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      I often wonder: if one day in the future a young developer opens this book, what will they expect to read? Is it a SwiftUI API tutorial? Is it a practical guide to an architectural pattern? Or a checklist of performance optimizations?

      No, this book will not provide those. It deals with something deeper than techniques and more enduring than patterns: complexity.

      Over the past decade and more, I have continually explored the intersections of technology, business, history, and psychology. I have studied how wars failed because of the complexity of supply lines, how empires declined because of bureaucratic complexity, and how companies collapsed because of organizational complexity. When I returned to the daily work of software development, I suddenly realized: complexity is the central enemy here as well.

      Software doesn't die from bugs; it dies from complexity. Bugs can be fixed; complexity accumulates. It is like sand blown by the wind—unseen and intangible, yet over time it can bury everything.

      In my years as an iOS developer, I've seen too many teams fall into the same trap:

      A feature ships quickly, but becomes everyone's nightmare three months later;

      An architecture seems elegant, yet it takes newcomers weeks to understand;

      A cross-platform choice saves time in the short term, but creates twice the chaos in the long term.

      Airbnb once attempted to unify development with React Native but, eroded by complexity, had to return to native development;

      Dropbox, while exploring multi-platform unification, made painful adjustments because of the costs of complexity;

      NASA's Apollo moon landing program showed us that complexity must be suppressed to a level manageable by the human mind, or it will become a disaster;

      The stories of companies like Netflix, Spotify, Slack, and Uber are all a tug-of-war between complexity and the human mind.

      I want to write these down not out of curiosity, but to make more developers realize: complexity is our only true enemy.

      So, who is this book written for?

      It is written for iOS developers. Especially those who have moved beyond the beginner stage, who are no longer satisfied with “the code runs” and have begun to ask: “Why does our system become so complex? Why does nobody dare maintain this project after a few months?” You might be a solo indie developer, or a senior engineer leading a team of dozens. Regardless of size, complexity will find you.

      It is also written for teams. Complexity is not an individual problem; it is always the product of the collective. A team’s way of communicating determines the direction of complexity. An organization’s boundary design determines the lifespan of its architecture. If you are a team manager, architect, or technical lead, you will find in this book methods to help you “hold the boundaries.”

      It is written even more for the future you. Because code that feels clear today may become a riddle three months from now. The essence of complexity is to entangle your future self. The sole criterion of this book is to help your future self understand quickly.

      Why am I writing this book?

      Because in my decades of exploration I have repeatedly seen the same law: the human mind is limited, while complexity is unlimited. History is like this, war is like this, business is like this, and software development is no different. If On War is the classic study of the complexity of warfare, and Foundation is a parable about the complexity of civilization, then I hope this book can become a coordinate system for SwiftUI-era developers facing complexity.

      I don’t want to write a manual full of tips — those things will be outdated in two years. I want to write a philosophy, something you can read ten years from now and still find clear and valuable. Just as Nintendo insists on being “player-friendly” and can create timeless classics even with inferior hardware, software architecture must insist on being “human-friendly” and, when faced with complexity, must preserve comprehensibility.

      The core idea of this book can be summed up in one sentence:

      The ultimate goal of software architecture is not to make machines run faster, but to make it easier for humans to understand.

      Machines don’t care about your code. They only care about zeros and ones. Those who truly coexist with the code are humans: your future self, newcomers who haven’t joined yet, your teammates. If they cannot understand quickly, then that code has failed.

      Therefore, this book, starting from complexity, discusses:

      
        
          	
        How design principles are reinterpreted in the SwiftUI era;
      

      	
        How architectural patterns help reduce our cognitive load rather than increase it;
      

      	
        Why the illusion of cross-platform development ultimately cannot escape the price of complexity;
      

      	
        Why native development is a friend of time;
      

      	
        Why testing, performance optimization, and CI/CD are essentially all guardians of comprehensibility;
      

      	
        Why AI can help us write code but cannot replace us in making design decisions;
      

      	
        Why team culture and communication styles determine the direction of complexity more than any pattern.
      

      

      

      Each chapter will open with a story — Airbnb’s cross-platform experiment, Dropbox’s trade-offs, NASA’s moon-landing program, Netflix’s evolution, Spotify’s predicament, and Nintendo’s philosophy.

      These stories are not curiosities; they are parables.

      Their details may differ, but the endings are similar: complexity is never absent.

      What will this book give you?

      Not a new API checklist, but a new way of thinking.

      Not an operational manual for a framework, but a mental model for facing complexity.

      Not to make you write faster today, but to make today’s code readable three years from now.

      I hope it will become your companion, helping you see where the oases and the traps lie in the desert of complexity.

      It is not a mentor, but a map.

      A map will not walk for you, but it will help you take fewer detours.

      This is not a cold, technical book, but a book about humans and complexity.

      Its goal is not only to teach you how to write code, but how to survive in the winds and sands of complexity.

      As an author who has long studied history and technology, and also an iOS developer who writes SwiftUI every day, I know these two worlds are not really far apart.

      The fall of empires and the failure of projects are essentially both cases of complexity overwhelming humans.

      Victory in war and success in architecture are both essentially about cognitive load being sensibly distributed.

      I hope to use this book to connect the two.

      If it can give you an extra measure of clarity when facing complexity, then it will have fulfilled its mission.

      
        
        Complexity is like a desert.

        It is silent and imperceptible, yet it can devour everything.

        Architects and developers are like travelers in that desert.

        You cannot eliminate the desert, but you can carry a water bag, travel in company, and remember the landmarks.

        The true enemy is not the wind and sand, but losing your sense of direction.

        This book is a flag planted atop the dune, reminding you:

        The direction is always — make code human-friendly.
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CHAPTER 1


          

          
            WHY ALL APPS DIE OF COMPLEXITY

          

        

      

    

    
      
        
        An empire is not destroyed by its enemies, but by its own weight.

        So is software; complexity is its gravity.

      

      

      Winds rise without form, sand falls without sound. Complexity is not an explosion, not a collapse, but a long-term erosion.

      Historians recorded the decline of empires: not the failure of a single battle, but the cracking of roads, the rot of granaries, the imbalance of taxation.

      Software is the same. No application dies because it lacks a "feature"; they die of complexity: accumulated logic, haphazardly stacked abstractions, repeatedly compromised decisions.

      When Airbnb first rose, it was nothing more than a small apartment in the hands of its three founders. A few air mattresses, a website, the simplest of ideas: let people find a place to stay in a strange city. Like the first brick of an empire, it always appears in a border market, not in the capital's hall.

      As Airbnb grew, that idea quickly ballooned into an empire. The app was no longer just a window to list rentals; it had to handle identity verification, payment flows, review systems, customer support, mapping and location, push notifications... The empire's territory expanded with each iteration of requirements.

      The empire's expansion brought glory: more users, higher valuation, larger market share.

      But beneath the glory, the gravity of complexity began to accumulate.

      Each new feature was a stone placed on the empire's tower. The tower grew taller, but also heavier.

      Complexity's earliest manifestations are always trivial.

      A tiny branch in logic to handle the tax rules of a particular country;

      A temporary utility function to ship before Black Friday;

      A "temporary" architectural change to be compatible with a newly released API.

      These are like the small taxes and levies on an empire's border. Seemingly minor, they accumulate silently.

      Airbnb's engineering team at first did not notice. They were in the frenzy of growth; everyone was running, everyone chasing features. The cost of complexity was deferred, like an empire's fiscal deficit, always inherited by the next generation of officials.

      The turning point came in the cracks of the user experience.

      Airbnb's app was renowned for its refined experience. Whether it was the speed of image loading or the smooth interaction of the maps, users were once amazed. However, when complexity accumulated to a certain critical point, those experiences began to change subtly. The smoothness of map zooming declined, price displays lagged, and error messages in the payment flow increased.

      These cracks were not catastrophic. They did not cause users to immediately uninstall the app, nor did they lead investors to pull out at once. They were like fissures in an empire's roads: caravans could still travel, but more slowly, with increased friction and more complaints.

      Such is complexity: it does not destroy a system in the form of a battle, but through everyday inconveniences that gradually erode trust.

      Inside Airbnb, the gravity of complexity was even more apparent.

      Developers found that it took longer and longer to fix a bug. In the past, they only needed to locate the problem within a single module; now they had to shuttle across three layers of architecture: React Native, iOS, and Android. Each bug was like a maze, with a vague entrance and a distant exit.

      Teams also found that iteration speed was slowing. Previously, a two-week sprint could bring two features live; now, an entire sprint might only be enough to fix legacy issues. New feature development was delayed, product managers grew more dissatisfied, and the air in the meeting rooms grew tense.

      The weight of complexity was not just a technical weight — it was emotional weight, communication weight, cultural weight.

      The empire's weight also showed up in the organization.

      Airbnb had to set up more and more cross-team coordination meetings:

      
        
          	
        The cross-platform group had to align with the native teams;
      

      	
        The native teams had to confirm interactions with the design team;
      

      	
        The QA team had to align test plans with third-party developers.
      

      

      

      Meetings, like taxes, began to erode productivity. Every hour of meeting was a gold coin deducted from development time. The empire's finances looked prosperous on the surface, but were actually deeply in deficit.

      The gravity of complexity gradually wore down the team's mental capacity. Young engineers joined the company full of enthusiasm, only to find months later that most of their time was spent understanding legacy code. Senior engineers grew exhausted; in one rescue after another they lost their creativity. This was not the roar of failure, but slow quicksand.

      "The decline of an empire always begins with the loss of morale."

      Airbnb's engineers were once excited by rapid innovation; they were proud to be changing the world. But as the gravity of complexity pressed down, their language gradually changed.

      From "we can do this" to "how long can we keep this up";

      From "we are innovating" to "we are maintaining."

      Complexity is like that: it does not destroy your code, it destroys your language.

      When language changes, the empire has already begun to decline.

      At this stage, Airbnb's app was still running, and users were still growing.

      The outside world could not see the cracks in the empire.

      But those inside already felt it:

      Complexity was changing their breathing, quietly suffocating them.

      The empire's weight is invisible, yet everywhere.

      
        
        The burden of the empire is not in its territory, but in its order.

        When complexity exceeds what people's capacity can bear, the empire is bound to collapse.

      

      

      The gravity of complexity is not lessened by external applause.

      Airbnb's app continued to expand worldwide, user numbers kept climbing, media coverage was frequent, and investors' funds kept coming.

      On the surface, it was a miracle of a digital empire.

      Yet behind the miracle, complexity had already, like invisible dust, filled the empire's lungs.

      In day-to-day engineering tasks, complexity manifested as "delay."

      A simple requirement — for example, adding a new payment method on the checkout page — was estimated at planning to take two weeks, but ultimately took two months.

      The reason was not developer laziness, but the length of the path.

      Every requirement had to pass through a threefold maze:

      The component layer of React Native,

      The native modules of iOS,

      The implementation details of Android.

      Between the three layers were bridges and mismatches.

      Every change could produce unexpected side effects in some layer.

      So engineers had to spend countless hours cross-checking and retesting.

      Time is the currency of an empire.

      When time is devoured by complexity, the empire's finances inevitably run a deficit.

      Airbnb's developers gradually discovered that they had lost their advantage in iteration speed.

      Complexity also manifests as "ambiguity."

      Once, the source of a bug was obvious.

      In the native era, a crash often pointed to a particular module or API.

      But in the React Native era, a crash could be:

      
        
          	
        An exception in the JavaScript runtime,
      

      	
        Delays in the bridge-layer communication,
      

      	
        Incompatibility in native code,
      

      	
        Or a chain reaction of all three combined.
      

      

      

      Ambiguity is complexity's deadliest weapon.

      It makes developers wander in the fog and causes teams to waste effort on guessing.

      When ambiguity becomes the norm, morale will wither.

      The gravity of complexity also reveals itself through "communication."

      Airbnb was once known for efficient collaboration. Small teams were self-driven, iterating quickly, and everyone could see the results of their work in a short time.

      But when React Native introduced a three-layer architecture, communication became a new tax.

      A requirement had to be confirmed by three parties:

      
        
          	
        The cross-platform group,
      

      	
        The iOS team,
      

      	
        The Android team.
      

      

      

      Every meeting involved lengthy explanations: which layer does a bug actually belong to? Who is responsible for a particular latency?

      Meeting notes grew longer, actions grew slower.

      Developers got lost in Jira and emails; they spent more time writing explanations than writing features.

      Bureaucratization of the empire happened this way.

      Not because people grew lazy, but because complexity forced them to create more processes to combat uncertainty.

      Yet with every added process, the empire grew that much heavier.

      The most insidious force of complexity lies in "cultural erosion."

      Airbnb's culture once centered on "move fast, keep it simple."

      This is an entrepreneurial spirit: small, rapid steps; iterating to survive; unafraid of failure.

      But when complexity accumulated to a certain degree, the language of the culture began to change.

      Engineers no longer spoke of "speed," but of "regressions."

      They no longer asked "how to innovate," but "how to fix."

      Their eyes no longer looked to the future, but were trapped in the mire of legacy problems.

      This cultural shift is a sign of an empire's decline.

      When soldiers no longer crave victory but only survival, the empire's glory is gone.

      The gravity of complexity even shook Airbnb's strategy.

      The board once believed that React Native would save the company money and improve efficiency. But the reality of the data gradually confronted them:

      
        
          	
        Feature release cycles were twice as long as expected;
      

      	
        Bug fix rates declined;
      

      	
        Complaints about user experience increased;
      

      	
        Engineer turnover rose.
      

      

      

      The data were cold and merciless; like stone tablets, they etched the truth of complexity. No argument could hide those numbers.

      So management began to split. Some held on to the dream, believing React Native was merely "not yet mature" and would improve in time. They were like the empire's expansionists, convinced that the larger the territory the better.

      Others called for contraction, pointing out that complexity had exceeded the team's capacity. They were like the empire's conservatives, advocating a return to the core and the abandonment of illusions.

      This split was not just a technical debate but a cultural rift. When leadership fractures, the empire's voice no longer speaks with one accord.

      Complexity also changed the identity of engineers.

      Under the React Native regime, developers were no longer creators but translators. They spent huge amounts of time switching between JavaScript and Swift, Kotlin—like interpreters of ancient empires. They had to understand three cultures, three toolchains, three debugging approaches.

      The result was that engineers' focus was diluted. They could no longer go deep in any one area or exercise true expertise. They became generalists, no longer specialists.

      An empire's greatest strength lies in its experts—those who can solve problems at critical moments. When experts are forced to become generalists, the empire loses its true moat.

      The gravity of complexity even extended to hiring and retention.

      Airbnb once attracted the world's best iOS and Android engineers. These people wanted to dig deep in native domains, pursuing peak performance and experience. But under the React Native regime, they found their expertise undervalued. They were asked to learn JavaScript and forced to deal with tedious cross-platform minutiae.

      Some chose to leave, seeking places where they could truly contribute. Others stayed, but with a sense of loss. The loss of talent was not a thunderous collapse, but a quiet one. But once the exodus began, the empire's cornerstone had already been shaken.

      The gravity of complexity was further amplified by the "external environment."

      Mobile platforms evolve extremely quickly.

      Apple releases new APIs, new frameworks, and new design guidelines every year.

      Android's ecosystem is also updated frequently, and hardware differences are everywhere.

      When Airbnb tried to unify the two major platforms with React Native, they actually took on double the complexity:

      they had to keep pace with Apple's cadence, keep pace with Google's cadence, and maintain React Native's own updates.

      The convergence of these three tides kept them constantly on the run.

      No team can endure that kind of gravity long-term.

      "An empire does not die on the battlefield; it dies of debt."

      Airbnb's complexity had accumulated into debt.

      Every temporary fix, every "we'll do it later" promise was debt.

      Debt doesn't disappear; it is merely deferred.

      In the end, it will demand repayment with greater interest.

      When the debt of complexity reaches its peak, the empire has no room to maneuver.

      Against this backdrop, Airbnb's leadership finally realized:

      they were not "saving," they were "overdrawing."

      They were not "innovating," they were "resisting."

      The gravity of complexity had dragged the empire to a turning point.

      If they continued, the cracks would only widen and the culture would collapse.

      
        
        An empire's demise is not because the enemy is strong, but because it can no longer bear itself.

        Software does not end for lack of features, but because complexity crushes the human heart.

      

      

      The gravity of complexity must eventually reach a critical point.

      For Airbnb, that point arrived at the height of their glory.

      User numbers hit the hundreds of millions, valuation soared, and globalization marched unstoppable.

      But behind that splendor, the empire's foundation was already crumbling.

      The turning point began with a strategic review.

      The glass walls of the conference room were covered with flowcharts, issue lists, and bug statistics.

      The cross-platform group, native teams, product managers, designers, and data analysts all gathered together.

      The air was heavy, as if the empire's council were taking one last look at the map of its territories.

      The data were laid out on the table:

      
        
          	
        React Native’s bug-fix cycle was more than 30% longer than native;
      

      	
        The cost of team communication far exceeded expectations;
      

      	
        Key features—payments, maps, photo uploads—had to be reverted to Native;
      

      	
        Nearly half of the user-experience complaints were related to React Native.
      

      

      

      The numbers were cold, yet more lethal than any rhetoric. No one could deny these facts.

      The ledger of complexity was laid bare before their eyes.

      What had been thought to be savings was actually an overdraft; what had been thought to be unification was actually division.

      However, decisions are never driven solely by numbers; they are a struggle of culture and conviction.

      At the meeting, some still clung to the cross-platform dream. They said, “React Native is still evolving, the community is active, it will surely get better.” They were like the empire’s expansionists, preferring to keep consuming rather than admit retreat.

      Others proposed a compromise: “We can keep some React Native modules while gradually migrating back to Native.” This was a delaying tactic, like an empire installing puppet regimes on the frontier in exchange for temporary stability.

      But most were exhausted. They had endured countless overtime sessions just to fix a single cross-platform bug; they had lost the passion to create, left only with the fatigue of maintenance. The fire was gone from their eyes, replaced by a longing for release.

      Then a voice was spoken: “We must return to Native.”

      The voice was heavy, yet like a sword cutting through the fog. For everyone knew in their hearts that it was the only answer.

      In 2018, Airbnb officially announced they would gradually abandon React Native and fully return to Native. It was not only a technical choice, but a cultural one.

      In a public blog post they wrote: “We tried React Native; it brought some benefits, but it also brought complexity that could not be ignored. We found that React Native did not reduce our workload; rather, it increased our Cognitive Load. Native is our long-term direction.”

      These words were like an edict left in the empire’s chronicles. Not an admission of failure, but a sober proclamation.

      This shift was not completed overnight. The debt of complexity had to be repaid gradually. They began migrating bit by bit, reimplementing key features in Swift and Kotlin. They established clearer boundaries, delineated team responsibilities, and reshaped the architecture.

      In the process, the team regained a sense of control. Engineers no longer had to debug across three layers or lose their way in the bridge layer. They confronted the system directly and re-understood every detail.

      Complexity still existed, but it was once again contained within controllable boundaries—like water channeled into canals, like wind held back by sand walls.

      Rebuilding culture was harder than rebuilding technology.

      Airbnb’s leadership re-emphasized: “Move fast, keep it simple.” The phrase ceased to be a slogan and became a new creed. At every requirements review they asked: “How much Cognitive Load will this feature introduce? Will this architecture make it hard for future us to understand?”

      Complexity was placed at the center of meetings, not at the margins. It was no longer an invisible enemy but an opponent to be faced.

      This shift restored the team’s faith. They knew complexity would not disappear, but it could be tamed. They no longer fantasized about shortcuts; they accepted the reality of long-term coexistence with complexity.

      “The greatest empires are not those that never retreat, but those that know how to yield before gravity.”

      Airbnb’s pivot embodied that wisdom. They did not die beneath complexity because they chose to acknowledge its force. They did not cling to illusions but chose to make peace with reality.

      This is not just Airbnb’s story. It is the fate of all software empires.

      Complexity is like gravity; it always exists. You can dance with it, but you cannot ignore it. You can tame it, but you cannot eliminate it.

      Every app will ultimately die of complexity. The difference lies in this: some perish because they refuse to admit the illusion of simplicity; others survive because they soberly acknowledge complexity.

      Airbnb’s experience tells us:

      
        
          	
        The gravity of complexity will continually accumulate until it crushes the team's morale;
      

      	
        The cross-platform dream often ends up costing far more;
      

      	
        Boundaries and restraint are the only viable moat;
      

      	
        The goal of architecture is not to pursue uniformity, but to reduce Cognitive Load.
      

      

      

      
        
        Complexity is the gravity of an empire.

        Ignore it, and the empire will perish.

        Face it, and the empire can endure.

      

      

    

  


  
    
      
        
          
            
CHAPTER 2


          

          
            WRITING CODE ≠ DESIGNING SOFTWARE

          

        

      

    

    
      
        
        Implementation is a temporary encampment;

        Design is the city-state that can stand in the wind and sand.

        An empire does not collapse because it has too few warriors, but because its roads and codes cannot support the weight of its territory.

      

      

      The wind whispers in the desert, carrying ancient dust.

      Writing code is like drawing lines in the sand: clear in the moment, gone in an instant.

      Designing software is like building a levee in the desert: it requires patience, foresight, and leaving a shape for an unseen future.

      The story of Dropbox is precisely a testament to this gulf.

      When Dropbox appeared on the world stage, it brought an almost magical promise:

      Put a file in a folder, and it will appear on all your devices.

      At the core of that promise was "sync".

      And the word "sync", seemingly simple, hides the most dangerous confrontation between humans and complexity.

      In its early years, Dropbox's implementation was stunning.

      The combination of Python and C++ let them iterate quickly on the desktop platform.

      Their team was small and fast; the founder Drew Houston was even known for "hacker elegance".

      Their code was like a sharp sword, striking straight at user needs: file copying, state comparison, conflict merging.

      However, a sharp sword cannot build an empire.

      A sword can win the present battles, but cannot sustain a long war.

      The speed of writing code cannot replace the clarity of software design.

      The problem began to appear with the arrival of the mobile era.

      After succeeding on the desktop, Dropbox had to enter the world of iOS and Android.

      Users were no longer satisfied with syncing between computers; they wanted to access files anytime on their phones.

      So the Dropbox team quickly developed mobile apps.

      The initial mobile implementation was translational:

      The desktop logic was directly ported, with bridging wrappers between Python and native languages.

      They thought that as long as the core logic was reused, the mobile side could share the same capabilities.

      This is the typical "writing code" approach: taking the shortest path to get the feature done.

      Files could be downloaded, uploaded, and displayed, and the team cheered.

      But soon they discovered: this was not "designing software".

      The gulf revealed itself in the cost of understanding.

      Desktop and mobile are not just differences in screen size.

      Desktops have stable power and networks; mobile is constrained everywhere: limited battery, unstable networks, users can switch apps at any time.

      Desktops can tolerate tens of seconds of latency; mobile users cannot wait.

      Desktops allow multithreading to run continuously; mobile systems may suspend background processes at any time.

      These differences turn "sync" into a fundamentally different challenge on mobile.

      And Dropbox's initial architecture was not designed for that challenge.

      The result was:

      Whenever a bug occurred, engineers had to understand three layers of logic at once: the Python core, the iOS bridging layer, and Android's variations.

      This was no longer a problem of implementation, but a problem of understanding.

      They could fix bugs, but it became increasingly difficult to explain why the bugs occurred.

      Inside Dropbox, a story was widely told.

      An engineer spent weeks poring over logs and stacks to trace a missing-file issue.

      The bug manifested as: files uploaded fine on the desktop, but would occasionally disappear on the phone.

      He checked the sync logic and confirmed the Python layer was fine;

      He dug into the iOS bridging and found the data transfer was correct;

      Only finally, in the Android implementation, did he find a highly obscure thread race condition.

      The bug was eventually fixed, but at great cost.

      In the postmortem, the team wrote this line:

      "We solved the problem, but we do not understand our system."

      That line rang like a cold bell.

      It exposed the gulf: writing code can make things run; designing software is what makes things understood.

      Dropbox's mobile architecture gradually became a maze.

      Every requirement added a new passage to the maze.

      Every feature added a new fork in the maze.

      The maze could keep operating, but no one truly understood its entirety.

      This is complexity's favorite trick.

      It does not destroy a system outright; instead it makes the cost of understanding the system exceed the cost of implementing it.

      When understanding becomes scarce, design is no longer possible.

      The team can only keep "fixing" and cannot truly "build".

      Dropbox founder Drew Houston once said in an interview:

      “We thought we were building a sync system; later we discovered we were building a distributed database.”

      This sentence is exactly the gulf between understanding and implementation.

      Implementation only sees the surface requirements: upload, download, display.

      Design must see the hidden essence: distributed consistency, conflict resolution, the switching between offline and online.

      Dropbox’s early code solved the implementation but did not solve the design.

      This made them pay a heavy price in the mobile era.

      Engineers’ minds are a finite reservoir.

      The speed of writing code is like continuously pouring water into the reservoir.

      The purpose of designing software is to build a dam so the reservoir will not burst.

      Dropbox’s story tells us:

      When you only keep pouring water and ignore the dam, the reservoir will sooner or later break.

      This part of the narrative pauses here for now.

      Dropbox’s maze continued, and the erosion of complexity had not ended.

      The real impact would unfold later.

      
        
        The power of complexity lies not in destruction, but in attrition.

        Not a crushing defeat on the battlefield, but the daily drop-by-drop loss.

        What eventually causes an empire to collapse is not the enemy’s blade, but the soldiers’ unfamiliarity with their domain.

      

      

      Dropbox’s empire entered the mobile era.

      Desktop victories brought confidence; a massive user base brought capital and expectations.

      And expectations are the most fertile soil for complexity.

      At the San Francisco headquarters, during an ordinary product review meeting, the team raised a simple requirement:

      Users wanted to quickly preview PDFs, images, and videos on their phones instead of waiting for a full download to complete.

      On desktop this was not a hard problem. Desktops have enough memory, broadband, and continuous power.

      But on mobile, this requirement meant a completely different battlefield:

      
        
          	
        iOS’s memory limits are extremely strict; if thresholds are exceeded the app will be killed by the system.
      

      	
        Android’s device diversity means hundreds of resolutions, processors, and OS versions.
      

      	
        Unstable networks make “partial loading” a gamble.
      

      

      

      The team that wrote the code chose the most direct approach: add a caching layer on top of the existing sync logic, download in chunks and decode.

      They did indeed implement the feature, users cheered during the demo, the product manager was satisfied, and the meeting room burst into applause.

      However, in the second week after going live, problems came in quick succession.

      On some iPhone models, previews caused the app to crash;

      On certain Android devices, previews were unbearably janky;

      and cross-device file consistency began to produce an increasing number of “ghost bugs” — files showed as complete but were overwritten during background sync.

      These issues were not impossible to fix.

      Engineers worked around the clock, poring over logs and stacks.

      Bugs were pushed back one by one, but new ones kept emerging from the shadows.

      Like the empire’s frontier, just as one city was repaired, another wall began to collapse.

      The real disaster was not the bugs, but the loss of understanding.

      Dropbox’s mobile architecture consisted of three parts:

      The desktop’s core logic ported over as the “trusted core”;

      native bridges for iOS and Android to interface with system capabilities;

      And mobile-specific requirements that had to be layered on top of the two, creating new tiers.

      Each iteration created new intersection points across these three layers.

      Each fix required engineers to shuttle back and forth between them.

      Over time, no one could truly understand the entire system anymore.

      Young engineers felt frustrated:

      “I can implement the feature, but I can’t explain why it works this way.”

      Senior engineers felt exhausted:

      “I know where the problem might be, but I don’t have the energy to dig through all the layers anymore.”

      This is the gulf between writing code and designing software.

      Writing code only cares whether it runs;

      designing software must care whether it can be understood.

      When a system can only be run but not understood, it has already begun to decay.

      Within Dropbox’s team, divisions gradually formed into three camps.

      The first camp was the implementation camp.

      They believed the most important thing was meeting product requirements.

      As long as users could use it, bugs were just a cost of the process.

      They were like frontline cavalry—bold and fast, but rarely looking back to see whether the road was collapsing.

      The second camp was the design camp.

      They saw the growth of complexity and worried about long-term costs.

      They proposed refactoring, unified interfaces, and clear boundaries.

      But in the fast-paced competitive environment, they were often accused of “slowing down progress”.

      The third camp was the disillusioned.

      They had gone through countless bugs and fixes and gradually lost their faith.

      They no longer believed in perfect solutions and simply completed tasks mechanically.

      Their eyes were like a well in the desert, already buried by sand.

      The empire’s crisis was not external competition, but internal fissures.

      When the team no longer shared a unified vision, complexity would seize the opportunity.

      One winter night, a senior engineer posted a long message on the company Slack:

      “We don’t need more code; we need more understanding.

      Every line of code we write for mobile is a bet against the operating system.

      We have forgotten that the purpose of software is not merely to run, but to be understood.”

      The message was met with a long silence.

      Everyone knew in their hearts that it was true.

      They did not lack the ability to write code; what they lacked was the courage to design.

      The loss of understanding brought a deeper crisis: the collapse of communication.

      Product managers could not understand why a seemingly simple feature would take months to ship.

      Designers could not understand why moving a button would trigger performance problems.

      Management could not understand why, with so many engineers, bugs still could not be cleared.

      So blame began to breed:

      “Engineers aren’t working hard enough.”

      “The product team doesn’t understand technology.”

      “Management only looks at numbers and not reality.”

      The deadliest power of complexity is not a technical problem, but that it makes people stop understanding one another.

      When a system is incomprehensible, the team becomes incomprehensible.

      When the boundaries of the code blur, the boundaries of the team blur as well.

      The gulf of writing code becomes an organizational gulf.

      By this time, Dropbox already had hundreds of millions of users; great success obscured internal crises.

      To the outside, they were still leaders in cloud storage;

      inside, they were trapped in an internal war of understanding.

      They had to make a choice:

      Continue stacking code, trading speed for the illusion of prosperity;

      Or stop and redesign the system so the future could be understood.

      This was not a technical choice, but a choice of civilization.

      The erosion of complexity is like an empire’s supply line.

      At first, it only slows the speed of transporting grain;

      Later, it causes the grain to rot along the way;

      ultimately, it starves the frontline troops while the rear still believes the granaries are full.

      Dropbox’s front line was the mobile client. When the mobile experience collapsed, the desktop glory could not be salvaged. Because users no longer relied only on computers — they lived on their phones. And the complexity inside those phones was silently devouring the empire.

      “Our problem is not speed, but understanding. We’ve written too much code without enough design.”

      This was a belated awakening. But in the desert of complexity, awakening is always better than sleeping.

      
        
        Understanding is the only defense against complexity.

        A system that cannot be understood can only be sustained by chance;

        A team that lacks understanding can only survive on inertia.

        And inertia is the most dangerous illusion.

      

      

      Dropbox’s empire had reached a critical turning point. User growth hadn’t stopped, investors still watched, and the market still expected. But internally, the fissures of complexity had spread down every corridor.

      One night the San Francisco office was brightly lit. In a conference room, a dozen core engineers and technical leaders gathered, and the topic was one: how to save the mobile client.

      At the meeting, an engineer took out a sheet of paper and drew three layers: at the bottom, the core sync logic in Python; the middle layer, the iOS and Android bridge code; the top layer, mobile-specific requirements — caching, previews, offline support.

      He put the paper on the table and said, “This is not a house, it’s a makeshift tent. Every time it rains we tack on another piece of cloth; every time the wind blows we add another pole. The tent still stands now, but no one knows how long it will hold.”

      The room fell silent. Everyone knew that was true.

      The true killer of complexity is not collapse, but unpredictability. On Dropbox’s mobile client, every feature launch was a gamble. Even if tests passed, no one could guarantee users wouldn’t encounter odd problems. Even if bugs were fixed, no one could guarantee they wouldn’t trigger new ones.

      This unpredictability gradually eroded the team’s confidence. They no longer believed in the code, in the system, or in the future.

      At this point, someone proposed the heaviest suggestion: refactoring.

      “Refactoring” is a double-edged sword in any team.

      It means overturning existing accumulation, entails huge investment, and carries risk.

      What management fears most is the word “refactoring.”

      Because it shows no short-term return yet will consume resources.

      But Dropbox had no other choice.

      They knew that if they continued as they were, complexity would drag them down completely.

      So a plan gradually emerged:

      
        
          	
        Return to native and fully embrace Swift and Kotlin;
      

      	
        Redesign the mobile sync logic instead of simply porting desktop logic;
      

      	
        Establish clear boundaries so each layer’s responsibilities are explicit;
      

      	
        Most importantly: make the system understandable again.
      

      

      

      This was not a technical decision but a rebuilding of civilization.

      Dropbox’s engineers began a long refactor.

      They acted like archaeologists, excavating the ruins of old code and looking for parts that could be preserved.

      They acted like architects, designing new boundaries so logic would no longer be entangled but clearly layered.

      They acted like translators, converting the ideas in Python into the languages of Swift and Kotlin.

      In the process, they gradually recovered what had been lost: understanding.

      Understanding is an engineer’s most important weapon.

      When an engineer can fully explain how the system works, they can control complexity.

      When the whole team can align on the same blueprint, they can resist the erosion of complexity.

      In the early stages of the refactor, the team’s efficiency declined.

      Bugs remained, and feature releases were still obstructed.

      But the difference was that this time, they no longer felt lost.

      They knew the boundaries of problems, the ownership of responsibilities, and the direction of the future.

      Complexity still existed, but it had been caged.

      The refactor did not happen overnight.

      It lasted for years, accompanied by countless arguments and compromises.

      But in the end, Dropbox’s mobile client stood firm.

      The sync logic was redesigned, the UI experience became smoother, and the team regained control of the system.

      Most importantly, they rebuilt trust of mind.

      Engineers no longer feared bugs because they knew they could understand and fix them.

      Product managers no longer feared requirement changes because they knew the system could bear them.

      Management no longer doubted the team because they saw continuous improvement.

      This is the power of understanding.

      Dropbox’s story became a parable in the history of software.

      It tells us:

      Writing code solves today’s problems;

      Designing software solves tomorrow’s problems.

      Writing code is translating logic for machines;

      Designing software is translating logic for humans.

      Machines will never complain about complexity, but humans will. And software, in the end, is written for humans.

      Looking back at Dropbox’s journey, we can clearly see that gulf:

      
        
          	
        They won early by speed, gaining users through execution.
      

      	
        They sank into the mire in the mobile era because of a lack of design.
      

      	
        They ultimately refactored, returned to native, rebuilt boundaries, and secured the future with understanding.
      

      

      

      This is not an isolated story but a microcosm of software civilization.

      “Writing code is erecting tents; designing software is building city-states.

      Tents can get you through the night; only city-states can found a nation.

      A true architect is not the fastest craftsman but the most patient designer.”

      Dropbox’s case tells us:

      
        
          	
        The enemy of software is not missing features but the loss of understanding.
      

      	
        Writing code ≠ designing software.
      

      	
        True design is exercising present restraint for future understanding.
      

      

      

      And this is exactly what we must remember in the SwiftUI era.

      SwiftUI’s state-driven model, TCA’s single state tree, and protocol-based boundary design — these are not “coding” tricks but the canon of “designing software.”

      Their purpose is not to make machines smarter but to make humans understand better.

      
        
        All code will grow old.

        Only understanding allows civilization to endure.

        Writing code is a fleeting craft; designing software is a millennial philosophy.

      

      

    

  


  
    
      
        
          
            
CHAPTER 3


          

          
            COGNITIVE LOAD

          

        

      

    

    
      
        
        An empire's territory is limited, and the mind's territory is even smaller.

        The sea of sand is boundless, but there is only one water pouch.

        Complexity is not the enemy; it is the mirror of the brain.

      

      

      The wind does not stop because of an empire's borders, nor does the brain expand because of the size of software.

      The human mind is like a small reservoir, limited in capacity, yet required to bear the weight of an entire civilization.

      Cognitive load — this is the fate of all developers.

      In the 1960s, when the US moon landing program was put on the agenda, engineers faced this fate for the first time.

      The Apollo spacecraft had to execute every operation relying on computer instructions hundreds of thousands of kilometers away, in the unforgiving vacuum of space.

      Error meant death.

      Complexity was not an abstract philosophy, but the lives of dozens of astronauts.

      Margaret Hamilton, then a young scientist at MIT, was appointed to be responsible for the Apollo spacecraft's software.

      At that time, the term "software engineering" hardly existed.

      People had confidence in hardware, in rockets, in fuel, but were filled with doubt about "software."

      Even in the eyes of some old-school engineers at NASA, software was merely an "accessory," not worth much attention.

      But what Hamilton saw was a different picture.

      She understood that the limits of the human brain meant that software had to become a "safety net."

      Because astronauts, in moments of crisis, cannot simultaneously process dozens of signals and hundreds of instructions.

      Their brains, like today's developers, have only limited working memory.

      Experiments in cognitive psychology had long since shown:

      Humans can handle no more than seven elements simultaneously in short-term memory.

      This is the famous "magical number seven."

      When elements exceed this limit, the brain experiences loss, confusion, and misjudgment.

      For astronauts, this means:

      When ten indicator lights in the cockpit light up at the same time, they cannot accurately judge priority;

      When the manual requires entering a dozen or so commands within ten seconds, they may make ordering errors;

      When multiple sets of data arrive from the system at the same time, they may not be able to tell which set is critical.

      For developers, this means:

      When there are ten nested conditions in the code, you cannot track all the branches at once;

      When the architecture has ten layers of abstraction, you cannot understand all the calls in one go;

      When a project has ten parallel modules, you cannot form a complete dependency map in your head.

      The limits of the brain are the boundaries of complexity.

      Hamilton's task was to have software shoulder the parts that exceed human cognition.

      To that end she devised a principle: software must assume that errors will occur.

      Astronauts will press the wrong button, sensors will send false signals, sequences of operations will be disrupted.

      If the software cannot cope with those errors, the entire mission is doomed.

      Under this principle, she and her team introduced a "priority interrupt system."

      When the spacecraft's computer receives many tasks at once, it automatically drops secondary requests and concentrates resources on the most critical instructions.

      It's like a calm gatekeeper who, on a chaotic battlefield, preserves only the life-or-death commands.

      That design ultimately saved everyone on Apollo 11.

      In the final minutes before the lander touched down, the computer repeatedly issued program alarms.

      Alarms filled the cockpit and the astronauts were briefly thrown into confusion.

      But Hamilton's priority system began to work: it discarded irrelevant radar data and focused resources on landing control.

      In the end, the craft touched down smoothly, and humanity set foot on the Moon for the first time.

      This is the true footnote of cognitive load.

      Without Hamilton's design, the astronauts would have had to process dozens of signals at once, beyond what their brains could bear.

      Without the software's filtering, they would have been drowned in a flood of information.

      Complexity would have crushed them at the most critical moment.

      The fate of developers is no different from that of astronauts.

      We are not on the Moon, but we also live in a vacuum of complexity.

      Every large application is a spacecraft.

      Every release is a launch.

      Every bug could be a disaster.

      The limits of the brain determine that we cannot expand indefinitely.

      We must, like Hamilton, build "priority interrupts."

      We must admit: humans cannot understand all the logic at once.

      Therefore, we need to design so that complexity is tamed within boundaries.

      In the world of SwiftUI, this problem is especially pronounced.

      SwiftUI’s declarative philosophy brings developers closer to the natural expression of the mind.

      However, when state is scattered across multiple places, when view update logic is hidden in the framework’s “magic,” cognitive load can still exceed the brain’s limits.

      Developers can get lost in a storm of state just as astronauts get lost in a noise of signals.

      Hamilton’s story reminds us:

      Software is not about showing off; it is about protecting the human brain.

      Architecture is not about elegance; it is about enabling future developers to quickly understand.

      The struggle against complexity is essentially a struggle against the capacity of the mind.

      NASA’s moon landing is a miracle in human history.

      But behind that miracle lies a sober truth:

      Humans succeeded not by infinite wisdom, but by acknowledging their limitations.

      Margaret Hamilton said in a speech:

      “Errors are inevitable, and we must design protections for them.”

      This sentence is both a safeguard for astronauts and a reminder to all developers.

      The wind is silent in the vacuum of space,

      complexity is invisible in the world of software.

      It will not crush you all at once; it will eat away at your mind.

      If you refuse to acknowledge the brain’s limits, it will strike you down at the most critical moment.

      
        
        Humans can see the stars, yet cannot see the abyss of their own minds.

        The vacuum of space will not forgive, nor will the flood of complexity.

      

      

      The power of complexity lies not in its ferocity, but in its constancy.

      It is like the gravity of the universe—unseen, yet never stopping.

      Hamilton’s deepest realization in the Apollo program was not the thrust of rockets, but the brain’s capacity to endure.

      After Apollo 11’s successful landing, the whole world rejoiced.

      Viewers in front of their TVs saw the moment humans first set foot on the Moon, but did not see the tension and chaos inside the cockpit.

      In the final minutes before landing, the computer issued 1201 and 1202 program alarms.

      If the astronauts had been untrained, or if the software had not been designed clearly enough, that moment would have been enough to turn the entire mission to ashes.

      Fortunately, Hamilton’s “priority interrupt system” saved the situation.

      It automatically discarded unnecessary data and ensured the spacecraft could continue its landing.

      This is the truth about cognitive load: astronauts cannot instantly tell which signals are important, so the software must make the trade-offs for them.

      But the moon landing was only the beginning.

      NASA’s subsequent missions—Apollo 12, 13, 14, and later Skylab—faced even more complex challenges.

      Spacecraft had to carry out longer missions and confront more uncertainties.

      Hamilton and her team had to write software that could handle infinite possibilities within very limited computing resources.

      Apollo 13 is the most famous crisis.

      It was April 13, 1970, and the spacecraft was about 300,000 kilometers from Earth when an oxygen tank exploded.

      The cockpit descended into chaos: lights flickered, alarms sounded continuously, and the air began to thin.

      Complexity fully erupted at that moment.

      The astronauts had to determine, in extremely short order, which systems were still usable and which were damaged.

      They had to decide how to shut down unnecessary modules, how to conserve power, and how to recalculate a return trajectory to Earth.

      This was not a drill; it was a real life-or-death decision.

      The limits of working memory were fully exposed.

      No human could, in a matter of minutes, simultaneously process dozens of indicators, update complex orbital data, and operate exquisitely delicate hardware.

      Without software assistance, they would inevitably have descended into chaos.

      Hamilton’s team at mission control on Earth quickly provided instructions to the astronauts.

      They handed the complex calculations to the computer and the simplified steps to the crew.

      Software became the bridge, and the human mind was protected within a tolerable range.

      In the end, Apollo 13 miraculously returned to Earth.

      It was a failed mission, yet a victory in the struggle between human cognition and complexity.

      Hamilton wrote in her recollections:

      “We must assume that astronauts will make mistakes. We must assume that hardware will fail. We must assume that all complexity will concentrate and erupt at the worst possible moment. If the software cannot cope with all of this, then the mission is doomed.”

      This is her philosophy:

      The essence of software is not functionality, but the management of cognitive load.

      Developers face the same situation in their daily work. In an iteration of a large application, dozens of features move forward at once and hundreds of tasks hang on the board. Every meeting is a mini “Apollo 13.” You must, within limited attention, distinguish what truly matters. You must decide what can be discarded and what must be protected.

      But the human brain often fails at this. We get held back by details, drowned in noise, tempted by short-term gains. So complexity quietly grows until it becomes irreversible.

      Hamilton’s priority system is the way to fight this. It reminds us: don’t try to process all information at once; instead, have a clear “interrupt system” that automatically drops what’s unimportant.

      SwiftUI’s declarative programming is one such attempt. It tells developers: don’t worry about how a view is drawn step by step; just care about what the state is. Don’t chase every change; only update the UI when necessary.

      This is a relief for cognitive load. It lets developers step away from implementation details and focus on the core logic. But the problem is, if state management is unclear and data flow is scattered everywhere, cognitive load can instead multiply.

      Like Apollo’s astronauts, without a priority system they would be drowned by signals; likewise, SwiftUI developers without a single source of truth will be drowned by state.

      Another key principle of Hamilton’s was that “errors must be recoverable.” She rejected any design that assumed errors would not occur. She required the team to add safeguards at every possible point. Even for seemingly impossible errors, she insisted on having a contingency.

      At the time, many criticized this as “overly cautious.” Some even mocked her: “You’re wasting time.” But history proved that this caution saved the mission.

      Developers today often repeat the same mistake. They assume users won’t press the wrong buttons, that the network will always be stable, that third-party libraries will always be reliable. So, when errors occur, systems crash, users churn, and teams descend into chaos.

      A trap of cognitive load is “over-optimism.”

      The human brain tends to ignore low-probability events.

      But in complex systems, low-probability events inevitably occur.

      If the software lacks safeguards, the brain will inevitably be overwhelmed.

      The success of the Apollo program was not because humans were greater than the universe, but because humans acknowledged their fragility.

      Hamilton made software an extension of the mind, a shield against complexity.

      Her philosophy can be summed up in one sentence:

      “Acknowledge the limited capacity of humans, and let systems bear the overload for us.”

      What developers need to learn is precisely this attitude.

      Don’t pretend you can understand ten modules at once; don’t pretend you can control every abstraction.

      Acknowledge the limits of the mind, and corral complexity into the system.

      Let architecture be a filter, let patterns be a safety net.

      This is not cowardice, but wisdom.

      The return of Apollo 13 is the embodiment of that wisdom.

      Complexity was not eradicated, but it was confined within a controllable boundary.

      The wind is still silent in space.

      Complexity remains invisible in software.

      It will not dissipate because of a single success; it will reappear in the next mission.

      All humans can do is repeatedly acknowledge it, repeatedly design, repeatedly guard against it.

      
        
        Errors are inevitable.

        Human capacity is limited, while the growth of complexity is boundless.

        If civilization is to endure, it must establish institutions that reconcile the finite and the infinite.

      

      

      The success of Apollo 11 and the dramatic return of Apollo 13 gave the world endless cheers.

      Yet in NASA’s control center and in MIT’s laboratories, Hamilton and her team did not indulge in romantic narratives.

      What they saw was a starker picture: complexity had never disappeared, only been temporarily tamed.

      The astronauts’ courage was recorded in history;

      The president’s speech was replayed repeatedly;

      While Hamilton’s notes, flowcharts, and annotations were thickly sealed in the archives.

      Those lines of handwritten marks carried a deeper truth:

      the human brain cannot bear the full complexity of software systems.

      Therefore, software must become an institutional protection, not a spectacle of showmanship.

      Hamilton said in an interview:

      “We are not writing code; we are writing laws.

      Code is law; it defines how a system acts, how it responds to errors, how it protects humans.”

      This statement laid the true meaning of software engineering.

      Software engineering is not a pile of techniques, but the establishment of institutions.

      It is like the laws of an empire, like the doctrines of a religion, like the restraints of a constitution.

      Its goal is not to make machines smarter, but to make humans safer.

      The Apollo experience was summarized by Hamilton into several core principles:

      First, errors will inevitably occur.

      No system, no human, no task can avoid mistakes.

      Assuming errors will not occur is arrogance.

      Software must assume errors will happen and be designed with safeguards.

      Second, priorities must be clear.

      When the system is overloaded, there must be a clear mechanism to know what can be discarded and what must be preserved.

      Ambiguity and hesitation only amplify chaos.

      Third, boundaries must be clear.

      Each module must absorb complexity within its boundaries.

      Do not scatter complexity across the whole system and drag everyone in.

      Fourth, the institution is above the individual.

      Do not rely on a single person’s cleverness to save the system.

      Processes must ensure that even the most ordinary member can execute the correct steps amid chaos.

      These principles later became known as the cornerstones of software engineering.

      In Hamilton’s context, they carried a deeper meaning:

      they are the institutionalized embodiment of cognitive load management.

      The Apollo archives record a scene like this.

      In a simulation, an astronaut intentionally pressed the wrong button.

      As a result, the spacecraft’s software did not crash; it calmly reassigned tasks and dropped unrelated requests.

      The astronaut laughed: “It’s like you anticipated I would make a mistake.”

      Hamilton replied: “Of course — because you will.”

      It was a stark yet gentle answer.

      It acknowledged human limits, yet left room for humans within the system.

      This is precisely the mindset developers need today.

      In SwiftUI projects, we are often troubled by state management.

      Variables are scattered everywhere, data flows are inconsistent, and view updates are unpredictable.

      This chaos is like astronauts surrounded by dozens of signals, at a loss.

      If we assume developers will not make mistakes, we will inevitably be overwhelmed by complexity.

      If we assume everything will sync perfectly, then the system is destined to fail at a critical moment.

      We must, like Hamilton, acknowledge the inevitability of errors.

      We must design fault-tolerant boundaries into the architecture.

      We must establish clear “priority interrupts” within the team.

      This is SwiftUI’s “single source of truth” philosophy.

      It is not a flashy slogan, but a protection against cognitive load.

      It tells us: data can have only one truth; views are merely mappings.

      Once the truth is split, the human brain cannot cope.

      Hamilton’s ideas also have a profound social dimension.

      At NASA at the time, many male engineers did not take software seriously.

      They believed hardware was the key, the rocket was the core, and software was only an accessory.

      Hamilton had to keep fighting to make people admit: software itself is the lifeline of the mission.

      That struggle was not merely about gender, but about philosophy.

      It required the entire organization to acknowledge: the core of complexity lies not in hardware but in cognition.

      If that point is not admitted, no matter how powerful the rocket, it can fail because of cognitive collapse.

      The same situation still exists in teams today.

      Many managers emphasize the number of features while ignoring cognitive load.

      They believe “more is better” and “faster is winning.”

      But complexity accumulates in the dark and will eventually bring the system down.

      Hamilton’s victory was not only a victory for women or for software, but a victory for cognition.

      She made an empire admit: the human brain is limited and therefore must be protected by institutions.

      The NASA story has a clear echo in the context of SwiftUI.

      SwiftUI’s design philosophy is, in fact, “institutionalized cognitive protection.”

      It frees developers from imperative chaos and makes state drive everything.

      Its essence is not simplifying code, but simplifying the mind.

      However, if developers misuse it, if state becomes fragmented, if boundaries are unclear, SwiftUI can become a new complexity trap.

      It can, like an unprotected Apollo spacecraft, hurl astronauts into a chaotic storm of signals.

      Therefore, SwiftUI’s true value lies not in letting you write less, but in letting you have to understand less.

      This is the core of cognitive load.

      Hamilton’s philosophy also influenced the team’s culture.

      She required the team, in every commit, to assume that future readers know nothing.

      She required every document to prepare for the worst-case scenario.

      She required every test to simulate the most absurd error conditions.

      This exhausted the team, but it made the system strong.

      Because complexity never chooses the most reasonable moment to appear; it always appears at the most absurd moment.

      Today's teams must do the same.

      Code review is not about finding faults, but about reducing future cognitive load.

      Testing is not about meeting KPIs, but about protecting the system at its most absurd moments.

      Documentation is not for archiving, but for helping future readers understand.

      This is Hamilton's legacy:

      Elevating the management of cognitive load into culture and institution.

      Historians wrote in the annals:

      "Civilization endures not because humans are smarter, but because humans are more clear-headed."

      The Apollo program's success was not because the astronauts made no mistakes, but because their mistakes were absorbed institutionally.

      The value of software engineering is not that developers are more powerful, but that developers acknowledge their own limits.

      In the desert of complexity,

      We cannot eliminate the sandstorms;

      We can only build windbreaks,

      Only design reservoirs,

      Only prevent finite minds from being swallowed by infinite complexity.

      This is Hamilton's revelation.

      This is the philosophy of software design.

      When you write a state in the world of SwiftUI, when you draw a boundary in your architecture, when you establish a process in your team,

      Remember:

      You are not writing code; you are writing laws.

      You are not designing features; you are protecting minds.

      You are not chasing elegance; you are guarding the future.

      
        
        Errors are inevitable.

        Complexity is eternal.

        The sole goal of software engineering is to allow humans to survive within their limits.

      

      

    

  


  
    
      
        
          
            
CHAPTER 4


          

          
            SOURCES OF COMPLEXITY

          

        

      

    

    
      
        
        The cracks are not in the stones, but in the gaps between them.

        Branches are not the problem; it is the combination of branches that brings empires to collapse.

      

      

      The arrival of complexity never comes with a roar.

      It is like nightfall, inch by inch consuming the realm.

      In the world of Microsoft Office, such nightfall once quietly descended.

      Office is a vast empire.

      Word, Excel, PowerPoint — each is a long-established city.

      In the desktop world, they each governed themselves, with complex features and a solid foundation.

      But on mobile, they had to be unified:

      A unified UI specification, unified interaction logic, unified synchronization mechanism.

      More importantly, the empire's territory had to span not only iOS and Android, but also Web and desktop.

      The empire's ambition was the breeding ground of complexity.

      To make these cities run in different territories, the initial choice was natural:

      Use branches to cope with differences.

      Different platform, write a condition;

      Different requirements, add a logic;

      Different countries' language habits, add another check.

      At first, this was an elegant victory.

      Engineers, like gardeners, used a few branches to make a tree of features adapt to different climates.

      They even felt proud:

      "Look, our code is so flexible, it can handle any situation."

      However, the trap of complexity was quietly opened at that moment.

      Years later, when an engineer tried to modify a piece of logic, he no longer faced a few clear branches, but a jungle:

      
        
          	
        If the platform is iOS, go to path A;
      

      	
        If it is Android, go to path B;
      

      	
        If the user is newly registered, go to path C;
      

      	
        If it is an enterprise account, go to path D;
      

      	
        If the system version is lower than a certain number, go to path E;
      

      	
        If an experimental feature is enabled, go to path F.
      

      

      

      The explosion of branches is not linear, but exponential.

      Each new condition doubles the overall possibilities.

      When conditions intertwine, no human brain can mentally simulate all possible outcomes.

      Branches themselves are not frightening; what is frightening is their combinations.

      When a logic tree has thousands upon thousands of paths, no matter how large the testing team, it cannot cover every possibility.

      Developers can only rely on intuition to test selectively, and intuition is the most fragile defense against complexity.

      In an internal postmortem, the Microsoft Office team admitted:

      The trickiest problem they encountered was not the bugs themselves, but the unpredictability of bugs.

      Bugs were no longer “inevitable errors” but “traps of possibility.”

      A feature works correctly in 99% of scenarios, but utterly collapses under that 1% combination of conditions.

      This plunged developers into endless anxiety.

      Because they could neither foresee nor reproduce it.

      Complexity turned them from “masters of the code” into “prisoners of the code.”

      Historical records tell us:

      An empire’s decline is not because its territory is too large, but because its governance remains stuck in an old era.

      Office’s branching strategy was such governance.

      It worked at first, but after the empire expanded it became a shackle.

      In the mobile era, Office had to satisfy the needs of different devices, different markets, different languages.

      This means the number of branches will not decrease, only continue to increase.

      When the logic tree grows so large it cannot be controlled, complexity has already exceeded human cognitive capacity.

      The source of complexity is not the number of features, but the combinatorial explosion of branches.

      It turns everything that was once clear into the unpredictable.

      In a real meeting, an Office engineer said helplessly:

      “We are not writing logic, we are building a maze.

      Every change is like lighting a torch in the maze — it illuminates what’s before you, but deepens the darkness in the distance.”

      The maze of branches does not collapse in a single day.

      It simply keeps adding new forks, so those who enter can no longer find an exit.

      This is the first source of complexity.

      Not an explosion, not a collapse, but the day-by-day, month-by-month accumulation of branches that turns the system into a jungle.

      In this jungle, any step may trigger an unknown trap.

      
        
        The original purpose of inheritance is to spare successors from rebuilding the city.

        However, when citadels are piled layer upon layer, waterways become clogged, and streets maze-like, inheritance becomes a shackle.

        Inheritance runs deeper than an ocean trench.

      

      

      The jungle of complexity did not stop at branches.

      When Microsoft's Office empire expanded to mobile and cross-platform, they faced not only an explosion of conditions but also the weight of history.

      The history of Office ran too deep.

      In the desktop era, Word, Excel, and PowerPoint had already built vast and sophisticated feature systems.

      No feature was isolated; each was built on the foundations laid by predecessors.

      Decades of accumulation made these apps' features so rich as to be nearly perfect, but they also made their internal structures like ancient palaces: layer upon layer, generation upon generation.

      When mobile demands arrived, the team faced not the freedom of starting from scratch, but the difficulty of carving from monoliths.

      They had to inherit existing logic, reuse historical modules, and ensure documents opened the same on any platform.

      Inheritance became the only path.

      At first, inheritance seemed reasonable.

      New platform features could be added on top of base classes;

      New functionality could be implemented by extending existing structures.

      It was like an empire building a new city outside the old city's walls, avoiding duplicated labor.

      However, complexity quietly accumulated within that "reasonableness."

      Office's editor module was a typical example of the abyss of inheritance.

      To keep Word and Excel consistent, the team designed a "base document class."

      All document-related logic was placed there.

      Word inherited it and added paragraphs, styles, and comments;

      Excel inherited it and added cells, formulas, and tables;

      PowerPoint also inherited it and added slides, animations, and slide masters.

      At first, it was all clear and orderly.

      However, as time passed, this "base document class" kept expanding like an avalanche.

      It had to handle text, and it had to handle tables;

      It had to be compatible with comments, and it had to be compatible with formulas;

      It had to understand slide layouts, and it had to support embedded objects.

      Ultimately, this class grew so large that no one dared to touch it lightly.

      It stood like a temple that everyone worshipped, but no one was willing to enter.

      The real trap of complexity lies not in how many features there are, but in the depth of dependencies.

      When an inheritance hierarchy becomes deep enough, every modification creates ripples.

      A team, trying to fix a paragraph indentation problem in Word, had to gingerly adjust logic in a parent class; as a result, Excel’s cell rendering skewed and PowerPoint’s text-box alignment failed.

      This is the abyss of inheritance:

      it ties all functionality together, making any single change capable of triggering a chain reaction.

      In such a system, bugs are no longer isolated errors but tremors through the entire system.

      On Office’s mobile side, these tremors are especially lethal.

      Because the team must both preserve historical compatibility and adapt to mobile platform differences.

      They inherited a massive structure from the desktop era, and on mobile were forced to add new layers on top of it.

      Parent classes wrapped by subclasses, subclasses wrapped by further subclasses.

      Each generation of engineers continued building on the legacy of the previous one.

      Years later, these inheritance levels ran so deep that no one could fully understand them.

      Fixing a bug often required tracing a dozen or more layers of calls;

      adding a new feature often required modifying several levels simultaneously.

      When debugging, developers felt as if they were in an underground maze.

      Every tunnel led to another tunnel, light refracted within, sound echoed.

      They kept descending but could not see the end.

      This is not a dilemma unique to Office.

      In the history of software civilization, the abyss of inheritance has appeared countless times.

      Its temptation is reuse; its cost is coupling.

      It brings short-term convenience but, in the long run, produces unbearable complexity.

      Microsoft’s team recognized this early.

      They tried to replace inheritance with composition, to reduce dependencies through modularization.

      However, the weight of history prevented them from fully escaping inheritance.

      Because countless features had long been deeply embedded in parent classes, extracting them would cost more than maintaining the status quo.

      So inheritance continued.

      The abyss continued.

      A hypothetical but plausible scenario is enough to reveal the full scope of the predicament:

      In Mobile Office, there was a requirement to allow Excel tables to be embedded in and edited within Word.

      To users, this was a natural request:

      Insert an Excel table into a Word document and, when clicked, enter the table editing interface.

      However, within the inheritance system, this amounted to disaster.

      Word’s parent class did not understand table logic; Excel’s subclass depended on formula calculations; and the intersection between the two had to be implemented through the parent class.

      Engineers were forced to add new logic to the parent class so it could support both text and tables.

      That change set off a chain reaction, affecting Word, Excel, and PowerPoint all at once.

      In the end, implementing this requirement took months and involved multiple teams.

      And the benefit it delivered was merely convenience for users in a few scenarios.

      The cost of complexity is strikingly asymmetric.

      Short-term requirements are exchanged for long-term burdens.

      Local convenience is exchanged for global risk.

      Another consequence of the inheritance abyss is the uncontrollable Cognitive Load.

      When new engineers join the team, they must spend months just to understand the vast inheritance system.

      They need to trace parent-class logic, understand subclass extensions, and untangle their interdependencies.

      When debugging, they shuttle constantly between different files and modules, like historians trying to sort through an empire’s annals.

      This learning cost far exceeds the complexity of the features themselves.

      Complexity is amplified not because there are more requirements, but because inheritance entangles all requirements together.

      The power of complexity is manifested most vividly in inheritance.

      It traps human cognition, makes team communication inefficient, and renders bug fixes unpredictable.

      The original vision of reuse ultimately became a maintenance nightmare.

      Office’s inheritance system is like an island that keeps sinking.

      It still stands on the surface, but seawater has already poured into its cracks, and the sand is washing away beneath it.

      Any new construction only accelerates the sinking.

      This is the truth of the inheritance abyss:

      It is not a design mistake, but a burden of history.

      It is not a failure of functionality, but a cost of civilization.

      The second source of complexity is inheritance.

      It is like a poison, slow and lethal.

      It gives teams short-term gains but, in the long run, traps them in a quagmire.

      In the story of Office, this abyss of inheritance did not immediately destroy the system.

      It merely slowed the system’s evolution and gradually sapped the team’s morale.

      Until one day people realized: they were no longer designers, but custodians of history.

      
        
        Abstraction is humanity’s weapon against chaos.

        But when there are too many weapons, they conflict with one another and create new chaos.

        Magic is not a miracle, but a fog that obscures understanding.

      

      

      The sources of complexity are not limited to branching and inheritance.

      Within Microsoft Office’s empire there are two other deep fissures: fragmentation of abstractions and the enchantment of frameworks.

      The first comes from human over-design, the second from tools’ over-promises.

      They tangle with branching and inheritance and push complexity to the limit.

      Abstraction, at first, is a gift of civilization.

      When a system becomes too large for humans to confront every detail, abstraction becomes a shield.

      Like city-states codifying laws to replace customs;

      Like empires building roads and using standardized milestones to replace the chaos of dirt tracks.

      Office’s teams did the same.

      They faced a world spanning desktop, web, iOS, and Android.

      If each platform implemented the same logic independently, engineering would devolve into chaos.

      So they chose abstraction.

      They designed a “document interface” to unify the behaviors of Word, Excel, and PowerPoint;

      They designed a “storage protocol” to unify local storage and cloud sync;

      They designed a “rendering layer” to standardize presentation across devices.

      At first, these abstractions brought clarity.

      Engineers could program against interfaces without worrying about underlying differences.

      Code looked clean, the architecture seemed elegant, and team productivity appeared to improve.

      However, the trap of abstraction was quietly unfolding.

      Because each new requirement brought new abstractions.

      New features did not always fit old interfaces perfectly, so new interfaces were created.

      New scenarios did not always conform to existing protocols, so new protocols were introduced.

      The number of abstractions kept increasing, like shards of pottery scattered across the ground.

      Engineers no longer face a single clear interface, but a dozen or so similar yet slightly different interfaces.

      When developing, they must first choose which one to use;

      when debugging, they must first trace which one was called.

      Abstraction was supposed to reduce complexity, but after accumulating in number it created new complexity.

      Inside the Office teams a joke circulated:

      “The hardest bugs are not in the code, but between the interfaces.”

      They found that bugs were often not errors in a particular implementation, but conflicts between different abstraction layers.

      One interface assumes a document is linear, while another assumes the document is a tree;

      one protocol emphasizes immediacy of synchronization, while another emphasizes tolerance for sync delay.

      When these assumptions meet, chaos is born.

      This is the truth of fragmented abstractions.

      Abstractions are not wrong, but when there are too many, too scattered, and conflicting, they lose their original meaning.

      They cease to be a unified code and become fragmented local ordinances.

      The third fissure in complexity is the magic of frameworks.

      The lure of magic has always been powerful.

      When teams are troubled by complexity, someone will always say, “We can solve this with a framework.”

      Frameworks promise:

      If you follow my rules, I will handle the tedious details for you.

      If you trust my mechanisms, I will make your development more efficient.

      In the Office story, such magic was inevitable.

      To adapt quickly on mobile, the team adopted a large number of third‑party frameworks:

      Cross‑platform rendering engines, libraries for network requests, tools for data storage.

      These frameworks did bring convenience at first.

      They were like magicians performing complex operations inside a black box, allowing developers to call a few methods and get results.

      Engineers cheered because complexity seemed to be swallowed by the frameworks.

      However, complexity is not swallowed; it is merely transferred.

      Over time, the framework’s magic began to turn on them.

      When a framework is upgraded, API changes stall the whole system;

      When a framework’s internal implementation conflicts with platform updates, bugs suddenly surface;

      When the team tries to debug, they find they cannot penetrate the black box and must rely on scattered documentation and community information.

      Complexity now manifests as invisibility.

      It is no longer traceable logic, but unknowns buried inside frameworks.

      Developers face bugs but cannot determine whether they belong to their own code or to the framework.

      They spend countless nights tracing problems, only to find the root cause is a library they cannot control.

      Microsoft’s teams felt anger as a result.

      They thought the magic would save them, but discovered the magic created new dependencies.

      These dependencies were both technical and psychological.

      The teams gradually lost autonomy and their sense of control over the system.

      The most terrifying aspect of complexity is not its quantity but its invisibility.

      Branch explosion makes possibilities inexhaustible, the inheritance abyss makes dependencies inseparable, fragmented abstractions make interfaces ununifiable, and framework magic makes problems invisible.

      Together they form the four horsemen of complexity, driving teams toward fatigue and loss of control.

      Office engineers wrote in an internal document:

      “We have the most powerful productivity suite in the world, yet we are gradually losing productivity to the complexity of maintaining it.”

      The sentence stings, but it is unavoidably true.

      After all this, Microsoft had to undertake a large-scale architectural refactor.

      They began to break down abstractions and clean up redundant interfaces;

      They began to reduce framework dependencies and return to core logic;

      They began to try modularization, confining each module’s complexity to a limited scope.

      It was a painful shift.

      There were no shortcuts, no magic, no instant results.

      It could only be through long-term governance that complexity would be gradually reduced.

      Historians wrote:

      “Complexity is never destroyed; it can only be tamed.

      When humans chase illusions, it appears in more complicated forms;

      When humans confront it, it will slowly withdraw.”

      The story of Microsoft Office is precisely an illustration of this rule.

      They were lost in branch explosions, struggled in the inheritance abyss, and indulged in fragmented abstractions and framework magic.

      In the end, they had to admit:

      Complexity is not a war that an enemy can be slain in, but a river that must be guided.

      At the end of this chapter, we must remember:

      
        
          	
        Branch explosion reminds us that the power of composition far exceeds the human mind;
      

      	
        The inheritance abyss reminds us that the weight of history can crush the future;
      

      	
        Fragmented abstractions remind us that unity is the true value;
      

      	
        Framework magic reminds us that invisibility is the greatest risk.
      

      

      

      The four horsemen of complexity are not fictional, but the fate every large project must endure.

      Their arrival is not due to team incompetence, but the inevitability of civilization.

      True wisdom is not to avoid them, but to acknowledge them and to leave breathing room in designs for future readers.

      
        
        Branches are sand, inheritance is stone, abstractions are pottery shards, frameworks are mist.

        Sand will pile up, stone will grow heavy, shards will break, mist will obscure.

        But the human mind can still build roads within them, so long as it remembers:

        The goal of the road is not to conquer complexity, but to make complexity yield to understanding.

      

      

    

  


  
    
      
        
          
            
CHAPTER 5


          

          
            THE ONLY CRITERION OF MEASUREMENT

          

        

      

    

    
      
        
        The greatest metric is not lines of code, nor performance curves, but whether your future self can bear it.

        The measure of a city is not how many streets it has, but whether a stranger can find their way within it.

      

      

      The only criterion of measurement: whether your future self can quickly understand it.

      This sentence sounds like a maxim, but it is the most ruthless law of software civilization.

      Code is not stone; it changes. Frameworks are not rails; they depreciate.

      The only constant is the limits of human understanding.

      Today you write logic you believe to be clear; tomorrow you may have forgotten your original intent.

      In the vast history of code, countless projects die not from lack of performance but because future readers cannot understand them.

      The story of Instagram is the clearest illustration of this law.

      At first, it was not called Instagram.

      The app Kevin Systrom founded in 2010 was called Burbn.

      Burbn was a location-based social app with complex features like check-ins, dating, points/rewards, and photo sharing.

      At that time, Foursquare was riding high, innovation in social apps was like a spring tide, and Burbn wanted to fight its way through.

      However, the shadow of complexity already loomed at birth.

      Burbn had every feature, but no clear main thread.

      Users were confused by the interface: is this for check-ins? For dating? For sharing photos?

      The team poured in a lot of effort but could never find the core.

      Complexity is like that: it doesn't need a large system to appear; it lurks in fuzzy boundaries from the start.

      Burbn's code and features piled up together like a city without a map.

      The future readers are not the users, but the team itself.

      When even the founders cannot quickly explain the product's purpose, complexity has already completed its first erosion.

      The turning point of fate came during a conversation between Kevin Systrom and Mike Krieger.

      They realized that Burbn's problem was not too few features, but too many.

      So they made a ruthless decision: cut everything, keeping only photo sharing and filters.

      This decision, seemingly simple, was a great turning point in the history of software.

      They did not chase more features; they chose understanding.

      When an app does only one thing, future readers (whether users or engineers) can quickly grasp it.

      This was the moment Instagram was born.

      In October 2010, Instagram officially launched.

      Its main interface had only a few buttons: take a photo, add a filter, share.

      Just like that, Instagram attracted one million users within a few months.

      Simplicity is not sacrifice; it is strength.

      Future readers can understand its purpose without being blocked by complexity.

      Instagram’s early code architecture, like its product philosophy, remained extremely simple.

      Kevin and Mike were only two people; they had no time to build large, complex systems.

      They implemented requirements in the most direct way and expressed logic in the clearest way.

      At that stage, no one cared about “elegant architecture” or “perfect patterns”; they cared about one thing:

      When we look back in three months, can we quickly understand what we wrote?

      This was Instagram’s early “measure.”

      Not flashy design patterns, not perfect abstractions, but whether the future can understand.

      However, complexity never leaves easily.

      After Instagram exploded in growth, new demands came like a tide.

      Users wanted direct messages, wanted video, wanted a tagging system, wanted an Explore page.

      The shadow of Facebook also gradually drew near, and rumors of acquisition filled the air.

      The team expanded, features expanded, and complexity expanded with them.

      Instagram was no longer the two-person workshop but a collaborative body of dozens, then hundreds.

      Every feature required multiple people to collaborate; every line of code had to pass through many hands.

      At this stage, complexity appeared in new forms:

      
        
          	
        Dependencies between features made changing one piece of code affect the whole body;
      

      	
        Coupling between modules turned debugging into a maze;
      

      	
        Lack of documentation left new members bewildered when onboarding.
      

      

      

      The future readers were no longer just Kevin and Mike, but the entire team.

      The cost of understanding became the team’s lifeline.

      During an internal retrospective, an engineer wrote:

      “We are not racing against competitors; we are wrestling with our own code.

      If our future selves cannot quickly understand today’s choices, our failure is only a matter of time.”

      This sentence reads like a commentary on the entire software civilization.

      Instagram’s success was not just because of filters and sharing, but because at critical moments they chose “comprehensibility.”

      And during their expansion, they had to reaffirm this principle again and again.

      The story of complexity always carries the irony of fate.

      Burbn was eliminated for having too many features; Instagram succeeded because it was simple.

      But when Instagram itself grew into a behemoth, it too had to face the shadow of complexity.

      Simplicity is not a one-time protective charm; it is a philosophy that must be constantly guarded.

      Kevin Systrom once said in an interview:

      “We kept asking ourselves: if today’s design is something we can’t even understand three months from now, then it’s the wrong design.”

      This sentence is both product philosophy and software philosophy.

      The only criterion of measurement is not whether something is elegant today, but whether it can be understood in the future.

      Instagram’s early architecture and evolution are an annotation of this law.

      It shows us:

      
        
          	
        There can be many features, many users, and a large team, but if the future cannot understand, everything will collapse.
      

      	
        Simplicity is not compromise; it is survival.
      

      	
        Comprehensibility is not a luxury; it is the only measure.
      

      

      

      Complexity does not disappear; it only lies dormant.

      
        
        A city’s original streets are clear; later they become twisted by repairs and detours.

        When strangers can no longer walk from one end to the other, the city has lost its soul.

        Software is the same: it does not collapse because of too many features, but because future people cannot understand it.

      

      

      Instagram’s dawn belonged to simplicity.

      One filter, one button, one share.

      It allowed humanity, for the first time, to record everyday life in such a light way, shortening the world’s distances through the flow of images.

      But when the morning passed and the sun rose, complexity also followed.

      User expectations surged like a tide.

      When millions of users became tens of millions, and photos were no longer singular but carried travel, advertising, politics, and culture, Instagram could not remain forever with those three buttons.

      The Explore page, direct messaging, short-form video, ad systems… each new feature was a territorial expansion of the empire.

      And with each expansion, complexity accumulated in the dark.

      Kevin Systrom and Mike Krieger faced a familiar dilemma:

      how to choose between rapid iteration and future comprehensibility.

      This is the choice every software empire must confront.

      The first form of complexity appeared in team collaboration.

      In the early days, two people could work with tacit understanding; the code was the conversation.

      But as the team grew to dozens, conversation became meetings, meetings became documents, and documents became transmission errors.

      Instagram’s engineers found that:

      They were no longer facing users directly, but each other’s code.

      A change in logic required approval from three people;

      Launching a feature required coordination among four teams;

      An omission in a document could lead to a week of rework.

      Complexity is an amplifier of communication.

      It magnifies a simple requirement into dozens of meetings and turns a small adjustment into a weeks-long war.

      The story takes place in 2013, the second year after Instagram was acquired by Facebook.

      The team expanded rapidly, and calls for new features grew louder.

      Especially the Explore page.

      Users wanted to discover new accounts and new content there, not be limited to the people they followed.

      The logic behind the Explore page was far more complex than it appeared.

      It required recommendation algorithms, caching mechanisms, fast rendering, and integration with the ad system.

      For Instagram’s engineering team, it was not just a feature but an architectural challenge.

      The initial version was rushed to launch.

      The code was filled with temporary calls and emergency patches, all just to deliver by the deadline.
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