Space Invader[image: External link]" (1980) by The Pretenders[image: External link][57] and "Space Invaders" (1980) by Uncle Vic.[59] Buckner & Garcia[image: External link] produced a successful album dedicated to video game music in 1982, Pac-Man Fever[image: External link].[60] Former YMO member Haruomi Hosono[image: External link] also released a 1984 album produced entirely from Namco[image: External link] arcade game[image: External link] samples entitled Video Game Music, an early example of a chiptune[image: External link] record[61] and the first video game music album.[62] Warp[image: External link]'s record " Testone[image: External link]" (1990) by Sweet Exorcist[image: External link] sampled video game sounds from YMO's "Computer Game" and defined Sheffield's bleep techno[image: External link] scene in the early 1990s.[63]

More recently, "video game beats" have appeared in popular songs such as Kesha[image: External link]'s "Tik Tok[image: External link]",[52] the best-selling single[image: External link] of 2010,[64] as well as "U Should Know Better" by Robyn[image: External link] featuring Snoop Dogg[image: External link],[52] and "Hellbound" by Eminem[image: External link]. The influence of video game music can also be seen in contemporary electronica[image: External link] music by artists such as Dizzee Rascal[image: External link] and Kieran Hebden[image: External link].[56] Grime[image: External link] music in particular samples sawtooth wave[image: External link] sounds from video games which were popular in East London.[image: External link][65] English power metal[image: External link] band DragonForce[image: External link] is also known for their "retro video game influenced" sound.
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 Video game music education




Video game music has become part of the curriculum at the degree, undergraduate, and graduate levels in many traditional colleges and universities.[66] According to the Entertainment Software Association[image: External link], there are over 400 schools offering courses and degrees in video game design in the United States, many of which include sound and music design.[67] Berklee College of Music[image: External link], Yale University[image: External link], New York University[image: External link], and the New England Conservatory[image: External link] have all introduced game music into their music programs. These programs offer immersive education in music composition, orchestration, editing and production.[68] Other post-secondary schools have more games-focused programs, such as DigiPen Institute of Technology[image: External link], Columbia College Chicago[image: External link], and Academy of Art University[image: External link],[69] who all offer programs in Music and Sound Design.[70] These programs include courses in sound effect creation, interactive sound design, and scripting music.[71]

Similar programs have gained popularity in Europe. The Utrecht School of the Arts[image: External link] (Faculty of Art, Media and Technology) has offered a Game Sound and Music Design program since 2003. The University of Hertfordshire[image: External link] has a program in Music Composition and Technology for Film and Games, Leeds Beckett University[image: External link] offers Sound and Music for Interactive Games, and dBs Music Bristol teaches Sound for Games and Apps.[72][73][74]

More informal institutions, like the training seminars at GameSoundCon also feature classes in how to compose video game music.[75]

Extracurricular organizations devoted to the performance of video game music have also been implemented in tandem with these new curriculum programs. The Gamer Symphony Orchestra at the University of Maryland[image: External link] performs self-arranged video game music and the Video Game Orchestra[image: External link] is a semiprofessional outgrowth of students from the Berklee College of Music and other Boston-area schools.[76]

According to the National Association for Music Education[image: External link], video game music is now being taught at elementary and secondary school levels to aid in the understanding of music composition.[77] Students at Magruder High School in Montgomery County have even started a student-run gamer orchestra, and many high school bands perform game music.[76]
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 Academic study




Academic research on video game music began in the late 1990s,[78] and developed through the mid 2000s. Early research on the topic often involved historical studies of game music, or comparative studies of video game music and film music (see, for instance, Zach Whalen's article "Play Along - An Approach to Videogame Music" which includes both).[79] The study of video game music is also known by some as "ludomusicology" — a portmanteau of " ludology[image: External link]" (the study of games and gameplay) and " musicology[image: External link]" (the study and analysis of music) — a term coined independently by Guillaume Laroche and Roger Moseley.[80][81]

A prominent figure in early video game music and audio research is Karen Collins, who is associate professor at the University of Waterloo[image: External link] and Canada Research Chair in Interactive Audio at the University of Waterloo Games Institute. Her monograph 'Game Sound: An Introduction to the History, Theory and Practice of Video Game Music and Sound Design' (MIT Press 2008)[82] is considered a seminal work in the field, and was influential in the subsequent development of video game music studies.

The Ludomusicology Research Group is an inter-university research organisation focusing on the study of music in games, music games and music in video game culture, composed of four researchers: Michiel Kamp, Tim Summers, Melanie Fritsch, and Mark Sweeney.[83] Together they organise an annual international conference held in the UK or Europe (at the time of writing, the most recent was the Ludo2017 conference held at Bath Spa University).[84] The group was originally founded by Kamp, Summers and Sweeney in August 2011, who have also edited a collection of essays based around the study of game sound entitled 'Ludomusicology: Approaches to Video Game Music', published in July 2016.[85][86] They also edited a double special issue of 'The Soundtrack[image: External link]' and initiated a new book series for the 'Study in Game Sound and Music[image: External link]' in 2017. In September 2016, Tim Summers' book 'Understanding Video Game Music' was published by Cambridge University Press.[87][88] Fritsch officially joined the group in 2016. She had edited the 2nd issue of the online journal 'ACT - Zeitschrift für Musik und Performance[image: External link]', published in July 2011 that included ludomusicological contributions written by Tim Summers, Steven B. Reale and James Brame. She had been a regular at the conferences since 2012 and published several book chapters on the topic. Whereas Kamp, Summers and Sweeney have a background in Musicology[image: External link], Fritsch has her background in Performance Studies[image: External link].

The North American Conference on Video Game Music (NACVGM) is an international conference on video game music held annually in North America since 2014.[89] It is organised by Neil Lerner, Steven Beverburg Reale and William Gibbons.[90]

In late 2016 the Society for the Study of Sound and Music in Games (SSSMG) was launched by the Ludomusicology Research Group in conjunction with the organisers of the North American Conference on Video Game Music and the Audio Mostly conference.[91] The SSSMG has the aim of bringing together both practitioners and researchers from across the globe in order to develop the field's understanding of sound and video game music and audio. Its initial focus is the use of its website as a "hub" for communication and resource centralisation, including a video game music research bibliography (a project initially begun by the Ludomusicology Research Group).[92]

The Ludomusicology Society of Australia was launched by Barnabas Smith in April 2017, during the Ludo2017 conference in Bath, UK; it aims to "offer a centralised and local professional body nurturing game music studies for academics, people in industry and game music fans alike in the Australasian region."[93]
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 Composers




Creating and producing video game music requires strong teams and coordination among the different divisions of game development.[1] As the market has expanded, so have the types of jobs in game music. The process often starts with the game designer[image: External link], who will have a specific musical theme or genre in mind for the game.[1] Their options include contracting original composers or licensing existing music, both of which require other music experts.

During the arcade and early console era (1983 to the mid 1990s), most game music was composed by full-time employees of the particular game company producing the game. This was largely due to the very specialized nature of video game music, where each system had its own technology and tool sets. It was not uncommon for a game company like Capcom[image: External link] or Konami[image: External link] to have a room full of composers, each at their own workstation with headphones writing music.[94]

Once the CD-era hit and studio recorded music became more ubiquitous in games, it became increasingly common for game music to be composed by independent contractors, hired by the game developer on a per-project basis.[95][96] Most bigger budget games such as Call of Duty[image: External link], Mass Effect, Ghost Recon[image: External link], or Lost Planet[image: External link] hire composers in this fashion. Approximately 50% of game composers are freelance, the remaining being employees of a game company.[97] Original score and soundtrack may require the hiring of a Music Director[image: External link], who will help create the game music as well as help book the resources needed for performing and recording the music.[1] Some music directors may work with a game’s Sound Designer[image: External link] to create a dynamic score.[1] Notable exceptions include composer Koji Kondo[image: External link], who remains an employee at Nintendo, and Martin O'Donnell[image: External link], who worked at Bungie until early 2014.[98]

The growth of casual, mobile and social games has greatly increased opportunities for game music composers, with job growth in the US market increasing more than 150% over five years.[99] Independently developed games are a frequent place where beginning game composers gain experience composing for video games.[96] Game composers, particularly for smaller games, are likely to provide other services such as sound design (76% of game composers also do some sound design), integration (47% of game composers also integrate their music into audio middleware), or even computer coding or scripting (15%).[100]

With the rising use of licensed popular music in video games, job opportunities in game music has also come to include the role of a music supervisor. Music supervisors work on behalf of a game developer or game publisher to source pre-existing music from artists and music publishers. These supervisors can be hired on a per-project basis or can work in-house, like the Music Group for Electronic Arts[image: External link] (EA) that has a team of music supervisors.[101] A music supervisor is needed to not only help select music that will suit the game, but to also ensure the music is fully licensed in order to avoid lawsuits or conflicts.[1] Music supervisors may also help negotiate payment, which for artists and songwriters is often a one-time buy out fee, because games do not generate music royalties when they are sold.[1] A growing trend is to contract artists to write original songs for games, to add to their value and exclusivity, and once again supervisors can be a part of that process.[9]
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 Awards




Since the mid-2000s, video game music has been recognized in a number of award shows, though some categories have been short-lived. The MTV Video Music Award for Best Video Game Soundtrack[image: External link] ran from 2004 to 2006. Additionally, for only one year in 2006, MTV offered an award for Best Video Game Score[image: External link].

In 2003 the Game Audio Network Guild launched the annual G.A.N.G. Awards show to recognize video game music and sound design, held each year at the Game Developers Conference[image: External link].[102]

From 2010 to 2011, the Ivor Novello Awards[image: External link] has included a category for Best Original Video Game Score.[103] The 2010 award winner was Killzone 2[image: External link] (Composed by Joris de Man[image: External link]), and in 2011, Napoleon: Total War[image: External link] (Composed by Richard Beddow, Richard Birdsall, Ian Livingstone).[104][105]

In 2011, video game music made its first appearance at the Grammy Awards[image: External link] when Baba Yetu[image: External link], a song from Civilization IV[image: External link], won[image: External link] the 53rd annual music awards[image: External link]' Best Instrumental Arrangement Accompanying Vocalists[image: External link], making it the first video game music to be nominated for (or to win) a Grammy. The song won for its placement on Christopher Tin[image: External link]’s album Calling All Dawns[image: External link], but had been used in the game six years prior.[106]

In 2012, the Grammy Awards[image: External link] officially included video game music as part of its Visual Media Awards, expanding the category to include Motion, Television, Video Game Music, or Other Visual Media.[107] The four Visual Media awards are Best Music for Visual Media, Best Compilation Soundtrack for Visual Media, Best Score Soundtrack for Visual Media, and Best Song Written for Visual Media.

Since 2004, BAFTA[image: External link] has hosted the British Academy Games Awards with a category for Original Music.[108]

In 2014, Hollywood Music In Media introduced their own award show that celebrates three video game categories – Original Score, Song, and Song/Score for Mobile Video Game.[109]

Other video game awards include the International Film Music Critics Association[image: External link] (IFMCA) award for Best Original Score for Interactive Media and Machinima.com's Inside Gaming[image: External link] Awards for Best Original Score and Best Sound Design. Past winners include Olivier Deriviere[image: External link] for Remember Me and James Hannigan[image: External link] for Harry Potter and the Half-Blood Prince.

The expansion of the video games industry led to the creation of a video game award show, which included a few categories in music. From 2003 to 2014, the Spike Video Game Awards celebrated game music with awards for Best Soundtrack, Best Song in a Game, and Best Original Score. When the Spike Video Game Awards were cancelled, they were replaced by The Game Awards[image: External link], which offers an award for Best Score/Soundtrack.[110]

In addition to recognizing the composers of original score, the Guild of Music Supervisors offer a GMS Award to the music supervisors that select and coordinate licensed music for video games.[111] Past winners include Brandon Young[image: External link] and Katie Byam for Guitar Hero Live[image: External link] and Laura Katz and Gregory J. Gordon for Sunset Overdrive[image: External link].[111][112]
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 Fan culture




Video game fans have created their own fan sites "dedicated to the appreciation and promotion of video game music", including OverClocked ReMix[image: External link] and Rainwave[image: External link].[113]

Fans also make their own song remixes and compilations, and have built online remixing communities through the ease of internet distribution.[9]
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Jared Emerson-Johnson






Jared Nathaniel Emerson-Johnson (born October 13, 1981) is an American video game music composer[image: External link], sound designer[image: External link], voice director and voice actor[image: External link]. Emerson-Johnson is the Music Supervisor and lead composer at Bay Area Sound, an audio production company specializing in sound design, music and voiceover for video games.[1]
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 Career




Jared began his career as an assistant to composer Clint Bajakian[image: External link] on the score for LucasArts' Indiana Jones and the Emperor's Tomb[image: External link]. Emerson-Johnson has also worked as a sound designer for projects, including James Bond 007: Everything or Nothing[image: External link], The Lord of the Rings: The Return of the King[image: External link] and Psychonauts[image: External link]. More recently, Emerson-Johnson was the composer behind the video games produced by Telltale Games, such as Bone, Sam & Max[image: External link], Strong Bad's Cool Game for Attractive People, Wallace & Gromit's Grand Adventures[image: External link], Poker Night at the Inventory, Back to the Future: The Game, Jurassic Park: The Game, The Walking Dead (video game)[image: External link], The Wolf Among Us and Game of Thrones (2014 video game).

In all three seasons of Sam & Max[image: External link] he plays the C.O.P.S., a group of obsolete computers, and in Telltale Games' Tales of Monkey Island series, he plays the Marquis DeSinge as well as the Thief.

In 2004, Emerson-Johnson received the Game Audio Network Guild's[image: External link] "Rookie of the Year" award. Jared's score, voice direction, and sound design for Telltale Games' 'Bone: The Great Cow Race were finalists for the 2007 Independent Games Festival. His score for Telltale Games' Sam & Max: Beyond Time and Space[image: External link] was also a finalist for Best Original Score in the 2008 IGN PC Awards. He shares an AdventureGamers.com 2009 Aggie award for best voice acting for his work on Tales of Monkey Island.[2]

His 2013 B.A.F.T.A. nominated score to The Walking Dead has eclipsed much of his earlier work and has shown him to be a composer of tremendous versatility.
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 Video game soundtracks





	
The Bard's Tale[image: External link] (2004)

	
Bone: Out from Boneville (2005)

	
America's Army: Rise of a Soldier[image: External link] (2005)

	
Bone: The Great Cow Race (2006)

	
Sam & Max Save the World[image: External link] (2006–2007)

	
Alien Syndrome[image: External link] (2007)

	
Sam & Max Beyond Time and Space[image: External link] (2007–2008)

	
Strong Bad's Cool Game for Attractive People (2008)

	
Wallace & Gromit's Grand Adventures[image: External link] (2009)

	
Sam & Max: The Devil's Playhouse[image: External link] (2010)

	
Nelson Tethers: Puzzle Agent (2010)

	
Poker Night at the Inventory (2010)

	
Back to the Future: The Game (2010-2011)

	
Puzzle Agent 2 (2011)

	
Jurassic Park: The Game (2011)

	
Double Fine Happy Action Theater[image: External link] (2012)

	
The Walking Dead (video game)[image: External link] (2012)

	
Poker Night 2 (2013)

	
The Wolf Among Us (2013)

	
The Walking Dead: Season Two (2013)

	
Tales from the Borderlands (2014)

	
Game of Thrones (video game) (2014)

	
The Walking Dead: Michonne (2016)

	
Batman: The Telltale Series[image: External link] (2016)

	
The Walking Dead: A New Frontier (2017)

	
Guardians of the Galaxy: The Telltale Series (2017)
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 Other works





	
Mr. Lux At Your Service (2008)

	
YouTube Presents: The Birds and the Biz (2008)
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 Notes






	
^ http://www.basound.com/pages/about_jared.html[image: External link]


	
^ http://www.adventuregamers.com/article/id,1128/p,11[image: External link]
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 BAFTA Games Awards






	Year
	Project
	Category
	Result



	2013
	The Walking Dead
	Best Original Music
	Nominated
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 Golden Joystick Awards[image: External link]






	Year
	Project
	Category
	Result



	2014
	The Wolf Among Us
	Best Audio
	Nominated
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 Game Audio Network Guild Awards






	Year
	Project
	Category
	Result



	2015
	The Walking Dead: Season Two
	Best Dialog
	Nominated



	2013
	The Walking Dead
	Best Dialog
	Won



	2012
	Star Wars: The Old Republic[image: External link]
	Best Soundtrack Album
	Won



	2004
	LeapFrog Leapster: SpongeBob SquarePants
	Best Audio - Other
	Won



	2004
	n/a[image: External link]
	Rookie of the Year
	Won
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 Game Music Online Annual Game Music Awards






	Year
	Project
	Category
	Result



	2015
	The Walking Dead Season Two
	Outstanding Achievement – Cinematic Music
	Nominated



	2015
	The Walking Dead Season Two
	Outstanding Achievement – Voice Dialogue
	Nominated



	2015
	n/a[image: External link]
	Outstanding Contribution – Western Composer
	Nominated
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 Independent Games Festival[image: External link]






	Year
	Project
	Category
	Result



	2007
	Bone: The Great Cow Race
	Excellence in Audio[image: External link][1]
	Nominated
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 Golden Joystick Awards[image: External link]






	Year
	Project
	Category
	Result



	2014
	The Wolf Among Us
	Best Audio[image: External link][2]
	Nominated
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 Adventure Gamers Aggie Awards[image: External link]






	Year
	Project
	Category
	Result



	2014
	The Wolf Among Us
	Best Music
	Nominated



	2012
	The Walking Dead
	Best Music
	Nominated



	2011
	Back to the Future: The Game
	Best Music
	Won



	2010
	Sam & Max: The Devil's Playhouse[image: External link]
	Best Music (Reader's Choice)
	Won



	2009
	Wallace & Gromit's Grand Adventures[image: External link]
	Best Music
	Nominated



	2008
	Sam & Max Beyond Time and Space[image: External link]
	Best Music
	Won
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The Walking Dead (video game series)






The Walking Dead is an episodic graphic adventure video game[image: External link] series developed and published by Telltale Games. Based on The Walking Dead comic book series, the series consists of three seasons with five episodes each, and one downloadable episode from Season 1.

The game takes place in the same fictional world as the comic, with events occurring shortly after the onset of the zombie apocalypse in Georgia. However, most of the characters are original to the game. Season 1 centers on university professor and convicted criminal Lee Everett, who rescues and subsequently cares for a young girl named Clementine trying to protect her from the dangers of zombies and dangerous people while preserving her innocence. Season 2 focuses on Clementine herself as she is emotionally and physically challenged by the dangers of the world as her childhood innocence is slowly diminished by the difficult choices she must make.
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 Concept




The Walking Dead series is based on the comic series of the same name. The game's events run concurrently to the comic, starting at the onset of a zombie apocalypse, where dead humans have become undead "walkers" that feed on the living which quickly overwhelmed most of the population. As established in the comic and show, this is a result of a virus that all living humans possess that takes over the brain of the body once the person dies, and the only way to stop this is to destroy the brain.

The game series initially starts in Georgia, with the whole of the first season and the events of 400 Days content taking place within the state. The second series follows the protagonists as they move north along the United States' eastern seaboard, believing there to be a human encampment in the north as well as the colder temperatures slowing the walkers' speed.
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 Gameplay




The Walking Dead games follow the same point-and-click adventure game[image: External link] approach that other Telltale Games episodic series have followed. Within an episode, the player controls a protagonist as the story progresses through several scenes. Within a scene, the player can move the character to explore the area, examine items, and initiate conversation trees[image: External link] with non-player characters; in these dialogs, the player has the option of selecting a number of options to reply to characters, including the option to stay silent. Other scenes are based on cinematic elements using quick time events[image: External link] in which the player must hit a controller button or a keyboard command as indicated on screen to react to an event. Failure to do so in time can lead to the character's death or other undesirable ending, and the game will restart just prior to these scenes.

All choices made by the player in The Walking Dead are tracked by the game, and certain choices ("determinants") will influence later scenes across the episodes and the series to date, when the player continues from the same saved game state. For example, in the first episode of the first season, the player has an option to save one of two non-player characters from a walker attack; the other character is killed, while the surviving character will uniquely impact other aspects of the story. Other times, selection of certain dialog options will influence the attitude of a non-player character towards the protagonist, and can manifest in later scenes as providing additional options for the player to select from. Telltale Games tracks these decisions, including five main choices made during the course of each episode, allowing players to compare their choices to others.
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 Series overview






	Season
	Episodes
	Season Premiere
	Season Finale



	Season 1

(2012)
	5
	April 24, 2012
	November 20, 2012



	400 Days

(2013)
	1
	July 2, 2013



	Season 2

(2013–14)
	5
	December 17, 2013
	August 26, 2014



	Michonne

(2016)
	3
	February 23, 2016
	April 26, 2016



	A New Frontier

(2016–17)
	5
	December 20, 2016
	May 30, 2017
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 Season 1 (2012)




Main article: The Walking Dead (video game)


At the onset of the zombie apocalypse, Lee Everett rescues young Clementine whose parents had traveled to Savannah prior to the apocalypse. They join with other survivors in Macon, Georgia to protect themselves from the undead, taking shelter in a defensible motel. When their position is overrun by both walkers and scavengers, the group flees and heads towards Savannah hoping to find boats to flee the mainland. Lee promises to reunite Clementine with her parents while teaching her rules of survival in this new world. In Savannah, they find no boats, and a strange man communicating to Clementine via walkie-talkie. When Clementine goes missing, Lee in his panic searching is accidentally bitten by a walker. With his time short, Lee assures the safety of the remaining survivors and goes to rescue Clementine, held by a man who has blamed Lee directly for the death of his family. Lee and Clementine overwhelm the man, and as they escape, they witness Clementine's parents, who have already become walkers. Clementine drags a weakening Lee to a safe location, and Lee, in his final moments of rationality, directs her to find the other survivors, before telling her to kill him or leave him before he fully becomes a walker.
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 400 Days (2013)




Main article: 400 Days (video game)[image: External link]


400 Days is a downloadable special episode. It focuses on five different protagonists and it serves as a bridge between Season 1 and Season 2. In the final scene, the survivors of each story are offered to be taken into a safe camp.
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 Season 2 (2013–14)




Main article: The Walking Dead: Season Two


More than a year after the first game, Clementine is separated from the other survivors and forced to fend on her own. She meets up with another group that are attempting to flee a man named Carver, who runs the human survivor camp at a strip mall, as alluded to in 400 Days. Clementine learns Carver seeks to capture Rebecca believing her to be carrying his child while she insists it is her husband Alvin's. They come into another group, discovering that Kenny, one of the survivors that Clementine traveled with from the first season and who had lost his wife and son to walkers, has managed to survive. In the midst of a walker attack, they are captured by Carver. Learning that a massive walker horde is approaching the strip mall and will readily overrun it, the group manages to escape with other prisoners, killing Carver in the process after he kills Alvin. During their escape, a woman that Kenny had taken a romantic interest in is bitten by a walker, forcing Clementine to intercede to kill her before she can turn, angering Kenny. As they regroup, Clementine becomes close to Jane, a loner that was part of the prisoners at Carver's camp and who teaches Clementine survival skills. Later, Rebecca dies after giving birth to a child, which they name Alvin Jr. (AJ) As winter sets in, Jane and Kenny become hostile towards each other, and Kenny's distrust of the group leads to a fraction of them fleeing from Kenny, Jane, Clementine, and Alvin Jr.. Jane forces Clementine to see what Kenny has become from witnessing the deaths of his loved ones by faking the death of Alvin Jr., and Clementine is forced to intercede, killing one of them and opting to continue with the other while overseeing to Alvin Jr. herself.
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 Michonne (2016)




Main article: The Walking Dead: Michonne


In June 2015, Telltale announced a three-episode series The Walking Dead: Michonne. The mini-series will release on February 23, 2016 for PlayStation 4 and Xbox One; February 25, 2016 for iOS and Android; and March 1, 2016 for PC, and will serve as a tie-in between the existing The Walking Dead seasons developed by Telltale. The series will mostly focus on the Michonne's untold story on what took Michonne away from Rick, Ezekiel, and the rest of Rick Grimes' trusted group and what brought her back.[1] Samira Wiley[image: External link] voiced Michonne in the game. The mini-series was originally scheduled to be released as downloadable content for Season 2.[2] However, in December 2015, Telltale announced that the game would be released as a standalone title that would not require any previous game in the series to play.[3][4]
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 Season 3: A New Frontier (2016–17)




Main article: The Walking Dead: A New Frontier


The third season of The Walking Dead launched with two episodes on December 20th of 2016.[5] The season plans to tie in all the possible endings from previous seasons without compromising the story to avoid pushing away new players to the series. In an interview with IGN, Kirkman stated that the third season would bring the video game closer to the comic book's time frame. It takes place a few years after the second season, and includes a somewhat older Clementine along with AJ, the infant she rescues at the end of Season 2 who is now a toddler.[6][7][8] Clementine is a playable character along with a new character, Javier.[9] A New Frontier uses the updated Telltale Tool, the same game engine Telltale used for Batman: The Telltale Series.

During the 2016 PAX Expo, Telltale revealed the third season will be released in November 2016, with the subtitle "A New Frontier".[10] Telltale later had to delay the first episode's release until December 20, 2016.[11] Warner Bros. Interactive Entertainment[image: External link] will publish retail versions of Season 3 as part of a deal with Telltale for Batman that was released in August 2016.[12] The physical edition is expected to release on February 7, 2017, featuring the first episode on disc and download codes to obtain all future episodes of the series.[11]
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 Cast and characters






	Character
	Season One

(2012)
	Season Two

(2013/14)
	A New Frontier

(2016/17)



	Lee Everett
	Dave Fennoy[image: External link]
	



	Clementine
	Melissa Hutchison



	Kenny
	Gavin Hammon



	Katjaa
	Cissy Jones
	



	Kenny Jr.
	Max Kaufman
	



	Lilly
	Nicki Rapp
	



	Larry
	Terry McGovern
	



	Carley
	Nicole Vigil
	



	Doug
	Sam Joan
	



	Glenn Rhee
	Nick Herman
	



	Mark
	Mark Middleton
	



	Ben Paul
	Trevor Hoffman
	



	Chuck
	Roger Jackson[image: External link]
	



	Omid
	Owen Thomas
	



	Christa
	Mara Junot
	



	Molly
	Erin Ashe[image: External link]
	



	Vernon
	Butch Engle
	



	Luke
	
	Scott Porter[image: External link]
	



	Nick
	
	Brian Bremer
	



	Pete
	
	Brian Sommer
	



	Carlos
	
	Kid Beyond[image: External link]
	



	Sarah
	
	Louis MacKintosh
	



	Alvin
	
	Dorian Lockett
	



	Rebecca
	
	Shay Moore
	



	William Carver
	
	Michael Madsen[image: External link]
	



	Bonnie
	
	Erin Yvette[image: External link]
	



	Sarita
	
	Julia Farmer
	



	Walter
	
	Kiff Vanden Heuvel
	



	Matthew
	
	Wylie Herman
	



	Jane
	
	Christine Lakin[image: External link]



	Mike
	
	Dan White
	



	Arvo
	
	Michael Ark
	



	Javier "Javi" Garcia
	
	Jeff Schine



	Kate Garcia
	
	Shelley Shenoy



	Paul "Jesus" Monroe
	
	Brandon Keener[image: External link]



	David Garcia
	
	Alex Hernandez



	Gabriel Garcia
	
	Raymond Ochoa



	Tripp
	
	Troy Hall



	Eleanor
	
	Kelley Crowder



	Conrad
	
	William Christopher Stephens



	Max
	
	Sean Lynch



	Badger
	
	Jon Curry




The Walking Dead video game series introduces new characters developed by Telltale for the games. Season One is based around Lee Everett (voiced by Dave Fennoy[image: External link]), a Georgia college professor who had been charged with murder, and was in the midst of being sent to prison at the start of the walker outbreak. Lee escapes and encounters young Clementine (voiced by Melissa Hutchison), hiding in her treehouse after her babysitter had turned and her parents not yet back from vacation. Lee becomes a protective figure to her to help reunite her with her parents. Within Season Two taking place about a year later, Clementine is now the central character, struggling to find a place in several survivor groups.

Other major characters include Kenny, a fisherman who has suffered numerous losses of family and loved ones and has become emotionally unstable, Luke, a former entrepreneur who carries himself logically than emotionally, Jane, a young lone-wolf woman that teaches Clementine the values of self preservation that a person's life comes first than anybody else, Carver, a principle antagonist of Season Two that seeks out the group of survivors that Clementine has joined believing one carries his child, and A.J., the newborn infant that Carver seeks who Clementine takes care of after his mother succumbs to the elements. The fate of several characters are determinant based on the actions that the player has taken in previous episodes, or otherwise unresolved within the narrative of the games. As the game takes place within the comic's universe, there have been some character crossovers with the series; Hershel Greene, Shawn Greene and Glenn Rhee, three characters from the comic series, have appeared briefly in Season One. Michonne, a prominent comic character, is featured as the playable-character in the Michonne mini-series. It was also confirmed in a trailer that Jesus would make some appearance in The New Frontier.
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 Critical reception
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 Season 1 and 400 Days




The Walking Dead has received critical acclaim, with reviewers giving praise for the harsh emotional tone, the characters, story and the resemblance to the original comic book, although criticizing the graphical glitches. The game received over 80 Game of the Year awards and many other awards.

"Episode 1 – A New Day" received positive reviews. Aggregating review websites GameRankings and Metacritic calculated scores of 85.14%[13] and 84/100,[14] respectively, for the PlayStation 3 version, 83.87%[15] and 79/100[16] for the Xbox 360 version, and 83.38%[17] and 82/100[18] for the PC version. The game received various accolades including the IGN "Editors' Choice", PC Gamer "Editors' Choice", Xbox Editors' Choice Award, and the PlayStation Gold Award.

"Episode 2 – Starved for Help" received positive reviews. GameRankings and Metacritic calculated scores of 86.53%[19] and 84/100,[20] respectively, for the PC version, 86.26%[21] and 84/100[22] for the Xbox 360 version, and 85.90%[23] and 84/100[24] for the PlayStation 3 version. The game won the GameSpy E3 2012 award for "Best Adventure Game".[25]

"Episode 3 – Long Road Ahead" received positive reviews. GameRankings and Metacritic calculated scores of 88.47%[26] and 88/100,[27] respectively, for the Xbox 360 version, 86.11%[28] and 87/100[29] for the PlayStation 3 version, and 85.41%[30] and 85/100[31] for the PC version. IGN's Greg Miller gave the game a 9 out of 10, saying "It's a disturbing, depressing and entertaining entry in a journey that's been nothing short of excellent so far."[32] GameSpot gave the game an 8.5, saying "The Walking Dead has passed the midway point of its series of five episodes with every indication that the game will keep getting better right through to its inevitably depressing and unsettling conclusion."[33] MTV also gave it a positive review, saying "Telltale has created a series of wrenching, emotional decisions in the middle of a collection of not-too-hard puzzles in a visually-impressive adaptation of the Robert Kirkman comic series (with some nods to the TV show)."[34]

"Episode 4 – Around Every Corner" received positive reviews, but to a lesser extent than the previous episodes. GameRankings and Metacritic calculated scores of 84.00%[35] and 80/100,[36] respectively, for the PC version, 82.50%[37] and 82/100[38] the Xbox 360 version, and 78.94%[39] and 81/100[40] for the PlayStation 3 version.

"Episode 5 – No Time Left" received critical acclaim. GameRankings and Metacritic calculated scores of 94.75%[41] and 89/100,[42] respectively, for the PC version, 88.15%[43] and 89/100[44] for the Xbox 360 version, and 87.75%[45] and 88/100[46] for the PlayStation 3 version.

400 Days received positive reviews. GameRankings and Metacritic calculated scores of 78.20%[47] and 78/100,[48] respectively, for the PlayStation 3 version, 78.00%[49] and 78/100[50] for the PC version, and 76.88%[51] and 80/100[52] for the Xbox 360 version.
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 Season 2




The Walking Dead: Season Two overall received generally positive reviews from critics earning praise for its atmosphere, tension, and Clementine's newly appointed role as the protagonist, but earned criticism for its lack of hubs and certain aspects of its storytelling.

Episode 1 – All That Remains received positive reviews. Aggregating review websites GameRankings and Metacritic gave the PlayStation 3 version 81.29%[53] and 82/100,[54] the PC version 78.76%[55] and 78/100[56] and the Xbox 360 version 77.50%[57] and 80/100.[58] Matt Liebl from GameZone[image: External link] gave the episode an 8.5/10, stating that it "...is just a taste of what's to come -- a mere setup for the horror that awaits us in the final four episodes."[59]

Episode 2 - A House Divided received positive reviews. Aggregating review websites GameRankings and Metacritic gave the PlayStation 3 version 87.29%[60] and 82/100,[61] the PC version 81.39%[62] and 81/100[63] and the Xbox 360 version 79.44%[64] and 80/100.[65] Mitch Dyer from IGN gave the episode a 9.5/10, saying it is one of the best episodes Telltale Games has ever made.[66]

Episode 3 - In Harm's Way received positive reviews. Aggregating review websites GameRankings and Metacritic gave the PlayStation 3 version 82.43%[67] and 80/100,[68] the Xbox 360 version 82.25%[69] and 82/100[70] and the PC version 82.22%[71] and 81/100.[72]

Episode 4 - Amid the Ruins received mixed to positive reviews. Aggregating review websites GameRankings and Metacritic gave the PlayStation 3 version 79.22%[73] and 78/100,[74] the PC version 78.58%[75] and 78/100[76] and the Xbox 360 version 72.00%[77] and 71/100.[78]

Episode 5 – No Going Back received positive reviews, higher than its predecessor. Aggregating review websites GameRankings and Metacritic gave the PlayStation 3 version 81.67%[79] and 87/100,[80] the PC version 79.19%[81] and 78/100[82] and the Xbox 360 version 77.00%[83] and 84/100.[84] Mitch Dyer of IGN gave the episode a 9.5/10 saying that the finale is "an impressive and intelligent episode, and among Telltale Games' finest stories."[85]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Michonne




The Walking Dead: Michonne received mixed-to-positive reviews from critics earning praise for its action sequences, atmosphere, and the character development of Michonne, but earned criticism for its story, side characters, short episode lengths, and graphical glitches.
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 Season 3: A New Frontier




The Walking Dead: A New Frontier received favorable from critics with particular praise directed at the game's updated graphics, new cast of characters, action sequences, and overall new direction. However, the short episode lengths and the treatment of the Season 2 endings were both subjects of criticism and Clementine's shift to a supporting character was met with a mixed response.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 References






	
^ Grunt, Christopher (June 15, 2015). "The Walking Dead: Michonne coming from Telltale Games"[image: External link]. Polygon. Retrieved June 15, 2015.


	
^ "Telltale announces The Walking Dead: Michonne"[image: External link]. pcgamer.com. Retrieved June 15, 2015.


	
^ "Michonne Will Stand Alone When She Premieres In 2016"[image: External link]. The International House of Mojo[image: External link]. December 3, 2015. Retrieved December 3, 2015.


	
^ Sarkar, Samit (December 3, 2015). "The Walking Dead: Michonne's first episode premieres in February 2016"[image: External link]. Polygon. Retrieved December 4, 2015.


	
^ Goldfarb, Andrew (2016-11-22). "Telltale’s The Walking Dead: A New Frontier Release Date Announced"[image: External link]. IGN. Retrieved 2017-02-19.


	
^ Paget, Mat (April 25, 2016). "The Walking Dead Game's Season 3 Details Teased, Returning Character Confirmed"[image: External link]. GameSpot. Retrieved April 25, 2016.


	
^ "Telltale's The Walking Dead - Robert Kirkman Interview"[image: External link]. IGN. April 25, 2016. Retrieved April 25, 2016.


	
^ Phillips, Tom (July 22, 2016). "The Walking Dead's third season screens shows off Telltale's improved engine"[image: External link]. Eurogamer. Retrieved July 22, 2016.


	
^ Matulef, Jeffrey (June 12, 2016). "The Walking Dead Season 3 revealed"[image: External link]. Eurogamer. Retrieved June 12, 2016.


	
^ Statt, Nick (September 2, 2016). "Telltale's The Walking Dead returns in November for season three"[image: External link]. The Verge[image: External link]. Retrieved September 2, 2016.


	
^ a b Dayus, Oscar (November 22, 2016). "Telltale's The Walking Dead: Season Three Delayed, New Release Date Revealed"[image: External link]. GameSpot. Retrieved November 22, 2016.


	
^ Phillips, Tom (July 15, 2016). "Telltale's Batman launches August for download, September on disc"[image: External link]. Eurogamer. Retrieved July 15, 2016.


	
^ "The Walking Dead Episode 1 - A New Day (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - A New Day (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - A New Day (Xbox360)"[image: External link]. Gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - A New Day (Xbox 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - A New Day (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - A New Day (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - Starved for Help (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - Starved for Help (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - Starved for Help (Xbox 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - Starved for Help (Xbox 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - Starved for Help (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - Starved for Help (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "GameSpy's Best of E3 2012 Awards"[image: External link]. GameSpy. Retrieved 2011-07-14.


	
^ "The Walking Dead Episode 3 - Long Road Ahead (Xbox 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - Long Road Ahead (Xbox 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - Long Road Ahead (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - Long Road Ahead (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - Long Road Ahead (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - Long Road Ahead (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead: The Game – Episode 3: Long Road Ahead Review"[image: External link]. IGN. Retrieved 2012-11-07.


	
^ Todd, Brett (August 30, 2012). "The Walking Dead: Episode 3 – Long Road Ahead Review"[image: External link]. GameSpot. Archived from the original[image: External link] on February 28, 2014. Retrieved November 7, 2012.


	
^ "Review: Telltale Breaks Your Heart With ‘The Walking Dead: Ep. 3 – Long Road Ahead’"[image: External link]. Multiplayerblog.mtv.com. 2012-08-30. Retrieved 2012-11-07.


	
^ "The Walking Dead Episode 4 - Around Every Corner (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Around Every Corner (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Around Every Corner (Xbox 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Around Every Corner (Xbox 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Around Every Corner (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Around Every Corner (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Time Left (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Time Left (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Time Left (Xbox 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Time Left (Xbox 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Time Left (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Time Left (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead 400 Days DLC (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead 400 Days DLC (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead 400 Days DLC (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead 400 Days DLC (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead 400 Days DLC (Xbox 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead 400 Days DLC (Xbox 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - All That Remains (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - All That Remains (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - All That Remains (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - All That Remains (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - All That Remains (Xbox 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 1 - All That Remains (Xbox 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ Liebl, Matt (December 18, 2013). "The Walking Dead Season 2: Episode 1 review: No holding back"[image: External link]. GameZone[image: External link]. Retrieved January 22, 2014.


	
^ "The Walking Dead Episode 2 - A House Divided (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - A House Divided (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - A House Divided (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - A House Divided (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - A House Divided (Xbox 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 2 - A House Divided (Xbox 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ Dyer, Mitch (March 4, 2014). "The Walking Dead: Season 2, Episode 2 Review"[image: External link]. IGN. Retrieved March 4, 2014.


	
^ "The Walking Dead Episode 3 - In Harms Way (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - In Harms Way (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - In Harms Way (Xbox 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - In Harms Way (Xboy 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - In Harms Way (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 3 - In Harms Way (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Amid the Ruins (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Amid the Ruins (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Amid the Ruins (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Amid the Ruins (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Amid the Ruins (Xbox 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 4 - Amid the Ruins (Xbox 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Going Back (PS3)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Going Back (PS3)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Going Back (PC)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Going Back (PC)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Going Back (Xboy 360)"[image: External link]. gamerankings.com. Retrieved January 21, 2015.


	
^ "The Walking Dead Episode 5 - No Going Back (Xboy 360)"[image: External link]. metacritic.com. Retrieved January 21, 2015.


	
^ Dyer, Mitch (August 26, 2014). "The Walking Dead: Season 2, Episode 5 Review"[image: External link]. IGN. Retrieved August 26, 2014.







[image: TOC] TOC [image: Previous chapter] Previous 
 External links





	Official website[image: External link]





Categories[image: External link]:

	The Walking Dead[image: External link]

	Video game franchises[image: External link]
















This page was last edited on 8 June 2017, at 14:27.




	This text is based on the Wikipedia article The Walking Dead (video game series): https://en.wikipedia.org/wiki/The_Walking_Dead_(video_game_series) [image: External link] which is released under the Creative Commons Attribution-ShareAlike 3.0 Unported License available online at: http://creativecommons.org/licenses/by-sa/3.0/legalcode [image: External link]

List of authors: https://tools.wmflabs.org/xtools/wikihistory/wh.php?page_title=The_Walking_Dead_(video_game_series) [image: External link]












Back to main article 



Contents




	1 Purpose

	2 Components

	3 History

	4 Recent trends

	5 Game middleware

	6 Massively multiplayer online games

	7 First-person shooter engines

	8 See also

	9 References





Game Engine






A game engine is a software framework[image: External link] designed for the creation and development of video games[image: External link]. Developers use them to create games for consoles[image: External link], mobile devices and personal computers. The core functionality typically provided by a game engine includes a rendering[image: External link] engine (“renderer”) for 2D[image: External link] or 3D[image: External link] graphics[image: External link], a physics engine[image: External link] or collision detection[image: External link] (and collision response), sound[image: External link], scripting[image: External link], animation[image: External link], artificial intelligence[image: External link], networking[image: External link], streaming, memory management, threading, localization[image: External link] support, scene graph[image: External link], and may include video[image: External link] support for cinematics. The process of game development[image: External link] is often economized, in large part, by reusing/adapting the same game engine to create different games,[1] or to make it easier to " port[image: External link]" games to multiple platforms.[citation needed[image: External link]]



TOP
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 Purpose




In many cases game engines provide a suite of visual development tools[image: External link] in addition to reusable software components. These tools are generally provided in an integrated development environment[image: External link] to enable simplified, rapid development[image: External link] of games in a data-driven[image: External link] manner. Game engine developers attempt to "pre-invent the wheel" by developing robust[image: External link] software suites which include many elements a game developer may need to build a game. Most game engine suites provide facilities that ease development, such as graphics, sound, physics and AI functions. These game engines are sometimes called " middleware[image: External link]" because, as with the business sense of the term, they provide a flexible and reusable software platform which provides all the core functionality needed, right out of the box, to develop a game application while reducing costs, complexities, and time-to-market — all critical factors in the highly competitive video game industry[image: External link].[2] Gamebryo[image: External link], JMonkey Engine[image: External link] and RenderWare[image: External link] are such widely used middleware programs.[3]

Like other middleware solutions, game engines usually provide platform abstraction, allowing the same game to be run on various platforms[image: External link] including game consoles[image: External link] and personal computers with few, if any, changes made to the game source code[image: External link]. Often, game engines are designed with a component-based architecture[image: External link] that allows specific systems in the engine to be replaced or extended with more specialized (and often more expensive) game middleware components such as Havok[image: External link] for physics, Miles Sound System[image: External link] for sound, or Bink[image: External link] for video. Some game engines such as RenderWare[image: External link] are even designed as a series of loosely connected game middleware components that can be selectively combined to create a custom engine, instead of the more common approach of extending or customizing a flexible integrated solution. However extensibility[image: External link] is achieved, it remains a high priority for game engines due to the wide variety of uses for which they are applied. Despite the specificity of the name, game engines are often used for other kinds of interactive applications with real-time graphical needs such as marketing demos, architectural visualizations, training simulations, and modeling environments.[4]

Some game engines only provide real-time 3D rendering capabilities instead of the wide range of functionality needed by games. These engines rely upon the game developer to implement the rest of this functionality or assemble it from other game middleware components. These types of engines are generally referred to as a "graphics engine," "rendering engine," or "3D engine" instead of the more encompassing term "game engine." This terminology is inconsistently used as many full-featured 3D game engines are referred to simply as "3D engines." A few examples of graphics engines are: Crystal Space[image: External link], Genesis3D[image: External link], Irrlicht[image: External link], OGRE[image: External link], RealmForge, Truevision3D[image: External link], and Vision Engine[image: External link]. Modern game or graphics engines generally provide a scene graph[image: External link], which is an object-oriented representation of the 3D game world which often simplifies game design and can be used for more efficient rendering of vast virtual worlds.

As technology ages, the components of an engine may become outdated or insufficient for the requirements of a given project. Since the complexity of programming an entirely new engine may result in unwanted delays (or necessitate that the project be completely restarted), a development team may elect to update their existing engine with newer functionality or components.[citation needed[image: External link]]
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 Components




Such a framework is composed of a multitude of very different components.
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 Main game program




The actual game logic has to be implemented by some algorithms[image: External link]. It is distinct from any rendering, sound or input work.
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 Rendering engine




The rendering[image: External link] engine generates 3D animated graphics by the chosen method ( rasterization[image: External link], ray-tracing[image: External link] or any different technique).

Instead of being programmed and compiled to be executed on the CPU or GPU directly, most often rendering engines are built upon one or multiple rendering application programming interfaces[image: External link] (APIs), such as Direct3D[image: External link] or OpenGL[image: External link] which provide a software[image: External link] abstraction of the graphics processing unit[image: External link] (GPU).

Low-level libraries such as DirectX[image: External link], Simple DirectMedia Layer[image: External link] (SDL), and OpenGL[image: External link] are also commonly used in games as they provide hardware-independent access to other computer hardware[image: External link] such as input devices (mouse, keyboard, and joystick), network cards, and sound cards. Before hardware-accelerated 3D graphics, software renderers had been used. Software rendering is still used in some modeling tools or for still-rendered images when visual accuracy is valued over real-time performance (frames-per-second) or when the computer hardware does not meet needs such as shader[image: External link] support.

With the advent of hardware accelerated physics processing, various physics APIs[image: External link] such as PAL[image: External link] and the physics extensions of COLLADA[image: External link] became available to provide a software[image: External link] abstraction of the physics processing unit[image: External link] of different middleware providers and console platforms.

Game engines can be written in any programming language[image: External link] like C++[image: External link], C[image: External link] or Java[image: External link], though each language is structurally different and may provide different levels of access to specific functions.
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 Audio engine




The audio engine is the component which consists of algorithms related to sound. It can calculate things on the CPU, or on a dedicated ASIC. Abstraction APIs, such as OpenAL, SDL audio, XAudio 2, Web Audio, etc. are available.
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 Physics engine




Main article: Physics engine[image: External link]


The physics engine is responsible for emulating the laws of physics realistically within the application.
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 Artificial intelligence




The AI[image: External link] is usually outsourced from the main game program into a special module to be designed and written by software engineers with specialist knowledge.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 History




Before game engines, games were typically written as singular entities: a game for the Atari 2600[image: External link], for example, had to be designed from the bottom up to make optimal use of the display hardware—this core display routine is today called the kernel[image: External link] by retro developers. Other platforms had more leeway, but even when the display was not a concern, memory constraints usually sabotaged attempts to create the data-heavy design that an engine needs. Even on more accommodating platforms, very little could be reused between games. The rapid advance of arcade[image: External link] hardware[image: External link]—which was the leading edge of the market at the time—meant that most of the code would have to be thrown out afterwards anyway, as later generations of games would use completely different game designs that took advantage of extra resources. Thus most game designs through the 1980s were designed through a hard-coded ruleset with a small number of levels and graphics data. Since the golden age of arcade video games[image: External link], it became common for video game companies[image: External link] to develop in-house game engines for use with first party software[image: External link].

While third-party game engines were not common up until the rise of 3D computer graphics[image: External link] in the 1990s, there were several 2D game creation systems[image: External link] produced in the 1980s for independent video game development[image: External link]. These include Pinball Construction Set[image: External link] (1983), ASCII[image: External link]'s War Game Construction Kit (1983),[5] Thunder Force Construction[image: External link] (1984),[6] Adventure Construction Set[image: External link] (1984), Garry Kitchen's GameMaker[image: External link] (1985), Wargame Construction Set[image: External link] (1986), Shoot'Em-Up Construction Kit[image: External link] (1987), Arcade Game Construction Kit[image: External link] (1988), and most popularly ASCII's RPG Maker[image: External link] engines from 1988 onwards. Klik & Play (1994) is another legacy offering that's still available.

The term "game engine" arose in the mid-1990s, especially in connection with 3D games such as first-person shooters[image: External link] (FPS). (See also: first-person shooter engine[image: External link].) Such was the popularity of Id Software[image: External link]'s Doom[image: External link] and Quake[image: External link] games that, rather than work from scratch, other developers licensed the core portions of the software and designed their own graphics, characters, weapons and levels[image: External link]—the "game content" or "game assets." Separation of game-specific rules and data from basic concepts like collision detection[image: External link] and game entity[image: External link] meant that teams could grow and specialize.

Later games, such as id Software[image: External link]'s Quake III Arena[image: External link] and Epic Games[image: External link]'s 1998 Unreal[image: External link] were designed with this approach in mind, with the engine and content developed separately. The practice of licensing such technology[image: External link] has proved to be a useful auxiliary revenue stream for some game developers, as a one license for a high-end commercial game engine can range from US$10,000 to millions of dollars, and the number of licensees can reach several dozen companies, as seen with the Unreal Engine[image: External link]. At the very least, reusable engines make developing game sequels faster and easier, which is a valuable advantage in the competitive video game industry[image: External link]. While there was a strong rivalry between Epic and id around 2000, since then Epic's Unreal Engine[image: External link] has been far more popular than id Tech 4[image: External link] and its successor id Tech 5[image: External link].[7]

Modern game engines are some of the most complex applications written, often featuring dozens of finely tuned systems interacting to ensure a precisely controlled user experience. The continued evolution of game engines has created a strong separation between rendering, scripting, artwork, and level design[image: External link]. It is now common, for example, for a typical game development team to have several times as many artists as actual programmers.[8]

First-person shooter games remain the predominant users of third-party game engines, but they are now also being used in other genres[image: External link]. For example, the role-playing video game The Elder Scrolls III: Morrowind[image: External link] and the MMORPG[image: External link] Dark Age of Camelot[image: External link] are based on the Gamebryo[image: External link] engine, and the MMORPG Lineage II[image: External link] is based on the Unreal Engine. Game engines are used for games originally developed for home consoles as well; for example, the RenderWare[image: External link] engine is used in the Grand Theft Auto[image: External link] and Burnout[image: External link] franchises.

Threading[image: External link] is taking on more importance due to modern multi-core systems (e.g. Cell[image: External link]) and increased demands in realism. Typical threads involve rendering, streaming, audio, and physics. Racing games have typically been at the forefront of threading with the physics engine running in a separate thread long before other core subsystems were moved, partly because rendering and related tasks need updating at only 30–60 Hz. For example, on PlayStation 3, physics ran in Need For Speed[image: External link] at 100 Hz versus Forza Motorsport 2[image: External link] at 360 Hz.

Although the term was first used in the 1990s, there are a few earlier systems in the 1980s that are also considered to be game engines, such as Sierra's Adventure Game Interpreter[image: External link] (AGI) and SCI[image: External link] systems, LucasArts' SCUMM[image: External link] system and Incentive Software[image: External link]'s Freescape engine[image: External link]. Unlike most modern game engines, these game engines were never used in any third-party products (except for the SCUMM system which was licensed to and used by Humongous Entertainment[image: External link]).
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 Recent trends




As game engine technology matures and becomes more user-friendly, the application of game engines has broadened in scope. They are now being used for serious games[image: External link]: visualization, training, medical, and military simulation[image: External link] applications, with the CryEngine[image: External link] being one example.[9] To facilitate this accessibility, new hardware platforms are now being targeted by game engines, including mobile phones[image: External link] (e.g. Android phones, iPhone[image: External link]) and web browsers[image: External link] (e.g. WebGL[image: External link], Shockwave[image: External link], Flash[image: External link], Trinigy[image: External link]'s WebVision, Silverlight[image: External link], Unity Web Player[image: External link], O3D[image: External link] and pure DHTML[image: External link]).[10]

Additionally, more game engines are being built upon higher level languages[image: External link] such as Java[image: External link] and C#[image: External link]/ .NET[image: External link] (e.g. TorqueX[image: External link], and Visual3D.NET[image: External link]), Python ( Panda3D[image: External link]), or Lua Script[image: External link] (Leadwerks). As most 3D rich games are now mostly GPU[image: External link]-limited (i.e. limited by the power of the graphics card), the potential slowdown due to translation overheads of higher level languages becomes negligible, while the productivity gains offered by these languages work to the game engine developers' benefit.[11] These recent trends are being propelled by companies such as Microsoft[image: External link] to support Indie[image: External link] game development. Microsoft developed XNA[image: External link] as the SDK of choice for all video games released on Xbox and related products. This includes the Xbox Live Indie Games [12] channel designed specifically for smaller developers who don't have the extensive resources necessary to box games for sale on retail shelves. It is becoming easier and cheaper than ever to develop game engines for platforms that support managed[image: External link] frameworks.[13]
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 Game middleware




In the broader sense of the term, game engines themselves can be described as middleware. In the context of video games, however, the term "middleware" is often used to refer to subsystems of functionality within a game engine. Some game middleware does only one thing but does it more convincingly or more efficiently than general purpose middleware. For example, SpeedTree[image: External link] was used to render the realistic trees and vegetation in the role-playing video game The Elder Scrolls IV: Oblivion[image: External link][14] and Fork Particle[image: External link] was used to simulate and render real time particle system[image: External link] visual effects or particle effects in Sid Meier's Civilization V[image: External link].[15]

The four most widely used middleware packages[16] that provide subsystems of functionality include RAD Game Tools[image: External link]' Bink, Firelight FMOD[image: External link], Havok[image: External link], and Scaleform[image: External link] GFx. RAD Game Tools develops Bink for basic video rendering, along with Miles audio, and Granny 3D[image: External link] rendering. Firelight FMOD is a low cost robust audio library and toolset. Havok provides a robust physics simulation system, along with a suite of animation and behavior solutions. Scaleform[image: External link] provides GFx for high performance Flash[image: External link] UI, along with a high quality video playback solution, and an Input Method Editor[image: External link] (IME) add-on for in-game Asian chat support.

Other middleware is used for performance optimisation - for example ' Simplygon[image: External link]' helps to optimise and generate level of detail[image: External link] meshes, and ' Umbra[image: External link]' adds occlusion culling[image: External link] optimisations to 3d graphics.

Some middleware contains full source code[image: External link], others just provide an API[image: External link] reference for a compiled binary library[image: External link]. Some middleware programs can be licensed either way, usually for a higher fee for full source code.
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 Massively multiplayer online games




The Game Engine (or Middleware) for massively multiplayer online games[image: External link] (MMOs, MMOGs) is far more complex than for single-player video games.[citation needed[image: External link]] Technically every normal game engine can be used to implement an MMO game by combining it with MMO middleware. The increasing popularity of MMOGs is spurring development of MMO middleware packages. Some MMO middleware software packages already include a game engine, while others provide networking only and therefore must be combined with a game engine to create an MMO game.
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 First-person shooter engines




Main article: First person shooter engine[image: External link]


A well-known subset of game engines are 3D first-person shooter[image: External link] (FPS) game engines. Groundbreaking development in terms of visual quality is done in FPS games on the human scale. While flight[image: External link] and driving simulators[image: External link] and real-time strategy[image: External link] (RTS) games increasingly provide realism on a large scale, first-person shooters are at the forefront of computer graphics on these smaller scales.

The development of the FPS graphic engines that appear in games can be characterized by a steady increase in technologies, with some breakthroughs. Attempts at defining distinct generations lead to arbitrary choices of what constitutes a highly modified version of an "old engine" and what is a brand-new engine.

The classification is complicated as game engines blend old and new technologies. Features that were considered advanced in a new game one year become the expected standard the next year. Games with a mix of older generation and newer feature are the norm. For example, Jurassic Park: Trespasser[image: External link] (1998) introduced physics to the FPS games, but it did not become common until around 2002. Red Faction[image: External link] (2001) featured destructible walls and ground[image: External link], something still not common in engines years later (for example in Unreal Tournament 2004 there are still no destructible objects). Battlezone[image: External link] (1998) and Battlezone II: Combat Commander[image: External link] (1999) added vehicle based combat to the usual FPS mix, which did not hit the mainstream until later. Tribes 2[image: External link], Battlefield 1942[image: External link], Halo: Combat Evolved[image: External link], and Unreal Tournament 2004[image: External link] fully realized the potential for vehicular-combat and first person shooter integration.
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	List of game engines[image: External link]

	List of first-person shooter engines[image: External link]

	3D computer graphics[image: External link]

	List of game middleware[image: External link]
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Telltale Tool





Telltale Tool is a proprietary game engine developed by Telltale Games, which utilizes the Lua[image: External link] scripting language.[1] It was designed to be portable, making Telltale Games able to release to and update games on multiple platforms simultaneously.[2]
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 History




The original version was created when Telltale Games was formed in 2004,[3] and was originally referred to as the "Telltale Engine and Toolset".[4] The casual poker game, Telltale Texas Hold'em, was created to test their engine and distribution model, and to ensure that all major bugs were ironed out before the release of their first adventure game, Bone: Out From Boneville[image: External link].[5]

The Telltale Tool is used for every game developed by Telltale Games,[3] and continues to receive improvements since the initial version, such as compatibility to new systems and better graphics capabilities.[6] The so far only third-party game developed on the Telltale Tool, Hector: Badge of Carnage, was developed by Straandlooper[image: External link] and also published by Telltale Games.[7]
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 Games using Telltale Tool





	
Telltale Texas Hold'em (2005)

	
Bone: Out from Boneville (2005)

	
CSI: 3 Dimensions of Murder (2006)

	
Bone: The Great Cow Race (2006)

	
CSI: Hard Evidence (2007)

	
Sam & Max Save the World[image: External link] (2007)

	
Sam & Max Beyond Time and Space[image: External link] (2008)

	
Strong Bad's Cool Game for Attractive People (2008)

	
Wallace & Gromit's Grand Adventures[image: External link] (2009)

	
Tales of Monkey Island (2009)

	
CSI: Deadly Intent (2009)

	
Sam & Max: The Devil's Playhouse[image: External link] (2010)

	
Nelson Tethers: Puzzle Agent (2010)

	
CSI: Fatal Conspiracy (2010)

	
Poker Night at the Inventory (2010)

	
Back to the Future: The Game (2011)

	
Puzzle Agent 2 (2011)

	
Hector: Badge of Carnage (2011)

	
Jurassic Park: The Game (2011)

	
Law & Order: Legacies (2012)

	The Walking Dead (2012)

	
The Walking Dead: 400 Days[image: External link] (2013)

	Poker Night 2 (2013)

	The Wolf Among Us (2013)

	The Walking Dead: Season Two (2013)

	Tales from the Borderlands (2014)

	Game of Thrones (2014)

	
Minecraft: Story Mode (2015)

	
The Walking Dead: Michonne (2016)

	
Batman[image: External link] (2016)

	
The Walking Dead: Season Three[image: External link] (2016)

	
Guardians of the Galaxy (2017)

	
Game of Thrones: Season Two[image: External link] (TBA)
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	SCUMM[image: External link]

	GrimE[image: External link]

	Adventure Game Interpreter[image: External link]

	Sierra's Creative Interpreter[image: External link]

	Z-machine[image: External link]
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Computing Platform






Computing platform refers to, in general sense, the environment in which a piece of software[image: External link] is executed. It may be the hardware[image: External link] or the operating system[image: External link] (OS), even a web browser[image: External link] or other application[image: External link], as long as the code[image: External link] is executed in it.

The term computing platform can refer to different abstraction[image: External link] levels, including a certain hardware architecture[image: External link], an operating system[image: External link] (OS), and runtime libraries[image: External link].[1] In total it can be said to be the stage on which computer programs can run.

A platform can be seen both as a constraint on the application development process, in that different platforms provide different functionality and restrictions; and as an assistance to the development process, in that they provide low-level functionality ready-made. For example, an OS may be a platform that abstracts the underlying differences in hardware and provides a generic command for saving files[image: External link] or accessing the network[image: External link].
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 Components




Platforms may also include:


	Hardware alone, in the case of small embedded systems[image: External link]. Embedded systems can access hardware directly, without an OS; this is referred to as running on "bare metal[image: External link]".

	A browser[image: External link] in the case of web-based software. The browser itself runs on a hardware+OS platform, but this is not relevant to software running within the browser.[2]


	An application, such as a spreadsheet or word processor, which hosts software written in an application-specific scripting language[image: External link], such as an Excel macro[image: External link]. This can be extended to writing fully-fledged applications with the Microsoft Office[image: External link] suite as a platform.[3]


	
Software frameworks[image: External link] that provide ready-made functionality.

	
Cloud computing[image: External link] and Platform as a Service[image: External link]. Extending the idea of a software framework, these allow application developers to build software out of components that are hosted not by the developer, but by the provider, with internet communication linking them together.[4] The social networking sites Twitter[image: External link] and facebook[image: External link] are also considered development platforms.[5][6]


	A virtual machine[image: External link] (VM) such as the Java virtual machine[image: External link].[7] or .NET CLR[image: External link]. Applications are compiled into a format similar to machine code, known as bytecode[image: External link], which is then executed by the VM.

	A virtualized[image: External link] version of a complete system, including virtualized hardware, OS, software and storage. These allow, for instance, a typical Windows program to run on what is physically a Mac.



Some architectures have multiple layers, with each layer acting as a platform to the one above it. In general, a component only has to be adapted to the layer immediately beneath it. For instance, a Java program has to be written to use the Java virtual machine (JVM) and associated libraries as a platform, but does not have to be adapted to run for the Windows, Linux or Macintosh OS platforms. However, the JVM, the layer beneath the application, does have to be built separately for each OS.[8]
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 Operating system examples




For more details on this topic, see List of operating systems[image: External link].
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 Desktop, laptop, server





	
AmigaOS[image: External link], AmigaOS 4[image: External link]


	
FreeBSD[image: External link], NetBSD[image: External link], OpenBSD[image: External link]


	Linux

	Microsoft Windows

	OpenVMS[image: External link]

	Classic Mac OS[image: External link]

	macOS

	OS/2[image: External link]

	Solaris[image: External link]

	Tru64 UNIX[image: External link]

	VM[image: External link]

	QNX[image: External link]
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 Mobile





	Android

	Bada[image: External link]

	BlackBerry OS[image: External link]

	Firefox OS[image: External link]

	iOS

	Embedded Linux[image: External link]

	Palm OS[image: External link]

	Symbian[image: External link]

	Tizen[image: External link]

	WebOS[image: External link]

	Windows Mobile[image: External link]

	Windows Phone[image: External link]
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 Software frameworks




For more details on this topic, see Software framework[image: External link].


	
Binary Runtime Environment for Wireless[image: External link] (BREW)

	Cocoa[image: External link]

	Cocoa Touch[image: External link]

	
Common Language Infrastructure[image: External link] (CLI)

	Mono[image: External link]

	.NET Framework[image: External link]

	Silverlight[image: External link]





	
Flash[image: External link]

	AIR[image: External link]





	GNU

	
Java platform[image: External link]

	Java ME[image: External link]

	Java SE[image: External link]

	Java EE[image: External link]

	JavaFX[image: External link]

	JavaFX Mobile[image: External link]





	LiveCode[image: External link]

	Microsoft XNA[image: External link]

	
Mozilla Prism[image: External link], XUL[image: External link] and XULRunner[image: External link]


	Open Web Platform[image: External link]

	Oracle Database[image: External link]

	Qt[image: External link]

	SAP NetWeaver[image: External link]

	Shockwave[image: External link]

	Smartface[image: External link]

	
Universal Windows Platform[image: External link]

	Windows Runtime[image: External link]





	Vexi[image: External link]
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 Hardware examples




For more details on this topic, see Lists of computers[image: External link].

Ordered roughly, from more common types to less common types:


	
Commodity computing[image: External link] platforms

	
Wintel[image: External link], that is, Intel x86[image: External link] or compatible personal computer hardware[image: External link] with Windows operating system

	
Macintosh[image: External link], custom Apple Computer[image: External link] hardware and Classic Mac OS[image: External link] and macOS operating systems, originally 68k[image: External link]-based, then PowerPC[image: External link]-based, now migrated to x86

	
ARM architecture[image: External link] based mobile devices

	
iPhone[image: External link] smartphones and iPad[image: External link] tablet computers devices running iOS, also from Apple

	
Gumstix[image: External link] or Raspberry Pi[image: External link] full function miniature computers with Linux


	
Newton[image: External link] devices running the Newton OS[image: External link], also from Apple





	
x86[image: External link] with Unix-like[image: External link] systems such as Linux or BSD[image: External link] variants

	
CP/M[image: External link] computers based on the S-100 bus[image: External link], maybe the earliest microcomputer[image: External link] platform





	
Video game consoles[image: External link], any variety ( PlayStation[image: External link], Xbox[image: External link], Nintendo[image: External link])

	
3DO Interactive Multiplayer[image: External link], that was licensed to manufacturers

	
Apple Pippin[image: External link], a multimedia player platform for video game console development





	
RISC[image: External link] processor based machines running Unix variants

	
SPARC[image: External link] architecture computers running Solaris[image: External link] or illumos[image: External link] operating systems

	
DEC Alpha[image: External link] cluster[image: External link] running OpenVMS[image: External link] or Tru64 UNIX[image: External link]






	
Midrange computers[image: External link] with their custom operating systems, such as IBM OS/400[image: External link]


	
Mainframe computers[image: External link] with their custom operating systems, such as IBM[image: External link] z/OS[image: External link]


	
Supercomputer[image: External link] architectures
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	Cross-platform[image: External link]

	Platform virtualization[image: External link]

	Third platform[image: External link]
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Android (operating system)






Android is a mobile operating system[image: External link] developed by Google[image: External link], based on the Linux kernel[image: External link] and designed primarily for touchscreen mobile devices such as smartphones[image: External link] and tablets[image: External link]. Android's user interface[image: External link] is mainly based on direct manipulation[image: External link], using touch gestures that loosely correspond to real-world actions, such as swiping, tapping and pinching, to manipulate on-screen objects, along with a virtual keyboard[image: External link] for text input. In addition to touchscreen devices, Google has further developed Android TV[image: External link] for televisions, Android Auto[image: External link] for cars, and Android Wear[image: External link] for wrist watches, each with a specialized user interface. Variants of Android are also used on notebooks[image: External link], game consoles[image: External link], digital cameras[image: External link], and other electronics.

Initially developed by Android Inc., which Google bought in 2005, Android was unveiled in 2007, along with the founding of the Open Handset Alliance[image: External link] – a consortium of hardware[image: External link], software[image: External link], and telecommunication companies devoted to advancing open standards[image: External link] for mobile devices. Beginning with the first commercial Android device[image: External link] in September 2008, the operating system has gone through multiple major releases, with the current version being 7.0 "Nougat"[image: External link], released in August 2016. Android applications (" apps[image: External link]") can be downloaded from the Google Play[image: External link] store, which features over 2.7 million apps as of February 2017. Android has been the best-selling OS on tablets since 2013, and runs on the vast majority[a] of smartphones. As of May 2017, Android has two billion monthly active users, and it has the largest installed base[image: External link] of any operating system.

Android's source code[image: External link] is released by Google under an open source license[image: External link], although most Android devices ultimately ship with a combination of free and open source[image: External link] and proprietary[image: External link] software, including proprietary software required for accessing Google services. Android is popular with technology companies that require a ready-made, low-cost and customizable operating system for high-tech[image: External link] devices. Its open nature has encouraged a large community of developers and enthusiasts to use the open-source code as a foundation for community-driven projects, which deliver updates to older devices, add new features for advanced users or bring Android to devices originally shipped with other operating systems. The extensive variation of hardware in Android devices causes significant delays for software upgrades, with new versions of the operating system and security patches[image: External link] typically taking months before reaching consumers, or sometimes not at all. The success of Android has made it a target for patent and copyright litigation as part of the so-called "smartphone wars[image: External link]" between technology companies.
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 History




See also: Android version history[image: External link]


Android Inc. was founded in Palo Alto, California[image: External link] in October 2003 by Andy Rubin[image: External link], Rich Miner[image: External link], Nick Sears, and Chris White.[12][13] Rubin described the Android project as "tremendous potential in developing smarter mobile devices that are more aware of its owner's location and preferences".[13] The early intentions of the company were to develop an advanced operating system for digital cameras[image: External link], and this was the basis of its pitch to investors in April 2004.[14] The company then decided that the market for cameras was not large enough for its goals, and by five months later it had diverted its efforts and was pitching Android as a handset operating system that would rival Symbian[image: External link] and Microsoft Windows Mobile[image: External link].[14][15]

Rubin had difficulty attracting investors early on, and Android was facing eviction from its office space. Steve Perlman[image: External link], a close friend of Rubin, brought him $10,000 in cash in an envelope, and shortly thereafter wired an undisclosed amount as seed funding. Perlman refused a stake in the company, and has stated "I did it because I believed in the thing, and I wanted to help Andy."[16][17]

In July 2005,[13] Google[image: External link] acquired Android Inc. for at least $50 million.[18] Its key employees, including Rubin, Miner and White, joined Google as part of the acquisition.[13] Not much was known about the secretive Android at the time, with the company having provided few details other than that it was making software for mobile phones.[13] At Google, the team led by Rubin developed a mobile device platform powered by the Linux kernel[image: External link]. Google marketed the platform to handset makers[image: External link] and carriers[image: External link] on the promise of providing a flexible, upgradeable system.[19] Google had "lined up a series of hardware components and software partners and signaled to carriers that it was open to various degrees of cooperation".[20]

Speculation about Google's intention to enter the mobile communications market continued to build through December 2006.[21] An early prototype[image: External link] had a close resemblance to a BlackBerry[image: External link] phone, with no touchscreen and a physical QWERTY[image: External link] keyboard[image: External link], but the arrival of 2007's Apple[image: External link] iPhone[image: External link] meant that Android "had to go back to the drawing board".[22][23] Google later changed its Android specification documents to state that "Touchscreens will be supported", although "the Product was designed with the presence of discrete physical buttons as an assumption, therefore a touchscreen cannot completely replace physical buttons".[24] In September 2007, InformationWeek[image: External link] covered an Evalueserve study reporting that Google had filed several patent[image: External link] applications in the area of mobile telephony.[25][26]

On November 5, 2007, the Open Handset Alliance[image: External link], a consortium[image: External link] of technology companies including Google, device manufacturers such as HTC[image: External link], Motorola[image: External link] and Samsung[image: External link], wireless carriers such as Sprint[image: External link] and T-Mobile[image: External link], and chipset makers such as Qualcomm[image: External link] and Texas Instruments[image: External link], unveiled itself, with a goal to develop "the first truly open and comprehensive platform for mobile devices".[27][28][29] The first commercially available smartphone running Android was the HTC Dream[image: External link], also known as T-Mobile G1, announced on September 23, 2008.[30][31]

Since 2008, Android has seen numerous updates[image: External link] which have incrementally improved the operating system, adding new features and fixing bugs[image: External link] in previous releases. Each major release is named in alphabetical order after a dessert or sugary treat, with the first few Android versions being called " Cupcake[image: External link]", " Donut[image: External link]", " Eclair[image: External link]", and " Froyo[image: External link]", respectively. During its announcement of Android KitKat[image: External link] in 2013, Google explained that "Since these devices make our lives so sweet, each Android version is named after a dessert", although a Google spokesperson told CNN[image: External link] in an interview that "It’s kind of like an internal team thing, and we prefer to be a little bit — how should I say — a bit inscrutable in the matter, I’ll say".[32]

In 2010, Google launched its Nexus[image: External link] series of devices, a lineup in which Google partnered with different device manufacturers to produce new devices and introduce new Android versions. The series was described as having "played a pivotal role in Android's history by introducing new software iterations and hardware standards across the board", and became known for its " bloat-free[image: External link]" software with "timely [...] updates".[33] At its developer conference[image: External link] in May 2013, Google announced a special version of the Samsung Galaxy S4[image: External link], where, instead of using Samsung's own Android customization, the phone ran "stock Android" and was promised to receive new system updates fast.[34] The device would become the start of the Google Play edition[image: External link] program, and was followed by other devices, including the HTC One[image: External link] Google Play edition,[35] and Moto G[image: External link] Google Play edition.[36] In 2015, Ars Technica[image: External link] wrote that "Earlier this week, the last of the Google Play edition Android phones in Google's online storefront were listed as "no longer available for sale"" and that "Now they're all gone, and it looks a whole lot like the program has wrapped up".[37][38]

From 2008 to 2013, Hugo Barra[image: External link] served as product spokesperson, representing Android at press conferences and Google I/O[image: External link], Google’s annual developer-focused conference. He left Google in August 2013 to join Chinese phone maker Xiaomi[image: External link].[39][40] Less than six months earlier, Google's then- CEO[image: External link] Larry Page[image: External link] announced in a blog post that Andy Rubin had moved from the Android division to take on new projects at Google, and that Sundar Pichai[image: External link] would become the new Android lead.[41][42] Pichai himself would eventually switch positions, becoming the new CEO of Google in August 2015 following the company's restructure into the Alphabet[image: External link] conglomerate,[43][44] making Hiroshi Lockheimer the new head of Android.[45][46]

In June 2014, Google announced Android One[image: External link], a set of "hardware reference models" that would "allow [device makers] to easily create high-quality phones at low costs", designed for consumers in developing countries.[47][48][49] In September, Google announced the first set of Android One phones for release in India.[50][51] However, Recode[image: External link] reported in June 2015 that the project was "a disappointment", citing "reluctant consumers and manufacturing partners" and "misfires from the search company that has never quite cracked hardware".[52] Plans to relaunch Android One surfaced in August 2015,[53] with Africa announced as the next location for the program a week later.[54][55] A report from The Information in January 2017 stated that Google was "expanding its “Android One” program for low-cost smartphones to the U.S. in coming months".[56][57]

Google introduced the Pixel and Pixel XL smartphones[image: External link] in October 2016, marketed as being the first phones made by Google,[58][59] and exclusively featured certain software features, such as the Google Assistant[image: External link], before wider rollout.[60][61] The Pixel phones replaced the Nexus series,[62] and Rick Osterloh, Google's senior vice president of hardware, confirmed in March 2017 that a successor to the Pixel is coming later in 2017.[63]
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See also: List of features in Android[image: External link]
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Android's default user interface is mainly based on direct manipulation[image: External link], using touch inputs that loosely correspond to real-world actions, like swiping, tapping, pinching, and reverse pinching to manipulate on-screen objects, along with a virtual keyboard[image: External link].[64] Game controllers[image: External link] and full-size physical keyboards[image: External link] are supported via Bluetooth[image: External link] or USB[image: External link].[65][66] The response to user input is designed to be immediate and provides a fluid touch interface, often using the vibration capabilities of the device to provide haptic feedback[image: External link] to the user. Internal hardware, such as accelerometers[image: External link], gyroscopes[image: External link] and proximity sensors[image: External link] are used by some applications to respond to additional user actions, for example adjusting the screen from portrait to landscape depending on how the device is oriented,[67] or allowing the user to steer a vehicle in a racing game[image: External link] by rotating the device, simulating control of a steering wheel[image: External link].[68]

Android devices boot to the homescreen, the primary navigation and information "hub" on Android devices, analogous to the desktop[image: External link] found on personal computers. Android homescreens are typically made up of app icons and widgets[image: External link]; app icons launch the associated app, whereas widgets display live, auto-updating content, such as a weather forecast[image: External link], the user's email inbox, or a news ticker[image: External link] directly on the homescreen.[69] A homescreen may be made up of several pages, between which the user can swipe back and forth.[70] Third-party apps available on Google Play[image: External link] and other app stores can extensively re- theme[image: External link] the homescreen,[71] and even mimic the look of other operating systems, such as Windows Phone[image: External link].[72] Most manufacturers customize the look and features of their Android devices to differentiate themselves from their competitors.[73]

Along the top of the screen is a status bar, showing information about the device and its connectivity. This status bar can be "pulled" down to reveal a notification screen where apps display important information or updates.[70] Notifications are "short, timely, and relevant information about your app when it’s not in use", and when tapped, users are directed to a screen inside the app relating to the notification.[74] Beginning with Android 4.1 "Jelly Bean"[image: External link], "expandable notifications" allow the user to tap an icon on the notification in order for it to expand and display more information and possible app actions right from the notification.[75]

An All Apps screen lists all installed applications, with the ability for users to drag an app from the list onto the home screen. A Recents screen lets users switch between recently used apps.[70]
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See also: Android software development[image: External link] and Google Play[image: External link]


Applications (" apps[image: External link]"), which extend the functionality of devices, are written using the Android software development[image: External link] kit (SDK)[76] and, often, the Java[image: External link] programming language.[77] Java may be combined with C[image: External link]/ C++[image: External link],[78] together with a choice of non-default runtimes[image: External link] that allow better C++ support.[79] The Go[image: External link] programming language is also supported, although with a limited set of application programming interfaces[image: External link] (API).[80] In May 2017, Google announced support for Android app development in the Kotlin programming language[image: External link].[81][82]

The SDK includes a comprehensive set of development tools,[83] including a debugger[image: External link], software libraries[image: External link], a handset emulator[image: External link] based on QEMU[image: External link], documentation, sample code, and tutorials. Initially, Google's supported integrated development environment[image: External link] (IDE) was Eclipse[image: External link] using the Android Development Tools (ADT) plugin; in December 2014, Google released Android Studio[image: External link], based on IntelliJ IDEA[image: External link], as its primary IDE for Android application development. Other development tools are available, including a native development kit[image: External link] (NDK) for applications or extensions in C or C++, Google App Inventor[image: External link], a visual environment for novice programmers, and various cross platform mobile web applications frameworks[image: External link]. In January 2014, Google unveiled an framework based on Apache Cordova[image: External link] for porting Chrome[image: External link] HTML 5[image: External link] web applications[image: External link] to Android, wrapped in a native application shell.[84]

Android has a growing selection of third-party applications, which can be acquired by users by downloading and installing the application's APK[image: External link] (Android application package) file, or by downloading them using an application store[image: External link] program that allows users to install, update, and remove applications[image: External link] from their devices. Google Play Store[image: External link] is the primary application store installed on Android devices that comply with Google's compatibility requirements and license the Google Mobile Services software.[85][86] Google Play Store allows users to browse, download and update applications published by Google and third-party developers; as of July 2013, there are more than one million applications available for Android in Play Store.[87] As of July 2013, 50 billion applications have been installed.[88][89] Some carriers offer direct carrier billing for Google Play application purchases, where the cost of the application is added to the user's monthly bill.[90] As of May 2017, there are over one billion active users a month for Gmail, Android, Chrome, Google Play and Maps.

Due to the open nature of Android, a number of third-party application marketplaces also exist for Android, either to provide a substitute for devices that are not allowed to ship with Google Play Store, provide applications that cannot be offered on Google Play Store due to policy violations, or for other reasons. Examples of these third-party stores have included the Amazon Appstore[image: External link], GetJar[image: External link], and SlideMe. F-Droid[image: External link], another alternative marketplace, seeks to only provide applications that are distributed under free and open source[image: External link] licenses[image: External link].[85][91][92][93]
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Since Android devices are usually battery-powered, Android is designed to manage processes to keep power consumption at a minimum. When an application is not in use the system suspends its operation[image: External link] so that, while available for immediate use rather than closed, it does not use battery power or CPU resources.[94][95] Android manages the applications stored in memory automatically: when memory is low, the system will begin invisibly and automatically closing inactive processes, starting with those that have been inactive for longest.[96][97] Lifehacker reported in 2011 that third-party task killers were doing more harm than good.[98]
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At Google I/O[image: External link] on May 2016, Google announced Daydream[image: External link], a virtual reality[image: External link] platform that relies on a smartphone and provides VR capabilities through a virtual reality headset[image: External link] and controller designed by Google itself.[99] The platform is built into Android starting with Android Nougat[image: External link], differentiating from standalone support for VR capabilities. The software is available for developers, and was released in 2016.
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 Hardware




See also: Android hardware requirements[image: External link]


The main hardware platform for Android is the ARM[image: External link] ( ARMv7[image: External link] and ARMv8-A[image: External link] architectures), with x86[image: External link], MIPS and MIPS64[image: External link], and x86-64[image: External link] architectures also officially supported in later versions of Android.[100][101][102] The unofficial Android-x86[image: External link] project provided support for the x86 architectures ahead of the official support.[103][104] MIPS architecture was also supported before Google did. Since 2012, Android devices with Intel[image: External link] processors began to appear, including phones[105] and tablets. While gaining support for 64-bit platforms, Android was first made to run on 64-bit x86 and then on ARM64[image: External link]. Since Android 5.0 "Lollipop", 64-bit[image: External link] variants of all platforms are supported in addition to the 32-bit[image: External link] variants.[100]

Requirements for the minimum amount of RAM[image: External link] for devices running Android 5.1 range from 512  MB[image: External link] of RAM for normal-density screens, to about 1.8 GB for high-density screens.[106] The recommendation for Android 4.4 is to have at least 512 MB of RAM,[107] while for "low RAM" devices 340 MB is the required minimum amount that does not include memory dedicated to various hardware components such as the baseband processor[image: External link].[108] Android 4.4 requires a 32-bit[image: External link] ARMv7[image: External link], MIPS[image: External link] or x86[image: External link] architecture processor (latter two through unofficial ports),[103][109] together with an OpenGL ES[image: External link] 2.0 compatible graphics processing unit[image: External link] (GPU).[110] Android supports OpenGL ES 1.1, 2.0, 3.0, 3.1 and as of latest major version, 3.2 and Vulkan[image: External link]. Some applications may explicitly require a certain version of the OpenGL ES, and suitable GPU hardware is required to run such applications.[110]

Android devices incorporate many optional hardware components, including still or video cameras, GPS[image: External link], orientation sensors[image: External link], dedicated gaming controls, accelerometers[image: External link], gyroscopes[image: External link], barometers, magnetometers[image: External link], proximity sensors[image: External link], pressure sensors[image: External link], thermometers, and touchscreens. Some hardware components are not required, but became standard in certain classes of devices, such as smartphones, and additional requirements apply if they are present. Some other hardware was initially required, but those requirements have been relaxed or eliminated altogether. For example, as Android was developed initially as a phone OS, hardware such as microphones were required, while over time the phone function became optional.[89] Android used to require an autofocus[image: External link] camera, which was relaxed to a fixed-focus[image: External link] camera[89] if present at all, since the camera was dropped as a requirement entirely when Android started to be used on set-top boxes[image: External link].

In addition to running on smartphones and tablets, several vendors run Android natively on regular PC hardware with a keyboard and mouse.[111][112][113][114] In addition to their availability on commercially available hardware, similar PC hardware-friendly versions of Android are freely available from the Android-x86 project, including customized Android 4.4.[115] Using the Android emulator[image: External link] that is part of the Android SDK[image: External link], or third-party emulators, Android can also run non-natively on x86 architectures.[116][117] Chinese companies are building a PC and mobile operating system, based on Android, to "compete directly with Microsoft Windows and Google Android".[118] The Chinese Academy of Engineering noted that "more than a dozen" companies were customising Android following a Chinese ban on the use of Windows 8 on government PCs.[119][120][121]
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Android is developed by Google[image: External link] until the latest changes and updates are ready to be released, at which point the source code[image: External link] is made available to the Android Open Source Project.[122] This source code can be found without modification on select devices, mainly the Nexus[image: External link] series of devices.[123] The source code is, in turn, adapted by original equipment manufacturers[image: External link] (OEMs) to run on their hardware.[124][125] Android's source code does not contain the often proprietary device drivers[image: External link] that are needed for certain hardware components.[126]

In 2007, the green Android logo was designed for Google by graphic designer Irina Blok[image: External link]. The design team was tasked with a project to create a universally identifiable icon with the specific inclusion of a robot in the final design. After numerous design developments based on science fiction[image: External link] and space movies, the team eventually sought inspiration from the human symbol on restroom doors and modified the figure into a robot shape. As Android is open-source, it was agreed that the logo should be likewise, and since its launch the green logo has been reinterpreted into countless variations on the original design.[127]
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 Update schedule




See also: Android version history[image: External link]


Google announces major incremental upgrades to Android on a yearly basis.[128] The updates can be installed on devices over-the-air[image: External link].[129] The latest major release is 7.0 "Nougat"[image: External link], announced in March 2016,[130] and released the following August.[131][132]

Compared to its primary rival mobile operating system, Apple[image: External link]'s iOS, Android updates typically reach various devices with significant delays. Except for devices with the Google Nexus brand, updates often arrive months after the release of the new version, or not at all.[133] This is partly due to the extensive variation in hardware[image: External link] in Android devices,[134] to which each upgrade must be specifically tailored, a time- and resource-consuming process.[135] Manufacturers often prioritize their newest devices and leave old ones behind.[136] Additional delays can be introduced by wireless carriers that, after receiving updates from manufacturers, further customize and brand Android to their needs and conduct extensive testing on their networks before sending the upgrade out to users.[136][137] There are also situations in which upgrades are not possible due to one manufacturing partner not providing necessary updates to drivers[image: External link].[138]

The lack of after-sale support from manufacturers and carriers has been widely criticized by consumer groups and the technology media.[139][140][141] Some commentators have noted that the industry has a financial incentive not to upgrade their devices, as the lack of updates for existing devices fuels the purchase of newer ones,[142] an attitude described as "insulting".[141] The Guardian complained that the method of distribution for updates is complicated only because manufacturers and carriers have designed it that way.[141] In 2011, Google partnered with a number of industry players to announce an "Android Update Alliance", pledging to deliver timely updates for every device for 18 months after its release; however, there has not been another official word about that alliance since its announcement.[136][143]

In 2012, Google began decoupling certain aspects of the operating system (particularly its core applications) so they could be updated through the Google Play[image: External link] store independently of the OS. One of those components, Google Play Services[image: External link], is a closed-source[image: External link] system-level process providing APIs[image: External link] for Google services, installed automatically on nearly all devices running Android 2.2 "Froyo"[image: External link] and higher. With these changes, Google can add new system functionality through Play Services and update apps without having to distribute an upgrade to the operating system itself.[144] As a result, Android 4.2 and 4.3 "Jelly Bean"[image: External link] contained relatively fewer user-facing changes, focusing more on minor changes and platform improvements.[145]

In May 2016, Bloomberg[image: External link] reported that Google was making efforts to keep Android more up-to-date, including accelerated rates of security updates, rolling out technological workarounds, reducing requirements for phone testing, and ranking phone makers in an attempt to "shame" them into better behavior. As stated by Bloomberg: "As smartphones get more capable, complex and hackable, having the latest software work closely with the hardware is increasingly important". Hiroshi Lockheimer, the Android lead, admitted that "It’s not an ideal situation", further commenting that the lack of updates is "the weakest link on security on Android". Wireless carriers were described in the report as the "most challenging discussions", due to carriers' slow approval time due to testing on their networks, despite some carriers, including Verizon[image: External link] and Sprint[image: External link], having already shortened their respective approval times. HTC[image: External link]'s then-executive Jason Mackenzie called monthly security updates "unrealistic" in 2015, and Google was trying to persuade carriers to exclude security patches from the full testing procedures. In a further effort for persuasion, Google shared a list of top phone makers measured by updated devices with its Android partners, and is considering making the list public. Mike Chan, co-founder of phone maker Nextbit and former Android developer, said that "The best way to solve this problem is a massive re-architecture of the operating system", "or Google could invest in training manufacturers and carriers "to be good Android citizens"".[146][147][148]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Linux kernel




Android's kernel[image: External link] is based on one of the Linux kernel[image: External link]'s long-term support[image: External link] (LTS) branches. Since April 2014, Android devices mainly use versions 3.4, 3.10 or 3.18 of the Linux kernel.[149][150] The specific kernel version depends on the actual Android device and its hardware platform;[151][152][153] Android has used various kernel versions since the version 2.6.25 that was used in Android 1.0.[154]

Android's variant of the Linux kernel has further architectural changes that are implemented by Google outside the typical Linux kernel development cycle, such as the inclusion of components like Binder[image: External link], ashmem, pmem, logger, wakelocks, and different out-of-memory[image: External link] (OOM) handling.[155][156][157] Certain features that Google contributed back to the Linux kernel, notably a power management feature called "wakelocks", were rejected by mainline kernel developers partly because they felt that Google did not show any intent to maintain its own code.[158][159][160] Google announced in April 2010 that they would hire two employees to work with the Linux kernel community,[161] but Greg Kroah-Hartman[image: External link], the current Linux kernel maintainer for the stable branch, said in December 2010 that he was concerned that Google was no longer trying to get their code changes included in mainstream Linux.[159] Some Google Android developers hinted that "the Android team was getting fed up with the process," because they were a small team and had more urgent work to do on Android.[162]

In August 2011, Linus Torvalds[image: External link] said that "eventually Android and Linux would come back to a common kernel, but it will probably not be for four to five years".[163] In December 2011, Greg Kroah-Hartman announced the start of Android Mainlining Project, which aims to put some Android drivers[image: External link], patches and features back into the Linux kernel, starting in Linux 3.3.[164] Linux included the autosleep and wakelocks capabilities in the 3.5 kernel, after many previous attempts at merger. The interfaces are the same but the upstream Linux implementation allows for two different suspend modes: to memory (the traditional suspend that Android uses), and to disk (hibernate, as it is known on the desktop).[165] Google maintains a public code repository that contains their experimental work to re-base[image: External link] Android off the latest stable Linux versions.[166][167]

The flash storage[image: External link] on Android devices is split into several partitions, such as /system for the operating system itself, and /data for user data and application installations.[168] In contrast to desktop Linux distributions, Android device owners are not given root[image: External link] access to the operating system and sensitive partitions such as /system are read-only[image: External link]. However, root access can be obtained by exploiting security flaws[image: External link] in Android, which is used frequently by the open-source community to enhance the capabilities of their devices,[169] but also by malicious parties to install viruses[image: External link] and malware[image: External link].[170]

Android is a Linux distribution[image: External link] according to the Linux Foundation[image: External link],[171] Google's open-source chief Chris DiBona[image: External link],[172] and several journalists.[173][174] Others, such as Google engineer Patrick Brady, say that Android is not Linux in the traditional Unix-like[image: External link] Linux distribution sense; Android does not include the GNU C Library[image: External link] (it uses Bionic[image: External link] as an alternative C library) and some of other components typically found in Linux distributions.[175]
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On top of the Linux kernel, there are the middleware[image: External link], libraries[image: External link] and APIs[image: External link] written in C[image: External link], and application software[image: External link] running on an application framework[image: External link] which includes Java[image: External link]-compatible libraries. Development of the Linux kernel continues independently of other Android's source code bases.

Until version 5.0, Android used Dalvik[image: External link] as a process virtual machine[image: External link] with trace-based just-in-time (JIT) compilation[image: External link] to run Dalvik "dex-code" (Dalvik Executable), which is usually translated from the Java bytecode[image: External link]. Following the trace-based JIT principle, in addition to interpreting[image: External link] the majority of application code, Dalvik performs the compilation and native execution[image: External link] of select frequently executed code segments ("traces") each time an application is launched.[176][177][178] Android 4.4 introduced Android Runtime[image: External link] (ART) as a new runtime environment, which uses ahead-of-time (AOT) compilation[image: External link] to entirely compile the application bytecode into machine code[image: External link] upon the installation of an application. In Android 4.4, ART was an experimental feature and not enabled by default; it became the only runtime option in the next major version of Android, 5.0.[179]

For its Java library, the Android platform uses a subset of the now discontinued Apache Harmony[image: External link] project.[180] In December 2015, Google announced that the next version of Android would switch to a Java implementation based on OpenJDK[image: External link].[181]

Android's standard C library[image: External link], Bionic[image: External link], was developed by Google specifically for Android, as a derivation of the BSD[image: External link]'s standard C library code. Bionic itself has been designed with several major features specific to the Linux kernel. The main benefits of using Bionic instead of the GNU C Library[image: External link] (glibc) or uClibc[image: External link] are its smaller runtime footprint, and optimization for low-frequency CPUs. At the same time, Bionic is licensed under the terms of the BSD licence[image: External link], which Google finds more suitable for the Android's overall licensing model.[178]

Aiming for a different licensing model, toward the end of 2012, Google switched the Bluetooth stack in Android from the GPL-licensed BlueZ[image: External link] to the Apache-licensed BlueDroid.[182]

Android does not have a native X Window System[image: External link] by default, nor does it support the full set of standard GNU[image: External link] libraries. This made it difficult to port existing Linux applications or libraries to Android,[175] until version r5 of the Android Native Development Kit[image: External link] brought support for applications written completely in C[image: External link] or C++[image: External link].[183] Libraries written in C may also be used in applications by injection of a small shim[image: External link] and usage of the JNI[image: External link].[184]

Since Marshmallow, " Toybox[image: External link]", a collection of command line utilities (mostly for use by apps, as Android doesn't provide a command line interface[image: External link] by default), replaced similar "Toolbox" collection.[185]

Android has another operating system, Trusty OS, within it, as a part of "Trusty" "software components supporting a Trusted Execution Environment (TEE) on mobile devices." "Trusty and the Trusty API are subject to change. [..] Applications for the Trusty OS can be written in C/C++ (C++ support is limited), and they have access to a small C library. [..] All Trusty applications are single-threaded; multithreading in Trusty userspace currently is unsupported. [..] Third-party application development is not supported in" the current version, and software running on the OS and processor for it, run the " DRM[image: External link] framework for protected content. [..] There are many other uses for a TEE such as mobile payments, secure banking, full-disk encryption, multi-factor authentication, device reset protection, replay-protected persistent storage, wireless display ("cast") of protected content, secure PIN and fingerprint processing, and even malware detection."[186]
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Android has an active community of developers and enthusiasts who use the Android Open Source Project (AOSP) source code to develop and distribute their own modified versions of the operating system.[187] These community-developed releases often bring new features and updates to devices faster than through the official manufacturer/carrier channels, with a comparable level of quality;[188] provide continued support for older devices that no longer receive official updates; or bring Android to devices that were officially released running other operating systems, such as the HP TouchPad[image: External link]. Community releases often come pre- rooted[image: External link] and contain modifications not provided by the original vendor, such as the ability to overclock[image: External link] or over/undervolt[image: External link] the device's processor.[189] CyanogenMod[image: External link] was the most widely used community firmware,[190] and CyanogenMod has been discontinued and LineageOS[image: External link] is the successor of CyanogenMod.[191] Android-x86[image: External link] is a version of Android for IBM PC compatibles[image: External link]. There have also been attempts with varying degrees of success to port Android to iPhones, notably the iDroid Project.[192]

Historically, device manufacturers and mobile carriers have typically been unsupportive of third-party firmware[image: External link] development. Manufacturers express concern about improper functioning of devices running unofficial software and the support costs resulting from this.[193] Moreover, modified firmwares such as CyanogenMod sometimes offer features, such as tethering[image: External link], for which carriers would otherwise charge a premium. As a result, technical obstacles including locked bootloaders[image: External link] and restricted access to root permissions are common in many devices. However, as community-developed software has grown more popular, and following a statement by the Librarian of Congress in the United States[image: External link] that permits the " jailbreaking[image: External link]" of mobile devices,[194] manufacturers and carriers have softened their position regarding third party development, with some, including HTC[image: External link],[193] Motorola[image: External link],[195] Samsung[image: External link][196][197] and Sony[image: External link],[198] providing support and encouraging development. As a result of this, over time the need to circumvent hardware restrictions[image: External link] to install unofficial firmware has lessened as an increasing number of devices are shipped with unlocked or unlockable bootloaders[image: External link], similar to Nexus[image: External link] series of phones, although usually requiring that users waive their devices' warranties to do so.[193] However, despite manufacturer acceptance, some carriers in the US still require that phones are locked down, frustrating developers and customers.[199]
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 Security and privacy




See also: Mobile security[image: External link] and WARRIOR PRIDE[image: External link]
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 Scope of surveillance by public institutions




As part of the broader 2013 mass surveillance disclosures[image: External link] it was revealed in September 2013 that the American and British intelligence agencies, the National Security Agency[image: External link] (NSA) and Government Communications Headquarters[image: External link] (GCHQ), respectively, have access to the user data on iPhone, BlackBerry, and Android devices. They are reportedly able to read almost all smartphone information, including SMS, location, emails, and notes.[200] In January 2014, further reports revealed the intelligence agencies' capabilities to intercept the personal information transmitted across the Internet by social networks and other popular applications such as Angry Birds[image: External link], which collect personal information of their users for advertising and other commercial reasons. GCHQ has, according to The Guardian, a wiki[image: External link]-style guide of different apps and advertising networks, and the different data that can be siphoned from each.[201] Later that week, the Finnish Angry Birds developer Rovio[image: External link] announced that it was reconsidering its relationships with its advertising platforms in the light of these revelations, and called upon the wider industry to do the same.[202]

The documents revealed a further effort by the intelligence agencies to intercept Google Maps searches and queries submitted from Android and other smartphones to collect location information in bulk.[201] The NSA and GCHQ insist their activities are in compliance with all relevant domestic and international laws, although the Guardian stated "the latest disclosures could also add to mounting public concern about how the technology sector collects and uses information, especially for those outside the US, who enjoy fewer privacy protections than Americans."[201]
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Research from security company Trend Micro[image: External link] lists premium service abuse as the most common type of Android malware, where text messages are sent from infected phones to premium-rate telephone numbers[image: External link] without the consent or even knowledge of the user. Other malware displays unwanted and intrusive advertisements on the device, or sends personal information to unauthorised third parties.[203] Security threats on Android are reportedly growing exponentially; however, Google engineers have argued that the malware and virus threat on Android is being exaggerated[image: External link] by security companies for commercial reasons,[204][205] and have accused the security industry of playing on fears to sell virus protection software to users.[204] Google maintains that dangerous malware is actually extremely rare,[205] and a survey conducted by F-Secure[image: External link] showed that only 0.5% of Android malware reported had come from the Google Play store.[206]

In August 2015, Google announced that devices in the Google Nexus[image: External link] series would begin to receive monthly security patches[image: External link]. Google also wrote that "Nexus devices will continue to receive major updates for at least two years and security patches for the longer of three years from initial availability or 18 months from last sale of the device via the Google Store[image: External link]."[207][208][209] The following October, researchers at the University of Cambridge[image: External link] concluded that 87.7% of Android phones in use had known but unpatched security vulnerabilities[image: External link] due to lack of updates and support.[210][211][212] Ron Amadeo of Ars Technica[image: External link] wrote also in August 2015 that "Android was originally designed, above all else, to be widely adopted. Google was starting from scratch with zero percent market share, so it was happy to give up control and give everyone a seat at the table in exchange for adoption. [...] Now, though, Android has around 75-80 percent of the worldwide smartphone market—making it not just the world's most popular mobile operating system but arguably the most popular operating system, period. As such, security has become a big issue. Android still uses a software update chain-of-command designed back when the Android ecosystem had zero devices to update, and it just doesn't work".[213] Following news of Google's monthly schedule, some manufacturers, including Samsung and LG, promised to issue monthly security updates,[214] but, as noted by Jerry Hildenbrand in Android Central in February 2016, "instead we got a few updates on specific versions of a small handful of models. And a bunch of broken promises".[215]

In a March 2017 post on Google's Security Blog, Android security leads Adrian Ludwig and Mel Miller wrote that "More than 735 million devices from 200+ manufacturers received a platform security update in 2016" and that "Our carrier and hardware partners helped expand deployment of these updates, releasing updates for over half of the top 50 devices worldwide in the last quarter of 2016". They also wrote that "About half of devices in use at the end of 2016 had not received a platform security update in the previous year", stating that their work would continue to focus on streamlining the security updates program for easier deployment by manufacturers.[216] Furthermore, in a comment to TechCrunch[image: External link], Ludwig stated that the wait time for security updates had been reduced from "six to nine weeks down to just a few days", with 78% of flagship devices in North America being up-to-date on security at the end of 2016.[217]

Patches to bugs found in the core operating system often do not reach users of older and lower-priced devices.[218][219] However, the open-source nature of Android allows security contractors to take existing devices and adapt them for highly secure uses. For example, Samsung has worked with General Dynamics through their Open Kernel Labs[image: External link] acquisition to rebuild Jelly Bean on top of their hardened microvisor for the "Knox" project.[220][221]

Android smartphones have the ability to report the location of Wi-Fi[image: External link] access points, encountered as phone users move around, to build databases containing the physical locations of hundreds of millions of such access points. These databases form electronic maps to locate smartphones, allowing them to run apps like Foursquare[image: External link], Google Latitude[image: External link], Facebook Places[image: External link], and to deliver location-based ads.[222] Third party monitoring software such as TaintDroid,[223] an academic research-funded project, can, in some cases, detect when personal information is being sent from applications to remote servers.[224]
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 Technical security features




Android applications run in a sandbox[image: External link], an isolated area of the system that does not have access to the rest of the system's resources, unless access permissions are explicitly granted by the user when the application is installed.[225]

Since February 2012, Google has used its Google Bouncer[image: External link] malware[image: External link] scanner to watch over and scan apps available in the Google Play store.[226][227] A "Verify Apps" feature was introduced in November 2012, as part of the Android 4.2 "Jelly Bean"[image: External link] operating system version, to scan all apps, both from Google Play and from third-party sources, for malicious behavior.[228] Originally only doing so during installation, Verify Apps received an update in 2014 to "constantly" scan apps, and in 2017 the feature was made visible to users through a menu in Settings.[229][230]

Before installing an application, the Google Play[image: External link] store displays a list of the requirements an app needs to function. After reviewing these permissions, the user can choose to accept or refuse them, installing the application only if they accept.[231] In Android 6.0 "Marshmallow"[image: External link], the permissions system was changed; apps are no longer automatically granted all of their specified permissions at installation time. An opt-in system is used instead, in which users are prompted to grant or deny individual permissions to an app when they are needed for the first time. Applications remember the grants, which can be revoked by the user at any time.[232][233] The new permissions model is used only by applications developed for Marshmallow using its software development kit[image: External link] (SDK), and older apps will continue to use the previous all-or-nothing approach. Permissions can still be revoked for those apps, though this might prevent them from working properly, and a warning is displayed to that effect.[234][235]

In September 2014, Jason Nova of Android Authority reported on a study by the German security company Fraunhofer AISEC in antivirus software[image: External link] and malware threats on Android. Nova wrote that "The Android operating system deals with software packages by sandboxing them; this does not allow applications to list the directory contents of other apps to keep the system safe. By not allowing the antivirus to list the directories of other apps after installation, applications that show no inherent suspicious behavior when downloaded are cleared as safe. If then later on parts of the app are activated that turn out to be malicious, the antivirus will have no way to know since it is inside the app and out of the antivirus’ jurisdiction". The study by Fraunhofer AISEC, examining antivirus software from Avast[image: External link], AVG[image: External link], Bitdefender[image: External link], ESET[image: External link], F-Secure[image: External link], Kaspersky[image: External link], Lookout[image: External link], McAfee (formerly Intel Security)[image: External link], Norton[image: External link], Sophos[image: External link], and Trend Micro[image: External link], revealed that "the tested antivirus apps do not provide protection against customized malware or targeted attacks", and that "the tested antivirus apps were also not able to detect malware which is completely unknown to date but does not make any efforts to hide its malignity".[236]

In August 2013, Google announced Android Device Manager (renamed Find My Device in May 2017),[237][238] a service that allows users to remotely track, locate, and wipe their Android device,[239][240] with an Android app for the service released in December.[241][242] In December 2016, Google introduced a Trusted Contacts app, letting users request location-tracking of loved ones during emergencies.[243][244]
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 Licensing




The source code[image: External link] for Android is open-source[image: External link]: it is developed in private by Google, with the source code released publicly when a new version of Android is released. Google publishes most of the code (including network and telephony stacks[image: External link]) under the non-copyleft[image: External link] Apache License[image: External link] version 2.0. which allows modification and redistribution.[245][246] The license does not grant rights to the "Android" trademark, so device manufacturers and wireless carriers have to license it from Google under individual contracts. Associated Linux kernel changes are released under the copyleft[image: External link] GNU General Public License[image: External link] version 2, developed by the Open Handset Alliance[image: External link], with the source code publicly available at all times. Typically, Google collaborates with a hardware manufacturer to produce a flagship device (part of the Nexus series) featuring the new version of Android, then makes the source code available after that device has been released.[247] The only Android release which was not immediately made available as source code was the tablet-only 3.0 Honeycomb release. The reason, according to Andy Rubin[image: External link] in an official Android blog post, was because Honeycomb was rushed for production of the Motorola Xoom[image: External link],[248] and they did not want third parties creating a "really bad user experience" by attempting to put onto smartphones a version of Android intended for tablets.[249]

Only the base Android operating system (including some applications) is open-source software, whereas most Android devices ship with a substantial amount of proprietary software, such as Google Mobile Services[image: External link], which includes applications such as Google Play Store[image: External link], Google Search, and Google Play Services[image: External link] – a software layer that provides APIs[image: External link] for the integration with Google-provided services, among others. These applications must be licensed from Google by device makers, and can only be shipped on devices which meet its compatibility guidelines and other requirements.[86] Custom, certified distributions of Android produced by manufacturers (such as TouchWiz[image: External link] and HTC Sense[image: External link]) may also replace certain stock Android apps with their own proprietary variants and add additional software not included in the stock Android operating system.[85] There may also be "binary blob[image: External link]" drivers[image: External link] required for certain hardware components in the device.[85][126]

Some stock applications in AOSP code that were formerly used by earlier versions of Android, such as Search, Music, and Calendar, have been abandoned[image: External link] by Google in favor of non-free[image: External link] replacements distributed through Play Store (Google Search, Google Play Music, and Google Calendar) that are no longer open-source. Moreover, open-source variants of some applications also exclude functions that are present in their non-free versions, such as Photosphere panoramas in Camera, and a Google Now[image: External link] page on the default home screen (exclusive to the proprietary version "Google Now Launcher", whose code is embedded within that of the main Google application).[85][250][251][252]

Richard Stallman[image: External link] and the Free Software Foundation[image: External link] have been critical of Android and have recommended the usage of alternatives such as Replicant[image: External link], because drivers and firmware vital for the proper functioning of Android devices are usually proprietary, and because the Google Play Store application can forcibly install or deinstall applications and, as a result, invite non-free software. although the Free Software Foundation has not found Google to use it for malicious reasons [253][254]
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 Leverage over manufacturers




Google licenses their Google Mobile Services software, along with Android trademarks, only to hardware manufacturers for devices that meet Google's compatibility standards specified in the Android Compatibility Program document.[255] Thus, forks of Android that make major changes to the operating system itself do not include any of Google's non-free components, stay incompatible with applications that require them, and must ship with an alternative software marketplace in lieu of Google Play Store.[85] Examples of such Android forks are Amazon[image: External link]'s Fire OS[image: External link] (which is used on the Kindle Fire[image: External link] line of tablets, and oriented toward Amazon services), the Nokia X Software Platform[image: External link] (a fork used by the Nokia X family[image: External link], oriented primarily toward Nokia[image: External link] and Microsoft[image: External link] services), and other forks that exclude Google apps due to the general unavailability of Google services in certain regions (such as China[image: External link]).[256][257] In 2014, Google also began to require that all Android devices which license the Google Mobile Services software display a prominent "Powered by Android" logo on their boot screens.[86]

Members of the Open Handset Alliance, which include the majority of Android OEMs, are also contractually forbidden from producing Android devices based on forks of the OS;[85][258] in 2012, Acer Inc.[image: External link] was forced by Google to halt production on a device powered by Alibaba Group[image: External link]'s Aliyun OS[image: External link] with threats of removal from the OHA, as Google deemed the platform to be an incompatible version of Android. Alibaba Group defended the allegations, arguing that the OS was a distinct platform from Android (primarily using HTML5[image: External link] apps), but incorporated portions of Android's platform to allow backwards compatibility with third-party Android software. Indeed, the devices did ship with an application store which offered Android apps; however, the majority of them were pirated[image: External link].[259][260][261]
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 Reception




Android received a lukewarm reaction when it was unveiled in 2007. Although analysts were impressed with the respected technology companies that had partnered with Google to form the Open Handset Alliance, it was unclear whether mobile phone manufacturers would be willing to replace their existing operating systems with Android.[262] The idea of an open-source, Linux-based development platform sparked interest,[263] but there were additional worries about Android facing strong competition from established players in the smartphone market, such as Nokia and Microsoft, and rival Linux mobile operating systems that were in development.[264] These established players were skeptical: Nokia[image: External link] was quoted as saying "we don't see this as a threat," and a member of Microsoft's Windows Mobile team stated "I don't understand the impact that they are going to have."[265]

Since then Android has grown to become the most widely used smartphone operating system[266][267] and "one of the fastest mobile experiences available."[268] Reviewers have highlighted the open-source nature of the operating system as one of its defining strengths, allowing companies such as Nokia[image: External link] (Nokia X family[image: External link]),[269] Amazon[image: External link] (Kindle Fire[image: External link]), Barnes & Noble[image: External link] ( Nook[image: External link]), Ouya, Baidu[image: External link] and others to fork[image: External link] the software and release hardware running their own customised version of Android. As a result, it has been described by technology website Ars Technica[image: External link] as "practically the default operating system for launching new hardware" for companies without their own mobile platforms.[266] This openness and flexibility is also present at the level of the end user: Android allows extensive customisation of devices by their owners and apps are freely available from non-Google app stores and third party websites. These have been cited as among the main advantages of Android phones over others.[266][270]

Despite Android's popularity, including an activation rate three times that of iOS, there have been reports that Google has not been able to leverage their other products and web services successfully to turn Android into the money maker that analysts had expected.[271] The Verge[image: External link] suggested that Google is losing control of Android due to the extensive customization and proliferation of non-Google apps and services – Amazon's Kindle Fire line uses Fire OS[image: External link], a heavily modified fork of Android which does not include or support any of Google's proprietary components, and requires that users obtain software from its competing Amazon Appstore[image: External link] instead of Play Store.[85] In 2014, in an effort to improve prominence of the Android brand, Google began to require that devices featuring its proprietary components display an Android logo on the boot screen.[86]

Android has suffered from "fragmentation",[272] a situation where the variety of Android devices, in terms of both hardware variations and differences in the software running on them, makes the task of developing applications that work consistently across the ecosystem harder than rival platforms such as iOS where hardware and software varies less. For example, according to data from OpenSignal[image: External link] in July 2013, there were 11,868 models of Android device, numerous different screen sizes and eight Android OS versions simultaneously in use, while the large majority of iOS users have upgraded to the latest iteration of that OS.[273] Critics such as Apple Insider[image: External link] have asserted that fragmentation via hardware and software pushed Android's growth through large volumes of low end, budget-priced devices running older versions of Android. They maintain this forces Android developers to write for the "lowest common denominator" to reach as many users as possible, who have too little incentive to make use of the latest hardware or software features only available on a smaller percentage of devices.[274] However, OpenSignal, who develops both Android and iOS apps, concluded that although fragmentation can make development trickier, Android's wider global reach also increases the potential reward.[273]
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 Market share




Main article: Usage share of operating systems[image: External link]


Research company Canalys estimated in the second quarter of 2009, that Android had a 2.8% share of worldwide smartphone[image: External link] shipments.[275] By the fourth quarter of 2010, this had grown to 33% of the market becoming the top-selling smartphone platform,[276] overtaking Symbian[image: External link].[277] By the third quarter of 2011, Gartner[image: External link] estimated that more than half (52.5%) of the smartphone sales belonged to Android.[278] By the third quarter of 2012 Android had a 75% share of the global smartphone market according to the research firm IDC.[279]

In July 2011, Google said that 550,000 Android devices were being activated every day,[280] up from 400,000 per day in May,[281] and more than 100 million devices had been activated[282] with 4.4% growth per week.[280] In September 2012, 500 million devices had been activated with 1.3 million activations per day.[283][284] In May 2013, at Google I/O[image: External link], Sundar Pichai announced that 900 million Android devices had been activated.[285]

Android market share varies by location. In July 2012, "mobile subscribers aged 13+" in the United States using Android were up to 52%,[286] and rose to 90% in China.[287] During the third quarter of 2012, Android's worldwide smartphone shipment market share was 75%,[279] with 750 million devices activated in total. In April 2013 Android had 1.5 million activations per day.[284] As of May 2013, 48 billion applications ("apps") have been installed from the Google Play store,[288] and by September 2013, one billion Android devices have been activated.[289]

As of February 2017, the Google Play[image: External link] store has over 2.7 million Android applications published,[290] and As of May 2016, apps have been downloaded more than 65 billion times.[291] The operating system's success has made it a target for patent litigation as part of the so-called "smartphone wars[image: External link]" between technology companies.[292][293]

Android devices account for more than half of smartphone sales in most markets, including the US, while "only in Japan was Apple on top" (September–November 2013 numbers).[294] At the end of 2013, over 1.5 billion Android smartphones have been sold in the four years since 2010,[295][296] making Android the most sold phone and tablet OS. Three billion Android smartphones are estimated to be sold by the end of 2014 (including previous years). According to Gartner research company, Android-based devices outsold all contenders, every year since 2012.[297] In 2013, it outsold Windows 2.8:1 or by 573 million.[298][299][300] As of 2015, Android has the largest installed base[image: External link] of all operating systems;[18] Since 2013, devices running it also sell more than Windows, iOS and Mac OS X devices combined.[301]

According to StatCounter[image: External link], which tracks only the use for browsing the web, Android is the most popular mobile operating system since August 2013.[302] Android is the most popular operating system for web browsing in India and several other countries (e.g. virtually all of Asia, with Japan and North Korea exceptions). According to StatCounter, Android is most used on mobile in all African countries, and it stated "mobile usage has already overtaken desktop in several countries including India, South Africa and Saudi Arabia",[303] with virtually all countries in Africa having done so already (except for seven countries, including Egypt), such as Ethiopia and Kenya in which mobile (including tablets) usage is at 90.46% (Android only, accounts for 75.81% of all use there).[304][305]

While Android phones in the Western world[image: External link] commonly include Google's proprietary add-ons (such as Google Play) to the otherwise open-source operating system, this is increasingly not the case in emerging markets; "ABI Research claims that 65 million devices shipped globally with open-source Android in the second quarter of [2014], up from 54 million in the first quarter"; depending on country, percent of phones estimated to be based only on Android's source code (AOSP), forgoing the Android trademark: Thailand (44%), Philippines (38%), Indonesia (31%), India (21%), Malaysia (24%), Mexico (18%), Brazil (9%).[306]

According to a January 2015 Gartner[image: External link] report, "Android surpassed a billion shipments of devices in 2014, and will continue to grow at a double-digit pace in 2015, with a 26 percent increase year over year." This made it the first time that any general-purpose operating system has reached more than one billion end users within a year: by reaching close to 1.16 billion end users in 2014, Android shipped over four times more than iOS and OS X combined, and over three times more than Microsoft Windows. Gartner expected the whole mobile phone market to "reach two billion units in 2016", including Android.[307] Describing the statistics, Farhad Manjoo wrote in The New York Times[image: External link] that "About one of every two computers sold today is running Android. [It] has become Earth’s dominant computing platform."[18]

According to a Statistica[image: External link]'s estimate, Android smartphones had an installed base of 1.8 billion units in 2015, which was 76% of the estimated total number of smartphones worldwide.[308][309][b] Android has the largest installed base of any mobile operating system[image: External link] and, since 2013, the highest-selling operating system overall[298][301][311][312][313] with sales in 2012, 2013 and 2014[314] close to the installed base of all PCs.[315] In the third quarter of 2015, Android's share of the global smartphone shipment market was 84.7%, the highest ever.[316] As of September 28, 2016, with 52.5% market share, Samsung remains the leading OEM for shipping Android running smartphones and tablets, followed by followed by LG, Huawei, Motorola, Lenovo, Sony, HTC, Asus, Alcatel and Xiaomi.[317]

By August 2016, the two biggest continents have gone mobile-majority, judged by web use ("desktop" has 46.92%–55.16% use worldwide, depending on day of the week, making some weeks desktop-minority;[318] lowest full month was at 50.05%[319]); because of Android (see usage share of operating systems[image: External link]), that has majority use on smartphones in virtually all countries (all continents have gone Android-majority, including North America[320][321] except for Oceania, because of Australia),[322] with few exceptions (all of which have iOS-majority); in the US, Android is close to iOS, having exchanged majority position a few times,[323] Canada and the following are also exceptions: Japan, Philippines, Australia and the only exceptions in Europe are the UK, Switzerland, Belgium and the Nordic countries Denmark, Iceland, Sweden and Norway.[324]

By 2016, Android was on the majority of smartphones in virtually all countries in the world,[325][326] excluding United States and Canada (while including North America continent as a whole[327]), Australia and Japan. A few countries, such as the UK, lose Android-majority if tablets are included.

In September 2015, Google announced that Android had 1.4 billion monthly active users.[328][329] This changed to 2 billion monthly active users in May 2017.[330][331]
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 Adoption on tablets




Despite its success on smartphones, initially Android tablet adoption was slow.[332] One of the main causes was the chicken or the egg[image: External link] situation where consumers were hesitant to buy an Android tablet due to a lack of high quality tablet applications, but developers were hesitant to spend time and resources developing tablet applications until there was a significant market for them.[333][334] The content and app "ecosystem" proved more important than hardware specs[image: External link] as the selling point for tablets. Due to the lack of Android tablet-specific applications in 2011, early Android tablets had to make do with existing smartphone applications that were ill-suited to larger screen sizes, whereas the dominance of Apple's iPad[image: External link] was reinforced by the large number of tablet-specific iOS applications.[334][335]

Despite app support in its infancy, a considerable number of Android tablets (alongside those using other operating systems, such as the HP TouchPad[image: External link] and BlackBerry PlayBook[image: External link]) were rushed out to market in an attempt to capitalize on the success of the iPad.[334] InfoWorld has suggested that some Android manufacturers initially treated their first tablets as a "Frankenphone business", a short-term low-investment opportunity by placing a smartphone-optimized Android OS (before Android 3.0 Honeycomb for tablets was available) on a device while neglecting user interface. This approach, such as with the Dell Streak[image: External link], failed to gain market traction with consumers as well as damaging the early reputation of Android tablets.[336][337] Furthermore, several Android tablets such as the Motorola Xoom[image: External link] were priced the same or higher than the iPad[image: External link], which hurt sales. An exception was the Amazon[image: External link] Kindle Fire[image: External link], which relied upon lower pricing as well as access to Amazon's ecosystem of applications and content.[334][338]

This began to change in 2012, with the release of the affordable Nexus 7[image: External link] and a push by Google for developers to write better tablet applications.[339] According to International Data Corporation, shipments of Android-powered tablets surpassed iPads in Q3 2012.[340]

As of the end of 2013, over 191.6 million Android tablets had sold in three years since 2011.[341][342] This made Android tablets the most-sold type of tablet in 2013, surpassing iPads in the second quarter of 2013.[343]

According to the StatCounter's June 2015 web use statistics, Android tablets represent the majority of tablet devices used on the South American[image: External link][344] (then lost majority) and African[image: External link] continents (60.23%),[345] while they have equaled with the iPad's market share in major countries on all continents (with the North America as an exception, though in El Salvador[image: External link] Android has the majority[346]), and getting close to representing the majority on the whole Asian continent[347] having done so already in India (65.9%),[348] Indonesia[image: External link] (62.22%),[349] and most Middle-Eastern countries.[350] In about half of the European countries, Android tablets have a majority market share.[351] China is an exception for the major developing countries, in which Android phablets[image: External link] (classified as smartphones while similar in size to tablets) are more popular than Android tablets or iPads.

In March 2016, Galen Gruman of InfoWorld[image: External link] stated that Android devices could be a "real part of your business [..] there's no longer a reason to keep Android at arm's length. It can now be as integral to your mobile portfolio as Apple[image: External link]'s iOS devices are".[352] A year earlier, Gruman had stated that Microsoft[image: External link]'s own mobile Office apps[image: External link] were "better on iOS and Android" than on Microsoft's own Windows 10[image: External link] devices.[353]
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 Platform usage




Charts in this section provide breakdowns of Android versions, based on devices accessing the Google Play Store[image: External link] in a seven-day period ending on June 5, 2017.[354][c] Therefore, these statistics exclude devices running various Android forks[image: External link] that do not access the Google Play Store, such as Amazon's Fire tablets[image: External link].



	Version
	Code name
	Release date
	API level
	DVM/ART
	Distribution
	First devices to run version



	7.1[image: External link]
	Nougat[image: External link]
	October 4, 2016
	25
	ART[image: External link]
	0.6%
	Pixel[image: External link], Pixel XL[image: External link]



	7.0[image: External link]
	August 22, 2016
	24
	ART
	8.9%
	Nexus 5X[image: External link], Nexus 6P[image: External link]



	6.0[image: External link]
	Marshmallow[image: External link]
	October 5, 2015
	23
	ART
	31.2%



	5.1[image: External link]
	Lollipop[image: External link]
	March 9, 2015
	22
	ART
	22.6%
	Android One[image: External link]



	5.0[image: External link]
	November 3, 2014
	21
	ART 2.1.0
	8.2%
	Nexus 6[image: External link]



	4.4[image: External link]
	KitKat[image: External link]
	October 31, 2013
	19
	DVM[image: External link] (and ART 1.6.0)
	18.1%
	Nexus 5[image: External link]



	4.3[image: External link]
	Jelly Bean[image: External link]
	July 24, 2013
	18
	DVM
	1.3%
	Nexus 7 2013[image: External link]



	4.2[image: External link]
	November 13, 2012
	17
	DVM
	4.4%
	Nexus 4[image: External link], Nexus 10[image: External link]



	4.1[image: External link]
	July 9, 2012
	16
	DVM
	3.1%
	Nexus 7[image: External link]



	4.0[image: External link]
	Ice Cream Sandwich[image: External link]
	December 16, 2011
	15
	DVM
	0.8%
	Galaxy Nexus[image: External link]



	2.3[image: External link]
	Gingerbread[image: External link]
	February 9, 2011
	10
	DVM 1.4.0
	0.8%
	Nexus S[image: External link]




As of 2017, more than 60% of devices have OpenGL ES 3.0[image: External link] or higher.
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 Application piracy




In general, paid Android applications can easily be pirated[image: External link].[355] In a May 2012 interview with Eurogamer, the developers of Football Manager[image: External link] stated that the ratio of pirated players vs legitimate players was 9:1 for their game Football Manager Handheld.[356] However, not every developer agreed that piracy rates were an issue; for example, in July 2012 the developers of the game Wind-up Knight[image: External link] said that piracy levels of their game were only 12%, and most of the piracy came from China, where people cannot purchase apps from Google Play.[357]

In 2010, Google released a tool for validating authorized purchases for use within apps, but developers complained that this was insufficient and trivial to crack[image: External link]. Google responded that the tool, especially its initial release, was intended as a sample framework for developers to modify and build upon depending on their needs, not as a finished piracy solution.[358] Android "Jelly Bean" introduced the ability for paid applications to be encrypted, so that they may work only on the device for which they were purchased.[359][360]
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 Legal issues




Further information: Oracle v. Google[image: External link], Smartphone wars[image: External link], and Patent troll[image: External link]


Both Android and Android phone manufacturers have been involved in numerous patent lawsuits. On August 12, 2010, Oracle[image: External link] sued Google over claimed infringement of copyrights and patents related to the Java[image: External link] programming language.[361] Oracle originally sought damages up to $6.1 billion,[362] but this valuation was rejected by a United States federal judge who asked Oracle to revise the estimate.[363] In response, Google submitted multiple lines of defense, counterclaiming that Android did not infringe on Oracle's patents or copyright, that Oracle's patents were invalid, and several other defenses. They said that Android's Java runtime environment is based on Apache Harmony[image: External link], a clean room[image: External link] implementation of the Java class libraries, and an independently developed virtual machine called Dalvik[image: External link].[364] In May 2012, the jury in this case found that Google did not infringe on Oracle's patents, and the trial judge ruled that the structure of the Java APIs used by Google was not copyrightable.[365][366] The parties agreed to zero dollars in statutory damages[image: External link] for a small amount of copied code.[367] On May 9, 2014, the Federal Circuit[image: External link] partially reversed the district court ruling, ruling in Oracle's favor on the copyrightability issue, and remanding[image: External link] the issue of fair use[image: External link] to the district court.[368][369]

In December 2015, Google announced that the next major release of Android (Android Nougat[image: External link]) would switch to OpenJDK[image: External link], which is the official open-source implementation of the Java platform, instead of using the now-discontinued Apache Harmony project as its runtime. Code reflecting this change was also posted to the AOSP source repository.[180] In its announcement, Google claimed this was part of an effort to create a "common code base" between Java on Android and other platforms.[181] Google later admitted in a court filing that this was part of an effort to address the disputes with Oracle, as its use of OpenJDK code is governed under the GNU General Public License[image: External link] (GPL) with a linking exception[image: External link], and that "any damages claim associated with the new versions expressly licensed by Oracle under OpenJDK would require a separate analysis of damages from earlier releases".[180] In June 2016, a United States federal court ruled in favor of Google, stating that its use of the APIs was fair use.[370]

In addition to lawsuits against Google directly, various proxy wars[image: External link] have been waged against Android indirectly by targeting manufacturers of Android devices, with the effect of discouraging manufacturers from adopting the platform by increasing the costs of bringing an Android device to market.[371] Both Apple[image: External link] and Microsoft have sued several manufacturers for patent infringement, with Apple's ongoing legal action against Samsung[image: External link] being a particularly high-profile case. In October 2011, Microsoft said they had signed patent license agreements with ten Android device manufacturers, whose products account for "70% in the U.S."[image: External link]. and 55% of the worldwide revenue for Android devices.[372] These include Samsung[image: External link] and HTC[image: External link].[373] Samsung's patent settlement with Microsoft included an agreement to allocate more resources to developing and marketing phones running Microsoft's Windows Phone operating system.[371] Microsoft has also tied[image: External link] its own Android software to patent licenses, requiring the bundling of Microsoft Office Mobile[image: External link] and Skype[image: External link] applications on Android devices to subsidize the licensing fees, while at the same time helping to promote its software lines.[374][375]

Google has publicly expressed its frustration for the current patent landscape in the United States, accusing Apple, Oracle and Microsoft of trying to take down Android through patent litigation, rather than innovating and competing with better products and services.[376] In September 2011, Google purchased Motorola Mobility[image: External link] for US$12.5 billion, which was viewed in part as a defensive measure to protect Android, since Motorola Mobility held more than 17,000 patents.[377] In December 2011, Google bought over a thousand patents from IBM[image: External link].[378]

In 2013, FairSearch[image: External link], a lobbying organization supported by Microsoft, Oracle and others, filed a complaint regarding Android with the European Commission[image: External link], alleging that its free-of-charge distribution model constituted anti-competitive predatory pricing[image: External link]. The Free Software Foundation Europe[image: External link], whose donors include Google, disputed the Fairsearch allegations.[379] On April 20, 2016, the EU filed a formal antitrust complaint against Google based upon the FairSearch allegations, arguing that its leverage over Android vendors, including the mandatory bundling of the entire suite of proprietary Google software, hindering the ability for competing search providers to be integrated into Android, and barring vendors from producing devices running forks of Android, constituted anti-competitive practices.[380] In August 2016, Google was fined US$6.75 million by the Russian Federal Antimonopoly Service[image: External link] (FAS) under similar allegations by Yandex[image: External link].[381]
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Google has developed several variations of Android for specific use cases, including Android Wear[image: External link] for wearable devices such as wrist watches,[382][383] Android TV[image: External link] for televisions,[384][385] Android Auto[image: External link] for cars,[386][387] and Brillo,[388] later renamed Android Things[image: External link], for smart devices and Internet of things[image: External link].[389][390]

The open and customizable nature of Android allows device makers[image: External link] to use it on other electronics as well, including laptops and netbooks[image: External link],[391][392] smartbooks[image: External link],[393] cameras,[394] headphones,[395] home automation systems, game consoles, mirrors,[396] media players,[397] and landline[image: External link] telephones.[398]

Ouya, a video game console running Android, became one of the most successful Kickstarter[image: External link] campaigns, crowdfunding[image: External link] US$8.5m for its development,[399][400] and was later followed by other Android-based consoles, such as Nvidia[image: External link]'s Shield Portable[image: External link] – an Android device in a video game controller[image: External link] form factor.[401]

In 2011, Google demonstrated "Android@Home", a home automation technology which uses Android to control a range of household devices including light switches, power sockets and thermostats.[402] Prototype light bulbs were announced that could be controlled from an Android phone or tablet, but Android head Andy Rubin was cautious to note that "turning a lightbulb on and off is nothing new", pointing to numerous failed home automation services. Google, he said, was thinking more ambitiously and the intention was to use their position as a cloud[image: External link] services provider to bring Google products into customers' homes.[403][404]

Parrot[image: External link] unveiled an Android-based car stereo[image: External link] system known as Asteroid in 2011,[405] followed by a successor, the touchscreen-based Asteroid Smart, in 2012.[406] In 2013, Clarion[image: External link] released its own Android-based car stereo, the AX1.[407] In January 2014, at the Consumer Electronics Show[image: External link] (CES), Google announced the formation of the Open Automotive Alliance[image: External link], a group including several major automobile makers ( Audi[image: External link], General Motors[image: External link], Hyundai[image: External link], and Honda[image: External link]) and Nvidia[image: External link], which aims to produce Android-based in car entertainment[image: External link] systems for automobiles, "[bringing] the best of Android into the automobile in a safe and seamless way."[408]

Android comes preinstalled on a few laptops (a similar functionality of running Android applications is also available in Google's Chrome OS[image: External link]) and can also be installed on personal computers by end users.[409] On those platforms Android provides additional functionality for physical keyboards[image: External link][410] and mice[image: External link], together with the " Alt-Tab[image: External link]" key combination for switching applications quickly with a keyboard. In December 2014, one reviewer commented that Android's notification system is "vastly more complete and robust than in most environments" and that Android is "absolutely usable" as one's primary desktop operating system.[411]

In October 2015, The Wall Street Journal reported that Android will serve as Google's future main laptop operating system, with the plan to fold Chrome OS into it by 2017.[412][413] Google's Sundar Pichai, who led the development of Android, explained that "mobile as a computing paradigm is eventually going to blend with what we think of as desktop today."[412] and back in 2009, Google co-founder Sergey Brin himself said that Chrome OS and Android would "likely converge over time."[414] Lockheimer, who replaced Pichai as head of Android and Chrome OS, responded to this claim with an official Google blog post stating that "While we've been working on ways to bring together the best of both operating systems, there's no plan to phase out Chrome OS [which has] guaranteed auto-updates for five years".[415] That is unlike Android where support is shorter with " EOL[image: External link] dates [being..] at least 3 years [into the future] for Android tablets for education".[416]
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^ 70%+


	
^ To put the Statistica's numbers in context: by Strategy Analytics estimates, Windows[image: External link] the most popular "desktop" operating system, has an estimated installed base of about 1.3 billion at best;[310] they also estimate the overall tablet installed base to be already of comparable size to the PC market and predict tablets will have surpassed them by 2018.


	
^ Versions accounting for less than 0.1% are not included.
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IOS






This article is about Apple's mobile operating system. For the unrelated web desktop, see eyeOS[image: External link]. For the Cisco router/switch operating system, see Cisco IOS[image: External link]. For other uses, see IOS (disambiguation)[image: External link].

iOS (formerly iPhone OS) is a mobile operating system[image: External link] created and developed by Apple Inc.[image: External link] exclusively for its hardware[image: External link]. It is the operating system that presently powers many of the company's mobile devices, including the iPhone[image: External link], iPad[image: External link], and iPod Touch[image: External link]. It is the second most popular mobile operating system globally after Android.

Originally unveiled in 2007 for the iPhone[image: External link], iOS has been extended to support other Apple devices such as the iPod Touch[image: External link] (September 2007) and the iPad[image: External link] (January 2010). As of January 2017, Apple's App Store[image: External link] contains more than 2.2 million iOS applications, 1 million of which are native for iPads. These mobile apps[image: External link] have collectively been downloaded more than 130 billion times.

The iOS user interface[image: External link] is based upon direct manipulation[image: External link], using multi-touch[image: External link] gestures. Interface control elements consist of sliders, switches, and buttons. Interaction with the OS includes gestures such as swipe, tap, pinch, and reverse pinch, all of which have specific definitions within the context of the iOS operating system and its multi-touch interface. Internal accelerometers[image: External link] are used by some applications to respond to shaking the device (one common result is the undo[image: External link] command) or rotating it in three dimensions[image: External link] (one common result is switching between portrait and landscape mode). Apple has been significantly praised for incorporating thorough accessibility[image: External link] functions into iOS, enabling users with vision and hearing disabilities to properly use its products.

Major versions of iOS are released annually. The current version, iOS 10[image: External link], was released on September 13, 2016. It is available for the iPhone 5[image: External link] and later iPhone models, the fourth-generation iPad[image: External link], the iPad Air[image: External link] and iPad Air 2[image: External link], the iPad Pro[image: External link], the iPad Mini 2[image: External link] and later iPad Mini models, and the sixth-generation iPod Touch[image: External link]. Its successor, iOS 11[image: External link], was announced on June 5, 2017, with a consumer release set for late 2017. In iOS, there are four abstraction layers[image: External link]: the Core OS, Core Services[image: External link], Media, and Cocoa Touch layers.



TOP
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 History




In 2005, when Steve Jobs[image: External link] began planning the iPhone[image: External link], he had a choice to either "shrink the Mac, which would be an epic feat of engineering, or enlarge the iPod". Jobs favored the former approach but pitted the Macintosh[image: External link] and iPod[image: External link] teams, led by Scott Forstall[image: External link] and Tony Fadell[image: External link], respectively, against each other in an internal competition, with Forstall winning by creating the iPhone OS. The decision enabled the success of the iPhone as a platform for third-party developers: using a well-known desktop operating system as its basis allowed the many third-party Mac developers to write software for the iPhone with minimal retraining. Forstall was also responsible for creating a software development kit[image: External link] for programmers to build iPhone apps, as well as an App Store[image: External link] within iTunes[image: External link].[9][10]

The operating system was unveiled with the iPhone at the Macworld Conference & Expo[image: External link] on January 9, 2007, and released in June of that year.[11][12][13] At the time of its unveiling in January, Steve Jobs[image: External link] claimed: "iPhone runs OS X" and runs "desktop applications",[14][15] but at the time of the iPhone's release, the operating system was renamed "iPhone OS".[16] Initially, third-party native applications were not supported. Steve Jobs' reasoning was that developers could build web applications[image: External link] through the Safari web browser[image: External link] that "would behave like native apps on the iPhone".[17][18] In October 2007, Apple announced that a native Software Development Kit (SDK)[image: External link] was under development and that they planned to put it "in developers' hands in February".[19][20][21] On March 6, 2008, Apple held a press event, announcing the iPhone SDK.[22][23]

The iOS App Store[image: External link] was opened on July 10, 2008 with an initial 500 applications available.[24] This quickly grew to 3,000 in September 2008,[25] 15,000 in January 2009,[26] 50,000 in June 2009,[27] 100,000 in November 2009,[28][29] 250,000 in August 2010,[30][31] 650,000 in July 2012,[32] 1 million in October 2013,[33][34] 2 million in June 2016,[35][36][37] and 2.2 million in January 2017.[38][39] As of March 2016, 1 million apps are natively compatible with the iPad[image: External link] tablet computer.[40] These apps have collectively been downloaded more than 130 billion times.[35] App intelligence firm Sensor Tower has estimated that the App Store will reach 5 million apps by the year 2020.[41]

On September 5, 2007, Apple released the iPod Touch, which had most of the non-phone capabilities of the iPhone. Apple also sold more than one million iPhones during the 2007 holiday season.[42] On January 27, 2010, Apple announced the iPad[image: External link], featuring a larger screen than the iPhone and iPod Touch, and designed for web browsing, media consumption, and reading.[43]

In June 2010, Apple rebranded iPhone OS as "iOS". The trademark "IOS" had been used by Cisco[image: External link] for over a decade for its operating system, IOS[image: External link], used on its routers. To avoid any potential lawsuit, Apple licensed the "IOS" trademark from Cisco.[44]

In October 2016, Apple opened its first iOS Developer Academy in Naples[image: External link] inside University of Naples Federico II[image: External link]'s new campus.[45][46]
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 Software updates




Main article: iOS version history[image: External link]


See also: iPhone OS 1[image: External link], iPhone OS 2[image: External link], iPhone OS 3[image: External link], iOS 4[image: External link], iOS 5[image: External link], iOS 6[image: External link], iOS 7[image: External link], iOS 8[image: External link], iOS 9[image: External link], iOS 10[image: External link], and iOS 11[image: External link]


Apple provides major updates to the iOS operating system annually via iTunes[image: External link] and also, for iOS 5 and later, over the air[image: External link]. The latest version is iOS 10[image: External link], released on September 13, 2016.[47] It is available for iPhone 5[image: External link] and later, fourth-generation iPad[image: External link], first- and second-generation iPad Air[image: External link], iPad Pro[image: External link], iPad Mini 2[image: External link] and later, and sixth-generation iPod Touch[image: External link].[48]

On June 5, 2017, Apple announced iOS 10's successor, iOS 11[image: External link], set for consumer release in late 2017.[49]

Before the iOS 4 release in 2010, iPod Touch users had to pay for system software updates. Apple claimed that this was the case because the iPod Touch was not a 'subscription device' like the iPhone (i.e., it was a one-off purchase).[50] Apple said it had 'found a way' to deliver software updates for free to iPod Touch users at WWDC 2010 when iOS 4 was unveiled.[51]
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Charts in this section provide breakdowns of iOS versions, based on devices accessing the App Store[image: External link] as of June 5, 2017.[52]



	Version
	Release date
	Distribution (as of June 2017)
	Devices shipped with version



	iOS 10[image: External link]
	September 13, 2016
	86%
	iPhone 7[image: External link], iPhone 7 Plus[image: External link], iPad (7th generation)[image: External link], iPad Pro (2nd generation[image: External link][53]



	iOS 9[image: External link]
	September 16, 2015
	11%
	iPhone 6S[image: External link], iPhone 6S Plus[image: External link], iPhone SE[image: External link], iPad Pro (1st generation[image: External link], iPad Mini 4[image: External link]



	iOS 8[image: External link] and earlier
	N/A
	3%
	N/A
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 Features
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 Home screen




Main article: SpringBoard[image: External link]


The home screen, rendered by SpringBoard[image: External link], displays application[image: External link] icons and a dock at the bottom where users can pin their most frequently used apps. The home screen appears whenever the user unlocks the device or presses the physical "Home" button whilst in another app.[54] Before iOS 4 on the iPhone 3GS (or later), the screen's background could be customized only through jailbreaking[image: External link], but can now be changed out-of-the-box. The screen has a status bar across the top to display data, such as time, battery level, and signal strength. The rest of the screen is devoted to the current application. When a passcode is set and a user switches on the device, the passcode must be entered at the Lock Screen before access to the Home screen is granted.[55]

In iPhone OS 3, Spotlight[image: External link] was introduced, allowing users to search media, apps, emails, contacts, messages, reminders, calendar events, and similar content. In iOS 7 and later, Spotlight is accessed by pulling down anywhere on the home screen (except for the top and bottom edges that open Notification Center and Control Center).[56][57] In iOS 9, there are two ways to access Spotlight. As with iOS 7 and 8, pulling down on any homescreen will show Spotlight. However, it can also be accessed as it was in iOS 3 – 6. This gives a Spotlight endowed with Siri suggestions, which include app suggestions, contact suggestions and news.[58] In iOS 10, Spotlight is at the top of the now-dedicated "Today" panel.[59]

Since iOS 3.2, users are able to set a background image for the Home screen. This feature is only available on third-generation devices or newer – iPhone 3GS[image: External link]+, iPod Touch[image: External link] 3rd generation+ (iOS 4.0+), and all iPad models (iOS 3.2+).

Researchers found that users organize icons on their homescreens based on usage-frequency and relatedness of the applications, as well as for reasons of usability and aesthetics.[60]
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 System font




iOS originally used Helvetica[image: External link] as the system font. With the release of the iPhone 4[image: External link] and iOS 4[image: External link], iOS switched to Helvetica Neue[image: External link] with Retina Displays[image: External link], but retained Helvetica as the system font for older devices.[61] iOS 7[image: External link] provided the ability to scale text or switch to Neue Bold as the default system font, as accessibility options. iOS 9[image: External link] changed the font to San Francisco[image: External link], a Apple-designed font for maximum legibility on computer and mobile displays, originally introduced as the system font for the Apple Watch[image: External link].[62]
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 Folders




iOS 4 introduced folders, which were created when two applications are in "jiggle mode"(with the exception of Newsstand[image: External link] in iOS 5[image: External link]- 6[image: External link][63]) are dragged together to create it, and from then on, more can be added using the same procedure. It can be up to 12 on iPhone 4S and earlier and iPod Touch, 16 on iPhone 5, and 20 on iPad. A title for the folder is automatically selected by the category of applications inside, but the name can also be edited by the user. When apps inside folders receive badges, the numbers shown by the badges is added up and shown on the folder. Folders cannot be put into other folders, though an unofficial workaround exists that enables folders to be nested within folders.[64] iOS 7 updated the folders with pages like on the SpringBoard. Each page can hold nine apps, and the Newsstand app is now able to be placed into a folder.
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 Notification Center




Main article: Notification Center[image: External link]


Before iOS 5, notifications were delivered in a modal window[image: External link] and couldn't be viewed after being dismissed. In iOS 5, Apple introduced Notification Center[image: External link], which allows users to view a history of notifications. The user can tap a notification to open its corresponding app, or clear it.[65] Notifications are now delivered in banners that appear briefly at the top of the screen. If a user taps a received notification, the application that sent the notification will be opened. Users can also choose to view notifications in modal alert windows by adjusting the application's notification settings. Introduced with iOS 8, widgets are now accessible through the Notification Center, defined by 3rd parties.

When an app sends a notification while closed, a red badge appears on its icon. This badge tells the user, at a glance, how many notifications that app has sent. Opening the app clears the badge.
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 Accessibility




iOS offers various accessibility features to help users with vision and hearing disabilities. One major feature, VoiceOver[image: External link], provides a voice reading information on the screen, including contextual buttons, icons, links and other user interface[image: External link] elements, and allows the user to navigate the operating system through gestures. Any apps with default controls and developed with a UIKit framework[image: External link] gets VoiceOver functionality built in.[66] One example includes holding up the iPhone to take a photo, with VoiceOver describing the photo scenery.[67] As part of a "Made for iPhone" program, introduced with the release of iOS 7[image: External link] in 2013, Apple has developed technology to use Bluetooth[image: External link] and a special technology protocol to let compatible third-party equipment connect with iPhones and iPads for streaming audio directly to a user's ears. Additional customization available for Made for iPhone products include battery tracking and adjustable sound settings for different environments.[68][69] Apple made further efforts for accessibility for the release of iOS 10[image: External link] in 2016, adding a new pronunciation editor to VoiceOver, adding a Magnifier setting to enlarge objects through the device's camera, software TTY[image: External link] support for deaf people to make phone calls from the iPhone, and giving tutorials and guidelines for third-party developers to incorporate proper accessibility functions into their apps.[70]

In 2012, Liat Kornowski from The Atlantic[image: External link] wrote that "the iPhone has turned out to be one of the most revolutionary developments since the invention of Braille[image: External link]",[71] and in 2016, Steven Aquino of TechCrunch[image: External link] described Apple as "leading the way in assistive technology", with Sarah Herrlinger, Senior Manager for Global Accessibility Policy and Initiatives at Apple, stating that "We see accessibility as a basic human right. Building into the core of our products supports a vision of an inclusive world where opportunity and access to information are barrier-free, empowering individuals with disabilities to achieve their goals".[72]
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 Multitasking




Multitasking[image: External link] for iOS was first released in June 2010 along with the release of iOS 4[image: External link].[73][74] Only certain devices—iPhone 4[image: External link], iPhone 3GS[image: External link], and iPod Touch[image: External link] 3rd generation—were able to multitask.[75] The iPad[image: External link] did not get multitasking until iOS 4.2.1 in November.[76] Currently, multitasking is supported on iPhone 3GS+, iPod Touch 3rd generation+, and all iPad models.[77]

Implementation of multitasking in iOS has been criticized for its approach, which limits the work that applications in the background can perform to a limited function set and requires application developers to add explicit support for it.[75][78]

Before iOS 4, multitasking was limited to a selection of the applications Apple included on the device. Users could, however "jailbreak" their device in order to unofficially multitask.[79] Starting with iOS 4, on third-generation and newer iOS devices, multitasking is supported through seven background APIs[image: External link]:[80]


	Background audio – application continues to run in the background as long as it is playing audio or video content[81]


	Voice over IP – application is suspended when a phone call is not in progress[81]


	Background location – application is notified of location changes[81]


	Push notifications[image: External link]

	Local notifications – application schedules local notifications to be delivered at a predetermined time[81]


	Task completion – application asks the system for extra time to complete a given task[81]


	Fast app switching – application does not execute any code and may be removed from memory at any time[81]




In iOS 5, three new background APIs were introduced:


	Newsstand – application can download content in the background to be ready for the user[81]


	External Accessory – application communicates with an external accessory and shares data at regular intervals[81]


	Bluetooth Accessory – application communicates with a bluetooth accessory and shares data at regular intervals[81]




In iOS 7, Apple introduced a new multitasking feature, providing all apps with the ability to perform background updates. This feature prefers to update the user's most frequently used apps and prefers to use WiFi networks over a cellular network, without markedly reducing the device's battery life.
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 Switching applications




In iOS 4.0 to iOS 6.x, double-clicking the home button activates the application switcher. A scrollable dock-like interface appears from the bottom, moving the contents of the screen up. Choosing an icon switches to an application. To the far left are icons which function as music controls, a rotation lock, and on iOS 4.2 and above, a volume controller.

With the introduction of iOS 7, double clicking the home button also activates the application switcher. However, unlike previous versions it displays screenshots of open applications on top of the icon and horizontal scrolling allows for browsing through previous apps, and it is possible to close applications by dragging them up, similar to how WebOS[image: External link] handled multiple cards.[82]

With the introduction of iOS 9, the application switcher received a significant visual change; whilst still retaining the card metaphor introduced in iOS 7, the application icon is smaller, and appears above the screenshot (which is now larger, due to the removal of "Recent and Favorite Contacts"), and each application "card" overlaps the other, forming a rolodex[image: External link] effect as the user scrolls. Now, instead of the home screen appearing at the leftmost of the application switcher, it appears rightmost.[83]
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 Ending tasks




In iOS 4.0 to iOS 6.x, briefly holding the icons in the application switcher makes them "jiggle" (similarly to the homescreen) and allows the user to force quit the applications by tapping the red minus circle that appears at the corner of the app's icon.[84] Clearing applications from multitasking stayed the same from iOS 4.0 through 6.1.6, the last version of iOS 6.

As of iOS 7, the process has become faster and easier. In iOS 7, instead of holding the icons to close them, they are closed by simply swiping them upwards off the screen. Up to three apps can be cleared at a time compared to one in versions up to iOS 6.1.6.[85]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Task completion




Task completion allows apps to continue a certain task after the app has been suspended.[86][87] As of iOS 4.0, apps can request up to ten minutes to complete a task in the background.[88] This doesn't extend to background up- and downloads though (e.g. if you start a download in one application, it won't finish if you switch away from the application).
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 Siri




Main article: Siri (software)[image: External link]


Siri is a personal assistant and knowledge navigator which works as an application on supported devices. The service, directed by the user's spoken commands, can do a variety of different tasks, such as call or text someone, open an app, search the web, lookup sports information, find directions or locations, and answer general knowledge questions (e.g. "How many cups are in a gallon?").[89] Siri was updated in iOS 7 with a new interface, faster answers, Wikipedia, Twitter, and Bing support and the voice was changed to sound more human. Siri is currently only available on the iPhone 4S[image: External link] and later iPhones, the fifth[image: External link] and sixth[image: External link] generation iPod Touch[image: External link], all of the models of the iPad Mini[image: External link], and the third-generation[image: External link] and later iPads.
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 Game Center




Main article: Game Center[image: External link]


Game Center is an online[image: External link] multiplayer[image: External link] "social gaming network"[90] released by Apple.[91] It allows users to "invite friends to play a game, start a multiplayer game through matchmaking, track their achievements[image: External link], and compare their high scores on a leaderboard[image: External link]." iOS 5 and above adds support for profile photos.[90]

Game Center was announced during an iOS 4 preview event hosted by Apple on April 8, 2010. A preview was released to registered Apple developers in August.[90] It was released on September 8, 2010 with iOS 4.1 on iPhone 4[image: External link], iPhone 3GS, and iPod Touch 2nd generation through 4th generation.[92] Game Center made its public debut on the iPad with iOS 4.2.1.[93] There is no support for the iPhone 3G[image: External link], original iPhone[image: External link] and the first-generation iPod Touch[image: External link] (the latter two devices did not have Game Center because they did not get iOS 4). However, Game Center is unofficially available on the iPhone 3G via a hack.[94]
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 Hardware




The main hardware platform for iOS is the ARM architecture[image: External link]. iOS releases up till iOS 6[image: External link] can only be run on iOS devices with 32-bit[image: External link] ARM processors ( ARMv6[image: External link] and ARMv7-A[image: External link] architectures). In 2013, iOS 7[image: External link] was released with full 64-bit[image: External link] support (which includes native 64-bit kernel, libraries, drivers as well as all built-in applications),[95] after Apple announced that they were switching to 64-bit ARMv8-A[image: External link] processors with the introduction of the Apple A7[image: External link] chip.[96] 64-bit support was also enforced for all apps in the App Store[image: External link]; All new apps submitted to the App Store with a deadline of February 2015, and all app updates submitted to the App Store with a deadline of June 1, 2015.[97] Apple is set to release iOS 11[image: External link] in late 2017, which drops support for all iOS devices with 32-bit ARM processors as well as 32-bit applications,[98][99] making iOS 64-bit only.[100]
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 Development




Authorized third-party native applications[image: External link] are available through Apple's App Store[image: External link] for devices running iPhone OS 2.0 and higher. Native apps must be written in Swift[image: External link] or Objective-C[image: External link] (with some elements optionally in C[image: External link] or C++[image: External link]) and compiled specifically for iOS and the 64-bit[image: External link] ARM architecture or previous 32-bit[image: External link] one (typically using Xcode[image: External link]). Third-party attempts[image: External link] have been made to allow apps written with Java[image: External link], .NET[image: External link], and Adobe Flash[image: External link] to run on iOS devices, but due to Apple restrictions these are generally not available in the iOS App Store.

The Safari[image: External link] web browser[image: External link] supports web applications[image: External link] as with other web browsers. Hybrid apps[image: External link] embed a mobile web site inside a native app, possibly using a hybrid framework like Apache Cordova[image: External link] or React Native[image: External link].

iOS shares some frameworks with Apple's desktop operating system macOS, such as Core Foundation[image: External link] and Foundation Kit[image: External link]; however, its UI toolkit is Cocoa Touch[image: External link] rather than macOS' Cocoa[image: External link], providing the UIKit rather than the AppKit[image: External link] framework, preventing source compatibility[image: External link] with desktop applications. Also, Unix-like[image: External link] shell access[image: External link] is strictly apps-only, preventing it from being fully Unix despite its Darwin[image: External link] foundation from macOS itself.
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 SDK




Main article: iOS SDK[image: External link]


On October 17, 2007, in an open letter posted to Apple's "Hot News" weblog, Steve Jobs announced that a software development kit[image: External link] (SDK) would be made available to third-party developers in February 2008.[101] The SDK was released on March 6, 2008, and allows developers to make applications for the iPhone and iPod Touch, as well as test them in an "iPhone simulator". However, loading an application onto the devices is only possible after paying an iPhone Developer Program fee.

The fees to join the respective developer programs for iOS and macOS were each set at US$99.00 per year. As of July 20, 2011, Apple released Xcode[image: External link] on its Mac App Store free to download for all Mac OS X Lion[image: External link] users, instead of as a standalone download. Users can create and develop iOS and macOS applications using a free copy of Xcode; however, they cannot test their applications on a physical iOS device, or publish them to the App store, without first paying the yearly $99.00 iPhone Developer or Mac Developer Program fee.[102]

Since the release of Xcode[image: External link] 3.1, Xcode is the development environment for the iOS SDK.

Developers are able to set any price above a set minimum for their applications to be distributed through the App Store[image: External link], keeping 70% for the developer, and leaving 30% for Apple. Alternatively, they may opt to release the application for free and need not pay any costs to release or distribute the application except for the membership fee.[103]
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 Market share




Main article: Usage share of operating systems[image: External link]


iOS is the second most popular mobile operating system in the world, after Android. Sales of iPads in recent years are also behind Android, while, by web use (a proxy for all use), iPads (using iOS) are still most popular.[104]

By the middle of 2012, there were 410 million devices activated.[105] At WWDC[image: External link] 2014, Tim Cook[image: External link] said 800 million devices had been sold by June 2014.[106]

During Apple's quarterly earnings call in January 27, 2015, Apple announced that they have now sold one billion iOS devices since 2007[107] (a little less than Android sold in 2014 only).[108]

By late 2011, iOS accounted for 60% of the market share for smartphones and tablets.[109] By the end of 2014, iOS accounted for 14.8% of the smartphone market[110] and 27.6% of the tablet and two-in-one market.[111] In February 2015, StatCounter[image: External link] reported iOS was used on 23.18% of smartphones and 66.25% of tablets worldwide, measured by internet usage instead of sales.[112]

In the third quarter of 2015, research from Strategy Analytics showed that iOS adoption of the worldwide smartphone market was at a record-low 12.1%, attributed to lackluster performance in China and Africa. Android accounted for 87.5% of the market, with Windows Phone and BlackBerry accounting for the rest.[113][114]
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 Jailbreaking




Main article: iOS jailbreaking[image: External link]


Since its initial release, iOS has been subject to a variety of different hacks centered around adding functionality not allowed by Apple.[115] Prior to the 2008 debut of Apple's native iOS App Store[image: External link], the primary motive for jailbreaking was to bypass Apple's purchase mechanism for installing the App Store's native applications.[116] Apple claimed that it will not release iOS software updates designed specifically to break these tools (other than applications that perform SIM unlocking[image: External link]); however, with each subsequent iOS update, previously un-patched jailbreak exploits are usually patched.[117]

Since the arrival of Apple's native iOS App Store, and—along with it—third-party applications, the general motives for jailbreaking have changed.[118] People jailbreak for many different reasons, including gaining filesystem access, installing custom device themes, and modifying SpringBoard. An additional motivation is that it may enable the installation of pirated apps. On some devices, jailbreaking also makes it possible to install alternative operating systems, such as Android and the Linux kernel. Primarily, users jailbreak their devices because of the limitations of iOS. Depending on the method used, the effects of jailbreaking may be permanent or temporary.[119]

In 2010, the Electronic Frontier Foundation[image: External link] (EFF) successfully convinced the U.S. Copyright Office to allow an exemption to the general prohibition on circumvention of copyright protection systems under the Digital Millennium Copyright Act[image: External link] (DMCA). The exemption allows jailbreaking of iPhones for the sole purpose of allowing legally obtained applications to be added to the iPhone.[120] The exemption does not affect the contractual relations between Apple and an iPhone owner, for example, jailbreaking voiding the iPhone warranty; however, it is solely based on Apple's discretion on whether they will fix jailbroken devices in the event that they need to be repaired. At the same time, the Copyright Office exempted unlocking an iPhone from DMCA's anticircumvention prohibitions.[121] Unlocking an iPhone allows the iPhone to be used with any wireless carrier using the same GSM or CDMA technology for which the particular phone model was designed to operate.[122]
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 Unlocking




Main article: SIM lock[image: External link]


Initially most wireless carriers in the US did not allow iPhone owners to unlock it for use with other carriers. However AT&T allowed iPhone owners who have satisfied contract requirements to unlock their iPhone.[123] Instructions to unlock the device are available from Apple,[124] but it is ultimately the sole discretion of the carrier to authorize the device to be unlocked.[125] This allows the use of a carrier-sourced iPhone on other networks. However, because T-Mobile primarily uses a different band than AT&T for its 3G, the iPhone will only work at 3G speeds on the T-Mobile 1900 MHz network.[126] There are programs to break these restrictions, but are not supported by Apple and most often not a permanent unlock - a soft-unlock.[127]
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 Digital rights management




The closed and proprietary nature of iOS has garnered criticism, particularly by digital rights[image: External link] advocates such as the Electronic Frontier Foundation[image: External link], computer engineer and activist Brewster Kahle[image: External link], Internet-law specialist Jonathan Zittrain[image: External link], and the Free Software Foundation[image: External link] who protested the iPad's introductory event and have targeted the iPad with their "Defective by Design[image: External link]" campaign.[128][129][130][131] Competitor Microsoft[image: External link], via a PR spokesman, criticized Apple's control over its platform.[132]

At issue are restrictions imposed by the design of iOS, namely digital rights management[image: External link] (DRM) intended to lock purchased media to Apple's platform, the development model (requiring a yearly subscription to distribute apps developed for the iOS), the centralized approval process for apps, as well as Apple's general control and lockdown of the platform itself. Particularly at issue is the ability for Apple to remotely disable or delete apps at will.

Some in the tech community have expressed concern that the locked-down iOS represents a growing trend in Apple's approach to computing, particularly Apple's shift away from machines that hobbyists can "tinker with" and note the potential for such restrictions to stifle software innovation.[133][134] Former Facebook[image: External link] developer Joe Hewitt[image: External link] protested against Apple's control over its hardware as a "horrible precedent" but praised iOS's sandboxing[image: External link] of apps.[135]
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 Kernel




The iOS kernel is the XNU[image: External link] kernel of Darwin[image: External link]. The original iPhone OS (1.0) up to iPhone OS 3.1.3 used Darwin 9.0.0d1. iOS 4 was based on Darwin 10. iOS 5 was based on Darwin 11. iOS 6 was based on Darwin 13. iOS 7 and iOS 8 are based on Darwin 14. iOS 9 is based on Darwin 15. iOS 10 is based on Darwin 16.[136]
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 Security




iOS utilizes many security features in both hardware and software. Below are summaries of the most prominent features.
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 Secure Boot




Before fully booting into iOS, there is low-level code that runs from the Boot ROM[image: External link]. Its task is to verify that the Low-Level Bootloader[image: External link] is signed by the Apple Root[image: External link] CA[image: External link] public key[image: External link] before running it. This process is to ensure that no malicious or otherwise unauthorized software can be run on an iOS device. After the Low-Level Bootloader finishes its tasks, it runs the higher level bootloader, known as iBoot[image: External link]. If all goes well, iBoot will then proceed to load the iOS kernel as well as the rest of the operating system.[137]
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 Secure Enclave




The Secure Enclave is a coprocessor[image: External link] found in iOS devices that contain Touch ID[image: External link]. It has its own secure boot process to ensure that it is completely secure. A hardware random number generator[image: External link] is also included as a part of this coprocessor. Each device's Secure Enclave has a unique ID that is given to it when it is made and cannot be changed. This identifier is used to create a temporary key that encrypts[image: External link] the memory[image: External link] in this portion of the system. The Secure Enclave also contains an anti-replay counter to prevent brute force attacks[image: External link].[137]
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 Passcode




iOS devices can have a passcode that is used to unlock the device, make changes to system settings, and encrypt the device's contents. Until recently, these were typically four numerical digits long. However, since unlocking the devices with a fingerprint by using Touch ID has become more widespread, six-digit passcodes are now the default on iOS with the option to switch back to four or use an alphanumeric passcode.[137]
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 Touch ID




Main article: Touch ID[image: External link]


Touch ID is a fingerprint scanner that is embedded in the home button and can be used to unlock the device, make purchases, and log into applications among other functions. When used, Touch ID only temporarily stores the fingerprint data in encrypted memory in the Secure Enclave, as described above. There is no way for the device's main processor[image: External link] or any other part of the system to access the raw fingerprint data that is obtained from the Touch ID sensor.[137]
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 Address Space Layout Randomization




Main article: Address Space Layout Randomization[image: External link]


Address Space Layout Randomization (ASLR) is a low-level technique of preventing memory corruption[image: External link] attacks such as buffer overflows[image: External link]. It involves placing data in randomly selected locations in memory in order to make it harder to predict ways to corrupt the system and create exploits. ASLR makes app bugs more likely to crash the app than to silently overwrite memory, regardless of whether the behavior is accidental or malicious.[138]
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 Non-Executable Memory




iOS utilizes the ARM architecture's[image: External link] Execute Never (XN) feature. This allows some portions of the memory to be marked as non-executable, working alongside ASLR to prevent buffer overflow attacks including return-to-libc attacks[image: External link].[137]
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 Encryption




As mentioned above, one use of encryption in iOS is in the memory of the Secure Enclave. When a passcode is utilized on an iOS device, the contents of the device are encrypted. This is done by using a hardware AES[image: External link] 256 implementation that is very efficient because it is placed directly between the flash storage[image: External link] and RAM.[137]
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 Keychain




The iOS keychain is a database[image: External link] of login information that can be shared across apps written by the same person or organization.[137] This service is often used for storing passwords for web applications.[139]
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 App Security




Third-party applications such as those distributed through the App Store must be code signed with an Apple-issued certificate[image: External link]. This continues the chain of trust[image: External link] all the way from the Secure Boot process as mentioned above to the actions of the applications installed on the device by users. Applications are also sandboxed[image: External link], meaning that they can only modify the data within their individual home directory[image: External link] unless explicitly given permission to do otherwise. For example, they cannot access data that is owned by other user-installed applications on the device. There is a very extensive set of privacy controls contained within iOS with options to control apps' ability to access a wide variety of permissions such as the camera, contacts, background app refresh, cellular data, and access to other data and services. Most of the code in iOS, including third-party applications, run as the "mobile" user which does not have root privileges[image: External link]. This ensures that system files and other iOS system resources remain hidden and inaccessible to user-installed applications.[137]
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 Network Security




iOS supports TLS[image: External link] with both low- and high-level APIs[image: External link] for developers. By default, the App Transport Security framework requires that servers use at least TLS 1.2. However, developers are free to override this framework and utilize their own methods of communicating over networks. When Wi-Fi is enabled, iOS uses a randomized MAC address[image: External link] so that devices cannot be tracked by anyone sniffing[image: External link] wireless traffic.[137]
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 Two-Factor Authentication




Main article: Multi-factor authentication[image: External link]


Two-factor authentication is an option in iOS to ensure that even if an unauthorized person knows an Apple ID[image: External link] and password combination, they cannot gain access to the account. It works by requiring not only the Apple ID and password, but also a verification code that is sent to a device that is already known to be trusted.[137] If an unauthorized user attempts to sign in using another user's Apple ID, the owner of the Apple ID receives a notification that allows them to deny access to the unrecognized device.[140]
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 Devices




Main article: List of iOS devices[image: External link]




Sources: Apple[image: External link] press release library,[141] Mactracker[image: External link] Apple Inc. model database[142]
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Linux






This article is about the operating system. For the kernel, see Linux kernel[image: External link]. For other uses, see Linux (disambiguation)[image: External link].

Linux (pronounced i[image: External link]/'lIneks /[image: External link] LIN -əks[image: External link][9][10] or, less frequently, /'laIneks /[image: External link] LYN -əks[image: External link][10][11]) is a Unix-like[image: External link] computer operating system[image: External link] assembled under the model of free and open-source software[image: External link] development and distribution. The defining component of Linux is the Linux kernel[image: External link],[12] an operating system kernel[image: External link] first released on September 17, 1991 by Linus Torvalds[image: External link].[13][14][15] The Free Software Foundation[image: External link] uses the name GNU[image: External link]/Linux to describe the operating system, which has led to some controversy[image: External link].[16][17]

Linux was originally developed for personal computers based on the Intel x86[image: External link] architecture, but has since been ported[image: External link] to more platforms[image: External link] than any other operating system.[18] Because of the dominance of Android on smartphones[image: External link], Linux has the largest[image: External link] installed base[image: External link] of all general-purpose operating systems[image: External link].[19] Linux is also the leading operating system on servers and other big iron[image: External link] systems such as mainframe computers[image: External link], and is used on 99.6% of the TOP500[image: External link] supercomputers[image: External link].[20][21] It is used by around 2.3% of desktop computers[image: External link].[22][23] The Chromebook[image: External link], which runs the Linux kernel-based Chrome OS[image: External link], dominates the US K–12[image: External link] education market and represents nearly 20% of the sub-$300 notebook[image: External link] sales in the US.[24] Linux also runs on embedded systems[image: External link] – devices whose operating system[image: External link] is typically built into the firmware[image: External link] and is highly tailored to the system. This includes TiVo[image: External link] and similar DVR[image: External link] devices, network routers[image: External link], facility automation controls, televisions,[25][26] video game consoles[image: External link] and smartwatches[image: External link].[27] Many smartphones and tablet computers[image: External link] run Android and other Linux derivatives.[28]

The development of Linux is one of the most prominent examples of free and open-source software[image: External link] collaboration. The underlying source code[image: External link] may be used, modified and distributed‍—‌commercially or non-commercially‍—‌by anyone under the terms of its respective licenses, such as the GNU General Public License[image: External link]. Typically, Linux is packaged[image: External link] in a form known as a Linux distribution[image: External link] (or distro for short) for both desktop and server use. Some of the most popular mainstream Linux distributions[29][30][31] are Arch Linux[image: External link], CentOS[image: External link], Debian[image: External link], Fedora[image: External link], Gentoo Linux[image: External link], Linux Mint[image: External link], Mageia[image: External link], openSUSE[image: External link] and Ubuntu[image: External link], together with commercial distributions such as Red Hat Enterprise Linux[image: External link] and SUSE Linux Enterprise Server[image: External link]. Distributions include the Linux kernel, supporting utilities[image: External link] and libraries[image: External link], many of which are provided by the GNU Project[image: External link], and usually a large amount of application software to fulfil the distribution's intended use.

Desktop Linux distributions include a windowing system, such as X11[image: External link], Mir[image: External link] or a Wayland[image: External link] implementation, and an accompanying desktop environment[image: External link] such as GNOME[image: External link] or the KDE Software Compilation[image: External link]; some distributions may also include a less resource-intensive desktop, such as LXDE[image: External link] or Xfce[image: External link]. Distributions intended to run on servers may omit all graphical environments from the standard install, and instead include other software to set up and operate a solution stack[image: External link] such as LAMP[image: External link]. Because Linux is freely redistributable, anyone may create a distribution for any intended use.
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 History




Main article: History of Linux[image: External link]
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 Antecedents




The Unix[image: External link] operating system was conceived and implemented in 1969 at AT&T[image: External link]'s Bell Laboratories[image: External link] in the United States by Ken Thompson[image: External link], Dennis Ritchie[image: External link], Douglas McIlroy[image: External link], and Joe Ossanna[image: External link].[32] First released in 1971, Unix was written entirely in assembly language[image: External link], as was common practice at the time. Later, in a key pioneering approach in 1973, it was rewritten in the C[image: External link] programming language by Dennis Ritchie[image: External link] (with the exception of some hardware and I/O routines). The availability of a high-level language[image: External link] implementation of Unix made its porting[image: External link] to different computer platforms easier.

Due to an earlier antitrust case[image: External link] forbidding it from entering the computer business, AT&T was required to license the operating system's source code to anyone who asked.[33] As a result, Unix grew quickly and became widely adopted by academic institutions and businesses. In 1984, AT&T divested itself of Bell Labs; freed of the legal obligation requiring free licensing, Bell Labs began selling Unix as a proprietary[image: External link] product.

The GNU Project[image: External link], started in 1983 by Richard Stallman[image: External link], has the goal of creating a "complete Unix-compatible software system" composed entirely of free software[image: External link]. Work began in 1984.[34] Later, in 1985, Stallman started the Free Software Foundation[image: External link] and wrote the GNU General Public License[image: External link] (GNU GPL) in 1989. By the early 1990s, many of the programs required in an operating system (such as libraries, compilers[image: External link], text editors[image: External link], a Unix shell[image: External link], and a windowing system[image: External link]) were completed, although low-level elements such as device drivers[image: External link], daemons[image: External link], and the kernel[image: External link] were stalled and incomplete.[35][not in citation given[image: External link]]

Linus Torvalds has stated that if the GNU kernel[image: External link] had been available at the time (1991), he would not have decided to write his own.[36]

Although not released until 1992 due to legal complications[image: External link], development of 386BSD[image: External link], from which NetBSD[image: External link], OpenBSD[image: External link] and FreeBSD[image: External link] descended, predated that of Linux. Torvalds has also stated that if 386BSD had been available at the time, he probably would not have created Linux.[37]

MINIX[image: External link] was created by Andrew S. Tanenbaum[image: External link], a computer science[image: External link] professor, and released in 1987 as a minimal Unix-like[image: External link] operating system targeted at students and others who wanted to learn the operating system principles. Although the complete source code of MINIX was freely available, the licensing terms prevented it from being free software[image: External link] until the licensing changed in April 2000.[38]
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 Creation




In 1991, while attending the University of Helsinki[image: External link], Torvalds became curious about operating systems[39] and frustrated by the licensing of MINIX, which at the time limited it to educational use only.[38] He began to work on his own operating system kernel, which eventually became the Linux kernel[image: External link].

Torvalds began the development of the Linux kernel on MINIX and applications written for MINIX were also used on Linux. Later, Linux matured and further Linux kernel development took place on Linux systems.[40] GNU applications also replaced all MINIX components, because it was advantageous to use the freely available code from the GNU Project with the fledgling operating system; code licensed under the GNU GPL can be reused in other computer programs as long as they also are released under the same or a compatible license. Torvalds initiated a switch from his original license, which prohibited commercial redistribution, to the GNU GPL.[41] Developers worked to integrate GNU components with the Linux kernel, making a fully functional and free operating system.[35]
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 Naming




Linus Torvalds had wanted to call his invention "Freax", a portmanteau[image: External link] of "free", "freak", and "x" (as an allusion to Unix). During the start of his work on the system, some of the project's makefiles[image: External link] included the name "Freax" for about half a year. Torvalds had already considered the name "Linux", but initially dismissed it as too egotistical.[42]

In order to facilitate development, the files were uploaded to the FTP server[image: External link] (ftp.funet.fi) of FUNET[image: External link] in September 1991. Ari Lemmke[image: External link], Torvalds' coworker at the Helsinki University of Technology[image: External link] (HUT), who was one of the volunteer administrators for the FTP server at the time, did not think that "Freax" was a good name. So, he named the project "Linux" on the server without consulting Torvalds.[42] Later, however, Torvalds consented to "Linux".

To demonstrate how the word "Linux" should be pronounced ( i[image: External link]/'lIneks /[image: External link] LIN -əks[image: External link][9][10]), Torvalds included an audio guide (  listen[image: External link] ( help[image: External link]· info[image: External link])) with the kernel source code.[43] Another variant of pronunciation is /'laIneks /[image: External link] LYN -əks[image: External link].[10][11]
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 Commercial and popular uptake




Main article: Linux adoption[image: External link]


Adoption of Linux in production environments, rather than being used only by hobbyists, started to take off first in the mid-1990s in the supercomputing community, where organizations such as NASA[image: External link] started to replace their increasingly expensive machines with clusters[image: External link] of inexpensive commodity computers running Linux. Commercial use followed when Dell[image: External link] and IBM[image: External link], followed by Hewlett-Packard[image: External link], started offering Linux support to escape Microsoft[image: External link]'s monopoly in the desktop operating system market.[44]

Today, Linux systems are used throughout computing, from embedded systems[image: External link] to supercomputers[image: External link],[21][45] and have secured a place in server installations such as the popular LAMP[image: External link] application stack.[46] Use of Linux distributions in home and enterprise desktops has been growing.[47][48][49][50][51][52][53] Linux distributions have also become popular in the netbook[image: External link] market, with many devices shipping with customized Linux distributions installed, and Google releasing their own Chrome OS[image: External link] designed for netbooks.

Linux's greatest success in the consumer market is perhaps the mobile device market, with Android being one of the most dominant operating systems on smartphones[image: External link] and very popular on tablets[image: External link] and, more recently, on wearables[image: External link]. Linux gaming is also on the rise with Valve[image: External link] showing its support for Linux and rolling out its own gaming oriented Linux distribution. Linux distributions have also gained popularity with various local and national governments, such as the federal government of Brazil[image: External link].[54]
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 Current development




Torvalds continues to direct the development of the kernel.[55] Stallman heads the Free Software Foundation,[56] which in turn supports the GNU components.[57] Finally, individuals and corporations develop third-party non-GNU components. These third-party components comprise a vast body of work and may include both kernel modules and user applications and libraries.

Linux vendors and communities combine and distribute the kernel, GNU components, and non-GNU components, with additional package management[image: External link] software in the form of Linux distributions[image: External link].
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 Design




A Linux-based system is a modular Unix-like[image: External link] operating system, deriving much of its basic design from principles established in Unix during the 1970s and 1980s. Such a system uses a monolithic kernel[image: External link], the Linux kernel[image: External link], which handles process control, networking, access to the peripherals[image: External link], and file systems[image: External link]. Device drivers[image: External link] are either integrated directly with the kernel, or added as modules that are loaded while the system is running.[58]

Separate projects that interface with the kernel provide much of the system's higher-level functionality. The GNU userland[image: External link] is an important part of most Linux-based systems, providing the most common implementation of the C library[image: External link], a popular CLI[image: External link] shell[image: External link], and many of the common Unix tools[image: External link] which carry out many basic operating system tasks. The graphical user interface[image: External link] (or GUI) used by most Linux systems is built on top of an implementation of the X Window System[image: External link].[59] More recently, the Linux community seeks to advance to Wayland[image: External link] as the new display server protocol in place of X11[image: External link]; Ubuntu, however, develops Mir[image: External link] instead of Wayland.[60]



	Various layers within Linux, also showing separation between the and



	User mode
	User applications
	For example, bash[image: External link], LibreOffice[image: External link], GIMP[image: External link], Blender[image: External link], 0 A.D.[image: External link], Mozilla Firefox[image: External link], etc.



	Low-level system components:
	System daemons[image: External link]:

systemd[image: External link], runit[image: External link], logind, networkd, soundd[image: External link], ...
	Windowing system[image: External link]:

X11[image: External link], Wayland[image: External link], Mir[image: External link], SurfaceFlinger[image: External link] (Android)
	Other libraries:

GTK+[image: External link], Qt[image: External link], EFL[image: External link], SDL[image: External link], SFML[image: External link], FLTK[image: External link], GNUstep[image: External link], etc.
	Graphics:

Mesa[image: External link], AMD Catalyst[image: External link], ...



	C standard library[image: External link]
	open(), exec(), sbrk(), socket(), fopen(), calloc(), ... (up to 2000 subroutines[image: External link])

glibc[image: External link] aims to be POSIX[image: External link]/ SUS[image: External link]-compatible, uClibc[image: External link] targets embedded systems, bionic[image: External link] written for Android, etc.



	Kernel mode
	Linux kernel[image: External link]
	stat[image: External link], splice[image: External link], dup[image: External link], read[image: External link], open[image: External link], ioctl[image: External link], write[image: External link], mmap[image: External link], close[image: External link], exit[image: External link], etc. (about 380 system calls)

The Linux kernel System Call Interface[image: External link] (SCI, aims to be POSIX[image: External link]/ SUS[image: External link]-compatible)



	Process scheduling[image: External link]

subsystem
	IPC

subsystem
	Memory management[image: External link]

subsystem
	Virtual files

subsystem
	Network

subsystem



	Other components: ALSA[image: External link], DRI[image: External link], evdev[image: External link], LVM[image: External link], device mapper[image: External link], Linux Network Scheduler[image: External link], Netfilter[image: External link]

Linux Security Modules[image: External link]: SELinux[image: External link], TOMOYO[image: External link], AppArmor[image: External link], Smack[image: External link]



	Hardware ( CPU[image: External link], main memory[image: External link], data storage devices[image: External link], etc.)




Installed components of a Linux system include the following:[59][61]


	A bootloader[image: External link], for example GNU GRUB[image: External link], LILO[image: External link], SYSLINUX[image: External link], or Gummiboot[image: External link]. This is a program that loads the Linux kernel into the computer's main memory[image: External link], by being executed by the computer when it is turned on and after the firmware[image: External link] initialization is performed.

	An init[image: External link] program, such as the traditional sysvinit[image: External link] and the newer systemd[image: External link], OpenRC[image: External link] and Upstart[image: External link]. This is the first process[image: External link] launched by the Linux kernel, and is at the root of the process tree: in other terms, all processes are launched through init. It starts processes such as system services and login prompts (whether graphical or in terminal mode).

	
Software libraries[image: External link], which contain code that can be used by running processes. On Linux systems using ELF[image: External link]-format executable files, the dynamic linker[image: External link] that manages use of dynamic libraries is known as ld-linux.so. If the system is set up for the user to compile software themselves, header files[image: External link] will also be included to describe the interface[image: External link] of installed libraries. Besides the most commonly used software library on Linux systems, the GNU C Library[image: External link] (glibc), there are numerous other libraries.

	
C standard library[image: External link] is the library needed to run standard C programs[image: External link] on a computer system, with the GNU C Library being the most commonly used. Several alternatives are available, such as the EGLIBC[image: External link] (which was used by Debian for some time) and uClibc[image: External link] (which was designed for uClinux[image: External link]).

	
Widget toolkits[image: External link] are the libraries used to build graphical user interfaces[image: External link] (GUIs) for software applications. Numerous widget toolkits are available, including GTK+[image: External link] and Clutter[image: External link] developed by the GNOME project[image: External link], Qt[image: External link] developed by the Qt Project[image: External link] and led by Digia[image: External link], and Enlightenment Foundation Libraries[image: External link] (EFL) developed primarily by the Enlightenment[image: External link] team.





	User interface programs such as command shells or windowing environments.
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 User interface




The user interface[image: External link], also known as the shell[image: External link], is either a command-line interface[image: External link] (CLI), a graphical user interface[image: External link] (GUI), or through controls attached to the associated hardware, which is common for embedded systems[image: External link]. For desktop systems, the default mode is usually a graphical user interface, although the CLI is available through terminal emulator[image: External link] windows or on a separate virtual console[image: External link].

CLI shells are text-based user interfaces, which use text for both input and output. The dominant shell used in Linux is the Bourne-Again Shell[image: External link] (bash), originally developed for the GNU project[image: External link]. Most low-level Linux components, including various parts of the userland[image: External link], use the CLI exclusively. The CLI is particularly suited for automation of repetitive or delayed tasks, and provides very simple inter-process communication[image: External link].

On desktop systems, the most popular user interfaces are the GUI shells[image: External link], packaged together with extensive desktop environments[image: External link], such as the K Desktop Environment (KDE)[image: External link], GNOME[image: External link], MATE[image: External link], Cinnamon[image: External link], Unity[image: External link], LXDE[image: External link], Pantheon[image: External link] and Xfce[image: External link], though a variety of additional user interfaces exist. Most popular user interfaces are based on the X Window System[image: External link], often simply called "X". It provides network transparency[image: External link] and permits a graphical application running on one system to be displayed on another where a user may interact with the application; however, certain extensions of the X Window System are not capable of working over the network.[62] Several X display servers exist, with the reference implementation, X.Org Server[image: External link], being the most popular.

Several types of window managers[image: External link] exist for X11, including tiling[image: External link], dynamic[image: External link], stacking[image: External link] and compositing[image: External link]. Window managers provide means to control the placement and appearance of individual application windows, and interact with the X Window System. Simpler X window managers[image: External link] such as dwm[image: External link] or ratpoison[image: External link] provide a minimalist[image: External link] functionality, while more elaborate window managers such as FVWM[image: External link], Enlightenment[image: External link] or Window Maker[image: External link] provide more features such as a built-in taskbar[image: External link] and themes[image: External link], but are still lightweight when compared to desktop environments. Desktop environments include window managers as part of their standard installations, such as Mutter[image: External link] (GNOME), KWin[image: External link] (KDE) or Xfwm[image: External link] (xfce), although users may choose to use a different window manager if preferred.

Wayland[image: External link] is a display server protocol intended as a replacement for the X11 protocol; as of 2014, it has not received wider adoption. Unlike X11, Wayland does not need an external window manager and compositing manager. Therefore, a Wayland compositor takes the role of the display server, window manager and compositing manager. Weston is the reference implementation of Wayland, while GNOME's Mutter and KDE's KWin are being ported to Wayland as standalone display servers. Enlightenment has already been successfully ported since version 19.
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 Video input infrastructure




Main article: Video4Linux[image: External link]


Linux currently has two modern kernel-userspace APIs for handing video input devices: V4L2[image: External link] API for video streams and radio, and DVB[image: External link] API for digital TV reception.[63]

Due to the complexity and diversity of different devices, and due to the large amount of formats and standards handled by those APIs, this infrastructure needs to evolve to better fit other devices. Also, a good userspace device library is the key of the success for having userspace applications to be able to work with all formats supported by those devices.[64][65]
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 Development




Main articles: Linux distribution[image: External link] and Free software[image: External link]


The primary difference between Linux and many other popular contemporary operating systems is that the Linux kernel[image: External link] and other components are free[image: External link] and open-source software[image: External link]. Linux is not the only such operating system, although it is by far the most widely used.[66] Some free[image: External link] and open-source[image: External link] software licenses are based on the principle of copyleft[image: External link], a kind of reciprocity: any work derived from a copyleft piece of software must also be copyleft itself. The most common free software license, the GNU General Public License[image: External link] (GPL), is a form of copyleft, and is used for the Linux kernel and many of the components from the GNU Project[image: External link].

Linux based distributions are intended by developers for interoperability[image: External link] with other operating systems and established computing standards. Linux systems adhere to POSIX[image: External link],[67] SUS[image: External link],[68] LSB[image: External link], ISO[image: External link], and ANSI[image: External link] standards where possible, although to date only one Linux distribution has been POSIX.1 certified, Linux-FT.[69][70]

Free software projects, although developed through collaboration[image: External link], are often produced independently of each other. The fact that the software licenses explicitly permit redistribution, however, provides a basis for larger scale projects that collect the software produced by stand-alone projects and make it available all at once in the form of a Linux distribution.

Many Linux distributions, or "distros", manage a remote collection of system software and application software packages available for download and installation through a network connection. This allows users to adapt the operating system to their specific needs. Distributions are maintained by individuals, loose-knit teams, volunteer organizations, and commercial entities. A distribution is responsible for the default configuration of the installed Linux kernel, general system security, and more generally integration of the different software packages into a coherent whole. Distributions typically use a package manager[image: External link] such as apt[image: External link], yum[image: External link], zypper[image: External link], pacman[image: External link] or portage[image: External link] to install, remove, and update all of a system's software from one central location.
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 Community




See also: Free software community[image: External link] and Linux User Group[image: External link]


A distribution is largely driven by its developer and user communities. Some vendors develop and fund their distributions on a volunteer basis, Debian[image: External link] being a well-known example. Others maintain a community version of their commercial distributions, as Red Hat[image: External link] does with Fedora[image: External link], and SUSE[image: External link] does with openSUSE[image: External link].

In many cities and regions, local associations known as Linux User Groups[image: External link] (LUGs) seek to promote their preferred distribution and by extension free software. They hold meetings and provide free demonstrations, training, technical support, and operating system installation to new users. Many Internet communities also provide support to Linux users and developers. Most distributions and free software / open-source projects have IRC[image: External link] chatrooms or newsgroups[image: External link]. Online forums[image: External link] are another means for support, with notable examples being LinuxQuestions.org[image: External link] and the various distribution specific support and community forums, such as ones for Ubuntu[image: External link], Fedora[image: External link], and Gentoo[image: External link]. Linux distributions host mailing lists[image: External link]; commonly there will be a specific topic such as usage or development for a given list.

There are several technology websites with a Linux focus. Print magazines on Linux often bundle cover disks[image: External link] that carry software or even complete Linux distributions.[71][72]

Although Linux distributions are generally available without charge, several large corporations sell, support, and contribute to the development of the components of the system and of free software[image: External link]. An analysis of the Linux kernel showed 75 percent of the code from December 2008 to January 2010 was developed by programmers working for corporations, leaving about 18 percent to volunteers and 7% unclassified.[73] Major corporations that provide contributions include Dell[image: External link], IBM[image: External link], HP[image: External link], Oracle[image: External link], Sun Microsystems[image: External link] (now part of Oracle) and Nokia[image: External link]. A number of corporations, notably Red Hat, Canonical[image: External link] and SUSE[image: External link], have built a significant business around Linux distributions.

The free software licenses[image: External link], on which the various software packages of a distribution built on the Linux kernel are based, explicitly accommodate and encourage commercialization; the relationship between a Linux distribution as a whole and individual vendors may be seen as symbiotic[image: External link]. One common business model[image: External link] of commercial suppliers is charging for support, especially for business users. A number of companies also offer a specialized business version of their distribution, which adds proprietary support packages and tools to administer higher numbers of installations or to simplify administrative tasks.

Another business model is to give away the software in order to sell hardware. This used to be the norm in the computer industry, with operating systems such as CP/M[image: External link], Apple DOS[image: External link] and versions of Mac OS[image: External link] prior to 7.6 freely copyable (but not modifiable). As computer hardware standardized throughout the 1980s, it became more difficult for hardware manufacturers to profit from this tactic, as the OS would run on any manufacturer's computer that shared the same architecture.
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 Programming on Linux




Linux distributions support dozens of programming languages[image: External link]. The original development tools used for building both Linux applications and operating system programs are found within the GNU toolchain[image: External link], which includes the GNU Compiler Collection[image: External link] (GCC) and the GNU Build System[image: External link]. Amongst others, GCC provides compilers for Ada[image: External link], C[image: External link], C++[image: External link], Go[image: External link] and Fortran[image: External link]. Many programming languages have a cross-platform reference implementation that supports Linux, for example PHP[image: External link], Perl[image: External link], Ruby[image: External link], Python[image: External link], Java[image: External link], Go, Rust[image: External link] and Haskell[image: External link]. First released in 2003, the LLVM[image: External link] project provides an alternative cross-platform open-source compiler for many languages. Proprietary[image: External link] compilers for Linux include the Intel C++ Compiler[image: External link], Sun Studio[image: External link], and IBM XL C[image: External link]/ C++[image: External link] Compiler. BASIC[image: External link] in the form of Visual Basic[image: External link] is supported in such forms as Gambas[image: External link], FreeBASIC[image: External link], and XBasic[image: External link], and in terms of terminal programming or QuickBASIC[image: External link] or Turbo BASIC[image: External link] programming in the form of QB64[image: External link].

A common feature of Unix-like systems, Linux includes traditional specific-purpose programming languages targeted at scripting[image: External link], text processing and system configuration and management in general. Linux distributions support shell scripts[image: External link], awk[image: External link], sed[image: External link] and make[image: External link]. Many programs also have an embedded programming language to support configuring or programming themselves. For example, regular expressions[image: External link] are supported in programs like grep[image: External link] and locate[image: External link], the traditional Unix MTA[image: External link] Sendmail[image: External link] contains its own Turing complete[image: External link] scripting system, and the advanced text editor GNU Emacs[image: External link] is built around a general purpose Lisp[image: External link] interpreter.

Most distributions also include support for PHP[image: External link], Perl[image: External link], Ruby[image: External link], Python[image: External link] and other dynamic languages[image: External link]. While not as common, Linux also supports C#[image: External link] (via Mono[image: External link]), Vala[image: External link], and Scheme[image: External link]. Guile Scheme[image: External link] acts as an extension language[image: External link] targeting the GNU[image: External link] system utilities, seeking to make the conventionally small, static[image: External link], compiled[image: External link] C[image: External link] programs of Unix design[image: External link] rapidly and dynamically extensible via an elegant, functional[image: External link] high-level scripting system; many GNU programs can be compiled with optional Guile bindings[image: External link] to this end. A number of Java Virtual Machines[image: External link] and development kits run on Linux, including the original Sun Microsystems JVM ( HotSpot[image: External link]), and IBM's J2SE RE, as well as many open-source projects like Kaffe[image: External link] and JikesRVM[image: External link].

GNOME[image: External link] and KDE[image: External link] are popular desktop environments[image: External link] and provide a framework for developing applications. These projects are based on the GTK+[image: External link] and Qt[image: External link] widget toolkits[image: External link], respectively, which can also be used independently of the larger framework. Both support a wide variety of languages. There are a number of Integrated development environments[image: External link] available including Anjuta[image: External link], Code::Blocks[image: External link], CodeLite[image: External link], Eclipse[image: External link], Geany[image: External link], ActiveState Komodo[image: External link], KDevelop[image: External link], Lazarus[image: External link], MonoDevelop[image: External link], NetBeans[image: External link], and Qt Creator[image: External link], while the long-established editors Vim[image: External link], nano[image: External link] and Emacs[image: External link] remain popular.[74]
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 Hardware support




See also: List of Linux-supported computer architectures[image: External link]


The Linux kernel is a widely ported[image: External link] operating system kernel, available for devices ranging from mobile phones to supercomputers; it runs on a highly diverse range of computer architectures[image: External link], including the hand-held ARM[image: External link]-based iPAQ[image: External link] and the IBM[image: External link] mainframes[image: External link] System z9[image: External link] or System z10[image: External link].[75] Specialized distributions and kernel forks exist for less mainstream architectures; for example, the ELKS[image: External link] kernel fork[image: External link] can run on Intel 8086[image: External link] or Intel 80286[image: External link] 16-bit[image: External link] microprocessors, while the µClinux[image: External link] kernel fork may run on systems without a memory management unit[image: External link]. The kernel also runs on architectures that were only ever intended to use a manufacturer-created operating system, such as Macintosh[image: External link] computers (with both PowerPC[image: External link] and Intel[image: External link] processors), PDAs[image: External link], video game consoles[image: External link], portable music players[image: External link], and mobile phones.

There are several industry associations and hardware conferences[image: External link] devoted to maintaining and improving support for diverse hardware under Linux, such as FreedomHEC[image: External link]. Over time, support for different hardware has improved in Linux, resulting in any off-the-shelf purchase having a "good chance" of being compatible.[76]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Uses




See also: Linux range of use[image: External link]


Beside the Linux distributions designed for general-purpose use on desktops and servers, distributions may be specialized for different purposes including: computer architecture[image: External link] support, embedded systems[image: External link], stability, security, localization to a specific region or language, targeting of specific user groups, support for real-time[image: External link] applications, or commitment to a given desktop environment. Furthermore, some distributions deliberately include only free software[image: External link]. As of 2015, over four hundred Linux distributions are actively developed, with about a dozen distributions being most popular for general-purpose use.[77]
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 Desktop




See also: Desktop environment[image: External link] and Linux adoption: Measuring desktop adoption[image: External link]


The popularity of Linux on standard desktop computers and laptops has been increasing over the years.[78] Most modern distributions include a graphical user environment, with, as of February 2015, the two most popular environments being the KDE Plasma Desktop[image: External link] and Xfce[image: External link].[79]

No single official Linux desktop exists: rather desktop environments and Linux distributions select components from a pool of free and open-source software[image: External link] with which they construct a GUI implementing some more or less strict design guide. GNOME, for example, has its human interface guidelines[image: External link] as a design guide, which gives the human–machine interface[image: External link] an important role, not just when doing the graphical design, but also when considering people with disabilities[image: External link], and even when focusing on security.[80]

The collaborative nature of free software development allows distributed teams to perform language localization[image: External link] of some Linux distributions for use in locales where localizing proprietary systems would not be cost-effective. For example, the Sinhalese language[image: External link] version of the Knoppix[image: External link] distribution became available significantly before Microsoft translated Windows XP[image: External link] into Sinhalese.[81] In this case the Lanka Linux User Group[image: External link] played a major part in developing the localized system by combining the knowledge of university professors, linguists[image: External link], and local developers.
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 Performance and applications




The performance of Linux on the desktop has been a controversial topic;[citation needed[image: External link]] for example in 2007 Con Kolivas[image: External link] accused the Linux community of favoring performance on servers. He quit Linux kernel development out of frustration with this lack of focus on the desktop, and then gave a "tell all" interview on the topic.[82] Since then a significant amount of development has focused on improving the desktop experience. Projects such as Upstart[image: External link] and systemd[image: External link] aim for a faster boot time; the Wayland and Mir projects aim at replacing X11[image: External link] while enhancing desktop performance, security and appearance.[83]

Many popular applications are available for a wide variety of operating systems. For example, Mozilla Firefox[image: External link], OpenOffice.org[image: External link]/ LibreOffice[image: External link] and Blender[image: External link] have downloadable versions for all major operating systems. Furthermore, some applications initially developed for Linux, such as Pidgin[image: External link], and GIMP[image: External link], were ported to other operating systems (including Windows and Mac OS X) due to their popularity. In addition, a growing number of proprietary desktop applications are also supported on Linux,[84] such as Autodesk Maya[image: External link], Softimage XSI and Apple Shake[image: External link] in the high-end field of animation and visual effects; see the list of proprietary software for Linux[image: External link] for more details. There are also several companies[image: External link] that have ported their own or other companies' games to Linux, with Linux also being a supported platform on both the popular Steam and Desura[image: External link] digital-distribution services.[85]

Many other types of applications available for Microsoft Windows and Mac OS X also run on Linux. Commonly, either a free software[image: External link] application will exist which does the functions of an application found on another operating system, or that application will have a version that works on Linux, such as with Skype[image: External link] and some video games[image: External link] like Dota 2[image: External link] and Team Fortress 2[image: External link]. Furthermore, the Wine[image: External link] project provides a Windows compatibility layer to run unmodified Windows applications on Linux. It is sponsored by commercial interests including CodeWeavers[image: External link], which produces a commercial version of the software. Since 2009, Google has also provided funding to the Wine project.[86][87] CrossOver[image: External link], a proprietary solution based on the open-source Wine project, supports running Windows versions of Microsoft Office[image: External link], Intuit[image: External link] applications such as Quicken[image: External link] and QuickBooks[image: External link], Adobe Photoshop[image: External link] versions through CS2, and many popular games such as World of Warcraft[image: External link]. In other cases, where there is no Linux port of some software in areas such as desktop publishing[image: External link][88] and professional audio[image: External link],[89][90][91] there is equivalent software available on Linux. It is also possible to run applications written for Android[image: External link] on other versions of Linux using Anbox[image: External link].[92]
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 Components and installation




Besides externally visible components, such as X window managers[image: External link], a non-obvious but quite central role is played by the programs hosted by freedesktop.org[image: External link], such as D-Bus[image: External link] or PulseAudio[image: External link]; both major desktop environments (GNOME and KDE) include them, each offering graphical front-ends written using the corresponding toolkit ( GTK+[image: External link] or Qt[image: External link]). A display server[image: External link] is another component, which for the longest time has been communicating in the X11 display server protocol with its clients; prominent software talking X11 includes the X.Org Server[image: External link] and Xlib[image: External link]. Frustration over the cumbersome X11 core protocol, and especially over its numerous extensions, has led to the creation of a new display server protocol, Wayland[image: External link].

Installing, updating and removing software in Linux is typically done through the use of package managers such as the Synaptic Package Manager[image: External link], PackageKit[image: External link], and Yum Extender[image: External link]. While most major Linux distributions have extensive repositories, often containing tens of thousands of packages, not all the software that can run on Linux is available from the official repositories. Alternatively, users can install packages from unofficial repositories, download pre-compiled packages directly from websites, or compile the source code by themselves. All these methods come with different degrees of difficulty; compiling the source code is in general considered a challenging process for new Linux users, but it is hardly needed in modern distributions and is not a method specific to Linux.
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 Netbooks




Linux distributions have also become popular in the netbook[image: External link] market, with many devices such as the Asus Eee PC[image: External link] and Acer Aspire One[image: External link] shipping with customized Linux distributions installed.[93]

In 2009, Google announced its Chrome OS[image: External link] as a minimal Linux-based operating system, using the Chrome browser[image: External link] as the main user interface. Chrome OS does not run any non-web applications, except for the bundled file manager and media player (a certain level of support for Android applications was added in later versions).[94] The netbooks that shipped with the operating system, termed Chromebooks[image: External link], started appearing on the market in June 2011.[95]
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 Servers, mainframes and supercomputers




Linux distributions[image: External link] have long been used as server operating systems, and have risen to prominence in that area; Netcraft[image: External link] reported in September 2006, that eight of the ten most reliable internet hosting companies ran Linux distributions on their web servers[image: External link].[96] In June 2008, Linux distributions represented five of the top ten, FreeBSD[image: External link] three of ten, and Microsoft[image: External link] two of ten;[97] since February 2010, Linux distributions represented six of the top ten, FreeBSD two of ten, and Microsoft one of ten.[98]

Linux distributions are the cornerstone of the LAMP[image: External link] server-software combination (Linux, Apache[image: External link], MariaDB[image: External link]/ MySQL[image: External link], Perl[image: External link]/ PHP[image: External link]/ Python[image: External link]) which has achieved popularity among developers, and which is one of the more common platforms for website hosting.[99]

Linux distributions have become increasingly popular on mainframes[image: External link], partly due to pricing and the open-source model.[100] In December 2009, computer giant IBM[image: External link] reported that it would predominantly market and sell mainframe-based Enterprise Linux Server.[101] At LinuxCon North America 2015[image: External link], IBM announced LinuxONE[image: External link], a series of mainframes specifically designed to run Linux and open-source software.[102][103]

Linux distributions are also most commonly used as operating systems[image: External link] for supercomputers;[21] in the decade since the Earth Simulator[image: External link] supercomputer, all the fastest supercomputers have used Linux. As of November 2016, 99.6% of the world's 500 fastest supercomputers[image: External link] run some variant of Linux,[104] (the only exceptions, are ranked 386th and 387th and they run AIX Unix).[105] Linux is also dominant on the Green500[image: External link] list.
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 Smart devices




Several operating systems for smart devices[image: External link], such as smartphones[image: External link], tablet computers[image: External link], smart TVs[image: External link], and in-vehicle infotainment[image: External link] (IVI) systems, are based on Linux. Major platforms for such systems include Android, Firefox OS[image: External link], Mer[image: External link] and Tizen[image: External link].

Android has become the dominant mobile operating system for smartphones[image: External link], running on 79.3% of units sold worldwide during the second quarter of 2013.[106] Android is also a popular operating system for tablets, and Android smart TVs and in-vehicle infotainment systems have also appeared in the market.

Cellphones and PDAs running Linux on open-source platforms became more common from 2007; examples include the Nokia N810[image: External link], Openmoko[image: External link]'s Neo1973[image: External link], and the Motorola ROKR E8[image: External link]. Continuing the trend, Palm[image: External link] (later acquired by HP[image: External link]) produced a new Linux-derived operating system, webOS[image: External link], which is built into its line of Palm Pre[image: External link] smartphones.

Nokia[image: External link]'s Maemo[image: External link], one of the earliest mobile operating systems, was based on Debian[image: External link].[107] It was later merged with Intel[image: External link]'s Moblin[image: External link], another Linux-based operating system, to form MeeGo[image: External link].[108] The project was later terminated in favor of Tizen, an operating system targeted at mobile devices as well as IVI. Tizen is a project within The Linux Foundation[image: External link]. Several Samsung[image: External link] products are already running Tizen, Samsung Gear 2[image: External link] being the most significant example.[109] Samsung Z[image: External link] smartphones will use Tizen instead of Android.[110]

As a result of MeeGo's termination, the Mer project forked the MeeGo codebase to create a basis for mobile-oriented operating systems.[111] In July 2012, Jolla[image: External link] announced Sailfish OS[image: External link], their own mobile operating system built upon Mer technology.

Mozilla's[image: External link] Firefox OS consists of the Linux kernel, a hardware abstraction layer[image: External link], a web-standards[image: External link]-based runtime environment[image: External link] and user interface, and an integrated web browser[image: External link].[112]

Canonical[image: External link] has released Ubuntu Touch[image: External link], aiming to bring convergence to the user experience on this mobile operating system and its desktop counterpart, Ubuntu[image: External link]. The operating system also provides a full Ubuntu desktop when connected to an external monitor.[113]
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 Embedded devices




See also: Embedded Linux[image: External link] and Linux devices[image: External link]


Due to its low cost and ease of customization, Linux[image: External link] is often used in embedded systems[image: External link]. In the non-mobile telecommunications equipment sector, the majority of customer-premises equipment[image: External link] (CPE) hardware runs some Linux-based operating system. OpenWrt[image: External link] is a community driven example upon which many of the OEM firmwares are based.

For example, the popular TiVo[image: External link] digital video recorder also uses a customized Linux,[115] as do several network firewalls[image: External link] and routers[image: External link] from such makers as Cisco[image: External link]/ Linksys[image: External link]. The Korg OASYS[image: External link], the Korg KRONOS[image: External link], the Yamaha Motif XS[image: External link]/Motif XF music workstations[image: External link],[116] Yamaha S90XS/S70XS, Yamaha MOX6/MOX8 synthesizers, Yamaha Motif-Rack XS tone generator module[image: External link], and Roland RD-700GX digital piano[image: External link] also run Linux. Linux is also used in stage lighting[image: External link] control systems, such as the WholeHogIII console.[117]
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 Gaming




Main article: Linux gaming[image: External link]


In the past, not many games were available for Linux, but in the recent years, more games have been released with support for Linux. Nowadays, many games support Linux (especially Indie games[image: External link]), except for a few AAA title[image: External link] games. On the other hand, as a popular mobile platform, Android (which uses the Linux kernel[image: External link]) has gained much developer interest and is one of the main platforms for mobile game development along with iOS operating system by Apple[image: External link] for iPhone[image: External link] and iPad[image: External link] devices.

On February 14, 2013, Valve[image: External link] released a Linux version of Steam, a popular game distribution platform on PC.[118] Many Steam games were ported to Linux.[119] On December 13, 2013, Valve released SteamOS[image: External link], a gaming oriented OS based on Debian, for beta testing[image: External link], and has plans to ship Steam Machines[image: External link] as a gaming and entertainment platform.[120] Valve has also developed VOGL[image: External link], an OpenGL[image: External link] debugger intended to aid video game development,[121] as well as porting its Source[image: External link] game engine to desktop Linux.[122] As a result of Valve's effort, several prominent games such as DotA 2[image: External link], Team Fortress 2[image: External link], Portal[image: External link], Portal 2[image: External link] and Left 4 Dead 2[image: External link] are now natively available on desktop Linux.

On July 31, 2013, Nvidia[image: External link] released Shield[image: External link] as an attempt to use Android as a specialized gaming platform.[123]

Some Linux users play Windows games through Wine[image: External link] or CrossOver Linux[image: External link].
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 Specialized uses




Due to the flexibility, customizability and free and open-source nature of Linux, it becomes possible to highly tune Linux for a specific purpose. There are two main methods for creating a specialized Linux distribution: building from scratch or from a general-purpose distribution as a base. The distributions often used for this purpose include Debian[image: External link], Fedora[image: External link], Ubuntu[image: External link] (which is itself based on Debian), Arch Linux[image: External link], Gentoo[image: External link], and Slackware[image: External link]. In contrast, Linux distributions built from scratch do not have general-purpose bases; instead, they focus on the JeOS[image: External link] philosophy by including only necessary components and avoiding resource[image: External link] overhead caused by components considered redundant in the distribution's use cases.
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 Home theater PC




A home theater PC[image: External link] (HTPC) is a PC that is mainly used as an entertainment system, especially a Home theater system[image: External link]. It is normally connected to a television, and often an additional audio system.

OpenELEC[image: External link], a Linux distribution that incorporates the media center software Kodi[image: External link], is an OS tuned specifically for an HTPC. Having been built from the ground up adhering to the JeOS principle, the OS is very lightweight and very suitable for the confined usage range of an HTPC.

There are also special editions of Linux distributions that include the MythTV[image: External link] media center software, such as Mythbuntu[image: External link], a special edition of Ubuntu.
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 Digital security




Kali Linux[image: External link] is a Debian-based Linux distribution designed for digital forensics[image: External link] and penetration testing[image: External link]. It comes preinstalled with several software applications for penetration testing and identifying security exploits[image: External link].[124] The Ubuntu derivative BackBox[image: External link] provides pre-installed security and network analysis tools for ethical hacking.

There are many Linux distributions created with privacy, secrecy, network anonymity and information security in mind, including Tails[image: External link], Tin Hat Linux[image: External link] and Tinfoil Hat Linux[image: External link]. Lightweight Portable Security[image: External link] is a distribution based on Arch Linux and developed by the United States Department of Defense[image: External link]. Tor-ramdisk[image: External link] is a minimal distribution created solely to host the network anonymity software Tor[image: External link].
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 System rescue




Linux Live CD[image: External link] sessions have long been used as a tool for recovering data from a broken computer system and for repairing the system. Building upon that idea, several Linux distributions tailored for this purpose have emerged, most of which use GParted[image: External link] as a partition editor, with additional data recovery and system repair software:


	
GParted Live[image: External link] – a Debian-based distribution developed by the GParted project.

	
Parted Magic[image: External link] – a commercial Linux distribution.

	
SystemRescueCD[image: External link] – a Gentoo-based distribution with support for editing Windows registry[image: External link].
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 In space




SpaceX[image: External link] uses multiple redundant flight computers[image: External link] in a fault-tolerant design[image: External link] in the Falcon 9[image: External link] rocket. Each Merlin engine is controlled by three voting[image: External link] computers, with two physical processors per computer that constantly check each other's operation. Linux is not inherently fault-tolerant (no operating system is, as it is a function of the whole system including the hardware), but the flight computer software makes it so for its purpose.[125] For flexibility, commercial off-the-shelf[image: External link] parts and system-wide "radiation-tolerant" design are used instead of radiation hardened[image: External link] parts.[125] As of June 2015, SpaceX has made 19 launches of the Falcon 9 since 2010, out of which 18 have successfully delivered their primary payloads to Earth orbit[image: External link], including some support missions for the International Space Station[image: External link].

In addition, Windows was used as an operating system on non-mission critical systems‍—‌laptops used on board the space station, for example‍—‌but it has been replaced with Linux; the first Linux-powered humanoid robot is also undergoing in-flight testing.[126]

The Jet Propulsion Laboratory[image: External link] has used Linux for a number of years "to help with projects relating to the construction of unmanned space flight and deep space exploration"; NASA[image: External link] uses Linux in robotics in the Mars rover, and Ubuntu[image: External link] Linux to "save data from satellites".[127]
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 Education




Linux distributions have been created to provide hands-on experience with coding and source code to students, on devices such as the Raspberry Pi[image: External link]. In addition to producing a practical device, the intention is to show students "how things work under the hood".

The Ubuntu derivatives Edubuntu[image: External link] and The Linux Schools Project[image: External link], as well as the Debian derivative Skolelinux[image: External link], provide education-oriented software packages. They also include tools for administering and building school computer labs and computer-based classrooms, such as the Linux Terminal Server Project[image: External link] (LTSP).
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 Others




Instant WebKiosk[image: External link] and Webconverger[image: External link] are browser-based Linux distributions often used in web kiosks[image: External link] and digital signage[image: External link]. Thinstation[image: External link] is a minimalist distribution designed for thin clients[image: External link]. Rocks Cluster Distribution[image: External link] is tailored for high-performance computing clusters[image: External link].

There are general-purpose Linux distributions that target a specific audience, such as users of a specific language or geographical area. Such examples include Ubuntu Kylin[image: External link] for Chinese language users and BlankOn[image: External link] targeted at Indonesians. Profession-specific distributions include Ubuntu Studio[image: External link] for media creation and DNALinux[image: External link] for bioinformatics[image: External link]. There is also a Muslim-oriented distribution of the name Sabily[image: External link], as well as an Arabic-focused distribution called Ojuba Linux[image: External link] that consequently also provides some Islamic tools. Certain organizations use slightly specialized Linux distributions internally, including GendBuntu[image: External link] used by the French National Gendarmerie[image: External link], Goobuntu[image: External link] used internally by Google, and Astra Linux[image: External link] developed specifically for the Russian army.
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 Market share and uptake




Main article: Linux adoption[image: External link]


See also: Usage share of operating systems[image: External link]


Many quantitative studies of free[image: External link]/open-source software focus on topics including market share and reliability, with numerous studies specifically examining Linux.[128] The Linux market is growing rapidly, and the revenue of servers, desktops, and packaged software running Linux was expected to[needs update[image: External link]] exceed $35.7 billion by 2008.[129] Analysts and proponents attribute the relative success of Linux to its security, reliability, low cost, and freedom from vendor lock-in[image: External link].[130][131]


	Desktops and laptops

	According to web server statistics[image: External link], as of June 2016, the estimated market share of Linux on desktop computers[image: External link] is around 1.8%. In comparison, Microsoft Windows has a market share of around 89.7%, while Mac OS[image: External link] covers around 8.5%.[22]





	Web servers




	W3Cook publishes stats that use the top 1,000,000 Alexa domains,[132] which as of May 2015 estimate that 96.55% of web servers run Linux, 1.73% run Windows, and 1.72% run FreeBSD.[133]





	W3Techs publishes stats that use the top 10,000,000 Alexa domains, updated monthly[134] and as of November 2016 estimate that 66.7% of web servers run Linux/Unix, and 33.4% run Microsoft Windows.[135]





	In September 2008, Microsoft's CEO Steve Ballmer[image: External link] stated that 60% of web servers ran Linux, versus 40% that ran Windows Server[image: External link].[136]





	
IDC[image: External link]'s Q1 2007 report indicated that Linux held 12.7% of the overall server market at that time;[137] this estimate was based on the number of Linux servers sold by various companies, and did not include server hardware purchased separately that had Linux installed on it later.




	Mobile devices

	Android, which is based on the Linux kernel, has become the dominant operating system for smartphones[image: External link]. During the second quarter of 2013, 79.3% of smartphones sold worldwide used Android.[106] Android is also a popular operating system for tablets, being responsible for more than 60% of tablet sales as of 2013.[138] According to web server statistics, as of December 2014 Android has a market share of about 46%, with iOS holding 45%, and the remaining 9% attributed to various niche platforms.[139]





	Film production

	For years Linux has been the platform of choice in the film industry. The first major film produced on Linux servers was 1997's Titanic[image: External link].[140][141] Since then major studios including DreamWorks Animation[image: External link], Pixar[image: External link], Weta Digital[image: External link], and Industrial Light & Magic[image: External link] have migrated to Linux.[142][143][144] According to the Linux Movies Group, more than 95% of the servers and desktops at large animation and visual effects companies use Linux.[145]





	Use in government

	Linux distributions have also gained popularity with various local and national governments. The federal government of Brazil is well known for its support for Linux.[146][147] News of the Russian military creating its own Linux distribution has also surfaced, and has come to fruition as the G.H.ost Project.[148] The Indian state of Kerala[image: External link] has gone to the extent of mandating that all state high schools run Linux on their computers.[149][150] China[image: External link] uses Linux exclusively as the operating system for its Loongson[image: External link] processor family to achieve technology independence.[151] In Spain, some regions have developed their own Linux distributions, which are widely used in education and official institutions, like gnuLinEx[image: External link] in Extremadura and Guadalinex[image: External link] in Andalusia. France[image: External link] and Germany[image: External link] have also taken steps toward the adoption of Linux.[152] North Korea's Red Star OS[image: External link], developed since 2002, is based on a version of Fedora Linux[image: External link].[153]
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 Copyright, trademark, and naming




See also: GNU/Linux naming controversy[image: External link] and SCO-Linux controversies[image: External link]


Linux kernel is licensed[image: External link] under the GNU General Public License[image: External link] (GPL), version 2. The GPL requires that anyone who distributes software based on source code under this license, must make the originating source code (and any modifications) available to the recipient under the same terms.[154] Other key components of a typical Linux distribution are also mainly licensed under the GPL, but they may use other licenses; many libraries use the GNU Lesser General Public License[image: External link] (LGPL), a more permissive variant of the GPL, and the X.org[image: External link] implementation of the X Window System[image: External link] uses the MIT License[image: External link].

Torvalds states that the Linux kernel will not move from version 2 of the GPL to version 3.[155][156] He specifically dislikes some provisions in the new license which prohibit the use of the software in digital rights management[image: External link].[157] It would also be impractical to obtain permission from all the copyright holders, who number in the thousands.[158]

A 2001 study of Red Hat Linux[image: External link] 7.1 found that this distribution contained 30 million source lines of code[image: External link].[159] Using the Constructive Cost Model[image: External link], the study estimated that this distribution required about eight thousand man-years of development time. According to the study, if all this software had been developed by conventional proprietary[image: External link] means, it would have cost about $1.5 billion (2017 US dollars) to develop in the United States.[159] Most of the source code (71%) was written in the C[image: External link] programming[image: External link] language[image: External link], but many other languages were used, including C++[image: External link], Lisp[image: External link], assembly language[image: External link], Perl[image: External link], Python[image: External link], Fortran[image: External link], and various shell scripting[image: External link] languages. Slightly over half of all lines of code were licensed under the GPL. The Linux kernel itself was 2.4 million lines of code, or 8% of the total.[159]

In a later study, the same analysis was performed for Debian[image: External link] version 4.0 (etch, which was released in 2007).[160] This distribution contained close to 283 million source lines of code, and the study estimated that it would have required about seventy three thousand man-years and cost US$8.28 billion (in 2017 dollars) to develop by conventional means.

In the United States, the name Linux is a trademark registered to Linus Torvalds.[8] Initially, nobody registered it, but on August 15, 1994, William R. Della Croce, Jr. filed for the trademark Linux, and then demanded royalties from Linux distributors. In 1996, Torvalds and some affected organizations sued him to have the trademark assigned to Torvalds, and, in 1997, the case was settled.[162] The licensing of the trademark has since been handled by the Linux Mark Institute[image: External link] (LMI). Torvalds has stated that he trademarked the name only to prevent someone else from using it. LMI originally charged a nominal sublicensing fee for use of the Linux name as part of trademarks,[163] but later changed this in favor of offering a free, perpetual worldwide sublicense.[164]

The Free Software Foundation[image: External link] (FSF) prefers GNU/Linux as the name when referring to the operating system as a whole, because it considers Linux distributions to be variants[image: External link] of the GNU[image: External link] operating system initiated in 1983 by Richard Stallman[image: External link], president of the FSF.[16][17] They explicitly take no issue over the name Android for the Android OS, which is also an operating system based on the Linux kernel, as GNU is not a part of it. However, they object to it on grounds of including proprietary components. The FSF holds this stance for any operating system with proprietary components, including Linux operating systems such as Red Hat Linux[image: External link].[citation needed[image: External link]]

A minority of public figures and software projects other than Stallman and the FSF, notably Debian[image: External link] (which had been sponsored by the FSF up to 1996),[165] also use GNU/Linux when referring to the operating system as a whole.[115][166][167] Most media and common usage, however, refers to this family of operating systems simply as Linux, as do many large Linux distributions (for example, SUSE Linux[image: External link] and Red Hat Enterprise Linux[image: External link]). In contrast Linux distributions containing only free software use "GNU/Linux" or simply "GNU", such as Trisquel GNU/Linux[image: External link], Parabola GNU/Linux-libre[image: External link], BLAG Linux and GNU[image: External link], and gNewSense[image: External link].

As of May 2011, about 8% to 13% of a modern Linux distribution is made of GNU components (the range depending on whether GNOME[image: External link] is considered part of GNU), as determined by counting lines of source code[image: External link] making up Ubuntu's "Natty" release; meanwhile, 6% is taken by the Linux kernel, and 9% by the Linux kernel and its direct dependencies.[168]
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 Notes






	
^ GNU is the primary userland used in nearly all Linux distros.[2][3][4] The GNU userland contains system daemons, user applications, the GUI, and various libraries. GNU Core utilities[image: External link] are an essential part of most distros. Most Linux distributions use the X Window[image: External link] system.[5] Other components of the userland, such as the widget toolkit[image: External link], vary with the specific distribution, desktop environment, and user configuration.[6]


	
^ "Linux" trademark is owned by Linus Torvalds[image: External link][8] and administered by the Linux Mark Institute[image: External link].
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Microsoft Windows






"Windows" redirects here. For the part of a building, see Window[image: External link]. For other uses, see Windows (disambiguation)[image: External link].

Microsoft Windows, or simply Windows, is a metafamily of graphical[image: External link] operating systems[image: External link] developed, marketed, and sold by Microsoft[image: External link]. It consists of several families of operating systems, each of which cater to a certain sector of the computing industry with the OS[image: External link] typically associated with IBM PC compatible[image: External link] architecture. Active Windows families include Windows NT[image: External link] and Windows Embedded[image: External link]; these may encompass subfamilies, e.g. Windows Embedded Compact[image: External link] (Windows CE) or Windows Server[image: External link]. Defunct Windows families include Windows 9x[image: External link], Windows Mobile[image: External link] and Windows Phone[image: External link].

Microsoft introduced an operating environment[image: External link] named Windows on November 20, 1985, as a graphical operating system shell[image: External link] for MS-DOS[image: External link] in response to the growing interest in graphical user interfaces[image: External link] (GUIs).[3] Microsoft Windows came to dominate[image: External link] the world's personal computer (PC) market with over 90% market share[image: External link], overtaking Mac OS[image: External link], which had been introduced in 1984. Apple[image: External link] came to see Windows as an unfair encroachment on their innovation in GUI development as implemented on products such as the Lisa[image: External link] and Macintosh[image: External link] (eventually settled in court in Microsoft's favor in 1993). On PCs, Windows is still the most popular operating system. However, in 2014, Microsoft admitted losing the majority of the overall operating system market to Android,[4] because of the massive growth in sales of Android smartphones[image: External link]. In 2014, the number of Windows devices sold was less than 25% that of Android devices sold. This comparison however may not be fully relevant, as the two operating systems traditionally target different platforms.

As of September 2016, the most recent version of Windows for PCs, tablets[image: External link], smartphones[image: External link] and embedded devices[image: External link] is Windows 10[image: External link]. The most recent versions for server computers is Windows Server 2016[image: External link]. A specialized version of Windows runs on the Xbox One game console[image: External link].[5]
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 By marketing role




Microsoft, the developer of Windows, has registered several trademarks each of which denote a family of Windows operating systems that target a specific sector of the computing industry. As of 2014, the following Windows families are being actively developed:


	
Windows NT[image: External link]: Started as a family of operating system with Windows NT 3.1[image: External link], an operating system for server computers and workstations[image: External link]. It now consists of three operating system subfamilies that are released almost at the same time and share the same kernel. It is almost impossible for someone unfamiliar with the subject to identify the members of this family by name because they do not adhere to any specific rule; e.g. Windows Vista[image: External link], Windows 7[image: External link], Windows 8[image: External link]/ 8.1[image: External link] and Windows RT[image: External link] are members of this family but Windows 3.1[image: External link] is not.

	Windows: The operating system for mainstream personal computers[image: External link], tablets[image: External link] and smartphones[image: External link]. The latest version is Windows 10[image: External link]. The main competitor of this family is macOS by Apple Inc.[image: External link] for personal computers and Android for mobile devices (c.f. Usage share of operating systems § Market share by category[image: External link]).

	
Windows Server[image: External link]: The operating system for server computers. The latest version is Windows Server 2016[image: External link]. Unlike its clients sibling, it has adopted a strong naming scheme. The main competitor of this family is Linux. (c.f. Usage share of operating systems § Market share by category[image: External link])

	
Windows PE[image: External link]: A lightweight version of its Windows sibling meant to operate as a live operating system[image: External link], used for installing Windows on bare-metal computers (especially on many computers at once), recovery or troubleshooting purposes. The latest version is Windows PE 10.0.10586.0.





	
Windows Embedded[image: External link]: Initially, Microsoft developed Windows CE[image: External link] as a general-purpose operating system for every device that was too resource-limited to be called a full-fledged computer. Eventually, however, Windows CE was renamed Windows Embedded Compact and was folded under Windows Compact trademark which also consists of Windows Embedded Industry[image: External link], Windows Embedded Professional, Windows Embedded Standard[image: External link], Windows Embedded Handheld[image: External link] and Windows Embedded Automotive[image: External link].[6]




The following Windows families are no longer being developed:


	
Windows 9x[image: External link]: An operating system that targeted consumers market. Discontinued because of suboptimal performance. (PC World called its last version, Windows ME[image: External link], one of the worst products of all times.)[7] Microsoft now caters to the consumers market with Windows NT.

	
Windows Mobile[image: External link]: The predecessor to Windows Phone, it was a mobile phone operating system. The first version was called Pocket PC 2000[image: External link]; the third version, Windows Mobile 2003[image: External link] is the first version to adopt the Windows Mobile trademark. The last version is Windows Mobile 6.5[image: External link].

	
Windows Phone[image: External link]: An operating system sold only to manufacturers of smartphones. The first version was Windows Phone 7[image: External link], followed by Windows Phone 8[image: External link], and the last version Windows Phone 8.1[image: External link]. It was succeeded by Windows 10 Mobile[image: External link].
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Main article: History of Microsoft Windows[image: External link]


See also: List of Microsoft Windows versions[image: External link]


The term Windows collectively describes any or all of several generations of Microsoft[image: External link] operating system[image: External link] products. These products are generally categorized as follows:
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Main articles: Windows 1.0[image: External link], Windows 2.0[image: External link], and Windows 2.1x[image: External link]


The history of Windows dates back to September 1981, when Chase Bishop, a computer scientist, designed the first model of an electronic device and project Interface Manager was started. It was announced in November 1983 (after the Apple Lisa[image: External link], but before the Macintosh[image: External link]) under the name "Windows", but Windows 1.0[image: External link] was not released until November 1985.[8] Windows 1.0 was to compete with Apple[image: External link]'s operating system, but achieved little popularity. Windows 1.0 is not a complete operating system; rather, it extends MS-DOS[image: External link]. The shell of Windows 1.0 is a program known as the MS-DOS Executive[image: External link]. Components included Calculator[image: External link], Calendar, Cardfile[image: External link], Clipboard viewer[image: External link], Clock, Control Panel[image: External link], Notepad[image: External link], Paint[image: External link], Reversi[image: External link], Terminal[image: External link] and Write[image: External link]. Windows 1.0 does not allow overlapping windows. Instead all windows are tiled[image: External link]. Only modal dialog boxes may appear over other windows.

Windows 2.0[image: External link] was released in December 1987, and was more popular than its predecessor. It features several improvements to the user interface and memory management.[9][citation needed[image: External link]] Windows 2.03 changed the OS from tiled windows to overlapping windows. The result of this change led to Apple Computer filing a suit against Microsoft alleging infringement on Apple's copyrights.[10][11] Windows 2.0 also introduced more sophisticated keyboard shortcuts[image: External link] and could make use of expanded memory[image: External link].

Windows 2.1 was released in two different versions: Windows/286[image: External link] and Windows/386[image: External link]. Windows/386 uses the virtual 8086 mode[image: External link] of the Intel 80386[image: External link] to multitask several DOS programs and the paged memory model[image: External link] to emulate expanded memory using available extended memory[image: External link]. Windows/286, in spite of its name, runs on both Intel 8086[image: External link] and Intel 80286[image: External link] processors. It runs in real mode[image: External link] but can make use of the high memory area[image: External link].[citation needed[image: External link]]

In addition to full Windows-packages, there were runtime-only versions that shipped with early Windows software from third parties and made it possible to run their Windows software on MS-DOS and without the full Windows feature set.

The early versions of Windows are often thought of as graphical shells, mostly because they ran on top of MS-DOS and use it for file system[image: External link] services.[12] However, even the earliest Windows versions already assumed many typical operating system functions; notably, having their own executable file format[image: External link] and providing their own device drivers[image: External link] (timer, graphics, printer, mouse, keyboard and sound). Unlike MS-DOS, Windows allowed users to execute multiple graphical applications at the same time, through cooperative multitasking[image: External link]. Windows implemented an elaborate, segment-based, software virtual memory scheme, which allows it to run applications larger than available memory: code segments and resources[image: External link] are swapped in and thrown away when memory became scarce; data segments moved in memory when a given application had relinquished processor control.
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Main articles: Windows 3.0[image: External link] and Windows 3.1x[image: External link]


Windows 3.0[image: External link], released in 1990, improved the design, mostly because of virtual memory[image: External link] and loadable virtual device drivers ( VxDs[image: External link]) that allow Windows to share arbitrary devices between multi-tasked DOS applications.[citation needed[image: External link]] Windows 3.0 applications can run in protected mode[image: External link], which gives them access to several megabytes of memory without the obligation to participate in the software virtual memory scheme. They run inside the same address space, where the segmented memory provides a degree of protection. Windows 3.0 also featured improvements to the user interface. Microsoft rewrote critical operations from C[image: External link] into assembly[image: External link]. Windows 3.0 is the first Microsoft Windows version to achieve broad commercial success, selling 2 million copies in the first six months.[13][14]

Windows 3.1, made generally available[image: External link] on March 1, 1992, featured a facelift. In August 1993, Windows for Workgroups, a special version with integrated peer-to-peer networking[image: External link] features and a version number of 3.11, was released. It was sold along Windows 3.1. Support for Windows 3.1 ended on December 31, 2001.[15]

Windows 3.2, released 1994, is an updated version of the Chinese version of Windows 3.1.[16] The update was limited to this language version, as it fixed only issues related to the complex writing system of the Chinese language.[17] Windows 3.2 was generally sold by computer manufacturers with a ten-disk version of MS-DOS[image: External link] that also had Simplified Chinese characters in basic output and some translated utilities.
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Main article: Windows 9x[image: External link]


The next major consumer-oriented release of Windows, Windows 95[image: External link], was released on August 24, 1995. While still remaining MS-DOS-based, Windows 95 introduced support for native 32-bit applications[image: External link], plug and play[image: External link] hardware, preemptive multitasking[image: External link], long file names[image: External link] of up to 255 characters, and provided increased stability over its predecessors. Windows 95 also introduced a redesigned, object oriented[image: External link] user interface, replacing the previous Program Manager[image: External link] with the Start menu[image: External link], taskbar[image: External link], and Windows Explorer[image: External link] shell[image: External link]. Windows 95 was a major commercial success for Microsoft; Ina Fried of CNET[image: External link] remarked that "by the time Windows 95 was finally ushered off the market in 2001, it had become a fixture on computer desktops around the world."[18] Microsoft published four OEM Service Releases (OSR) of Windows 95, each of which was roughly equivalent to a service pack[image: External link]. The first OSR of Windows 95 was also the first version of Windows to be bundled with Microsoft's web browser[image: External link], Internet Explorer[image: External link].[19] Mainstream support for Windows 95 ended on December 31, 2000, and extended support for Windows 95 ended on December 31, 2001.[20]

Windows 95 was followed up with the release of Windows 98[image: External link] on June 25, 1998, which introduced the Windows Driver Model[image: External link], support for USB composite devices[image: External link], support for ACPI[image: External link], hibernation[image: External link], and support for multi-monitor[image: External link] configurations. Windows 98 also included integration with Internet Explorer 4[image: External link] through Active Desktop[image: External link] and other aspects of the Windows Desktop Update[image: External link] (a series of enhancements to the Explorer shell which were also made available for Windows 95). In May 1999, Microsoft released Windows 98 Second Edition[image: External link], an updated version of Windows 98. Windows 98 SE added Internet Explorer 5.0[image: External link] and Windows Media Player[image: External link] 6.2 amongst other upgrades. Mainstream support for Windows 98 ended on June 30, 2002, and extended support for Windows 98 ended on July 11, 2006.[21]

On September 14, 2000, Microsoft released Windows ME[image: External link] (Millennium Edition), the last DOS-based version of Windows. Windows ME incorporated visual interface enhancements from its Windows NT-based counterpart Windows 2000[image: External link], had faster boot times than previous versions (which however, required the removal of the ability to access a real mode[image: External link] DOS environment, removing compatibility with some older programs),[22] expanded multimedia[image: External link] functionality (including Windows Media Player 7, Windows Movie Maker[image: External link], and the Windows Image Acquisition[image: External link] framework for retrieving images from scanners and digital cameras), additional system utilities such as System File Protection[image: External link] and System Restore[image: External link], and updated home networking[image: External link] tools.[23] However, Windows ME was faced with criticism for its speed and instability, along with hardware compatibility issues and its removal of real mode DOS support. PC World considered Windows ME to be one of the worst operating systems Microsoft had ever released, and the 4th worst tech product of all time.[7]
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Main article: Windows NT[image: External link]
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In November 1988, a new development team within Microsoft (which included former Digital Equipment Corporation[image: External link] developers Dave Cutler[image: External link] and Mark Lucovsky[image: External link]) began work on a revamped version of IBM[image: External link] and Microsoft's OS/2[image: External link] operating system known as "NT OS/2". NT OS/2 was intended to be a secure, multi-user[image: External link] operating system with POSIX[image: External link] compatibility and a modular, portable[image: External link] kernel[image: External link] with preemptive multitasking[image: External link] and support for multiple processor architectures. However, following the successful release of Windows 3.0[image: External link], the NT development team decided to rework the project to use an extended 32-bit[image: External link] port of the Windows API[image: External link] known as Win32 instead of those of OS/2. Win32 maintained a similar structure to the Windows APIs[image: External link] (allowing existing Windows applications to easily be ported[image: External link] to the platform), but also supported the capabilities of the existing NT kernel. Following its approval by Microsoft's staff, development continued on what was now Windows NT, the first 32-bit version of Windows. However, IBM objected to the changes, and ultimately continued OS/2 development on its own.[24][25]

The first release of the resulting operating system, Windows NT 3.1[image: External link] (named to associate it with Windows 3.1[image: External link]) was released in July 1993, with versions for desktop workstations[image: External link] and servers. Windows NT 3.5[image: External link] was released in September 1994, focusing on performance improvements and support for Novell[image: External link]'s NetWare[image: External link], and was followed up by Windows NT 3.51[image: External link] in May 1995, which included additional improvements and support for the PowerPC[image: External link] architecture. Windows NT 4.0[image: External link] was released in June 1996, introducing the redesigned interface of Windows 95[image: External link] to the NT series. On February 17, 2000, Microsoft released Windows 2000[image: External link], a successor to NT 4.0. The Windows NT name was dropped at this point in order to put a greater focus on the Windows brand.[25]
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Main article: Windows XP[image: External link]


The next major version of Windows NT, Windows XP[image: External link], was released on October 25, 2001. The introduction of Windows XP aimed to unify the consumer-oriented Windows 9x[image: External link] series with the architecture introduced by Windows NT, a change which Microsoft promised would provide better performance over its DOS-based predecessors. Windows XP would also introduce a redesigned user interface (including an updated Start menu and a "task-oriented" Windows Explorer[image: External link]), streamlined multimedia and networking features, Internet Explorer 6[image: External link], integration with Microsoft's .NET Passport[image: External link] services, modes to help provide compatibility with software designed for previous versions of Windows, and Remote Assistance[image: External link] functionality.[26]

At retail, Windows XP was now marketed in two main editions[image: External link]: the "Home" edition was targeted towards consumers, while the "Professional" edition was targeted towards business environments and power users[image: External link], and included additional security and networking features. Home and Professional were later accompanied by the "Media Center" edition (designed for home theater PCs[image: External link], with an emphasis on support for DVD[image: External link] playback, TV tuner cards[image: External link], DVR[image: External link] functionality, and remote controls), and the "Tablet PC" edition (designed for mobile devices meeting its specifications[image: External link] for a tablet computer[image: External link], with support for stylus[image: External link] pen input and additional pen-enabled applications).[27][28][29] Mainstream support for Windows XP ended on April 14, 2009. Extended support ended on April 8, 2014.[30]

After Windows 2000, Microsoft also changed its release schedules for server operating systems; the server counterpart of Windows XP, Windows Server 2003[image: External link], was released in April 2003.[25] It was followed in December 2005, by Windows Server 2003 R2.
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Main article: Windows Vista[image: External link]


After a lengthy development process[image: External link], Windows Vista[image: External link] was released on November 30, 2006, for volume licensing and January 30, 2007, for consumers. It contained a number of new features[image: External link], from a redesigned shell and user interface to significant technical changes[image: External link], with a particular focus on security features[image: External link]. It was available in a number of different editions[image: External link], and has been subject to some criticism[image: External link], such as drop of performance, longer boot time, criticism of new UAC, and stricter license agreement. Vista's server counterpart, Windows Server 2008[image: External link] was released in early 2008.
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Main article: Windows 7[image: External link]


On July 22, 2009, Windows 7[image: External link] and Windows Server 2008 R2[image: External link] were released as RTM (release to manufacturing) while the former was released to the public 3 months later on October 22, 2009. Unlike its predecessor, Windows Vista, which introduced a large number of new features[image: External link], Windows 7 was intended to be a more focused, incremental upgrade to the Windows line, with the goal of being compatible with applications and hardware with which Windows Vista was already compatible.[31] Windows 7 has multi-touch[image: External link] support, a redesigned Windows shell[image: External link] with an updated taskbar[image: External link], a home networking system called HomeGroup[image: External link],[32] and performance improvements.
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Main articles: Windows 8[image: External link] and Windows 8.1[image: External link]


Windows 8[image: External link], the successor to Windows 7, was released generally on October 26, 2012. A number of significant changes were made on Windows 8, including the introduction of a user interface based around Microsoft's Metro design language[image: External link] with optimizations for touch-based[image: External link] devices such as tablets[image: External link] and all-in-one PCs. These changes include the Start screen[image: External link], which uses large tiles that are more convenient for touch interactions and allow for the display of continually updated information, and a new class of apps[image: External link] which are designed primarily for use on touch-based devices. Other changes include increased integration with cloud services[image: External link] and other online platforms (such as social networks[image: External link] and Microsoft's own OneDrive[image: External link] (formerly SkyDrive) and Xbox Live[image: External link] services), the Windows Store[image: External link] service for software distribution, and a new variant known as Windows RT[image: External link] for use on devices that utilize the ARM architecture[image: External link].[33][34][35][36][37][38] An update to Windows 8, called Windows 8.1[image: External link],[39] was released on October 17, 2013, and includes features such as new live tile sizes, deeper OneDrive[image: External link] integration, and many other revisions. Windows 8[image: External link] and Windows 8.1[image: External link] has been subject to some criticism, such as removal of the Start menu[image: External link].
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Main article: Windows 10[image: External link]


On September 30, 2014, Microsoft announced Windows 10[image: External link] as the successor to Windows 8.1. It was released on July 29, 2015, and addresses shortcomings in the user interface first introduced with Windows 8. Changes include the return of the Start Menu, a virtual desktop[image: External link] system, and the ability to run Windows Store apps within windows on the desktop rather than in full-screen mode. Windows 10[image: External link] is said to be available to update from qualified Windows 7[image: External link] with SP1 and Windows 8.1[image: External link] computers from the Get Windows 10 Application (for Windows 7[image: External link], Windows 8.1[image: External link]) or Windows Update[image: External link] (Windows 7[image: External link]).[40]

On November 12, 2015, an update to Windows 10, version 1511, was released.[41] This update can be activated with a Windows 7, 8 or 8.1 product key as well as Windows 10 product keys.[42] Features include new icons and right-click context menus, default printer management, four times as many tiles allowed in the Start menu, Find My Device, and Edge updates.[42]

In February 2017, Microsoft announced the migration of its Windows source code repository from Perforce[image: External link] to Git[image: External link]. This migration involved 3.5 million separate files in a 300 gigabyte repository.[43] By May 2017, 90 percent of its engineering team now uses Git, in about 8500 commits and 1760 Windows builds per day.[43]
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 Multilingual support




Multilingual support is built into Windows. The language for both the keyboard and the interface can be changed through the Region and Language Control Panel. Components for all supported input languages, such as Input Method Editors[image: External link], are automatically installed during Windows installation (in Windows XP and earlier, files for East Asian languages, such as Chinese, and right-to-left scripts, such as Arabic, may need to be installed separately, also from the said Control Panel). Third-party IMEs may also be installed if a user feels that the provided one is insufficient for their needs.

Interface languages for the operating system are free for download, but some languages are limited to certain editions of Windows. Language Interface Packs[image: External link] (LIPs) are redistributable and may be downloaded from Microsoft's Download Center and installed for any edition of Windows (XP or later) – they translate most, but not all, of the Windows interface, and require a certain base language (the language which Windows originally shipped with). This is used for most languages in emerging markets. Full Language Packs, which translates the complete operating system, are only available for specific editions of Windows (Ultimate and Enterprise editions of Windows Vista and 7, and all editions of Windows 8, 8.1 and RT except Single Language). They do not require a specific base language, and are commonly used for more popular languages such as French or Chinese. These languages cannot be downloaded through the Download Center, but available as optional updates through the Windows Update[image: External link] service (except Windows 8).

The interface language of installed applications are not affected by changes in the Windows interface language. Availability of languages depends on the application developers themselves.

Windows 8[image: External link] and Windows Server 2012[image: External link] introduces a new Language Control Panel where both the interface and input languages can be simultaneously changed, and language packs, regardless of type, can be downloaded from a central location. The PC Settings app in Windows 8.1[image: External link] and Windows Server 2012 R2[image: External link] also includes a counterpart settings page for this. Changing the interface language also changes the language of preinstalled Windows Store[image: External link] apps (such as Mail, Maps and News) and certain other Microsoft-developed apps (such as Remote Desktop). The above limitations for language packs are however still in effect, except that full language packs can be installed for any edition except Single Language, which caters to emerging markets.
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 Platform support




Windows NT included support for several different platforms before the x86[image: External link]-based personal computer became dominant in the professional world. Windows NT 4.0[image: External link] and its predecessors supported PowerPC[image: External link], DEC Alpha[image: External link] and MIPS[image: External link] R4000. (Although some these platforms implement 64-bit computing[image: External link], the operating system treated them as 32-bit.) However, Windows 2000, the successor of Windows NT 4.0, dropped support for all platforms except the third generation x86 (known as IA-32[image: External link]) or newer in 32-bit mode. The client line of Windows NT family still runs on IA-32, although the Windows Server[image: External link] line has ceased supporting this platform with the release of Windows Server 2008 R2[image: External link].

With the introduction of the Intel Itanium architecture ( IA-64[image: External link]), Microsoft released new versions of Windows to support it. Itanium versions of Windows XP[image: External link] and Windows Server 2003[image: External link] were released at the same time as their mainstream x86 counterparts. Windows XP 64-Bit Edition, released in 2005, is the last Windows client operating systems to support Itanium. Windows Server line continues to support this platform until Windows Server 2012[image: External link]; Windows Server 2008 R2 is the last Windows operating system to support Itanium architecture.

On April 25, 2005, Microsoft released Windows XP Professional x64 Edition[image: External link] and Windows Server 2003 x64 Editions to support the x86-64[image: External link] (or simply x64), the eighth generation of x86 architecture. Windows Vista[image: External link] was the first client version of Windows NT to be released simultaneously in IA-32 and x64 editions. x64 is still supported.

An edition of Windows 8 known as Windows RT[image: External link] was specifically created for computers with ARM architecture[image: External link] and while ARM is still used for Windows smartphones with Windows 10, tablets with Windows RT will not be updated.
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 Windows CE




Main articles: Windows CE[image: External link] and Windows Phone[image: External link]


Windows CE (officially known as Windows Embedded Compact), is an edition of Windows that runs on minimalistic computers[image: External link], like satellite navigation systems and some mobile phones. Windows Embedded Compact is based on its own dedicated kernel, dubbed Windows CE kernel. Microsoft licenses Windows CE to OEMs[image: External link] and device makers. The OEMs and device makers can modify and create their own user interfaces and experiences, while Windows CE provides the technical foundation to do so.

Windows CE was used in the Dreamcast[image: External link] along with Sega's own proprietary OS for the console. Windows CE was the core from which Windows Mobile[image: External link] was derived. Its successor, Windows Phone 7[image: External link], was based on components from both Windows CE 6.0 R3[image: External link] and Windows CE 7.0[image: External link]. Windows Phone 8[image: External link] however, is based on the same NT-kernel as Windows 8.

Windows Embedded Compact is not to be confused with Windows XP Embedded[image: External link] or Windows NT 4.0 Embedded[image: External link], modular editions of Windows based on Windows NT kernel.
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 Xbox OS




Main articles: Xbox One system software[image: External link] and Xbox 360 system software[image: External link]


Xbox OS is an unofficial name given to the version of Windows that runs on the Xbox One.[44] It is a more specific implementation with an emphasis on virtualization (using Hyper-V[image: External link]) as it is three operating systems running at once, consisting of the core operating system, a second implemented for games and a more Windows-like environment for applications.[45] Microsoft updates Xbox One's OS every month, and these updates can be downloaded from the Xbox Live service to the Xbox and subsequently installed, or by using offline recovery images downloaded via a PC.[46] The Windows 10-based Core had replaced the Windows 8-based one in this update, and the new system is sometimes referred to as "Windows 10 on Xbox One" or "OneCore".[47][48] Xbox One's system also allows backward compatibility with Xbox 360,[49] and the Xbox 360's system is backwards compatible with the original Xbox.[50]
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 Timeline of releases





Table of Windows versions 



Legend:

Old version

Older version, still supported

Latest version

Latest preview version

Future release







	Product name
	Latest version
	General availability[image: External link] date
	Codename
	Support until[51]
	Latest version of



	Mainstream
	Extended
	IE[image: External link]
	DirectX[image: External link]
	Edge[image: External link]



	Windows 1.0[image: External link]
	1.01
	November 20, 1985
	Interface Manager
	December 31, 2001
	N/A
	N/A
	N/A



	Windows 2.0[image: External link]
	2.03
	December 9, 1987
	N/A
	December 31, 2001
	N/A
	N/A
	N/A



	Windows 2.1[image: External link]
	2.11
	May 27, 1988
	N/A
	December 31, 2001
	N/A
	N/A
	N/A



	Windows 3.0[image: External link]
	3.0
	May 22, 1990
	N/A
	December 31, 2001
	N/A
	N/A
	N/A



	Windows 3.1[image: External link]
	3.1
	April 6, 1992
	Janus
	December 31, 2001
	5[image: External link]
	N/A
	N/A



	Windows For Workgroups 3.1[image: External link]
	3.1
	October 1992
	Sparta, Winball
	December 31, 2001
	5[image: External link]
	N/A
	N/A



	Windows NT 3.1[image: External link]
	NT 3.1.528
	July 27, 1993
	N/A
	December 31, 2001
	5[image: External link]
	N/A
	N/A



	Windows For Workgroups 3.11[image: External link]
	3.11
	August 11, 1993
	Sparta, Winball
	December 31, 2001
	5[image: External link]
	N/A
	N/A



	Windows 3.2[image: External link]
	3.2
	November 22, 1993
	N/A
	December 31, 2001
	5[image: External link]
	N/A
	N/A



	Windows NT 3.5[image: External link]
	NT 3.5.807
	September 21, 1994
	Daytona
	December 31, 2001
	5[image: External link]
	N/A
	N/A



	Windows NT 3.51[image: External link]
	NT 3.51.1057
	May 30, 1995
	N/A
	December 31, 2001
	5[image: External link]
	N/A
	N/A



	Windows 95[image: External link]
	4.0.950
	August 24, 1995
	Chicago, 4.0
	December 31, 2000
	December 31, 2001
	5.5[image: External link]
	6.1
	N/A



	Windows NT 4.0[image: External link]
	NT 4.0.1381
	July 31, 1996
	Cairo
	December 31, 2000
	December 31, 2001
	5[image: External link]
	N/A
	N/A



	Windows 98[image: External link]
	4.10.1998
	June 25, 1998
	Memphis, 97, 4.1
	June 30, 2002
	July 11, 2006
	6[image: External link]
	6.1
	N/A



	Windows 98 SE[image: External link]
	4.10.2222
	May 5, 1999
	N/A
	June 30, 2002
	July 11, 2006
	6[image: External link]
	6.1
	N/A



	Windows 2000[image: External link]
	NT 5.0.2195
	December 15, 1999
	N/A
	June 30, 2005
	July 13, 2010
	5[image: External link]
	N/A
	N/A



	Windows ME[image: External link]
	4.90.3000
	September 14, 2000
	Millenium, 4.9
	December 31, 2003
	July 11, 2006
	6[image: External link]
	9.0c
	N/A



	Windows XP[image: External link]
	NT 5.1.2600
	October 25, 2001
	Whistler
	April 14, 2009
	April 8, 2014
	8[image: External link]
	9.0c
	N/A



	Windows XP 64-bit Edition[image: External link]
	NT 5.2.3790
	March 28, 2003
	N/A
	April 14, 2009
	April 8, 2014
	6[image: External link]
	9.0c
	N/A



	Windows Server 2003[image: External link]
	NT 5.2.3790
	April 24, 2003
	N/A
	July 13, 2010
	July 14, 2015
	8[image: External link]
	9.0c
	N/A



	Windows XP Professional x64 Edition[image: External link]
	NT 5.2.3790
	April 25, 2005
	N/A
	April 14, 2009
	April 8, 2014
	8[image: External link]
	9.0c
	N/A



	Windows Fundamentals for Legacy PCs[image: External link]
	NT 5.1.2600
	July 8, 2006
	Eiger, Mönch
	April 14, 2009
	April 8, 2014
	8[image: External link]
	9.0c
	N/A



	Windows Vista[image: External link]
	NT 6.0.6002
	January 30, 2007
	Longhorn
	April 10, 2012
	April 11, 2017
	9[image: External link]
	11
	N/A



	Windows Home Server[image: External link]
	NT 5.2.4500
	November 4, 2007
	N/A
	January 8, 2013
	8[image: External link]
	9.0c
	N/A



	Windows Server 2008[image: External link]
	NT 6.0.6002
	February 27, 2008
	Longhorn Server
	January 13, 2015
	January 14, 2020
	9[image: External link]
	11
	N/A



	Windows 7[image: External link]
	NT 6.1.7601
	October 22, 2009
	Blackcomb, Vienna
	January 13, 2015
	January 14, 2020
	11[image: External link]
	11
	N/A



	Windows Server 2008 R2[image: External link]
	NT 6.1.7601
	October 22, 2009
	N/A
	January 13, 2015
	January 14, 2020
	11[image: External link]
	11
	N/A



	Windows Home Server 2011[image: External link]
	NT 6.1.8400
	April 6, 2011
	Vail
	April 12, 2016
	9[image: External link]
	11
	N/A



	Windows Server 2012[image: External link]
	NT 6.2.9200
	September 4, 2012
	N/A
	January 9, 2018
	January 10, 2023
	10[image: External link]
	11.1
	N/A



	Windows 8[image: External link]
	NT 6.2.9200
	October 26, 2012
	N/A
	January 12, 2016
	10[image: External link]
	11.1
	N/A



	Windows 8.1[image: External link]
	NT 6.3.9600
	October 17, 2013
	Blue
	January 9, 2018
	January 10, 2023
	11[image: External link]
	11.2
	N/A



	Windows Server 2012 R2[image: External link]
	NT 6.3.9600
	October 18, 2013
	Server Blue
	January 9, 2018
	January 10, 2023
	11[image: External link]
	11.2
	N/A



	Windows 10[image: External link]
	NT 10.0.14393
	July 29, 2015
	Threshold, Restone
	October 13, 2020
	October 14, 2025
	11[image: External link]
	12
	25



	Windows Server 2016[image: External link]
	NT 10.0.14393
	October 12, 2016
	N/A
	January 11, 2022
	January 11, 2027
	11[image: External link]
	12
	25
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 Usage share and device sales




Main article: Usage share of operating systems[image: External link]




	


	Desktop OS
	Net Applications
	StatCounter



	Windows XP[image: External link]
	5.66%
	4.25%



	Windows Vista[image: External link]
	0.58%
	0.81%



	Windows 7[image: External link]
	49.46%
	38.91%



	Windows 8[image: External link]
	1.59%
	1.95%



	Windows 8.1[image: External link]
	6.74%
	7.93%



	Windows 10[image: External link]
	26.78%
	30.01%



	All listed versions
	90.77%
	83.86%





	


	Mobile OS
	Net Applications
	StatCounter



	Windows RT 8.1[image: External link]
	—
	0.03%



	Windows Phone 8[image: External link]
	0.14%
	0.84%



	Windows Phone 8.1[image: External link]
	0.71%



	Windows 10 Mobile[image: External link]
	0.32%



	All listed versions
	1.17%
	0.87%









According to Net Applications[image: External link], that tracks use based on web use, Windows is the most-used operating system family for personal computers as of June 2016 with close to 90% usage share.[56] When including both personal computers of all kinds, e.g. mobile devices, in July 2016, according to StatCounter[image: External link], that also tracks use based on web use, Windows OSes accounted for 46.87% of usage share, compared to 36.48% for Android, 12.26% for iOS, and 4.81% for macOS.[57][58] The below 50% usage share of Windows, also applies to developed countries, such as the US, the UK and Ireland. These numbers are easiest (monthly numbers) to find that track real use, but they may not mirror installed base or sales numbers (in recent years) of devices.

In terms of the number of devices shipped with the operating system installed, on smartphones, Windows Phone was the third-most-shipped OS (2.6%) after Android (82.8%) and iOS (13.9%) in the second quarter of 2015 according IDC[image: External link].[59] Across both PCs and mobile devices, in 2014, Windows OSes were the second-most-shipped (333 million devices, or 14%) after Android (1.2 billion, 49%) and ahead of iOS and macOS combined (263 million, 11%).[60]
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 Security




Consumer versions of Windows were originally designed for ease-of-use on a single-user PC without a network connection, and did not have security features built in from the outset.[61] However, Windows NT and its successors are designed for security (including on a network) and multi-user PCs, but were not initially designed with Internet security in mind as much, since, when it was first developed in the early 1990s, Internet use was less prevalent.[62]

These design issues combined with programming errors (e.g. buffer overflows[image: External link]) and the popularity of Windows means that it is a frequent target of computer worm[image: External link] and virus[image: External link] writers. In June 2005, Bruce Schneier[image: External link]'s Counterpane Internet Security reported that it had seen over 1,000 new viruses and worms in the previous six months.[63] In 2005, Kaspersky Lab[image: External link] found around 11,000 malicious programs—viruses, Trojans, back-doors, and exploits written for Windows.[64]

Microsoft releases security patches through its Windows Update[image: External link] service approximately once a month (usually the second Tuesday[image: External link] of the month), although critical updates are made available at shorter intervals when necessary.[65] In versions of Windows after and including Windows 2000 SP3 and Windows XP, updates can be automatically downloaded and installed if the user selects to do so. As a result, Service Pack 2 for Windows XP, as well as Service Pack 1 for Windows Server 2003, were installed by users more quickly than it otherwise might have been.[66]

While the Windows 9x[image: External link] series offered the option of having profiles for multiple users, they had no concept of access privileges[image: External link], and did not allow concurrent access; and so were not true multi-user[image: External link] operating systems. In addition, they implemented only partial memory protection[image: External link]. They were accordingly widely criticised for lack of security.

The Windows NT[image: External link] series of operating systems, by contrast, are true multi-user, and implement absolute memory protection. However, a lot of the advantages of being a true multi-user operating system were nullified by the fact that, prior to Windows Vista, the first user account created during the setup process was an administrator[image: External link] account, which was also the default for new accounts. Though Windows XP[image: External link] did have limited accounts, the majority of home users did not change to an account type with fewer rights – partially due to the number of programs which unnecessarily required administrator rights – and so most home users ran as administrator all the time.

Windows Vista[image: External link] changes this[67] by introducing a privilege elevation system called User Account Control[image: External link]. When logging in as a standard user, a logon session is created and a token[image: External link] containing only the most basic privileges is assigned. In this way, the new logon session is incapable of making changes that would affect the entire system. When logging in as a user in the Administrators group, two separate tokens are assigned. The first token contains all privileges typically awarded to an administrator, and the second is a restricted token similar to what a standard user would receive. User applications, including the Windows shell[image: External link], are then started with the restricted token, resulting in a reduced privilege environment even under an Administrator account. When an application requests higher privileges or "Run as administrator" is clicked, UAC will prompt for confirmation and, if consent is given (including administrator credentials if the account requesting the elevation is not a member of the administrators group), start the process using the unrestricted token.[68]
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 File permissions




All Windows versions from Windows NT 3 have been based on a file system permission system referred to as AGLP (Accounts, Global, Local, Permissions) AGDLP[image: External link] which in essence where file permissions are applied to the file/folder in the form of a 'local group' which then has other 'global groups' as members. These global groups then hold other groups or users depending on different Windows versions used. This system varies from other vendor products such as Linux and NetWare[image: External link] due to the 'static' allocation of permission being applied directory to the file or folder. However using this process of AGLP/AGDLP/AGUDLP allows a small number of static permissions to be applied and allows for easy changes to the account groups without reapplying the file permissions on the files and folders.
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 Windows Defender




On January 6, 2005, Microsoft released a Beta version[image: External link] of Microsoft AntiSpyware, based upon the previously released Giant[image: External link] AntiSpyware. On February 14, 2006, Microsoft AntiSpyware became Windows Defender[image: External link] with the release of Beta 2. Windows Defender is a freeware program designed to protect against spyware and other unwanted software. Windows XP and Windows Server 2003 users who have genuine[image: External link] copies of Microsoft Windows can freely download the program from Microsoft's web site, and Windows Defender ships as part of Windows Vista and 7.[69] In Windows 8, Windows Defender and Microsoft Security Essentials have been combined into a single program, named Windows Defender. It is based on Microsoft Security Essentials[image: External link], borrowing its features and user interface. Although it is enabled by default, it can be turned off to use another anti-virus solution.[70] Windows Malicious Software Removal Tool[image: External link] and the optional Microsoft Safety Scanner[image: External link] are two other free security products offered by Microsoft.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Third-party analysis




In an article based on a report by Symantec,[71] internetnews.com has described Microsoft Windows as having the "fewest number of patches and the shortest average patch development time of the five operating systems it monitored in the last six months of 2006."[72]

A study conducted by Kevin Mitnick[image: External link] and marketing communications firm Avantgarde in 2004, found that an unprotected and unpatched Windows XP system with Service Pack 1 lasted only four minutes on the Internet before it was compromised, and an unprotected and also unpatched Windows Server 2003 system was compromised after being connected to the internet for 8 hours.[73] The computer that was running Windows XP Service Pack 2 was not compromised. The AOL[image: External link] National Cyber Security Alliance Online Safety Study of October 2004, determined that 80% of Windows users were infected by at least one spyware[image: External link]/ adware[image: External link] product.[citation needed[image: External link]] Much documentation is available describing how to increase the security of Microsoft Windows products. Typical suggestions include deploying Microsoft Windows behind a hardware or software firewall[image: External link], running anti-virus[image: External link] and anti-spyware[image: External link] software, and installing patches as they become available through Windows Update.[74]
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 Alternative implementations




Owing to the operating system's popularity, a number of applications have been released that aim to provide compatibility with Windows applications, either as a compatibility layer[image: External link] for another operating system, or as a standalone system that can run software written for Windows out of the box. These include:


	
Wine[image: External link] – a free and open-source[image: External link] implementation of the Windows API[image: External link], allowing one to run many Windows applications on x86-based platforms, including UNIX[image: External link], Linux and macOS. Wine developers refer to it as a "compatibility layer"[75] and use Windows-style APIs to emulate Windows environment.

	
CrossOver[image: External link] – a Wine package with licensed fonts. Its developers are regular contributors to Wine, and focus on Wine running officially supported applications.

	
Cedega[image: External link] – a proprietary fork[image: External link] of Wine by TransGaming Technologies[image: External link], designed specifically for running Microsoft Windows games on Linux. A version of Cedega known as Cider[image: External link] allows Windows games to run on macOS. Since Wine was licensed under the LGPL, Cedega has been unable to port the improvements made to Wine to their proprietary codebase. Cedega ceased its service in February 2011.

	
Darwine[image: External link] – a port of Wine for macOS and Darwin[image: External link]. Operates by running Wine on QEMU[image: External link].

	
Linux Unified Kernel[image: External link] – a set of patches to the Linux kernel allowing many Windows executable files in Linux (using Wine DLLs); and some Windows drivers to be used.





	
ReactOS[image: External link] – an open-source OS intended to run the same software as Windows, originally designed to simulate Windows NT 4.0, now aiming at Windows 7 compatibility. It has been in the development stage[image: External link] since 1996.

	
Linspire[image: External link] – formerly LindowsOS, a commercial Linux distribution initially created with the goal of running major Windows software. Changed its name to Linspire after Microsoft v. Lindows[image: External link]. Discontinued in favor of Xandros Desktop[image: External link], that was also later discontinued.

	Freedows OS – an open-source attempt at creating a Windows clone for x86 platforms, intended to be released under the GNU General Public License[image: External link]. Started in 1996, by Reece K. Sellin, the project was never completed, getting only to the stage of design discussions which featured a number of novel concepts until it was suspended in 2002.[76][77][78]
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 See also





	Architecture of Windows NT[image: External link]

	Wintel[image: External link]

	De facto standard[image: External link]

	Dominant design[image: External link]
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Ouya






The Ouya (/'u:je /[image: External link] OO -yə[image: External link]), stylized as OUYA,[6] is an Android-based microconsole[image: External link] developed by Ouya Inc. Julie Uhrman founded the project in 2012,[7][8] bringing in designer Yves Béhar[image: External link] to collaborate on the design of the project[9] and Muffi Ghadiali as VP of Product Management[10] to put together the engineering team.[11] Development was funded via Kickstarter[image: External link], raising $[image: External link]8.5 million and becoming the website's fifth-highest earning[image: External link] project in its history at the time, and is currently eighth.

Units started to ship to Kickstarter backers in March 2013 and were released to the general public in June 2013. It features an exclusive Ouya store for applications and games designed specifically for the Ouya platform, of which the majority are casual games[image: External link] targeted at or used by a mass audience of casual gamers[image: External link]. Out of the box, Ouya supports media apps such as Twitch.tv[image: External link] and XBMC[image: External link] media player.[8] It runs a modified version of Android Jelly Bean[image: External link], with rooting[image: External link] being officially encouraged.[8] The console's hardware design allows it to be easily opened up, requiring only a standard screwdriver for easy modding[image: External link] and possible hardware add-ons.[12]

All systems can be used as development kits, allowing any Ouya owner to also be a developer, without the need for licensing fees. All games were initially required to have some kind of free-to-play[image: External link] aspect,[8] whether that be completely free, has a free trial, or has purchasable upgrades, levels, or other in-game items. This requirement was later removed.[13]

Despite the successful Kickstarter campaign, sales of the Ouya were lackluster,[14] causing financial issues for Ouya Inc. and forcing the company to wind down the business. Its software assets were sold to Razer Inc.[image: External link], who announced the discontinuation of the Ouya console in July 2015.[1] The Ouya has been considered a commercial failure[image: External link] as a result.[15][16]



TOP
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 History




Ouya was announced on July 3, 2012, as a new home video game console, led by the CEO of Boxer8, Julie Uhrman. On July 10, Ouya started a campaign to gauge how many people were interested in the project.[8] Boxer8 confirmed to having a working prototype[17] with in-progress software and user interface. It features a Nvidia Tegra 3 chip and a price tag of $99 ($95 for 1000 "early birds" to the Kickstarter campaign).

The Kickstarter fundraising goal was raised within 8 hours. Funding continued to increase as more models were made available at various funding levels. According to Kickstarter, in reaching its goal, Ouya holds the record for best first-day performance of any project hosted to date. Within the first 24 hours, the project attracted one backer every 5.59 seconds. Ouya became the eighth project in Kickstarter history to raise more than a million dollars and was the quickest project ever to do so.[18][19] The Kickstarter finished on August 9 with $8,596,475 at 904% of their goal. This made the Ouya Kickstarter the fifth-highest earning[image: External link] in the website's history.

Ouya units for Kickstarter funders started to ship on March 28, 2013.[20] On June 25, 2013, the Ouya was released to the public for $99.

Ouya announced the "Free the Games Fund" in July 2013 with the goal to support developers making games exclusively for their system with Ouya matching a Kickstarter[image: External link]'s pledge dollar-for-dollar if a minimum of $50,000 is raised, but only if the game will be an Ouya exclusive for six months.[21]

In October 2013, Uhrman stated that the company planned on releasing a new iteration of the Ouya console sometime in 2014,[22] with an improved controller, double storage space, and better wi-fi.[23] On November 23, 2013, a limited edition white Ouya with double the storage of that to the original and a new controller design was available for pre-order at $129.[24]

As of January 1, 2014, the limited edition white Ouya went off sale and cannot be found on the official store, nor any official resellers. On January 31, 2014, a new black version of the Ouya was released with double storage and new controller design.[25]

In January 2015, Ouya received an investment of 10 million USD from Alibaba[image: External link] with the possibility of incorporating some of Ouya technologies into Alibaba’s set-top box.[26]

In April 2015, it was revealed that Ouya was trying to sell the company because it failed to renegotiate its debt.[27][28] On July 27, 2015, it was announced that Razer Inc.[image: External link] had acquired Ouya's employees and content library and that Ouya hardware was now discontinued. The deal does not include Ouya's hardware assets. Owners were encouraged to migrate to Razer's own Forge microconsole; Ouya's content library will be integrated into the Forge ecosystem, and "[the] Ouya brand name will live on as a standalone gaming publisher for Android TV[image: External link] and Android-based TV consoles."[29][30] On the same day Uhrman stepped down as Ouya's CEO.[31]

The technical team and developer relations[image: External link] personnel behind Ouya joined the software team of Razer, which is developing its own game platform called the Forge TV.[32][33][34][35]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Hardware




The Ouya is a 75-millimetre (2.95-inch) cube designed to use with a TV[image: External link] as the display via an HDMI connection[image: External link]. It ships with a single wireless controller, but it can also support multiple controllers. Games are available via digital distribution or can be side-loaded[image: External link].
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 Specifications






	
	Ouya



	Price:
	US$99 or US$129



	
SoC[image: External link]:
	
Nvidia[image: External link] Tegra 3[image: External link] T33-P-A3[36]




	
CPU[image: External link]:
	Quad-core 1.7 GHz ARM Cortex-A9 MPCore[image: External link] (ARMv7-A architecture)

NEON Advanced SIMD[image: External link] extensions and VFPv3 floating point unit





	
GPU[image: External link]:
	Nvidia GeForce[image: External link] ULP @ 520 MHz (12.48 G FLOPS[image: External link])

Hardware 1080p MPEG-4 AVC/h.264[image: External link] 40 Mbit/s High-Profile, VC1-AP, and DivX 5/6 video decode





	Memory (RAM):
	1 GiB[image: External link] DDR3-1600 SDRAM[image: External link][36][37] (shared for CPU and GPU)



	USB ports:
	1 USB 2.0, 1 microUSB



	Video output:
	
HDMI[image: External link] 1.4; 1080p[image: External link] or 720p[image: External link] resolution.[38] Stereoscopic 3D[image: External link] support.



	Audio output:
	HDMI ( ARC[image: External link]), 2.0[image: External link] channel[4]




	Internal storage:
	8 GB eMMC[image: External link] flash memory (expandable via USB)[36][39]




	Networking and Wireless:
	10/100 Ethernet[image: External link] ( 8P8C[image: External link]),[36][40] 802.11[image: External link] b/g/n, Bluetooth LE[image: External link] 4.0



	Power consumption:
	4.5 watt (gaming), 1 watt (standby)



	Power source:
	12 volt[image: External link] DC[image: External link], 1.5 ampere[image: External link] max via Coaxial power connector[image: External link] (OD 5.50 mm, ID 2.10 mm, center positive)



	Size:
	75×75×82 mm (2.95×2.95×3.23 in)



	Weight:
	300 g (11 oz)



	Operating system:
	
Android 4.1 (Jelly Bean) with custom Ouya launcher.





	Notes




	
iFixit[image: External link] has a detailed step-by-step teardown[image: External link] of the console.

	Hardware video decode supported by experimental XBMC using libstagefright.[41]
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 Controller




The Ouya controller is a typical gamepad with dual analogue sticks, a directional pad, 4 face buttons (labeled O, U, Y, and A) and pairs of back bumpers and triggers. It also includes a single-touch touchpad in the center of the controller.[42] The Ouya controller also has magnetically attached faceplates which enclose the 2 AA batteries, one on each side of the removable plates.

Alternate controllers may be used with the console (including those from the Xbox 360, PlayStation 3 and Wii[image: External link]) but only for compatible games.[43][44]
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 Reception
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 Pre-release




While initial reception of the Ouya was positive, raising $3.7 million on Kickstarter in the first two days, there were a number of vocal critics who were skeptical of the ability of the fledgling company to deliver a product at all. On July 12, 2012, PC Magazine[image: External link]'s Sascha Segan ran an op-ed[image: External link] entitled "Why Kickstarter's Ouya Looks Like a Scam"[45] which was critical not only of the Ouya but of all Kickstarter-funded hardware projects. Unreality Magazine defended the Ouya, stating "A scam implies some sort of intentionally illegal deceit." ... "Tapping multiple investors from multiple sources isn’t a scam, it’s not even illegal, it’s business."[46]

Engadget[image: External link] reviewed the Kickstarter pre-release version of the Ouya on April 3, 2013. While praising the low cost and ease of hacking the console, it reported issues with controller buttons becoming stuck beneath the controller plating and the right analog stick snagging on the plating. It also reported a slight lag between the controller and the console and went on to say the controller was "usable, but it's far from great."[47]

The Verge[image: External link] reported similar issues with the controller and questioned its construction quality. While they praised the hacking and openness of the console, calling it "a device with lots of potential and few true limitations", the review was mostly negative and was critical of the interface and game launch choice and stated that "Ouya isn't a viable gaming platform, or a good console, or even a nice TV interface."[48]
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 Retail reception




Tom's Hardware[image: External link] summarized early media reviews of the Ouya as "lukewarm".[49]

Engadget[image: External link] reviewed the retail version of the Ouya, and noted a largely improved experience as compared to what they found with their pre-release unit. Improvements to the gamepad were "huge", and they found "that the UI has been cleaned up and sped up". Engadget concluded that their "latest experience with the Android-based gaming device [left them] feeling optimistic" and that the company was "taking customer feedback seriously".[50]

Digital Trends called the final retail console "a device with a lot of potential built with love", and called the design a "sleek and cool-looking cube filled with gamingy goodness". The mostly positive review cited a lot of potential for the future, but was tempered by noting deficiencies in performance ("as powerful as many current smartphones"), and pointing out that the Ouya won't be able to compete with the "big three" console makers on performance, but must rely on carving out a niche in the market.[51]

ExtremeTech[image: External link] found that Ouya "has a number of serious faults". They mentioned the sub-par controller, the connectivity issues, and games which worked flawlessly on smartphones but stuttered on the console. Also, they remarked that "there just aren’t enough worthwhile games to play".[52]
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 Sales




Market analyst NPD Group described Ouya sales in its first month as "relatively light",[53] while several outlets noted low sales of games on the service in initial reports from developers.[54][55] In April 2014, developer Matt Thorson stated that his title TowerFall[image: External link], the Ouya's most popular game at the time, had only sold 7,000 copies for the console.[56]
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 Free the Games Fund




In July 2013, Ouya announced the "Free the Games Fund", a scheme to help fund developers, where Ouya would match any Kickstarter if a minimum target of $50,000 was reached, and provided the game remains Ouya exclusive for six months.[21] Suspicions were raised concerning the first two games to reach the target. Commentators noticed the small number of backers each pledging a high value amount, the large number of those who had never backed a project before, as well as the use of duplicate names and avatars that included those of celebrities.[57] This led some to suggest that the projects were artificially inflating their project's backing in order to receive extra money from Ouya. In addition, one project had a backer whose identity appeared to be taken from that of a missing persons case.[57]

Nevertheless, Ouya rejected any suspicion regarding the backing of the projects, and planned to continue with providing funding.[57][58] In September 2013, funding for one of the games that had reached its target, Elementary, My Dear Holmes was later suspended by Kickstarter.[59] The developers of the other funded game, Gridiron Thunder, threatened litigation against a commenter on the Kickstarter page,[59] and further dismissed concerns that they would have no rights to official NFL branding, a license currently held by Electronic Arts[image: External link].[60] In the same month, another project, Dungeons the Eye of Draconus, caused controversy by openly stating that a relative of one developer had provided substantial additional backing in order to have the project qualify for money from the Free the Games fund.[61] The project was removed by Ouya from the Free the Games fund, resulting in the developers removing the project from Kickstarter.[61]

Many developers criticized the fund's rules. Sophie Houlden removed her game, Rose and Time, from the Ouya marketplace.[62] Matt Gilgenbach, who was trying to finance his game Neverending Nightmares[image: External link] with help from the fund, said, "It would kill me if due to other projects abusing the Free the Games Fund, people lost confidence in our project and what we are trying to do...While I believe in the idea of the Free the Games Fund, I think it definitely could use some reform in light of the potential avenues for abuse."[63] Eventually, Uhrman accepted this criticism. "Developers were telling us over and over, 'You’re being too idealistic, and you’re being too naive'...That was the part that personally took me a while to understand." Ouya changed the fund rules, including adding a dollar-per-backer limit. Houlden put her game back on the store, and Neverending Nightmares qualified for funding under the new rules.[62]

On September 18, 2013, Ouya modified the exclusivity clause of the fund. Developers will still not be able to release their software on mobile devices, video game consoles, and set-top boxes during the six-month exclusivity period, but they will be allowed to release on other personal computer systems, such as Windows, Mac OS X, and Linux, during that time.[64]
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	Free-to-play[image: External link]

	Homebrew (video games)[image: External link]

	Independent video game development[image: External link]

	List of Ouya software[image: External link]

	List of OnLive video games[image: External link]

	Open source video game[image: External link]
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PlayStation 3






"PS3" redirects here. For other uses, see PS3 (disambiguation)[image: External link].

The PlayStation 3 (PS3) is a home video game console[image: External link] developed by Sony Interactive Entertainment[image: External link]. It is the successor to PlayStation 2[image: External link], and is part of the PlayStation brand of consoles[image: External link]. It was first released on November 11, 2006, in Japan[image: External link],[8] November 17, 2006, in North America[image: External link], and March 23, 2007, in Europe[image: External link] and Australia[image: External link].[9][10][11] The PlayStation 3 mainly competes against consoles such as Microsoft[image: External link]'s Xbox 360 and Nintendo[image: External link]'s Wii[image: External link] as part of the seventh generation of video game consoles[image: External link].

The console was first officially announced at E3 2005[image: External link], and was released at the end of 2006. It was the first console to use Blu-ray Disc[image: External link] as its primary storage medium.[12] The console was the first PlayStation to integrate social gaming services, including being the first to introduce Sony's social gaming service, PlayStation Network,[13] and its[14] remote connectivity with PlayStation Portable[image: External link] and PlayStation Vita,[15] being able to remote control the console from the devices. In September 2009, the Slim model of the PlayStation 3 was released. It no longer provided the hardware ability to run PS2 games. It was lighter and thinner than the original version, and featured a redesigned logo and marketing design, as well as a minor start-up change in software. A Super Slim variation was then released in late 2012, further refining and redesigning the console.

The system had a slow start in the market[16] but managed to recover, particularly after the introduction of the Slim model. As of March 2016, PlayStation 3 has sold 85 million units worldwide,[17] putting it about on par with Xbox 360, but behind the Wii. Its successor, the PlayStation 4, was released later in November 2013. On September 29, 2015, Sony confirmed that sales of the PlayStation 3 were to be discontinued in New Zealand[image: External link], but the system remains in production in other markets.[18] On 29 May 2017, the PlayStation 3 was discontinued in Japan[image: External link].[19][20][21]



TOP
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 History




Sony[image: External link] officially unveiled PlayStation 3 to the public on May 16, 2005, at E3 2005[image: External link],[22] along with a boomerang[image: External link]-shaped prototype design of the Sixaxis controller[image: External link].[23] A functional version of the system was not present there,[24] nor at the Tokyo Game Show[image: External link] in September 2005,[25] although demonstrations (such as Metal Gear Solid 4: Guns of the Patriots[image: External link][24]) were held at both events on software development kits[image: External link] and comparable personal computer hardware[image: External link].[24][25] Video footage based on the predicted PlayStation 3 specifications was also shown (notably a Final Fantasy VII[image: External link] tech demo[image: External link]).[26]

The initial prototype shown in May 2005 featured two HDMI[image: External link] ports, three Ethernet[image: External link] ports and six USB[image: External link] ports;[27] however, when the system was shown again a year later at E3 2006[image: External link], these were reduced to one HDMI port, one Ethernet port and four USB ports, presumably to cut costs.[28][29] Two hardware configurations were also announced for the console: a 20 GB model and a 60 GB model, priced at US$499 (€499) and US$599 (€599), respectively.[28] The 60 GB model was to be the only configuration to feature an HDMI port, Wi-Fi[image: External link] internet, flash card readers and a chrome trim with the logo in silver.[28] Both models were announced for a simultaneous worldwide release: November 11, 2006, for Japan and November 17, 2006, for North America and Europe.[30]

On September 6, 2006, Sony announced that PAL region[image: External link] PlayStation 3 launch would be delayed until March 2007, because of a shortage of materials used in the Blu-ray drive.[31] At the Tokyo Game Show on September 22, 2006, Sony announced that it would include an HDMI port on the 20 GB system, but a chrome trim, flash card readers, silver logo and Wi-Fi would not be included.[32] Also, the launch price of the Japanese 20 GB model was reduced by over 20%,[33] and the 60 GB model was announced for an open pricing scheme in Japan.[33] During the event, Sony showed 27 playable PS3 games[image: External link] running on final hardware.[34]
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 Launch




PlayStation 3 was first released in Japan on November 11, 2006, at 07:00.[8] According to Media Create[image: External link], 81,639 PS3 systems were sold within 24 hours of its introduction in Japan.[35] Soon after its release in Japan, PS3 was released in North America on November 17, 2006.[9] Reports of violence surrounded the release of PS3. A customer was shot,[36] campers were robbed at gunpoint,[37] customers were shot in a drive-by shooting[image: External link] with BB guns[image: External link],[38] and 60 campers fought over 10 systems.[39]

The console was originally planned for a global release through November, but at the start of September the release in Europe and the rest of the world was delayed until March.[40] With it being a somewhat last-minute delay, some companies had taken deposits for pre-orders, at which Sony informed customers that they were eligible for full refunds or could continue the pre-order.[41] On January 24, 2007, Sony announced that PlayStation 3 would go on sale on March 23, 2007, in Europe, Australia, the Middle East[image: External link], Africa and New Zealand[image: External link].[10][11] The system sold about 600,000 units in its first two days.[42] On March 7, 2007, the 60 GB PlayStation 3 launched in Singapore[image: External link] with a price of S$[image: External link]799.[43] The console was launched in South Korea on June 16, 2007, as a single version equipped with an 80 GB hard drive and IPTV[image: External link].[44]
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 Slim model




Following speculation that Sony was working on a 'slim' model, Sony officially announced the PS3 CECH-2000 model on August 18, 2009, at the Sony Gamescom[image: External link] press conference.[45][46] New features included a slimmer form factor, decreased power consumption, and a quieter cooling system.[47] It was released in major territories by September 2009. At the same time, a new logo was introduced for the console to replace the previous "Spider-Man" wordmarks (named due to their use of the same font as the logos of Sony's then-current Spider-Man films[image: External link]), with a new "PS3" wordmark evoking the design of the PlayStation 2 wordmark replacing the capitalized PlayStation 3 lettering.[48]
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 Super Slim model




In September 2012 at the Tokyo Game Show[image: External link], Sony announced that a new, slimmer PS3 redesign (CECH-4000) was due for release in late 2012 and that it would be available with either a 250 GB or 500 GB hard drive. Three versions of the Super Slim model were revealed: one with a 500 GB hard drive, a second with a 250 GB hard drive which is not available in PAL regions[image: External link], and a third with a 12 GB flash storage that was available in PAL regions, and in Canada. The storage of 12 GB model is upgradable with an official standalone 250 GB hard drive. A vertical stand was also released for the model. In the United Kingdom[image: External link], the 500 GB model was released on September 28, 2012; and the 12 GB model was released on October 12, 2012. In the United States[image: External link], the PS3 Super Slim was first released as a bundled console. The 250 GB model was bundled with the Game of the Year edition of Uncharted 3: Drake's Deception[image: External link] and released on September 25, 2012; and the 500 GB model was bundled with Assassin's Creed III[image: External link] and released on October 30, 2012. In Japan, the black colored Super Slim model was released on October 4, 2012; and the white colored Super Slim model was released on November 22, 2012. The Super Slim model is 20 percent smaller and 25 percent lighter than the Slim model and features a manual sliding disc cover instead of a motorized slot-loading disc cover of the Slim model.[49][50][51][52][53][54] The white colored Super Slim model was released in the United States on January 27, 2013 as part of the Instant Game Collection Bundle.[55] The Garnet Red and Azurite Blue colored models were launched in Japan on February 28, 2013.[56] The Garnet Red version was released in North America on March 12, 2013 as part of the God of War: Ascension[image: External link] bundle with 500 GB storage and contained God of War: Ascension as well as the God of War Saga[image: External link].[57] The Azurite Blue model was released as a GameStop exclusive with 250GB storage.[58]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Games




Main article: Lists of PlayStation 3 games[image: External link]


PlayStation 3 launched in North America with 14 titles, with another three being released before the end of 2006.[59] After the first week of sales it was confirmed that Resistance: Fall of Man[image: External link] from Insomniac Games[image: External link] was the top-selling launch game[image: External link] in North America.[60][61] The game was heavily praised by numerous video game[image: External link] websites, including GameSpot and IGN, both of whom awarded it their PlayStation 3 Game of the Year award for 2006.[62][63] Some titles missed the launch window[image: External link] and were delayed until early 2007, such as The Elder Scrolls IV: Oblivion[image: External link], F.E.A.R.[image: External link] and Sonic the Hedgehog[image: External link]. During the Japanese launch, Ridge Racer 7[image: External link] was the top-selling game, while Mobile Suit Gundam: Crossfire[image: External link] also fared well in sales,[64] both of which were offerings from Namco Bandai Games[image: External link]. PlayStation 3 launched in Europe with 24 titles, including ones that were not offered in North American and Japanese launches, such as Formula One Championship Edition[image: External link], MotorStorm[image: External link] and Virtua Fighter 5[image: External link]. Resistance: Fall of Man[image: External link] and MotorStorm[image: External link] were the most successful titles of 2007,[65][66] and both games subsequently received sequels in the form of Resistance 2[image: External link] and MotorStorm: Pacific Rift[image: External link].[67][68]

At E3 2007[image: External link], Sony was able to show a number of their upcoming video games for PlayStation 3, including Heavenly Sword[image: External link], Lair[image: External link], Ratchet & Clank Future: Tools of Destruction[image: External link], Warhawk[image: External link] and Uncharted: Drake's Fortune[image: External link]; all of which were released in the third and fourth quarters of 2007. It also showed off a number of titles that were set for release in 2008 and 2009; most notably Killzone 2[image: External link], Infamous[image: External link], Gran Turismo 5 Prologue[image: External link], LittleBigPlanet[image: External link] and SOCOM: U.S. Navy SEALs Confrontation[image: External link].[69] A number of third-party exclusives were also shown, including the highly anticipated Metal Gear Solid 4: Guns of the Patriots[image: External link],[70] alongside other high-profile third-party titles such as Grand Theft Auto IV, Call of Duty 4: Modern Warfare[image: External link], Assassin's Creed[image: External link], Devil May Cry 4[image: External link] and Resident Evil 5[image: External link]. Two other important titles for PlayStation 3, Final Fantasy XIII[image: External link] and Final Fantasy Versus XIII[image: External link], were shown at TGS 2007[image: External link] in order to appease the Japanese market.[71][72]

Sony have since launched their budget range[image: External link] of PlayStation 3 titles, known as the Greatest Hits range[image: External link] in North America,[73] the Platinum range[image: External link] in Europe and Australia[74] and The Best range[image: External link] in Japan.[75] Among the titles available in the budget range include Resistance: Fall of Man[image: External link], MotorStorm[image: External link], Uncharted: Drakes Fortune[image: External link], Rainbow Six: Vegas[image: External link], Call Of Duty 3[image: External link], Assassin's Creed[image: External link] and Ninja Gaiden Sigma[image: External link]. As of October 2009 Metal Gear Solid 4: Guns of the Patriots[image: External link], Ratchet & Clank Future: Tools of Destruction[image: External link], Devil May Cry 4[image: External link], Army of Two[image: External link], Battlefield: Bad Company[image: External link] and Midnight Club: Los Angeles[image: External link] have also joined the list.

As of March 31, 2012, there have been 595 million games sold for PlayStation 3.[76]
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 Stereoscopic 3D




Main article: List of PlayStation 3 games with 3D support[image: External link]


In December 2008, the CTO[image: External link] of Blitz Games[image: External link] announced that it would bring stereoscopic[image: External link] 3D gaming and movie viewing to Xbox 360 and PlayStation 3 with its own technology.[77] This was first demonstrated publicly on PS3 using Sony's own technology in January 2009 at the Consumer Electronics Show[image: External link]. Journalists were shown Wipeout HD[image: External link] and Gran Turismo 5 Prologue[image: External link] in 3D as a demonstration of how the technology might work if it is implemented in the future.[78] Firmware update 3.30 officially allowed PS3 titles to be played in 3D, requiring a compatible display for use.[79] System software update 3.50 prepared it for 3D films.[80] While the game itself must be programmed to take advantage of the 3D technology, titles may be patched to add in the functionality retroactively. Titles with such patches include Wipeout HD, Pain[image: External link], and Super Stardust HD[image: External link].[81]
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 Hardware




Main article: PlayStation 3 hardware[image: External link]


PlayStation 3 is convex on its left side, with the PlayStation logo upright, when vertical (the top side is convex when horizontal) and has a glossy black finish. PlayStation designer Teiyu Goto stated that the Spider-Man[image: External link]-font-inspired logo "was one of the first elements SCEI[image: External link] president Ken Kutaragi[image: External link] decided on and the logo may have been the motivating force behind the shape of PS3".[82]

On March 22, 2007, SCE and Stanford University[image: External link] released the Folding@home[image: External link] software for PlayStation 3.[83] This program allows PS3 owners to lend the computing power of their consoles to help study the process of protein folding[image: External link] for disease research.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Use in supercomputing




Main article: PlayStation 3 cluster[image: External link]


PS3's hardware has also been used to build supercomputers[image: External link] for high-performance computing[image: External link].[84] Fixstars Solutions[image: External link] sells a version of Yellow Dog Linux[image: External link] for PlayStation 3 (originally sold by Terra Soft Solutions).[85] RapidMind[image: External link] produced a stream programming[image: External link] package for PS3,[86] but were acquired by Intel in 2009. Also, on January 3, 2007, Dr. Frank Mueller, Associate Professor of Computer science[image: External link] at NCSU[image: External link], clustered 8 PS3s. Mueller commented that the 256 MB of system RAM is a limitation for this particular application and is considering attempting to retrofit more RAM. Software includes: Fedora[image: External link] Core 5 Linux ppc64, MPICH2, OpenMP[image: External link] v 2.5, GNU Compiler Collection[image: External link] and CellSDK 1.1.[87][88][89] As a more cost-effective alternative to conventional supercomputers, the U.S. military has purchased clusters of PS3 units for research purposes.[90] Retail PS3 Slim units cannot be used for supercomputing, because PS3 Slim lacks the ability to boot into a third-party OS.

In November 2010 the Air Force Research Laboratory[image: External link] (AFRL) created a powerful supercomputer[image: External link] by connecting together 1,760 Sony PS3s which include 168 separate graphical processing units and 84 coordinating servers in a parallel array capable of performing 500 trillion floating-point operations per second[image: External link] (500 TFLOPS).[91] As built the Condor Cluster was the 33rd largest supercomputer in the world and would be used to analyze high definition satellite imagery.[92]

In December 2008, a group of hackers used a cluster of 200 PlayStation 3 computers to crack SSL[image: External link] authentication.[93]
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 Technical specifications




Main article: PlayStation 3 technical specifications[image: External link]


PlayStation 3 features a slot-loading 2x speed Blu-ray Disc drive for games, Blu-ray movies, DVDs, CDs and other optical media.[94] It was originally available with hard drives of 20 and 60 GB (20 GB model was not available in PAL regions)[95][96] but various sizes up to 500 GB[97][98] have been made available since then (see: model comparison[image: External link]). All PS3 models have user-upgradeable 2.5" SATA hard drives.[99]

PlayStation 3 uses the Cell microprocessor[image: External link], designed by Sony, Toshiba[image: External link] and IBM[image: External link], as its CPU[image: External link], which is made up of one 3.2 GHz PowerPC-based "Power Processing Element" (PPE) and eight Synergistic Processing Elements (SPEs).[100] The eighth SPE is disabled to improve chip yields.[101][102] Only six of the seven SPEs are accessible to developers as the seventh SPE is reserved by the console's operating system[image: External link].[102] Graphics processing[image: External link] is handled by the NVIDIA[image: External link] RSX 'Reality Synthesizer'[image: External link], which can produce resolutions from 480i[image: External link]/ 576i[image: External link] SD[image: External link] up to 1080p[image: External link] HD[image: External link].[94] PlayStation 3 has 256 MB of XDR DRAM[image: External link] main memory and 256 MB of GDDR3[image: External link] video memory[image: External link] for the RSX.[103]

The system has Bluetooth 2.0[image: External link] (with support for up to 7 Bluetooth devices[104]), Gigabit Ethernet[image: External link], USB 2.0[image: External link] and HDMI 1.4[image: External link][note 1] built in on all currently shipping models. Wi-Fi[image: External link] networking is also built-in on all but the 20 GB models, while a flash card reader (compatible with Memory Stick[image: External link], SD[image: External link]/ MMC[image: External link] and CompactFlash[image: External link]/ Microdrive[image: External link] media) is built-in on 60 GB and CECHExx 80 GB models.[94][103]
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 Models




Main article: PlayStation 3 models[image: External link]


PlayStation 3 has been produced in various models: the original, the Slim, and the Super Slim. Successive models have added or removed various features.
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 Controllers and accessories




Main article: PlayStation 3 accessories[image: External link]


Numerous accessories for the console have been developed. These accessories include the wireless Sixaxis[image: External link] and DualShock 3[image: External link] controllers, the Logitech Driving Force GT[image: External link], the Logitech Cordless Precision Controller[image: External link], the BD Remote[image: External link], the PlayStation Eye[image: External link] camera, and the PlayTV[image: External link] DVB-T[image: External link] tuner/digital video recorder[image: External link] accessory.[105][106]

At Sony's E3 press conference in 2006, the then standard wireless Sixaxis[image: External link] controller was announced. The controller was based on the same basic design as the PlayStation 2's[image: External link] DualShock 2[image: External link] controller but was wireless, lacked vibration capabilities, had a built-in accelerometer (that could detect motion in three directional and three rotational axes; six in total, hence the name Sixaxis) and had a few cosmetic tweaks.

At its press conference at the 2007 Tokyo Game Show[image: External link], Sony announced DualShock 3[image: External link] (trademarked DUALSHOCK 3), a PlayStation 3 controller with the same function and design as Sixaxis, but with vibration capability included.[107] Hands-on accounts describe the controller as being noticeably heavier than the standard Sixaxis controller and capable of vibration forces comparable to DualShock 2.[108] It was released in Japan on November 11, 2007;[109] in North America on April 5, 2008;[110] in Australia on April 24, 2008; in New Zealand on May 9, 2008; in mainland Europe on July 2, 2008,[111] and in the United Kingdom and Ireland on July 4, 2008.

During E3 2009[image: External link], Sony unveiled plans to release a motion controller later to be named PlayStation Move[image: External link] at GDC 2010. It was released on September 15, 2010, in Europe; September 19, 2010, in North America and October 21, 2010, in Japan.[112]

On October 13, 2010, Sony announced an official surround sound system for PS3 through the official PlayStation YouTube[image: External link] channel.[113]

The PlayStation 3 can also use DualShock 4[image: External link] controller initially via USB cable, but Firmware update 4.60 enabled wireless connection.[114]
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 Statistics regarding reliability




According to Ars Technica[image: External link], the number of PlayStation 3 consoles that have experienced failure is well within the normal failure rates in the consumer electronics industry;[115] a 2009 study by SquareTrade[image: External link], a warranty provider, found a two-year failure rate of 10% for PlayStation 3s.[116]

In September 2009, BBC[image: External link]'s Watchdog[image: External link] television program aired a report investigating the issue, calling it the "yellow light of death" (YLOD). Among the consoles that experienced the failure, they found that it usually occurred 18–24 months after purchase, while the standard Sony warranty covers one year after purchase. After this time period, PlayStation 3 owners can pay Sony a fixed fee for a refurbished console.[117]

Sony claimed that, according to its statistics of returned consoles, approximately 0.5% of consoles were reported as showing the YLOD.[117][118] In response to the televised report, Sony issued a document criticizing the program's accuracy and conclusions; specifically that the faults were evidence of a manufacturing defect. The document also complained that the report had been inappropriate in tone and might damage Sony's brand name.[118][119]
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 Software
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 System software




Main article: PlayStation 3 system software[image: External link]


Sony has included the ability for the operating system[image: External link], referred to as System Software, to be updated.[120] The updates can be acquired in several ways:


	If PlayStation 3 has an active Internet connection[image: External link], updates may be downloaded directly from the PlayStation Network to PlayStation 3 and subsequently installed. Systems with active Internet will automatically check online for software updates each time the console is started.

	Using an external PC, a user may download the update from the official PlayStation website, transfer it to portable storage media[image: External link] and install it on the system.

	Some game discs come with system software[image: External link] updates on the disc. This may be due to the game requiring the update in order to run. If so, the software may be installed from the disc.[120]




The original PlayStation 3 also included the ability to install other operating systems,[121] such as Linux[image: External link].[122] This was not included in the newer slim models and was removed from all older PlayStation 3 consoles with the release of firmware update 3.21 in April 2010. The functionality is now only available to users of original consoles who choose not to update their system software beyond version 3.15[123] or who have installed third-party, modified and unofficial versions of the firmware instead.[124]


[image: TOC] TOC Next [image: Next chapter] 
 Graphical user interface




Main article: XrossMediaBar – PlayStation 3 XMB[image: External link]


The standard PlayStation 3 version of the XrossMediaBar (pronounced Cross Media Bar[image: External link], or abbreviated XMB) includes nine categories of options. These are: Users, Settings, Photo, Music, Video, TV/Video Services, Game, Network, PlayStation Network and Friends (similar to the PlayStation Portable[image: External link] media bar). TheTV/Video Services category is for services like Netflix[image: External link] and/or if PlayTV[image: External link] or torne is installed; the first category in this section is "My Channels", which lets users download various streaming services, including Sony's own streaming services Crackle[image: External link] and PlayStation Vue[image: External link]. By default, the What's New section of PlayStation Network is displayed when the system starts up. PS3 includes the ability to store various master and secondary user profiles, manage and explore photos with or without a musical slide show[image: External link], play music[image: External link] and copy audio CD[image: External link] tracks to an attached data storage device[image: External link], play movies and video files from the hard disk drive, an optical disc (Blu-ray Disc or DVD-Video) or an optional USB mass storage[image: External link] or Flash card, compatibility for a USB keyboard and mouse and a web browser[image: External link] supporting compatible-file download function.[125] Additionally, UPnP[image: External link] media will appear in the respective audio/video/photo categories if a compatible media server[image: External link] or DLNA[image: External link] server is detected on the local network. The Friends menu allows mail with emoticon and attached picture features and video chat[image: External link] which requires an optional PlayStation Eye[image: External link] or EyeToy[image: External link] webcam.[126] The Network menu allows online shopping[image: External link] through the PlayStation Store[image: External link] and connectivity to PlayStation Portable via Remote Play.[126]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Digital rights management




PlayStation 3 console protects certain types of data and uses digital rights management to limit the data's use. Purchased games and content from the PlayStation Network store are governed by PlayStation's Network Digital Rights Management (NDRM). The NDRM allows users to access the data from up to 2 different PlayStation 3's that have been activated using a user's PlayStation Network ID.[127] PlayStation 3 also limits the transfer of copy protected videos downloaded from its store to other machines and states that copy protected video "may not restore correctly" following certain actions after making a backup such as downloading a new copy protected movie.[128]
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 Photo management





	Photo Gallery



Photo Gallery is an optional application to view, create and group photos from PS3, which is installed separately from the system software at 105 MB. It was introduced in system software version 2.60 and provides a range of tools for sorting through and displaying the system's pictures. The key feature of this application is that it can organize photos into groups according to various criteria. Notable categorizations are colors, ages, or facial expressions[image: External link] of the people in the photos. Slideshows can be viewed with the application, along with music and playlists. The software was updated with the release of system software version 3.40 allowing users to upload and browse photos on Facebook[image: External link] and Picasa[image: External link].[129]


	PlayMemories Studio



PlayMemories is an optional stereoscopic 3D (and also standard) photo viewing application,[130] which is installed from the PlayStation Store at 956 MB. The application is dedicated specifically to 3D photos and features the ability to zoom into 3D environments and change the angle and perspective of panoramas.[131] It requires system software 3.40 or higher; 3D photos; a 3D HDTV, and an HDMI cable for the 3D images to be viewed properly.
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 Video services





	Video editor and uploader



A new application was released as part of system software version 3.40 which allows users to edit videos on PlayStation 3 and upload them to the Internet. The software features basic video editing tools including the ability to cut videos and add music and captions. Videos can then be rendered and uploaded to video sharing websites such as Facebook and YouTube.[129]


	Video on demand



In addition to the video service provided by the Sony Entertainment Network[image: External link], the PlayStation 3 console has access to a variety of third party video services, dependent on region:

Since June 2009, VidZone[image: External link] has offered a free music video streaming service in Europe,[132] Australia and New Zealand.[133] In October 2009, Sony Computer Entertainment and Netflix[image: External link] announced that the Netflix streaming service would also be available on PlayStation 3 in the United States. A paid Netflix subscription was required for the service.[134] The service became available in November 2009.[135] Initially users had to use a free Blu-ray disc to access the service; however, in October 2010 the requirement to use a disc to gain access was removed.[136]

In April 2010, support for MLB.tv[image: External link] was added, allowing MLB.tv subscribers to watch regular season games live in HD and access new interactive features designed exclusively for PSN.[137]

In November 2010, access to the video and social networking site MUBI[image: External link] was enabled for European, New Zealand, and Australian users; the service integrates elements of social networking with rental or subscription video streaming, allowing users to watch and discuss films with other users.[138][139] Also in November 2010 the video rental service VUDU[image: External link],[140] NHL GameCenter Live[image: External link],[141] and subscription service Hulu Plus[image: External link] launched on PlayStation 3 in the United States.[142]

In August 2011, Sony, in partnership with DirecTV[image: External link], added NFL Sunday Ticket[image: External link].[143] Then in October 2011, Best Buy[image: External link] launched an app for its CinemaNow[image: External link] service.[144] In April 2012, Amazon.com[image: External link] launched an Amazon Video[image: External link] app, accessible to Amazon Prime[image: External link] subscribers (in the US).[145]

Upon reviewing the PlayStation and Netflix collaboration, Pocket-Lint said "We've used the Netflix app on Xbox too and, as good as it is, we think the PS3 version might have the edge here." and stated that having Netflix and LoveFilm on PlayStation is "mind-blowingly good."[146]

In July 2013, YuppTV[image: External link] OTT player launched its branded application on the PS3 computer entertainment system in the United States.[147][148]
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 OtherOS support




Main article: OtherOS[image: External link]


PlayStation 3 initially shipped with the ability to install an alternative operating system alongside the main system software; Linux and other Unix[image: External link] based operating systems were available. The hardware allowed access to six of the seven Synergistic Processing Elements of the Cell microprocessor[image: External link], but not the RSX 'Reality Synthesizer'[image: External link] graphics chip.

The 'OtherOS' functionality was not present in the updated PS Slim models, and the feature was subsequently removed from previous versions of the PS3 as part of the machine's firmware[image: External link] update version 3.21 which was released on April 1, 2010;[149] Sony cited security concerns as the rationale. The firmware update 3.21 was mandatory for access to the PlayStation Network.[150] The removal caused some controversy; as the update removed officially advertised features from already sold products, and gave rise to several class action lawsuits aimed at making Sony return the feature or provide compensation.[151][152]

On December 8, 2011, U.S. District Judge Richard Seeborg dismissed the last remaining count of the class action lawsuit (other claims in the suit had previously been dismissed), stating: "As a legal matter, [..] plaintiffs have failed to allege facts or articulate a theory on which Sony may be held liable."[153]

As of January 2014 the U.S. Court of Appeals for the Ninth Circuit partially reversed the dismissal and have sent the case back to the district court.[154]
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 Leap year bug




On March 1, 2010 (UTC), many of the original "fat" PlayStation 3 models worldwide were experiencing errors related to their internal system clock. The error had many symptoms. Initially, the main problem seemed to be the inability to connect to the PlayStation Network. However, the root cause of the problem was unrelated to the PlayStation Network, since even users who had never been online also had problems playing installed offline games (which queried the system timer as part of startup) and using system themes. At the same time many users noted that the console's clock had gone back to December 31, 1999. The event was nicknamed the ApocalyPS3, a play on the word apocalypse[image: External link] and PS3, the abbreviation for the PlayStation 3 console.[155]

The error code[image: External link] displayed was typically 8001050F and affected users were unable to sign in, play games, use dynamic themes and view/sync trophies.[156] The problem only resided within the 1st through to the 3rd generation original PS3 units while the newer "Slim" models were unaffected because of different internal hardware for the clock.

Sony confirmed that there was an error and stated that it was narrowing down the issue and were continuing to work to restore service.[157] By March 2 (UTC), 2010, owners of original PS3 models could connect to PSN successfully and the clock no longer showed December 31, 1999.[158] Sony stated that the affected models incorrectly identified 2010 as a leap year[image: External link], because of a bug in the BCD[image: External link] method of storing the date.[159][160] However, for some users, the hardware's operating system clock (mainly updated from the internet and not associated with the internal clock) needed to be updated manually or by re-syncing it via the internet.

On June 29, 2010, Sony[image: External link] released PS3 system software[image: External link] update 3.40, which improved the functionality of the internal clock to properly account for leap years.[161]
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 Features
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 PlayStation Portable connectivity




Main articles: Remote Play[image: External link] and PlayStation Store (PC) for PSP[image: External link]


PlayStation Portable[image: External link] can connect with PlayStation 3 in many ways, including in-game connectivity. For example, Formula One Championship Edition[image: External link], a racing game, was shown at E3 2006 using a PSP as a real-time rear-view mirror[image: External link].[162] In addition, users are able to download original PlayStation format games from the PlayStation Store, transfer and play them on PSP as well as PS3 itself.[163][164] It is also possible to use the Remote Play[image: External link] feature to play these and some PlayStation Network games, remotely on PSP over a network or internet connection.

Sony has also demonstrated PSP playing back video content from PlayStation 3 hard disk across an ad hoc[image: External link] wireless network. This feature is referred to as Remote Play located under the browser icon on both PlayStation 3 and PlayStation Portable. Remote play has since expanded to allow remote access[image: External link] to PS3 via PSP from any wireless access point[image: External link] in the world.[165]
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 PlayStation Network




Main article: PlayStation Network


PlayStation Network is the unified online multiplayer gaming[image: External link] and digital media delivery service provided by Sony Computer Entertainment[image: External link] for PlayStation 3 and PlayStation Portable, announced during the 2006 PlayStation Business Briefing meeting in Tokyo. The service is always connected,[166] free,[167] and includes multiplayer support.[13] The network enables online gaming, the PlayStation Store, PlayStation Home and other services. PlayStation Network uses real currency and PlayStation Network Cards[image: External link] as seen with the PlayStation Store and PlayStation Home.
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 PlayStation Plus




Main article: PlayStation Plus[image: External link]


PlayStation Plus (commonly abbreviated PS+ and occasionally referred to as PSN Plus) is a premium PlayStation Network subscription service that was officially unveiled at E3 2010[image: External link] by Jack Tretton, President and CEO of SCEA.[168] Rumors of such service had been in speculation since Kaz Hirai's announcement at TGS 2009 of a possible paid service for PSN but with the current PSN service still available. Launched alongside PS3 firmware 3.40 and PSP firmware 6.30 on June 29, 2010, the paid-for subscription service provides users with enhanced services on the PlayStation Network, on top of the current PSN service which is still available with all of its features. These enhancements include the ability to have demos and game updates download automatically to PlayStation 3. Subscribers also get early or exclusive access to some betas[image: External link], game demos, premium downloadable content and other PlayStation Store items. North American users also get a free subscription to Qore[image: External link]. Users may choose to purchase either a one-year or a three-month subscription to PlayStation Plus.[169]
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 PlayStation Store




Main article: PlayStation Store[image: External link]


The PlayStation Store is an online virtual market available to users of Sony[image: External link]'s PlayStation 3 (PS3) and PlayStation Portable[image: External link] (PSP) game consoles[image: External link] via the PlayStation Network. The Store offers a range of downloadable content both for purchase and available free of charge. Available content includes full games, add-on content, playable demos[image: External link], themes[image: External link] and game and movie trailers[image: External link]. The service is accessible through an icon on the XMB[image: External link] on PS3 and PSP. The PS3 store can also be accessed on PSP via a Remote Play[image: External link] connection to PS3. The PSP store is also available via the PC application, Media Go[image: External link]. As of September 24, 2009, there have been over 600 million downloads from the PlayStation Store worldwide.[170]

The PlayStation Store is updated with new content each Tuesday in North America, and each Wednesday in PAL[image: External link] regions.[171] In May 2010 this was changed from Thursdays to allow PSP games to be released digitally, closer to the time they are released on UMD[image: External link].[172]
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 What's New




What's New was announced at Gamescom 2009 and was released on September 1, 2009, with PlayStation 3 system software 3.0.[173] The feature was to replace the existing [Information Board], which displayed news from the PlayStation website associated with the user's region. The concept was developed further into a major PlayStation Network feature, which interacts with the [Status Indicator] to display a ticker of all content, excluding recently played content (currently in North America and Japan only).

The system displays the What's New screen by default instead of the [Games] menu (or [Video] menu, if a movie was inserted) when starting up. What's New has four sections: "Our Pick", "Recently Played", latest information and new content available in PlayStation Store. There are four kinds of content the What's New screen displays and links to, on the sections. "Recently Played" displays the user's recently played games and online services only, whereas, the other sections can contain website links, links to play videos and access to selected sections of the PlayStation Store.

The PlayStation Store icons in the [Game] and [Video] section act similarly to the What's New screen, except that they only display and link to games and videos in the PlayStation Store, respectively.
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 PlayStation Home




Main article: PlayStation Home[image: External link]


PlayStation Home was a virtual 3D social networking[image: External link] service for the PlayStation Network.[174] Home allowed users to create a custom avatar[image: External link], which could be groomed realistically.[175][176] Users could edit and decorate their personal apartments, avatars, or club houses with free, premium, or won content.[175] Users could shop for new items or win prizes from PS3 games, or Home activities.[176] Users could interact and connect with friends and customize content in a virtual world[image: External link].[177] Home also acted as a meeting place for users that wanted to play multiplayer games[image: External link] with others.[177]

A closed beta began in Europe from May 2007 and expanded to other territories soon after.[178] Home was delayed and expanded[179] several times before initially releasing.[180][181] The Open Beta test[image: External link] was started on December 11, 2008. It remained as a perpetual beta[image: External link] until its closure on March 31, 2015.[182][183] Home was available directly from the PlayStation 3 XrossMediaBar[image: External link]. Membership was free, but required a PSN account.[176][177]

Home featured places to meet and interact, dedicated game spaces, developer spaces, company spaces, and events. The service underwent a weekly maintenance and frequent updates.[184] At the time of its closure in March 2015, Home had been downloaded by 41 million users.[182]
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 Life with PlayStation




Main article: Life with PlayStation[image: External link]


Life with PlayStation, released on September 18, 2008[185] to succeed Folding@home[image: External link], was retired November 6, 2012. Life with PlayStation used virtual globe[image: External link] data to display news and information by city. Along with Folding@home functionality, the application provided access to three other information "channels", the first being the Live Channel offering news headlines and weather which were provided by Google News[image: External link], The Weather Channel[image: External link], the University of Wisconsin–Madison[image: External link] Space Science and Engineering Center, among other sources.[186] The second channel was the World Heritage[image: External link] channel which offered historical information about historical sites. The third channel was the United Village channel. United Village was designed to share information about communities and cultures worldwide.[187] An update allowed video and photo viewing in the application.[185] The fourth channel was the U.S. exclusive PlayStation Network Game Trailers Channel for direct streaming of game trailers.
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 Outage




Main article: 2011 PlayStation Network outage[image: External link]


On April 20, 2011, Sony shut down the PlayStation Network and Qriocity for a prolonged interval, revealing on April 23 that this was due to "an external intrusion on our system". Sony later revealed that the personal information[image: External link] of 77 million users might have been taken, including: names; addresses; countries; email addresses; birthdates; PSN/Qriocity logins, passwords and handles/PSN online IDs.[188] It also stated that it was possible that users' profile data, including purchase history and billing address, and PlayStation Network/Qriocity password security answers may have been obtained.[188] There was no evidence that any credit card data had been taken, but the possibility could not be ruled out, and Sony advised customers that their credit card data may have been obtained.[188][189] Additionally, the credit card numbers were encrypted and Sony never collected the three digit CVC or CSC number from the back of the credit cards which is required for authenticating some transactions.[190] In response to the incident, Sony announced a "Welcome Back" program, 30 days free membership of PlayStation Plus for all PSN members, two free downloadable PS3 games, and a free one-year enrollment in an identity theft protection program.[191][192]
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 Sales and production costs






	Region
	units sold[image: External link]
	First available



	Canada
	"about 1.5 million" as of October 6, 2010[193]

	November 17, 2006



	Europe

(Includes UK and other PAL regions)

	30 million as of December 19, 2012[194]

	March 23, 2007



	Japan
	6,341,950 as of April 1, 2011[195]

	November 11, 2006



	United Kingdom
	5 million as of October 11, 2012[196]

	March 23, 2007



	United States
	13.5 million as of November 11, 2010[197]

	November 17, 2006



	Worldwide
	80 million (as of November 2, 2013)[198]

	November 11, 2006
( details[image: External link])






Although its PlayStation predecessors had been very dominant against the competition and were hugely profitable for Sony, PlayStation 3 had an inauspicious start, and Sony chairman and CEO Sir Howard Stringer[image: External link] initially could not convince investors of a turnaround in its fortunes. The PS3 lacked the unique gameplay of the more affordable Wii[image: External link] which became that generation's most successful console in terms of units sold. Furthermore, PS3 had to compete directly with Xbox 360 which had a market head start, and as a result the platform no longer had exclusive titles that the PS2 enjoyed such as the Grand Theft Auto[image: External link] and Final Fantasy[image: External link] series (regarding cross-platform games, Xbox 360 versions were generally considered superior in 2006, although by 2008 the PS3 versions had reached parity or surpassed),[199] and it took longer than expected for PS3 to enjoy strong sales and close the gap with Xbox 360. Sony also continued to lose money on each PS3 sold through 2010,[200] although the redesigned "slim" PS3 has cut these losses since then.[201]

PlayStation 3's initial production cost is estimated by iSuppli to have been US$[image: External link]805.85 for the 20 GB model and US$840.35 for the 60 GB model.[202] However, they were priced at US$499 and US$599 respectively, meaning that units may have been sold at an estimated loss of $306 or $241 depending on model, if the cost estimates were correct,[203] and thus may have contributed to Sony's games division posting an operating loss of ¥232.3 billion (US$1.97 billion) in the fiscal year[image: External link] ending March 2007.[204] In April 2007, soon after these results were published, Ken Kutaragi[image: External link], President of Sony Computer Entertainment, announced plans to retire. Various news agencies[image: External link], including The Times[image: External link][205] and The Wall Street Journal[206] reported that this was due to poor sales, while SCEI[image: External link] maintains that Kutaragi had been planning his retirement for six months prior to the announcement.[206]

In January 2008, Kaz Hirai[image: External link], CEO[image: External link] of Sony Computer Entertainment, suggested that the console may start making a profit by early 2009, stating that, "the next fiscal year starts in April and if we can try to achieve that in the next fiscal year that would be a great thing" and that "[profitability] is not a definite commitment, but that is what I would like to try to shoot for".[207] However, market analysts Nikko Citigroup[image: External link] have predicted that PlayStation 3 could be profitable by August 2008.[208] In a July 2008 interview, Hirai stated that his objective is for PlayStation 3 to sell 150 million units by its ninth year, surpassing PlayStation 2's sales of 140 million in its nine years on the market.[209] In January 2009 Sony announced that their gaming division was profitable in Q3 2008.[210]

Since the system's launch, production costs have been reduced significantly as a result of phasing out the Emotion Engine[image: External link] chip and falling hardware costs.[211][212] The cost of manufacturing Cell microprocessors[image: External link] has fallen dramatically as a result of moving to the 65 nm[image: External link] production process,[212][213] and Blu-ray Disc diodes[image: External link] have become cheaper to manufacture.[211][214] As of January 2008, each unit cost around $400 to manufacture;[215][216] by August 2009, Sony had reduced costs by a total of 70%, meaning it only costs Sony around $240 per unit.[217][218][219]
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 Critical reception




Early PlayStation 3 reviews after launch were critical of its high price and lack of quality games. Game developers regarded the architecture as difficult to program for. PS3 was, however, commended for its hardware including its Blu-ray home theater capabilities and graphics potential.[220][221]

Critical and commercial reception to PS3 improved over time, after a series of price revisions, Blu-ray's victory over HD DVD[image: External link],[222] and the release of several well received titles. Ars Technica[image: External link]'s original launch review gave PS3 only a 6/10, but second review of the console in June 2008 rated it a 9/10.[223] In September 2009, IGN named PlayStation 3 the 15th best gaming console of all time, behind both of its competitors: Wii (10th) and Xbox 360 (6th).[224] However, PS3 has won IGN's "Console Showdown"—based on which console offers the best selection of games released during each year—in three of the four years since it began (2008, 2009 and 2011, with Xbox winning in 2010).[225] IGN judged PlayStation 3 to have the best game line-up of 2008, based on their review scores in comparison to those of Wii and Xbox 360.[226] In a comparison piece by PC Magazine[image: External link]'s Will Greenwald in June 2012, PS3 was selected as an overall better console compared to Xbox 360.[227] Pocket-lint said of the console "The PS3 has always been a brilliant games console," and that "For now, this is just about the best media device for the money."[146]
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 Original model




PS3 was given the number-eight spot on PC World[image: External link] magazine's list of "The Top 21 Tech Screwups of 2006", where it was criticized for being "Late, Expensive and Incompatible".[228] GamesRadar ranked PS3 as the top item in a feature on game-related PR[image: External link] disasters, asking how Sony managed to "take one of the most anticipated game systems of all time and — within the space of a year — turn it into a hate object reviled by the entire internet", but added that despite its problems the system has "untapped potential".[229] Business Week[image: External link] summed up the general opinion by stating that it was "more impressed with what [the PlayStation 3] could do than with what it currently does".[230]

Developers also found the machine difficult to program for. In 2007, Gabe Newell[image: External link] of Valve[image: External link] said "The PS3 is a total disaster on so many levels, I think it's really clear that Sony lost track of what customers and what developers wanted". He continued "I'd say, even at this late date, they should just cancel it and do a do over. Just say, 'This was a horrible disaster and we're sorry and we're going to stop selling this and stop trying to convince people to develop for it'".[231] Doug Lombardi VP of Marketing for Valve has since stated that Valve is interested in developing for the console and is looking to hire talented PS3 programmers for future projects.[232] He later restated Valve's position, "Until we have the ability to get a PS3 team together, until we find the people who want to come to Valve or who are at Valve who want to work on that, I don't really see us moving to that platform".[233] At Sony's E3 2010[image: External link] press conference, Newell made a live appearance to recant his previous statements, citing Sony's move to make the system more developer friendly, and to announce that Valve would be developing Portal 2[image: External link] for the system. He also claimed that the inclusion of Steamworks (Valve's system to automatically update their software independently) would help to make the PS3 version of Portal 2 the best console version on the market.

Activision Blizzard[image: External link] CEO Bobby Kotick[image: External link] has criticized PS3's high development costs and inferior attach rate[image: External link] and return to that of Xbox 360 and Wii[image: External link]. He believes these factors are pushing developers away from working on the console. In an interview with The Times[image: External link] Kotick stated "I'm getting concerned about Sony; the PlayStation 3 is losing a bit of momentum and they don't make it easy for me to support the platform."[234] He continued, "It's expensive to develop for the console, and the Wii and the Xbox are just selling better. Games generate a better return on invested capital[image: External link] (ROIC) on the Xbox than on the PlayStation." Kotick also claimed that Activision Blizzard may stop supporting the system if the situation is not addressed. "[Sony has] to cut the [PS3's retail] price, because if they don't, the attach rates are likely to slow. If we are being realistic, we might have to stop supporting Sony."[235] Kotick received heavy criticism for the statement, notably from developer BioWare[image: External link] who questioned the wisdom of the threatened move, and referred to the statement as "silly."[236]

Despite the initial negative press, several websites have given the system very good reviews mostly regarding its hardware. CNET[image: External link] United Kingdom praised the system saying, "the PS3 is a versatile and impressive piece of home-entertainment equipment that lives up to the hype [...] the PS3 is well worth its hefty price tag."[237] CNET awarded it a score of 8.8 out of 10 and voted it as its number one "must-have" gadget,[238] praising its robust graphical capabilities and stylish exterior design while criticizing its limited selection of available games.[239] In addition, both Home Theater Magazine and Ultimate AV have given the system's Blu-ray playback very favorable reviews, stating that the quality of playback exceeds that of many current standalone Blu-ray Disc players.[240][241]

In an interview, Kazuo Hirai[image: External link], chairman[image: External link] of Sony Computer Entertainment[image: External link] argued for the choice of a complex architecture.[242] Hexus Gaming[image: External link] reviewed the PAL version and summed the review up by saying, "as the PlayStation 3 matures and developers start really pushing it, we'll see the PlayStation 3 emerge as the console of choice for gaming."[243] At GDC[image: External link] 2007, Shiny Entertainment[image: External link] founder Dave Perry[image: External link] stated, "I think that Sony has made the best machine. It's the best piece of hardware, without question".[244]
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 Slim model and rebranding




The PlayStation 3 Slim received extremely positive reviews as well as a boost in sales; less than 24 hours after its announcement, PS3 Slim took the number-one bestseller spot on Amazon.com in the video games section for fifteen consecutive days. It regained the number-one position again one day later.[245] PS3 Slim also received praise from PC World giving it a 90 out of 100 praising its new repackaging and the new value it brings at a lower price as well as praising its quietness and the reduction in its power consumption. This is in stark contrast to the original PS3's launch in which it was given position number-eight on their "The Top 21 Tech Screwups of 2006" list.[246]

CNET awarded PS3 Slim four out of five stars praising its Blu-ray capabilities, 120 GB hard drive, free online gaming service and more affordable pricing point, but complained about the lack of backward compatibility for PlayStation 2 games.[247] TechRadar gave PS3 Slim four and a half stars out of five praising its new smaller size and summed up its review stating "Over all, the PS3 Slim is a phenomenal piece of kit. It's amazing that something so small can do so much". However, they criticized the exterior design and the build quality in relation to the original model.[248]

Eurogamer called it "a product where the cost-cutting has - by and large - been tastefully done" and said "It's nothing short of a massive win for Sony."[249]
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 Super Slim model




The Super Slim model of PS3 has received positive reviews. Gaming website Spong praised the new Super Slim's quietness, stating "The most noticeable noise comes when the drive seeks a new area of the disc, such as when starting to load a game, and this occurs infrequently." They added that the fans are quieter than that of Slim, and went on to praise the new smaller, lighter size. Criticism was placed on the new disc loader, stating: "The cover can be moved by hand if you wish, there's also an eject button to do the work for you, but there is no software eject from the triangle button menus in the Xross Media Bar (XMB) interface. In addition, you have to close the cover by hand, which can be a bit fiddly if it's upright, and the PS3 won't start reading a disc unless you do [close the cover]." They also said there is no real drop in retail price.[250]

Tech media website CNET[image: External link] gave new Super Slim 4 out of 5 stars ("Excellent"), saying "The Super Slim PlayStation 3 shrinks a powerful gaming machine into an even tinier package while maintaining the same features as its predecessors: a great gaming library and a strong array of streaming services [...]", whilst also criticising the "cheap" design and disc-loader, stating: "Sometimes [the cover] doesn't catch and you feel like you're using one of those old credit card imprinter machines. In short, it feels cheap. You don't realize how convenient autoloading disc trays are until they're gone. Whether it was to cut costs or save space, this move is ultimately a step back." The criticism also was due to price, stating the cheapest Super Slim model was still more expensive than the cheapest Slim model, and that the smaller size and bigger hard drive shouldn't be considered an upgrade when the hard drive on a Slim model is easily removed and replaced. They did praise that the hard drive of the Super Slim model is "the easiest yet. Simply sliding off the side panel reveals the drive bay, which can quickly be unscrewed." They also stated that whilst the Super Slim model is not in any way an upgrade, it could be an indicator as to what's to come. "It may not be revolutionary, but the Super Slim PS3 is the same impressive machine in a much smaller package. There doesn't seem to be any reason for existing PS3 owners to upgrade, but for the prospective PS3 buyer, the Super Slim is probably the way to go if you can deal with not having a slot-loading disc drive."[251]

Pocket-Lint gave Super Slim a very positive review saying "It's much more affordable, brilliant gaming, second-to-none video and media player." They think it is "A blinding good console and one that will serve you for years to come with second-hand games and even new releases. Without doubt, if you don't have a PS3, this is the time to buy." They gave Super Slim 4 and a half stars out of 5.[146]

Technology magazine T3[image: External link] gave the Super Slim model a positive review, stating the console is almost "nostalgic" in the design similarities to the original "fat" model, "While we don’t know whether it will play PS3 games or Blu-ray discs any differently yet, the look and feel of the new PS3 Slim is an obvious homage to the original PS3, minus the considerable excess weight. Immediately we would be concerned about the durability of the top loading tray that feels like it could be yanked straight out off the console, but ultimately it all feels like Sony's nostalgic way of signing off the current generation console in anticipation for the PS4."[252]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Notes






	
^ Initially used HDMI 1.3a specification,[94] but was upgraded to 1.4 with the introduction of stereoscopic 3D for gaming and Blu-ray playback (via firmware update). PlayStation 3 does not currently support any other HDMI 1.4[image: External link] capabilities.
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PlayStation 4






"PS4" redirects here. For other uses, see PS4 (disambiguation)[image: External link].

PlayStation 4 (PS4) is a line of home video game consoles[image: External link] developed by Sony Interactive Entertainment[image: External link]. Announced as the successor to the PlayStation 3 during a press conference on February 20, 2013, it was launched on November 15 in North America, November 29 in Europe, South America and Australia; and February 22, 2014, in Japan. It competes with Nintendo[image: External link]'s Wii U[image: External link] and Microsoft[image: External link]'s Xbox One, as part of the eighth generation of video game consoles[image: External link].

Moving away from the more complex Cell microarchitecture[image: External link] of its predecessor, the console features an AMD[image: External link] Accelerated Processing Unit[image: External link] (APU) built upon the x86-64[image: External link] architecture, which can theoretically peak at 1.84 teraflops[image: External link]; AMD stated that it was the "most powerful" APU it had developed to date. The PlayStation 4 places an increased emphasis on social interaction and integration with other devices and services, including the ability to play games off-console on PlayStation Vita and other supported devices ("Remote Play[image: External link]"), the ability to stream[image: External link] gameplay online or to friends, with them controlling gameplay remotely ("Share Play"). The console's controller[image: External link] was also redesigned and improved over the PlayStation 3, with improved buttons and analog sticks, and an integrated touchpad[image: External link] among other changes. The console also supports HDR10[image: External link] high-dynamic-range color[image: External link] and playback of 4K[image: External link] multimedia.

Reception to the original PlayStation 4 model was positive, with critics praising Sony for acknowledging its consumers' needs, embrace of independent game development[image: External link], and for not imposing restrictive digital rights management[image: External link] schemes that Microsoft had previously announced for Xbox One prior to its release. Critics and third-party studios also praised the capabilities of the PlayStation 4 in comparison to its competitors; developers described the performance difference between the console and Xbox One as being "significant" and "obvious".[11] Heightened demand also helped Sony top global console sales. By the end of 2016, more than 53 million consoles have been sold worldwide, with more than 57 million shipped.[5]

On September 7, 2016, Sony unveiled two hardware revisions of PlayStation 4; a slim build of the console, and a "Pro" version with an upgraded GPU and higher CPU clock rate[image: External link] to support 4K[image: External link] gameplay on supported titles.
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 History




According to lead architect Mark Cerny[image: External link], development of Sony's fourth video game console began as early as 2008.[12] Less than two years earlier, the PlayStation 3 had launched after months of delays due to issues with production.[13] The delay placed Sony almost a year behind Microsoft's Xbox 360, which was already approaching unit sales of 10 million by the time the PS3 launched.[13] PlayStation Europe CEO Jim Ryan said Sony wanted to avoid repeating the same mistake with PS3's successor.[14]

In designing the system, Sony worked with software developer Bungie[image: External link], who offered their input on the controller and how to make it better for shooting games.[15] In 2012, Sony began shipping development kits to game developers, consisting of a modified PC running the AMD Accelerated Processing Unit chipset.[16] These development kits were known as "Orbis".[17]

In early 2013, Sony announced that an event known as PlayStation Meeting 2013 would be held in New York City[image: External link], U.S., on February 20, 2013, to cover the "future of PlayStation".[18][19] Sony officially announced the PlayStation 4 at the event.[20][21] It revealed details about the console's hardware and discussed some of the new features it will introduce.[20][22] Sony also showed off real-time footage of games in development, as well as some technical demonstrations.[23][24] The design of the console was unveiled in June 2013 at the Electronic Entertainment Expo, and the initial recommended retail prices of $399 (NA), €399 (Europe), and £349 (UK) given.[25][26]

The company revealed release dates for North America, Central America, South America, Europe and Australia, as well as final pieces of information, at a Gamescom[image: External link] press event in Cologne[image: External link], Germany, on August 20, 2013. The console was released on November 15, 2013 in the United States and Canada[image: External link], followed by further releases on November 29, 2013.[3] By the end of 2013, the PS4 was launched in more European, Asian and South American countries[27][28] The PS4 released in Japan at ¥39,980 on February 22, 2014.[29]

Sony finalized a deal with the Chinese government in May 2014 to sell its products in mainland China, and the PS4 will be the first product to be released. Kazuo Hirai[image: External link], chief executive officer of Sony, said in May: "The Chinese market, just given the size of it, is obviously potentially a very large market for video game products ... I think that we will be able to replicate the kind of success we have had with PS4 in other parts of the world in China[image: External link]."[30]

In September 2015, Sony reduced the price of the PS4 in Japan to ¥34,980,[citation needed[image: External link]] with similar price drops in other Southeast Asian markets.[citation needed[image: External link]] The first official sub £300 PS4 bundle was the £299.99 'Uncharted Nathan Drake Collection 500GB', released in the UK on October 9, 2015; a 1TB £329.99 version was offered at the same time.[31] On October 9, 2015, the first official price cut of the PS4 in North America was announced: a reduction of $50 to $349.99 (US) and by $20 to $429.99 (Canada).[32][33][34] An official price cut in Europe followed in late October 2015, reduced to €349.99/£299.99.[35]

On June 10, 2016, Sony confirmed that a hardware revision of the PlayStation 4, rumored to be codenamed "Neo", was under development. The new revision is a higher-end model that is meant to support gameplay in 4K[image: External link]. The new model will be sold alongside the existing model, and all existing software will be compatible between the two models.[36] Layden stated that Sony has no plans to "bifurcate the market", only that gamers playing on the Neo will "have the same experience, but one will be delivered at a higher resolution, with an enhanced graphical experience, but everything else is going to be exactly as you’d expect".[37] The high-end console was publicly revealed on September 7, 2016 as PlayStation 4 Pro.[38] At the same time, Sony unveiled an updated version of the original PS4 model with a smaller form factor.[39]
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The technology in the PlayStation 4 is similar to the hardware found in modern personal computers.[40] This familiarity is designed to make it easier and less expensive for game studios to develop games for the PS4.[41][42]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Technical specifications




Main article: PlayStation 4 technical specifications[image: External link]


The PlayStation 4 uses an Accelerated Processing Unit[image: External link] (APU) developed by AMD[image: External link] in cooperation with Sony. It combines a central processing unit[image: External link] (CPU) and graphics processing unit[image: External link] (GPU), as well as other components such as a memory controller[image: External link] and video decoder[image: External link].[44] The CPU consists of two quad-core[image: External link] Jaguar modules[image: External link] totaling 8 x86-64[image: External link] cores.[44][45] The GPU consists of 18 compute units to produce a theoretical peak performance of 1.84  TFLOPS[image: External link].[24] The system's GDDR5 memory is capable of running at a maximum clock frequency of 2.75 GHz (5500 MT/s) and has a maximum memory bandwidth of 176 GB/s.[24][46][47] The console contains 8 GB of GDDR5[image: External link] memory,[24][48] 16 times the amount of RAM found in the PS3 and is expected to give the console considerable longevity.[40][49] It also includes secondary custom chips that handle tasks associated with downloading, uploading, and social gameplay.[50][51] These tasks can be handled seamlessly in the background during gameplay or while the system is in sleep mode[image: External link].[52] The console also contains an audio module, which can support in-game chat as well as "a very large number" of audio streams for use in-game.[53] All PlayStation 4 models support high dynamic range[image: External link] (HDR) color profiles.[54]

Its read-only optical drive is capable of reading Blu-ray Discs[image: External link] at speeds of up to three times that of its predecessor.[49][55] The console features a hardware on-the-fly decompression module boosting optical disc reading speed and buffer unread data when a game is not actively accessing the optical drive.[53] The original PS4 model can output in 4K[image: External link] and play multimedia in the format, but does not play games in 4K.[56][57] The console includes a 500 gigabyte hard drive for additional storage,[58] which can be upgraded by the user.[59] With System Software 4.50, anticipated for an early 2017 release, the console will support USB external hard drives up to 8 TB for additional storage.[60]

The PlayStation 4 features Wi-Fi[image: External link] and Ethernet[image: External link] connectivity, Bluetooth[image: External link], and two USB 3.0[image: External link] ports.[24][49] An auxiliary port is also included for connection to the PlayStation Camera, a motion detection[image: External link] digital camera device first introduced on the PS3.[24] A mono headset, which can be plugged into the DualShock 4, is bundled with the system.[61] Audio/video output options include HDMI[image: External link] TV and optical[image: External link] S/PDIF[image: External link] audio.[24] The console does not have an analog[image: External link] audio/video output.[62]

The PS4 features a "Rest mode[image: External link]" feature. This places the console in a low-power state, while allowing users to immediately resume their game or app once the console is awoken. The console also is able to download content such as game and OS updates while it is in this state.[63][64]
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Main articles: DualShock 4[image: External link] and PlayStation Move[image: External link]


The DualShock 4[image: External link] is the PlayStation 4's primary controller.[26] Similarly to its predecessor the DualShock 3[image: External link], it connects to the console via Bluetooth[image: External link].[65] However, the DualShock 3 is incompatible with the PS4.[66] The DualShock 4 is equipped with several new features, including a touchpad[image: External link] on the front.[61] The controller supports motion detection via a gyroscope and an accelerometer, plus improved vibration,[61][65] as well as being the first DualShock controller to feature official support for Microsoft Windows.[67] It is powered by a non-removable rechargeable battery.[61][68]

The controller was improved for the retail of the PS4 Slim and Pro, and now adds the ability to use the controller through USB connection.[69]

The controller features several output connectors. A stereo headphone jack[image: External link] supports the connection of regular earphones or a headset[image: External link] to allow a user to speak and hear audio simultaneously.[65] A micro-USB and extension port, as well as a mono[image: External link] speaker are also included. The controller can be charged three ways: via micro-USB, a dedicated charging station, or the console, even while powered off.[61]

DualShock 4 features the following buttons: PS button, SHARE button, OPTIONS button, directional buttons[image: External link], action buttons (triangle, circle, cross, square), shoulder buttons (R1/L1), triggers (R2/L2), analog stick click buttons (L3/R3) and a touchpad click button.[61] These mark several changes from the DualShock 3 and other previous PlayStation controllers. The START and SELECT buttons were merged into the OPTIONS button.[61][68] The SHARE button allows players to upload videos from their gameplay experiences, as well as stream to streaming services.[61] The joysticks and triggers have been redesigned based on developer input,[61] as they feature a concave surface and an etched backing to enhance grip.[68]

The DualShock 4 is the first to feature a unique "light bar" that can display variant colors, based on the existing technology used in PlayStation Move[image: External link]. The colors help identify players and alert them with critical messages such as low health in-game,[61] while also interacting with the PlayStation Camera to perceived movement and depth by using the controller's light bar as a positional LED.

After the announcement of the PS4 Pro and Slim, the DualShock controller was further improved, adding a light strip on the top of the touchpad, which reflects the same color as the light bar on the controller.[69]
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Existing Move controllers are supported on the PS4.[65][70]
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Main article: PlayStation Camera[image: External link]


The PlayStation Camera is an optional motion sensor[image: External link] and camera for the PlayStation 4, similar to Kinect[image: External link] on Xbox[image: External link]. It includes two 1280×800 pixel lenses operating with an aperture[image: External link] of f/2.0, with 30 cm focusing distance, and an 85° field of view[image: External link].[61] The dual camera setup allows for different modes of operation, depending on the initiated and running application.[71] The two cameras can be used together for depth-sensing[image: External link] of its surrounding objects in its field of vision.[72] Alternatively, one of the cameras can be used for generating the video image, with the other used for motion tracking.[73]

PlayStation Camera also features a four-channel microphone array, which helps reduce unwanted background noise and can be used for voice commands.[71] With the PlayStation Camera connected, different users can automatically log-on to the system via face detection[image: External link].[61]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 PlayStation VR




Main article: PlayStation VR[image: External link]


In March 2014, Sony unveiled "Playstation VR", a virtual reality headset[image: External link] for the PlayStation 4 featuring a head-mounted OLED[image: External link] display with 1080p resolution and a 100-degree field of view. The device is scheduled to be released on October 13, 2016[74] with a retail price of $399.99 for the headset, or $549.99 for the headset, camera, two Move controllers and free game. The headset is tracked with nine positional LEDs on its surface, guided by the PlayStation Camera primarily. A variety of games are soon to be set for the PlayStation VR exclusively. PSVR is one of the major virtual reality[image: External link] headsets to target consumers, as well as the Oculus Rift[image: External link] and HTC Vive[image: External link], as well as the cheapest alternative.
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 Software and services




Main articles: PlayStation 4 system software[image: External link] and List of PlayStation applications[image: External link]
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 PlayStation 4 system software




The PlayStation 4's operating system[image: External link] is called "Orbis OS", based upon a customized FreeBSD[image: External link] 9.[75][76][77]

The console does not require an Internet connection for usage, although more functionality is available when connected.[78] The PS4 is the first to include a WebKit[image: External link]-based web browser, which is a departure from its predecessor's NetFront[image: External link] browser;[79] it is based on the same modern WebKit core as Google Chrome[image: External link] and Safari[image: External link], giving it high compatibility in HTML5[image: External link] compliance testing.[80]

The console introduces a new customizable menu interface titled the "PlayStation Dynamic Menu", featuring a variety of color schemes.[64] The interface displays the player's profile, recent activity, notifications, and other details in addition to unlocked trophies[image: External link].[81] It allows multiple user accounts, all with their own pass-codes. Each player account has the option to share their real name with friends, or use a nickname in other situations when anonymity is important. Facebook[image: External link] profiles can be connected to PlayStation Network accounts, making it easier to recognize friends.[82] The default home screen features real time content from friends. The "What's New" activity feed includes shared media, recently played games, and other notifications.[24] Services from third-party vendors, such as Netflix[image: External link] and Amazon Video[image: External link], can be accessible within the interface.[83] Multitasking[image: External link] is available during gameplay, such as opening the browser or managing party chat, and switching between applications is done by double-tapping the "PS" button.[24]

The PlayStation Camera or a microphone enables the user to control the system using voice input[image: External link]. Players can command the interface to start a game, take screenshots, and save videos. Saying "PlayStation" initiates voice control, and "All Commands" displays a list of possible commands.[84]
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 Multimedia features




The PlayStation 4 system software supports Blu-ray[image: External link] and DVD[image: External link] playback and 3D functionality. Playing a CD is unsupported,[85] but custom music and video files can be played from DLNA[image: External link] servers and USB drives[image: External link] using the Media Player app.[86]
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 PlayStation Network




Main article: PlayStation Network


The PlayStation 4 allows users to access a variety of free and premium PlayStation Network (PSN) services, including the PlayStation Store[image: External link], PlayStation Plus[image: External link] subscription service, PlayStation Music[image: External link] powered by Spotify[image: External link], and the PlayStation Video[image: External link] subscription service, which allows owners to rent or buy TV shows and films à la carte[image: External link].[24] A United States-exclusive cloud-based television-on-demand[image: External link] service known as PlayStation Vue[image: External link] began beta testing in late November 2014.[87][88] Sony intends to expand and evolve the services it offers over the console's lifespan.[89] Unlike PS3, a PlayStation Plus membership is required to access multiplayer in most games; this requirement does not apply to free-to-play or subscription-based titles.[90]
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 Second screen and remote play




Main articles: PlayStation App[image: External link] and Remote Play[image: External link]


Smartphones and tablets can interact with the PlayStation 4 as second screen[image: External link] devices, and can also wake the console from sleep mode.[91] A Sony Xperia[image: External link] smartphone, tablet or the PlayStation Vita can be used for streaming gameplay from the console to handheld, allowing supported games to be played remotely from around a household or away from home.[92][93] Sony has ambitions to make all PS4 games playable on PlayStation Vita.[24] Developers can add Vita-specific controls for use via Remote Play.[94] This feature was later expanded to enable PS4 Remote Play functionality on Microsoft Windows PCs and on Apple OS X Macs. The update, released in April 2016, allows for Remote Play functionality on computers running Windows 8.1[image: External link], Windows 10[image: External link], OS X Yosemite[image: External link], and OS X El Capitan[image: External link]. Remote Play supports resolution[image: External link] options of 360p, 540p, and 720p (1080p is available on PS4 Pro), frame rate[image: External link] options of 30-60 FPS, and the DualShock 4 can be connected via USB[image: External link].[95]

The PlayStation App allows iOS and Android mobile devices to interact with the PlayStation 4 from their device. The user can use this application to purchase PS4 titles from the console and have them remotely downloaded, watch live streams of other gamers, and/or view in-game maps while playing games.[96]
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 Social features




Sony is focused on "social" aspects as a major feature of the console. Although the PS4 has improved social functionality, the features are optional and can be disabled.[89]
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 Community creation




Users have the option to create or join community groups based upon personal interest. Communities include a discussion board, accomplishments and game clips shared by other members, plus the ability to join group chat and launch cooperative games. Sony stated that "communities are a good way to socialize with like-minded players", particularly when "you want to tackle a big multiplayer raid, but don't have enough friends available".[98]
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 Media sharing




The DualShock 4 controller includes a "SHARE" button, allowing the player to cycle through the last 60 minutes of recorded gameplay to select a screenshot or video clip appropriate for sharing. Media is uploaded seamlessly from the console to other PSN users or social networking sites such as Dailymotion[image: External link], Facebook[image: External link], Twitter[image: External link] and YouTube[image: External link], or else users can copy media to a USB flash drive[image: External link] and upload to a social network or website of their preference.[99] Players can also use a free video editing application named ShareFactory to cut and assemble their favorite video clips, add custom music or voice commentary with green screen effects. Subsequent updates have added options for picture-in-picture layouts, the ability to create photo collages and animated GIFs[image: External link].[100][101]
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 Live broadcasting




Gamers can either watch live gameplay of titles which their friends are playing through the PS4 interface with cross-game camera and microphone input, spectate silently, or broadcast their own gameplay live via DailyMotion[image: External link], Twitch[image: External link],[102] Ustream[image: External link],[24] Niconico[image: External link],[103] or YouTube Gaming[image: External link],[98] allowing for friends and members of the public to view and comment upon them from other web browsers and devices. If a user is not screen-casting, a friend can send them a "Request to Watch" notification.[98]
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 Share Play




Share Play allows users to invite an online friend to join their play session via streaming, even if they do not own a copy of the game. Users can pass control of the game entirely to the remote user, or partake in cooperative multiplayer[image: External link] as if they were physically present. Mark Cerny says that remote assistance is particularly useful when confronted by a potentially game-defeating obstacle. "You can even see that your friend is in trouble and reach out through the network to take over the controller and assist them through some difficult portion of the game", he said. Share Play requires a PlayStation Plus subscription and can only be used for one hour at a time.[104][105]
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 Games




Main article: List of PlayStation 4 games[image: External link]


PlayStation 4 games are distributed at retail on Blu-ray Disc[image: External link], and digitally as downloads through the PlayStation Store[image: External link].[106] Games are not region-locked, so titles purchased in one region can be played on consoles in all regions,[107] and players can sign-on to any PS4 console to access their entire digital game library.[108] All PlayStation 4 games must be installed[image: External link] to the console's storage: users can begin to play portions of a game (such as opening levels) once the installation or download reaches a specific point, while the remainder of the game is downloaded or installed in the background. Updates to games and system software are also downloaded in the background and while in standby.[53] PS4 users will, in the future, be able to browse titles and stream games via Gaikai[image: External link] to demo[image: External link] them almost instantaneously.[24][109] Sony says it is committed to releasing an ever-increasing number of free-to-play[image: External link] games, including PlanetSide 2[image: External link] and War Thunder[image: External link].[110][111] Sony also took steps to make it easier for independent game developers[image: External link] to release titles for the PS4 by giving them the option to self-publish their own games rather than rely upon others to distribute their titles.[112][113]
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 Backward compatibility




See also: PlayStation 4 system software § Backward compatibility[image: External link], and List of PlayStation 2 games for PlayStation 4[image: External link]


PlayStation 4 is not compatible with PlayStation 3 games directly.[114] Selected PS3 games are available for streaming via PlayStation Now[image: External link].[115] On December 5, 2015, Sony first released emulated versions of selected PlayStation 2[image: External link] games as digital purchases, upscaled to high definition and with support for PS4 social features.[116] PlayStation 4 is, otherwise, not compatible with PS2 games.[116]
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 PlayStation Now




Main articles: PlayStation Now[image: External link] and List of PlayStation Now games[image: External link]


In December 2013, Andrew House[image: External link] indicated that Sony was planning to launch a cloud gaming[image: External link] service for the PS4 in North America within the third quarter of 2014, with a European launch to follow in 2015.[117][118]

At Consumer Electronics Show[image: External link] on January 7, 2014, Sony unveiled PlayStation Now[image: External link], a digital distribution service[image: External link] which will initially allow users to access PlayStation 3 games on the PS4 via a cloud-based streaming system, purchasing games individually or via a subscription, as a solution of no backwards compatibility on the hardware of the console.[115] The United States Open Beta went live on July 31, 2014.[119] The official United States release of the service was on January 13, 2015.[120] PlayStation Now is in closed beta in the United Kingdom.[121]
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 Release
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 Critical reception
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 Pre-release




Pre-release reception to the console from developers and journalists was positive. Mark Rein of Epic Games[image: External link] praised the "enhanced" architecture of Sony's system, describing it as "a phenomenal piece of hardware".[122] John Carmack[image: External link], programmer and co-founder of id Software[image: External link], also commended the design by saying "Sony made wise engineering choices",[123] while Randy Pitchford of Gearbox Software[image: External link] expressed satisfaction with the amount of high-speed memory in the console.[124] Eurogamer also called the graphics technology in the PS4 "impressive" and an improvement from the difficulties developers experienced on the PlayStation 3.[49]

Numerous industry professionals have acknowledged the PlayStation 4's performance advantage over the Xbox One. Speaking to Edge magazine, multiple game developers have described the difference as "significant" and "obvious".[11] ExtremeTech says the PS4's graphics processing unit offers a "serious advantage" over the competition, but due to the nature of cross-platform development, titles that share the same assets will appear "very similar". In other scenarios, designers may tap some of PS4's additional power in a straightforward manner, to boost frame rate or output at a higher resolution, whereas games from Sony's own first-party studios that take full advantage of the hardware "will probably look significantly better than anything on the Xbox One".[125]

In response to concerns surrounding the possibility of DRM[image: External link] measures to hinder the resale of used games (and in particular, the initial DRM policies of Xbox One, which did contain such restrictions), Jack Tretton[image: External link] explicitly stated during Sony's E3 press conference that there would be "no restrictions" on the resale and trading of PS4 games on physical media, while software product development head Scott Rohde specified that Sony was planning to disallow online passes[image: External link] as well, going on to say that the policies were designed to be "consumer-friendly, extremely retailer-friendly, and extremely publisher-friendly".[126][127] After Sony's E3 2013[image: External link] press conference, IGN responded positively to Sony's attitude towards indie developers and trading games, stating they thought "most gamers would agree" that "if you care about games like [Sony] do, you'll buy a PlayStation 4".[128] PlayStation 4's removable and upgradable hard drive[image: External link] also drew praise from IGN, with Scott Lowe commenting that the decision gave the console "another advantage" over the Xbox One, whose hard drive cannot be accessed.[129]

GameSpot called the PlayStation 4 "the gamer's choice for next-generation", citing its price, lack of restrictive digital rights management[image: External link], and most importantly, Sony's efforts to "acknowledge its consumers" and "respect its audience" as major factors.[130]
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 Post-release




The PlayStation 4 has been acclaimed by critics. Scott Lowe of IGN gave it an 8.2 rating out of 10 praising the console's DualShock 4 design and social integration features. He criticized the console's lack of software features and for underutilizing the DualShock 4's touch pad.[131] The Gadget Show[image: External link] gave a similar review complimenting the DualShock 4's new triggers and control sticks, in addition to the new Remote Play feature, yet criticized the system's lack of media support at launch.[132] IGN compared the Xbox One and the PlayStation 4 over various categories, allowing their readers to vote for their preferred system. The PS4 won every category offered, and IGN awarded the PS4 with their People's Choice Award.[133]

Shortly following the launch, it became apparent that some games released on multiple platforms were available in higher resolutions on the PS4 as opposed to other video game consoles. Kirk Hamilton of Kotaku[image: External link] reported on the differences in early games such as Call of Duty: Ghosts[image: External link] and Assassin's Creed IV: Black Flag[image: External link] which ran at 1080p on the PS4, but in 720p and 900p, respectively, on the Xbox One.[134]
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 Sales






	Region
	Lifetime hardware sell-through by region



	United States
	14.2M (as of July 30, 2016)[citation needed[image: External link]]




	Japan
	4.2M (as of January 17, 2017)[135]




	Germany
	3.2M (as of July 2016)[136]




	United Kingdom
	3M (as of January 31, 2016)[137][138]




	France
	2M (as of January 21, 2016)[139][140]




	Spain
	700K (as of June 17, 2015)[141]




	South Africa
	50,000 (as of December 12, 2014)[142]




	Worldwide
	53.4M (as of January 1, 2017)[5]





Demand for PlayStation 4 was strong. In August 2013, Sony announced the placement of over a million preorders for the console,[143] while on the North American launch alone, one million PlayStation 4 consoles were sold.[144] In the UK, the PlayStation 4 became the best-selling console at launch, with the sale of 250,000 consoles within a 48-hour period[145] and 530,000 in the first five weeks.[146]

On January 7, 2014, Andrew House[image: External link] announced in his Consumer Electronics Show[image: External link] keynote speech that 4.2 million PS4 units had been sold-through by the end of 2013,[147] with more than 9.7 million software units sold.[148] On February 18, 2014, Sony announced that, as of February 8, it had sold over 5.3 million console units following the release of the PS4 onto the North American and Western European markets.[149][150] Within the first two days of release in Japan during the weekend of February 22, 2014, 322,083 consoles were sold.[151] PS4 software unit sales surpassed 20.5 million on April 13, 2014.[152] During Japan's 2013 fiscal year[image: External link], heightened demand for the PS4 helped Sony top global console sales, beating Nintendo for the first time in eight years.[153]

According to data released by Nielsen[image: External link] in August 2014, nine months after the PS4 was released, thirty-one percent of its sales were to existing Wii and Xbox 360 owners, none of whom had by then owned a PS3.[154] At Gamescom[image: External link] 2014, it was announced that 10 million PS4 units had been sold-through to consumers worldwide,[155] and on November 13, it was announced that the PlayStation 4 was the top-selling console in the U.S. for the tenth consecutive month.[156]

In its first sales announcement of 2015, Sony confirmed on January 4 that it had sold-through 18.5 million PlayStation 4 units.[157] Sony updated the sell-through figures for the system throughout 2015: over 20 million consoles as of March 3, 2015,[158] over 30 million as of November 22, 2015,[159] and over 35 million by the end of 2015.[5] As of May 22, 2016, total worldwide sell-through reached 40 million.[160]

The PlayStation 4 holds a market share of at least 70% within all European countries, as of June 2015.[161]



	Lifetime worldwide hardware sell-through
	Lifetime worldwide software sell-through
	Tie ratio



	2.1M (as of December 1, 2013)[162]

	N/A
	N/A



	4.2M (as of December 28, 2013)[163]

	9.7M (as of December 28, 2013)

	2.31 games/console



	5.3M (as of February 8, 2014)[164]

	N/A
	N/A



	6.0M (as of March 2, 2014)[165]

	13.7M (as of March 2, 2014)

	2.28 games/console



	7.0M (as of April 6, 2014)[166]

	20.5M (as of April 6, 2014)

	2.93 games/console



	10.0M (as of August 10, 2014)[167]

	30M (as of August 10, 2014)

	3 games/console



	14.4M (as of November 22, 2014)[168]

	64.0M (as of November 22, 2014)

	4.44 games/console



	18.5M (as of January 4, 2015)[168]

	81.8M (as of January 4, 2015)

	4.42 games/console



	20.2M (as of March 1, 2015)[169]

	N/A
	N/A



	30.2M (as of November 22, 2015)[170]

	N/A
	N/A



	35.9M (as of January 3, 2016)[171]

	N/A
	N/A



	40.0M (as of May 22, 2016)[160]

	270.9M (as of May 22, 2016)

	6.77 games/console



	50.0M (as of December 6, 2016)[172]

	369.6M (as of December 4, 2016)

	7.39 games/console



	53.4M (as of January 1, 2017)[5]

	401.1M (as of January 1, 2017)[173]

	7.51 games/console






	Worldwide hardware shipments



	Quarterly[174]

	Lifetime



	4.5M (Launch – December 31, 2013)

	4.5M (as of December 31, 2013)




	3.0M (January 1, 2014 – March 31, 2014)

	7.5M (as of March 31, 2014)




	2.7M (April 1, 2014 – June 30, 2014)

	10.2M (as of June 30, 2014)




	3.3M (July 1, 2014 – September 30, 2014)

	13.5M (as of September 30, 2014)




	6.4M (October 1, 2014 – December 31, 2014)

	19.9M (as of December 31, 2014)




	2.4M (January 1, 2015 – March 31, 2015)

	22.3M (as of March 31, 2015)




	3.0M (April 1, 2015 – June 30, 2015)

	25.3M (as of June 30, 2015)




	4.0M (July 1, 2015 – September 30, 2015)

	29.3M (as of September 30, 2015)




	8.4M (October 1, 2015 – December 31, 2015)

	37.7M (as of December 31, 2015)




	2.3M (January 1, 2016 – March 31, 2016)

	40.0M (as of March 31, 2016)




	3.5M (April 1, 2016 – June 30, 2016)

	43.5M (as of June 30, 2016)




	3.9M (July 1, 2016 – September 30, 2016)

	47.4M (as of September 30, 2016)




	9.7M (October 1, 2016 – December 31, 2016)

	57.1M (as of December 31, 2016)




	2.9M (January 1, 2017 – March 31, 2017)

	60.0M (as of March 31, 2017)
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 Hardware revisions




Main article: PlayStation 4 models[image: External link]








The PlayStation 4 has been produced in various models: the original, the Slim, and the Pro. Successive models have added or removed various features, and each model has variations of Limited Edition consoles.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 PlayStation 4 Slim




On September 7, 2016, Sony announced a hardware revision of PlayStation 4, model number CUH-2000, known colloquially as the PlayStation 4 Slim. It is a revision of the original PS4 hardware with a smaller form factor; it has a rounded body with a matte finish on the top of the console rather than a two-tone finish, and is 40% smaller in size than the original model. The two USB ports on the front have a larger gap between them, and the optical audio port was removed.[175] It was released on September 15, 2016, with a 500GB model at the same price as the original version of the PlayStation 4.[39] On April 18, 2017, Sony announced that the slim model would be upgraded to include 1 TB of storage, with no change in price.[176]
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 PlayStation 4 Pro




PlayStation 4 Pro (codenamed Neo)[36] was announced on September 7, 2016 and launched worldwide on November 10, 2016.[177] Its model number is CUH-7000.[178] It is an updated version of the PlayStation 4 with improved hardware to enable 4K[image: External link] rendering and improved PlayStation VR[image: External link] performance, including an upgraded GPU with 4.2 teraflops[image: External link] of processing power and hardware support for checkerboard rendering[image: External link],[179] and a higher CPU clock. Games marketed as PS4 Pro Enhanced may be optimized for higher graphics quality, resolution, or HDR support when running on PS4 Pro.[180] Although capable of streaming 4K video, the PS4 Pro does not support Ultra HD Blu-ray[image: External link].[181][182][183]

Rendering games at 4K resolution is achieved through various rendering techniques and hardware features; PlayStation technical chief Mark Cerny explained that Sony could not "brute force" 4K without compromising form factor and cost, so the console was designed to support "streamlined rendering techniques" using custom hardware, "best-in-breed temporal and spatial anti-aliasing algorithms", and "many new features from the AMD Polaris[image: External link] architecture as well as several even beyond it". The most prominent technique used is checkerboard rendering, wherein the console only renders portions of a scene using a checkerboard pattern, and then uses algorithms to fill in the non-rendered segments. The checkerboarded screen can then be smoothed using an anti-aliasing filter. Hermen Hulst of Guerrilla Games[image: External link] explained that PS4 Pro could render something "perceptively so close [to 4K] that you wouldn't be able to see the difference."[184][185][186]

PS4 Pro supports Remote Play, Share Play, and streaming at up to 1080p resolution at 60 frames per second. 2160p screenshots, and 1080p video at 30 frames per second, can also be captured via the share button.[187]
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