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Thank you for choosing my book, Practice Game Theory! I would like to show my appreciation for the trust you gave me by giving The Art of Asking Powerful Questions – in the World of Systems to you!

In this booklet you will learn:

-what bounded rationality is,

-how to distinguish event- and behavior-level analysis,

-how to find optimal leverage points,

-and how to ask powerful questions using a systems thinking perspective.
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Click here for your FREE GIFT: The Art of Asking Powerful Questions in the World of Systems
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Introduction
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Game theory is the study of strategic decision-making; a framework for using mathematical models to understand the behavior and motivation of competing, rational players.​[i] Game theory was coined in 1940 by John von Neumann and Oscar Morgenstern. Its importance has grown ever since. A good metric supporting this statement is that since the 1970s, twelve leading economists won the Nobel Prize in Economic Sciences for their contributions in game theory.​[ii] It is present in multiple fields where logic is the governing factor: business, finance, economics, politics, sociology, and psychology. It provides strategic thinking patterns, moves, and explanations to help you develop exceptional decision-making skills.

The games you find in game theory are mathematical tools. We need three things to define these games:

- “the players of the game,

- the information and actions available to each player at each decision point,

- and the payoffs for each outcome.”​[iii]

There are multiple game types in game theory, each serving a purpose and helping analyze a problem. Based on how many players are in the game, their strategy profile (cooperation, symmetry), the nature of the game (simultaneous, zero-sum), we distinguish these game types:
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Picture 1: Game Types in Game Theory 
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Normal Form and Extensive Form Games
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Normal-form games are illustrated as tables or matrices. The number of rows equals the number of Player 1’s strategies. The number of columns is the number of Player 2’s strategies. The matrix, therefore, shows all the potential outcomes based on every possible strategy a player could use.​[iv]



	Jim ↓ / Tom →

	Left

	Right




	Up

	4; 2

	-2; -2




	Down

	0; 0

	2; 4





The matrix above is a two-player game. The actions of Jim are presented horizontally, and Tom’s actions are shown vertically. Each player has two strategies. The number of rows and columns illustrates this. The payoffs are the numbers in each box. The first number is the payoff of Jim. Meanwhile, the second number is the payoff of Tom. If Jim chooses the strategy to play Up and Tom plays Left, then Jim receives a payoff of 4, and Tom gets 2. When a game is illustrated in normal form, we expect each player to act simultaneously. Or, at the very least, without knowing the moves of the other. 

If players have information about the moves of other players, we are usually talking about a sequential game that uses the extensive form. Extensive form games are illustrated with game trees. It’s a diagram that shows that decisions are made at different points in time. The nodes show when a choice was made. The payoffs are shown at the bottom of each branch. Game trees help players predict all decisions and counter-decisions in any game. We use backward induction to solve these games.​[v] 

Extensive form games can have perfect or imperfect information. In a game with perfect information, all players know all previous moves of other players. When Jim moves, he knows where he is in the game and also knows about Tom’s previous decisions. Chess is an example of an extensive form game with perfect information.

In a game with imperfect information, some information about the moves is missing. Examples of imperfect information games are poker and bridge.​[vi]

Extensive form games can be categorized as games with complete or incomplete information. In a game with complete information, the players know the game’s structure. What does this mean? The players know the order in which they are supposed to move. They know every possible move in each position and the payoffs for every outcome. Games in the real world are usually not like this; they don’t have complete information. We assume complete information in basic game theory modelling as games with incomplete information are harder to analyze.​[vii]

A perfect and complete extensive-form game is presented on a game tree, including the following aspects:


-  the players;

-  all the move opportunities of all players;

-  what players can do at their every move;

-  what every player knows about every move;

-  the payoffs gained for every combination of moves by each player.
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Picture 2: Complete extensive form game with perfect information.

The game above has two players, Jim and Tom. Jim’s choices are to go Left or Right. Tom will go Down or Up based on what Jim decides. The numbers at the end of the branches show the payoffs to the players. Let’s look at the two numbers on the far left of the game tree, (3;1). 3, in this case, is Player 1’s, Jim’s, payoff. 1 is Player 2’s, Tom’s, payoff. The labels beside each line (Left, Right, Down, Up) are the name of the action that line represents.

Jim starts this game, the first node illustrates his first move. The game flows the following way: Jim chooses between Left and Right. Tom observes Jim’s choice and then chooses between Down and Up. Their payoffs are written at the bottom of the tree. This game has four outcomes shown by the four terminal nodes of the tree: (L,D), (L,U), (R,D) and (R,U) and the outcomes of these results are (3;1), (1;2), (2;1), and (0;0). 

We can further notice that if Jim plays Left, it’s in Tom’s best interest to move Up as 2 (Tom’s outcome if he chooses Up when Jim moves Left) is bigger than 1 (Tom’s outcome if he chooses Down when Jim moves Left). However, if Jim moves Right, Tom will choose Down, as 1 is greater than 0. 

When a game tree is illustrated as in Picture 2, there is clarity about which player goes first and what they choose. There are games – with imperfect information – with no clarity about what Jim chose. This is the case with simultaneous games or where there is hidden information. When this situation occurs, the player bound to move next (in Picture 3 below, this player is Tom) can’t differentiate between the two nodes. He doesn’t know which was the decision of Jim – left or right. We can see this represented by the dotted lines. We will learn how to solve such games later in this book.
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Picture 3: Extensive Form Game with Imperfect Information.

Finally, sometimes, a player doesn’t know the payoffs of the game, how many opponents they have, or the type of their opponents. These games have incomplete information, and are otherwise known as Harsányi transformation. They bring into the picture the idea of “nature’s or God’s choice.”​[viii] In this book, we will not discuss games with incomplete information.
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Cooperative and Non-cooperative Games
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Some games encourage players to form alliances. What matters is that the allies commit to having obligations to one another.​[ix] Game theory’s primary purpose is to predict which players will form an alliance, what joint action they will take, and what gains they can expect. Coalitions, merges, oligopolies, and trusts can be examples in the real world. 

Non-cooperative games aim to predict individual players’ actions and payoffs. In non-cooperative games, participants either can’t form alliances due to the nature of the game, or the agreements they make are based on credible threats that they need to self-enforce. Players make individual choices to maximize their payoff.​[x]
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Symmetric and Asymmetric Games
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In symmetric games, the payoff of a strategy depends only on the other strategies employed, not on who is playing them.​[xi] If players can be replaced without changing the gains or losses in the strategy, the game is symmetric. All players adopt the same strategy. The Prisoner’s Dilemma and Stag Hunt are two classic examples of this. We will learn about both later.







Asymmetric games have different strategies for each player. The Ultimatum Game is one such game. This was a popular economic experiment proposed by the Hungarian-American John Harsányi in 1961.​[xii] In this game, one player, the proposer, gets x amount of money. Then, the proposer needs to split it with another player, called the responder. Once the proposer chooses the amount and shares the news with the responder, they may accept it or reject it. If the responder accepts, the money is divided per the proposer’s wishes. If the responder rejects, both get nothing. The players know in advance what happens if the responder accepts or declines.​[xiii] 

Some games can have the same strategy for both players and still be asymmetric.
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Simultaneous and Sequential Games
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In simultaneous games, players either make their move at the same time or, if they don’t move at the same time, they are blind to the other players’ moves. The card game War is an excellent example of simultaneous games as it has players simultaneously showing their top card, with the highest card winning. The goal of the game is for one player to win all fifty-two cards.
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