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      Chapter 1. The 70% Problem: AI-Assisted Workflows That Actually Work
第 1 章 70% 的问题：真正有效的 AI 辅助工作流程

      A Note for Early Release Readers
给早期读者的说明

        With Early Release ebooks, you get books in their earliest form—the author’s raw and unedited content as they write—so you can take advantage of these technologies long before the official release of these titles.
通过早期发行的电子书，您可以获得最早形式的书籍 - 作者撰写的原始和未经编辑的内容 - 因此您可以在这些书籍正式发布之前很久就利用这些技术。

        
        This will be the 3rd chapter of the final book.
这将是最后一本书的第三章。

        
        If you have comments about how we might improve the content and/or examples in this book, or if you notice missing material within this chapter, please reach out to the editor at sgrey@oreilly.com.
如果您对我们如何改进本书的内容和/或示例有任何意见，或者您发现本章中缺少材料，请联系编辑 sgrey@oreilly.com 。

        

      AI-based coding tools are astonishingly good at certain tasks.1 They excel at producing boilerplate, writing routine functions, and getting projects most of the way to completion. In fact, many developers find that an AI assistant can implement an initial solution that covers roughly 70% of the requirements​.
基于人工智能的编程工具在某些任务上表现出色。 它们擅长生成样板代码、编写常规函数，并帮助项目顺利完成大部分工作 。事实上，许多开发者发现，人工智能助手可以实现一个涵盖大约 70% 需求的初始解决方案。

      A tweet from Peter Yang perfectly captures what I’ve been observing in the field: 
Peter Yang 的一条推文完美地概括了我在该领域的观察：

      
        Honest reflections from coding with AI so far as a non-engineer:
作为一名非工程师，我对使用人工智能进行编码的真实反思：

        It can get you 70% of the way there, but that last 30% is frustrating. It keeps taking one step forward and two steps backward with new bugs, issues, etc.
它能帮你完成 70% 的目标，但最后的 30% 却令人沮丧。它总是进一步，退两步，不断出现新的 bug、问题等等。

        If I knew how the code worked I could probably fix it myself. But since I don’t, I question if I’m actually learning that much.
如果我知道代码是怎么运作的，我或许可以自己修复它。但既然我不知道，我怀疑自己是否真的学到了那么多。

      

      Non-engineers using AI for coding find themselves hitting a frustrating wall. They can get 70% of the way there surprisingly quickly, but that final 30% becomes an exercise in diminishing returns.
非工程师使用人工智能进行编程时，往往会遇到令人沮丧的瓶颈。他们虽然可以快速完成 70% 的工作，但最后 30% 的工作却收益递减。

      This “70% problem” reveals something crucial about the current state of AI-assisted development. The initial progress feels magical - you can describe what you want, and AI tools like v0 or Bolt will generate a working prototype that looks impressive. But then reality sets in.
这个“70% 问题”揭示了 AI 辅助开发现状的一些关键问题。最初的进展感觉很神奇——你可以描述你想要的东西，像 v0 或 Bolt 这样的 AI 工具就会生成一个看起来令人印象深刻的可运行原型。但随后现实就开始显现。

      The 70% is often the straightforward, patterned part of the work – the kind of code that follows well-trod paths or common frameworks. As one Hacker News commenter observed, AI is superb at handling the “accidental complexity” of software (the repetitive, mechanical stuff) while the “essential complexity” – understanding and managing the inherent complexity of a problem – remains on human shoulders​. In Fred Brooks’ classic terms, AI tackles the incidental, but not the intrinsic, difficulties of development​.
70% 的工作通常是简单直接、模式化的部分——这类代码遵循着惯常的路径或通用框架。正如一位 Hacker News 评论员所言 ，人工智能非常擅长处理软件的 “ 偶然复杂性”（重复的、机械化的工作），而“本质复杂性”——理解和管理问题固有的复杂性——则仍然落在人类的肩上。用 Fred Brooks 的经典术语来说，人工智能处理的是开发过程中偶然出现的困难，而不是内在的困难。

      Where do these tools struggle? Experienced engineers consistently report a “last mile” gap. AI can generate a plausible solution, but the final 30% – covering edge cases, refining the architecture, and ensuring maintainability – “needs serious human expertise”​.
这些工具的难点在哪里？经验丰富的工程师们一致认为存在“最后一英里”的差距。人工智能可以生成一个可行的解决方案，但最后的30%——覆盖边缘情况、完善架构和确保可维护性——“需要大量的人类专业知识”。

      For example, an AI might give you a function that technically works for the basic scenario, but it won’t automatically account for unusual inputs, race conditions, performance constraints, or future requirements unless explicitly told. AI can get you most of the way there, but that final crucial 30% (edge cases, keeping things maintainable, and solid architecture) needs serious human expertise.
例如，AI 可能会提供给你一个在技术上适用于基本场景的功能，但除非明确告知，否则它不会自动处理异常输入、竞争条件、性能限制或未来需求。AI 可以帮你完成大部分工作，但最后至关重要的 30%（边缘情况、保持可维护性和稳固的架构）需要人类的专业知识。

      Moreover, AI has a known tendency to generate convincing but incorrect output. It may introduce subtle bugs or “hallucinate” nonexistent functions and libraries. Steve Yegge wryly likens today’s LLMs to “wildly productive junior developers” – incredibly fast and enthusiastic, but “potentially whacked out on mind-altering drugs,” prone to concocting crazy or unworkable approaches​.
此外，众所周知，人工智能倾向于生成看似令人信服但却不正确的输出。它可能会引入细微的漏洞，或“幻听”根本不存在的函数和库。史蒂夫·耶格（Steve Yegge） 曾讽刺地将如今的法学硕士（LLM）比作 “极其高效的初级开发人员”——速度惊人、热情高涨，但“可能像吃了迷幻药一样精神失常”，容易炮制出疯狂或行不通的方法。

      In Yegge’s words, an LLM can spew out code that looks polished at first glance, yet if a less experienced developer naively says “Looks good to me!” and runs with it, hilarity (or disaster) ensues in the following weeks​. The AI doesn’t truly understand the problem; it stitches together patterns that usually make sense. Only a human can discern whether a seemingly fine solution hides long-term landmines. Simon Willison echoed this after seeing an AI propose a bewitchingly clever design that only a senior engineer with deep understanding of the problem could recognize as flawed​. The lesson: AI’s confidence far exceeds its reliability.
用 Yegge 的话来说，法学硕士（LLM）可以写出乍一看很完美的代码，但如果一个经验不足的开发人员天真地说“我觉得不错！”然后就照着做了，那么接下来的几周就会发生滑稽的事情（或灾难）。人工智能并不能真正理解问题所在；它只是把通常合理的模式拼凑在一起。只有人类才能辨别看似完美的解决方案是否隐藏着长期的陷阱。Simon Willison 在看到人工智能提出了一个非常巧妙的设计，而只有对问题有深入了解的高级工程师才能识别出其中的缺陷后， 也表达了同样的看法 。教训是：人工智能的自信远远超过了它的可靠性。

      Crucially, current AIs do not create fundamentally new abstractions or strategies beyond their training data​. They won’t invent a novel algorithm or an innovative architecture for you – they remix what’s known. They also won’t take responsibility for decisions. As one engineer noted, “AIs don’t have ‘better ideas’ than what their training data contains. They don’t take responsibility for their work.”​
至关重要的是，当前的人工智能不会在其训练数据之外创造全新的抽象概念或策略。它们不会为你发明一种全新的算法或创新的架构——它们只是将已知的知识重新组合。它们也不会承担决策的责任。正如一位工程师所说：“人工智能不会有比其训练数据所包含的‘更好的想法’。它们不会对自己的工作负责。”

      All of this means that the creative and analytical thinking – deciding what to build, how to structure it, and why – firmly remains a human domain. In summary, AI is a force multiplier for developers, handling the repetitive 70% and giving us a “turbo boost” in productivity​. But it is not a silver bullet that can replace human judgment. The remaining 30% of software engineering – the hard parts – still requires skills that only trained, thoughtful developers can bring. Those are the durable skills to focus on, and Chapter 6 is dedicated to them. As one discussion put it: “AI is a powerful tool, but it’s not a magic bullet... human judgment and good software engineering practices are still essential.”
所有这些都意味着，创造性和分析性思维——决定构建什么 、 如何构建以及为什么构建——仍然是人类的领域。总而言之，人工智能是开发人员的力量倍增器，它处理了 70%的重复性工作，并为我们带来了生产力的“涡轮增压”。但它并非能够取代人类判断的灵丹妙药。软件工程剩余的 30%——最难的部分——仍然需要只有训练有素、深思熟虑的开发人员才能掌握的技能。这些是需要重点关注的持久技能，第六章将专门介绍它们。正如一场讨论所说：“人工智能是一个强大的工具，但它不是灵丹妙药……人类的判断力和良好的软件工程实践仍然至关重要。”

      I’ve observed two distinct patterns in how teams are leveraging AI for development. Let’s call them the “bootstrappers” and the “iterators.” Both are helping engineers (and even non-technical users) reduce the gap from idea to execution (or MVP). 
我观察到团队在利用 AI 进行开发方面存在两种截然不同的模式。我们称之为“引导者”和“迭代者”。两者都在帮助工程师（甚至非技术用户）缩短从创意到执行（或 MVP）的差距。

      First, there are the bootstrappers, who are generally taking a new project from zero to MVP. Tools like Bolt, v0, and screenshot-to-code AI are revolutionizing how these teams bootstrap new projects. These teams typically:
首先是引导者 ，他们通常负责将一个新项目从零开始，逐步实现 MVP。Bolt、v0 和屏幕截图转代码 AI 等工具正在彻底改变这些团队引导新项目的方式。这些团队通常：

      
        	
          Start with a design or rough concept
从设计或粗略概念开始

        

        	
          Use AI to generate a complete initial codebase
使用 AI 生成完整的初始代码库

        

        	
          Get a working prototype in hours or days instead of weeks
在数小时或数天（而非数周）内获得工作原型

        

        	
          Focus on rapid validation and iteration
专注于快速验证和迭代

        

      

      The results can be impressive. I recently watched a solo developer use Bolt to turn a Figma design into a working web app in next to no time. It wasn’t production-ready, but it was good enough to get very initial user feedback.
结果令人印象深刻。我最近看到一位独立开发者使用 Bolt 几乎瞬间就将 Figma 的设计变成了一个可以运行的 Web 应用。虽然它还未达到生产环境，但已经足够好，获得了初步的用户反馈。

      The second camp, the iterators, use tools like Cursor, Cline, Copilot, and WindSurf for their daily development workflow. This is less flashy but potentially more transformative. These developers are:
第二阵营是迭代者 ，他们使用 Cursor、Cline、Copilot 和 WindSurf 等工具进行日常开发工作流程。这些工具不那么引人注目，但可能更具变革性。这些开发者是：

      
        	
          Using AI for code completion and suggestions
使用人工智能完成代码并提出建议

        

        	
          Leveraging AI for complex refactoring tasks
利用人工智能完成复杂的重构任务

        

        	
          Generating tests and documentation
生成测试和文档

        

        	
          Using AI as a “pair programmer” for problem-solving
使用人工智能作为“结对程序员”来解决问题

        

      

      But here’s the catch: while both approaches can dramatically accelerate development, they come with hidden costs that aren’t immediately obvious.
但问题在于：虽然这两种方法都可以大大加速开发，但它们也伴随着一些不易察觉的隐性成本。

      When you watch a senior engineer work with AI tools like Cursor or Copilot, it looks like magic. They can scaffold entire features in minutes, complete with tests and documentation. But watch carefully, and you’ll notice something crucial: They’re not just accepting what the AI suggests. They’re constantly refactoring the generated code into smaller, focused modules. They’re adding comprehensive error handling and edge-case handling the AI missed, strengthening its type definitions and interfaces, and questioning its architectural decisions. In other words, they’re applying years of hard-won engineering wisdom to shape and constrain the AI’s output. The AI is accelerating their implementation, but their expertise is what keeps the code maintainable.
当你观察高级工程师使用 Cursor 或 Copilot 等 AI 工具时，你会觉得这简直像变魔术一样。他们可以在几分钟内搭建完整的功能框架，并完成测试和文档。但仔细观察，你会发现一个关键点：他们并非只是接受 AI 的建议。他们不断将生成的代码重构为更小、更专注的模块。他们添加了 AI 遗漏的全面错误处理和边缘情况处理，增强了 AI 的类型定义和接口，并质疑其架构决策。换句话说，他们运用多年辛苦积累的工程智慧来塑造和约束 AI 的输出。AI 正在加速他们的实现，但他们的专业知识才是确保代码可维护的关键。

      
        Common Failure Patterns
常见故障模式

        Junior engineers often miss these crucial steps. They accept the AI’s output more readily, leading to what I call “house of cards code” – it looks complete but collapses under real-world pressure.
初级工程师经常会忽略这些关键步骤。他们更容易接受人工智能的输出，导致我称之为“纸牌屋代码”的情况——它看似完整，但在现实世界的压力下却崩溃了。

        
          Two Steps Back
退两步

          What typically happens next follows a predictable pattern I call the “two steps back” pattern (shown in Figure 1-1):
接下来通常会发生一种可预测的模式，我称之为“后退两步”模式（ 如图 1-1 所示）：

          
            	
              You try to fix a small bug.
您尝试修复一个小错误。

            

            	
              The AI suggests a change that seems reasonable.
人工智能建议的改变似乎很合理。

            

            	
              This fix breaks something else.
此修复破坏了其他内容。

            

            	
              You ask AI to fix the new issue.
您要求 AI 解决新问题。

            

            	
              This creates two more problems.
这又产生了两个问题。

            

            	
              Rinse and repeat.
冲洗并重复。

            

          

          
            
            Figure 1-1. The “two steps back” antipattern 
图 1-1 “后退两步”反模式

          

          This cycle is particularly painful for non-engineers because they lack the mental models to understand what’s actually going wrong. When an experienced developer encounters a bug, they can reason about potential causes and solutions based on years of pattern recognition. Without this background, you’re essentially playing whack-a-mole with code you don’t fully understand. This is the “knowledge paradox” I mentioned back in this book’s preface: Senior engineers and developers use AI to accelerate what they already know how to do, while juniors try to use it to learn what to do. 
这种循环对于非工程师来说尤其痛苦，因为他们缺乏理解问题根源的思维模型。经验丰富的开发人员遇到 bug 时，可以根据多年的模式识别经验推断出潜在的原因和解决方案。如果没有这种背景，你基本上是在玩你并不完全理解的代码“打地鼠”。这就是我在本书前言中提到的“知识悖论” ： 高级工程师和开发人员利用人工智能来加速他们已知的工作，而初级开发人员则试图利用它来学习该做什么 。

          This cycle is particularly painful for nonengineers using AI in a “bootstrapper” pattern, because they lack the mental models needed to address these issues building their MVP. However, even experienced ”iterators” can fall into this whack-a-mole trap if they overly rely on AI suggestions without deep validation.
对于以“引导程序”模式使用人工智能的非工程师来说，这种循环尤其痛苦，因为他们缺乏构建最小可行产品 (MVP) 所需的思维模型来解决这些问题。然而，即使是经验丰富的“迭代者”，如果过度依赖人工智能的建议而缺乏深入的验证，也可能会陷入这种“打地鼠”的陷阱。

          There’s a deeper issue here: The very thing that makes AI coding tools accessible to nonengineers–their ability to handle complexity on your behalf–can actually impede learning. When code just “appears” without you understanding the underlying principles, you don’t develop debugging skills. You miss learning fundamental patterns. You can’t reason about architectural decisions, and so you struggle to maintain and evolve the code. This creates a dependency where you need to keep going back to the AI model to fix issues, rather than developing the expertise to handle them yourself. 
这里有一个更深层次的问题：人工智能编程工具之所以能够让非工程师轻松上手，其原因在于它们能够替你处理复杂问题，但这实际上却阻碍了学习。如果代码只是“出现”，而你不了解其背后的原理，你就无法培养调试技能。你会错过学习基本模式的机会。你无法推理架构决策，因此维护和改进代码也变得困难。这会导致一种依赖性，你需要不断地回到人工智能模型来解决问题，而不是培养自己解决问题的专业知识。

          This dependency risk may deepen with the rise of more autonomous ‘agentic’ AI systems. These agents don’t just suggest code snippets: they can plan, execute, and iterate on entire development tasks with minimal human input. As I write this in early 2025, tools like Cline, Devin AI, and Claude Code are already demonstrating the ability to autonomously debug, test, and even deploy code. While this promises efficiency, it also introduces new challenges. Without a solid understanding of the underlying processes, users may find themselves increasingly reliant on these agents, unable to intervene effectively when things go awry.
随着更具自主性的“代理”人工智能系统的兴起，这种依赖风险可能会加剧。这些代理不仅仅是提供代码片段建议，它们还能在极少的人工输入下规划、执行和迭代整个开发任务。在我撰写本文时（2025 年初），Cline、Devin AI 和 Claude Code 等工具已经展示了自主调试、测试甚至部署代码的能力。虽然这有望提高效率，但也带来了新的挑战。如果对底层流程缺乏深入的理解，用户可能会越来越依赖这些代理，无法在出现问题时进行有效干预。

          Moreover, as agentic AI systems become more integrated into development workflows, the potential for cascading errors increases. An autonomous agent might make a series of decisions that, while individually sound, collectively lead the project in an unintended direction. Without the expertise to audit and correct these decisions, users risk building on unstable foundations.
此外，随着代理型人工智能系统越来越多地融入到开发工作流程中，出现级联错误的可能性也随之增加。一个自主代理可能会做出一系列决策，这些决策虽然单独来看是合理的，但综合起来却会导致项目走向意想不到的方向。如果没有专业知识来审核和纠正这些决策，用户就有可能在不稳固的基础上构建项目。

          In essence, while agentic AI offers powerful tools for software development, it also amplifies the importance of foundational knowledge. To harness these tools effectively and responsibly, users must cultivate a deep understanding of software principles, ensuring they remain in control of the development process rather than becoming passive observers.
本质上，代理人工智能虽然为软件开发提供了强大的工具，但也凸显了基础知识的重要性。为了有效且负责任地利用这些工具，用户必须深入了解软件原理，确保自己能够掌控开发过程，而不是成为被动的旁观者。

        

        
          The Demo-Quality Trap
演示质量陷阱

          It’s becoming a pattern: Teams use AI to rapidly build impressive demos. The happy path works beautifully. Investors and social networks are wowed. But when real users start clicking around? That’s when things fall apart.
这正在成为一种模式：团队利用人工智能快速构建令人印象深刻的演示。这种“快乐之路”运行良好。投资者和社交网络都为之惊叹。但当真正的用户开始点击时？情况就崩溃了。

          I’ve seen this firsthand: error messages that make no sense to normal users, edge cases that crash the application, confusing UI states that never got cleaned up, accessibility completely overlooked, performance issues on slower devices. These aren’t just low-priority bugs–they’re the difference between software people tolerate and software people love.
我亲眼目睹过这样的情况：普通用户无法理解的错误信息、导致应用程序崩溃的极端情况、令人困惑且从未得到解决的 UI 状态、完全被忽视的可访问性问题，以及在低速设备上的性能问题。这些不仅仅是低优先级的 bug——它们决定了软件开发者是能够容忍还是喜欢。

          Creating truly self-serve software–the kind where users never need to contact support–requires a different mindset, one that’s all about the lost art of polish. You need to be obsessing over error messages, testing on slow connections and with real, nontechnical users, making features discoverable, and handling every edge case gracefully. This kind of attention to detail (perhaps) can’t be AI-generated. It comes from empathy, experience, and caring deeply about craft.
打造真正自助式的软件——用户无需联系客服——需要一种截然不同的思维方式，一种失传的精雕细琢的艺术。你需要专注于错误信息，在慢速网络连接下以及与真实的非技术用户进行测试，确保功能易于发现，并优雅地处理每个边缘情况。这种对细节的关注（或许）并非人工智能所能实现。它源于同理心、经验以及对工艺的深切关注。

        

      

      
        What Actually Works: Practical Workflow Patterns
真正有效的方法：实用的工作流模式

        Before we dive into coding in Part II of this book, we need to talk about modern development practices and how AI-assisted coding fits within a team workflow. Software development is more than writing code, after all – it’s a whole workflow that includes planning, collaboration, testing, deployment, and maintenance. And vibe coding isn’t a standalone novelty – it can be woven into agile methodologies and DevOps practices, augmenting the team’s productivity while preserving quality and reliability.
在本书第二部分深入探讨编码之前，我们需要先讨论一下现代开发实践，以及人工智能辅助编码如何融入团队工作流程。毕竟，软件开发不仅仅是编写代码，它是一个完整的工作流程，涵盖规划、协作、测试、部署和维护。氛围编码并非一项独立的创新，它可以融入敏捷方法和 DevOps 实践，在保持质量和可靠性的同时提升团队的生产力。

        In this section, we’ll explore how team members can collectively use vibe coding tools without stepping on each other’s toes, how to balance AI suggestions with human insight, and how continuous integration/continuous delivery (CI/CD) pipelines can incorporate AI or adapt to AI-generated code. I’ll also touch on important considerations like version-control strategies.
在本节中，我们将探讨团队成员如何协同使用氛围编码工具而不互相干扰，如何平衡人工智能建议与人类洞察力，以及如何将持续集成/持续交付 (CI/CD) 流水线融入人工智能或适应人工智能生成的代码。我还将讨论一些重要的注意事项，例如版本控制策略。

        After observing dozens of teams, here are three patterns I’ve seen work consistently in both solo and team workflows:
在观察了数十个团队之后，我发现以下三种模式在个人和团队工作流程中都一致有效：

        
          	
            AI as first drafter, where the AI model generates the initial code and developers then refine, refactor, and test it. 
AI 作为第一起草者 ，其中 AI 模型生成初始代码，然后开发人员对其进行改进、重构和测试。

          

          	
            AI as pair programmer, where developer and AI are in constant conversation, with tight feedback loops, frequent code review, and minimal context provided
人工智能作为结对程序员 ，开发人员和人工智能保持持续对话，有紧密的反馈循环、频繁的代码审查，并提供最少的上下文

          

          	
            AI as validator, where developers still write the initial code and then use AI to validate, test, and improve it
人工智能作为验证器 ，开发人员仍然编写初始代码，然后使用人工智能来验证、测试和改进它

          

        

        In this section, I’ll walk you through each pattern in turn, discussing workflows and tips for success.
在本节中，我将依次引导您了解每种模式，讨论工作流程和成功秘诀。

        
          AI as First Drafter
人工智能作为第一起草者

          It’s important to make sure everyone on the team is on the same page before you ask your AI model to begin drafting any code. Communication is key so that developers don’t ask their AI assistants to do redundant tasks or generate conflicting implementations. 
在要求你的 AI 模型开始编写任何代码之前，务必确保团队中的每个人都达成共识。沟通至关重要，这样开发人员才不会要求他们的 AI 助手执行冗余任务或生成相互冲突的实现。

          In daily stand-ups (a staple of agile workflows), it’s worth discussing not just what you’re working on, but also if you plan to use AI for certain tasks. For example, two developers might be working on different features that both involve a utility function for date formatting – if both ask the AI to create a formatDate helper, you might end up with two similar functions. Coordinating upfront (“I’ll generate a date utility we can both use”) can prevent duplication. 
在每日站立会议（敏捷工作流程的重要组成部分）中，不仅值得讨论你正在做什么，还值得讨论你是否计划使用 AI 来完成某些任务。例如，两位开发人员可能正在开发不同的功能，但都涉及一个用于日期格式化的实用函数——如果两位开发人员都要求 AI 创建一个 formatDate 辅助函数，那么最终可能会得到两个类似的函数。提前协调（“我将生成一个我们都能使用的日期实用程序”）可以避免重复。

          Teams that successfully integrate AI tools often start by agreeing on coding standards and prompting practices. For example, the team might decide on a consistent style (linting rules, project conventions) and even feed those guidelines into their AI tools (some assistants allow providing style preferences or example code to steer outputs). As Codacy’s blog notes, by familiarizing the AI with the team’s coding standards, you get generated code that is more uniform and easier for everyone to work with. On a practical level, this could mean having a section in your project README for “AI Usage Tips,” where you note things like “We use functional components only” or “Prefer using Fetch API over Axios,” which developers can keep in mind when prompting AI.
成功集成 AI 工具的团队通常首先就编码标准和提示实践达成一致。例如，团队可能会确定一致的代码风格（代码检查规则、项目约定），甚至将这些准则输入到他们的 AI 工具中（一些助手允许提供代码风格偏好或示例代码来引导输出）。正如 Codacy 的博客所述 ，通过让 AI 熟悉团队的编码标准，可以生成更统一、更易于所有人使用的代码。在实践层面上，这可能意味着在项目 README 中专门设置一个“AI 使用技巧”部分，在其中注明“我们只使用函数式组件”或“更喜欢使用 Fetch API 而不是 Axios”等内容，开发人员在提示 AI 时可以牢记这些内容。

          Another practice is to use your tools’ collaboration features if available. Some AI-assisted IDEs allow users to share their AI sessions, or at least the prompts they use. If Developer A got a great result with a prompt for a complex component, sharing that prompt with Developer B (perhaps via the issue tracker or a team chat) can save time and ensure consistency. 
另一种做法是，如果可用，请充分利用工具的协作功能 。一些 AI 辅助 IDE 允许用户共享他们的 AI 会话，或者至少是他们使用的提示。如果开发人员 A 使用某个复杂组件的提示获得了很好的结果，那么与开发人员 B 共享该提示（例如通过问题跟踪器或团队聊天）可以节省时间并确保一致性。

          As for using version control, the fundamentals remain – with a twist. Using Git (or another version control system) is non-negotiable in modern development, and that doesn’t change with vibe coding. In fact, version control becomes even more crucial when AI is generating code rapidly. Commits act as the safety net to catch AI missteps; if an AI-generated change breaks something, you can revert to a previous commit. 
至于使用版本控制，基本原理保持不变——只是略有不同。在现代开发中，使用 Git（或其他版本控制系统）是不可或缺的，而 Vibe 编码也是如此。事实上，当 AI 快速生成代码时，版本控制变得更加重要。提交充当了捕捉 AI 失误的安全网；如果 AI 生成的更改导致某些问题，您可以恢复到之前的提交。

          One strategy is to commit more frequently when using AI assistance. Each time the AI produces a significant chunk of code (like generating a feature or doing some major refactoring) that you accept, consider making a commit with a clear message. Frequent commits ensure that if you need to bisect issues or undo a portion of AI-introduced code, the history is granular enough. 
一种策略是，在使用 AI 辅助时更频繁地提交代码。每当 AI 生成大量你接受的代码（例如生成某个功能或进行某些重大重构）时，请考虑提交一个包含清晰信息的提交。频繁提交可以确保，如果你需要对问题进行二分分析或撤消 AI 引入的代码片段，历史记录足够详细。

          Also, try to isolate different AI-introduced changes. If you let the AI make many changes across different areas and commit them all together, it’s harder to disentangle if something goes wrong. For example, if you use an agent to optimize performance and it also tweaks some UI texts, commit those separately. (Your two commit messages might be “Optimize list rendering performance [AI-assisted]” and “Update UI copy for workout completion message [AI-assisted]”). Descriptive commit messages are important; some teams even tag commits that had heavy AI involvement, just for traceability. It’s not about blame, but about understanding the origin of code – a commit tagged with “[AI]” might signal to a reviewer that the code could use an extra-thorough review for edge cases.
此外，尽量隔离不同的 AI 引入的更改。如果让 AI 在不同领域进行多项更改，并将它们一起提交，一旦出现问题，就更难理清。例如，如果您使用代理来优化性能，同时它又调整了一些 UI 文本，请分别提交它们。（您的两条提交信息可能是“优化列表渲染性能 [AI 辅助]”和“更新锻炼完成信息的 UI 文本 [AI 辅助]”）。描述性的提交信息非常重要；有些团队甚至会标记大量 AI 参与的提交，只是为了便于追溯。这并非为了追究责任，而是为了了解代码的来源——带有“[AI]”标签的提交可能向审阅者发出信号，表明该代码可能需要进行更彻底的审阅，以应对极端情况。

          Essentially, the team should treat AI usage as a normal part of the development conversation: share experiences, successful techniques, and warnings about what not to do (like “Copilot suggests using an outdated library for X, be careful with that”).
本质上，团队应该将 AI 的使用视为开发对话的正常部分：分享经验、成功的技术以及关于不该做什么的警告（例如“Copilot 建议使用过时的 X 库，要小心”）。

          Review and refinement are crucial to this pattern. Developers should manually review and refactor the code for modularity, add comprehensive error handling, write thorough tests, and document key decisions as they refine the code. The next chapter goes into detail about these processes.
审查和改进对于此模式至关重要。开发人员应该手动审查和重构代码以确保模块化，添加全面的错误处理，编写全面的测试，并在改进代码的过程中记录关键决策。下一章将详细介绍这些流程。

        

        
          AI as Pair Programmer
人工智能作为结对程序员

          Traditional pair programming involves two humans collaborating at one workstation. With the advent of AI, a hybrid approach has emerged: one human developer working alongside an AI assistant. This setup can be particularly effective, offering a blend of human intuition and machine efficiency.
传统的结对编程是两个人在一个工作站上协作。随着人工智能的出现，一种混合​​模式应运而生：一名人类开发者与一名人工智能助手协同工作。这种模式非常有效，能够兼顾人类的直觉和机器的效率。

          In a human-AI pairing, the developer interacts with the AI to generate code suggestions, while also reviewing and refining the output. This dynamic allows the human to leverage the AI’s speed in handling repetitive tasks, such as writing boilerplate code or generating test cases, while maintaining oversight to ensure code quality and relevance.
在人机协作中，开发人员与 AI 交互以生成代码建议，同时审查和优化输出。这种动态机制使人类能够利用 AI 的速度来处理重复性任务，例如编写样板代码或生成测试用例，同时保持监督以确保代码质量和相关性。

          For instance, when integrating a new library, a developer might prompt the AI to draft the initial integration code. The developer then reviews the AI’s suggestions, cross-referencing with official documentation to verify accuracy. This process not only accelerates development but also facilitates knowledge acquisition, as the developer engages deeply with both the AI’s output and the library’s intricacies.
例如，在集成新库时，开发人员可能会提示 AI 起草初始集成代码。然后，开发人员会审查 AI 的建议，并与官方文档进行交叉引用以验证准确性。这个过程不仅加速了开发速度，还促进了知识的获取，因为开发人员可以深入研究 AI 的输出和库的复杂性。

          Let’s compare this to traditional human-human pair programming:
让我们将其与传统的人与人结对编程进行比较：

          
            	
              Human-AI pairing offers rapid code generation and can handle mundane tasks efficiently. It’s particularly beneficial for solo developers or when team resources are limited.
人机配对可以快速生成代码，并高效处理日常任务。这对于个人开发者或团队资源有限的情况下尤其有益。

            

            	
              Human-human pairing excels in complex problem-solving scenarios, where nuanced understanding and collaborative brainstorming are essential. It fosters shared ownership and collective code comprehension.
人与人之间的配对在解决复杂问题时表现出色，因为细致的理解和协作式的头脑风暴至关重要。它能够促进共享所有权和集体代码理解。

            

          

          Both approaches have their merits, and your choice between them can be guided by the project’s complexity, resource availability, and the specific goals of the development process.
两种方法都有其优点，您可以根据项目的复杂性、资源可用性以及开发过程的具体目标来选择。

        

        
          Best Practices for AI Pair Programming
AI 结对编程的最佳实践

          To maximize the benefits of AI-assisted development, consider the following practices:
为了最大限度地发挥人工智能辅助开发的优势，请考虑以下做法：

          
            	Initiate new AI sessions for distinct tasks
针对不同任务启动新的 AI 会话

            	
              This helps maintain context clarity and ensures the AI’s suggestions are relevant to the specific task at hand.
这有助于保持上下文清晰度并确保人工智能的建议与当前的具体任务相关。

            

            	Keep prompts focused and concise
保持提示重点突出、简洁明了

            	
              Providing clear and specific instructions enhances the quality of the AI’s output.
提供清晰、具体的指令可以提高人工智能的输出质量。

            

            	Review and commit changes frequently
经常审查并提交更改

            	
              Regularly integrating and testing AI-generated code helps catch issues early and maintains project momentum.
定期集成和测试 AI 生成的代码有助于及早发现问题并保持项目势头。

            

            	Maintain tight feedback loops
保持紧密的反馈回路

            	
              Continuously assess the AI’s contributions, providing corrections or refinements as needed to guide its learning and improve future suggestions.
不断评估人工智能的贡献，根据需要提供修正或改进，以指导其学习并改进未来的建议。

            

          

        

        
          AI as Validator
人工智能作为验证者

          Beyond code generation, AI can serve as a valuable validator, assisting in code review and quality assurance. AI tools can analyze code for potential bugs, security vulnerabilities, and adherence to best practices. For example, platforms like DeepCode and Snyk’s AI-powered code checker can identify issues such as missing input sanitization or insecure configurations, providing actionable insights directly within the development environment. Platforms such as Qodo and TestGPT can automatically generate test cases, ensuring broader coverage and reducing manual effort. And many AI tools can assist in monitoring application performance, detecting anomalies that might indicate underlying issues.
除了代码生成之外，AI 还可以充当宝贵的验证器，协助代码审查和质量保证。AI 工具可以分析代码中的潜在错误、安全漏洞以及是否遵循最佳实践。例如，DeepCode 和 Snyk 的 AI 代码检查器等平台可以识别诸如输入清理缺失或配置不安全等问题，并在开发环境中直接提供切实可行的洞察。Qodo 和 TestGPT 等平台可以自动生成测试用例，确保更广泛的覆盖范围并减少人工工作。许多 AI 工具还可以协助监控应用程序性能，检测可能表明存在潜在问题的异常情况。

          By integrating AI validators into the development workflow, teams can enhance code quality, reduce the likelihood of defects, and ensure compliance with security standards. This proactive approach to validation complements human oversight, leading to more robust and reliable software. These tools enhance the efficiency and effectiveness of the QA process by handling repetitive and time-consuming tasks, allowing human testers to focus on more complex and nuanced aspects of quality assurance.
通过将 AI 验证器集成到开发工作流程中，团队可以提升代码质量，降低缺陷概率，并确保符合安全标准。这种主动的验证方法可以补充人工监督，从而打造更稳健、更可靠的软件。这些工具可以处理重复且耗时的任务，从而提高 QA 流程的效率和有效性，使人工测试人员能够专注于更复杂、更细致的质量保证环节。

          Incorporating AI into the development process, whether as a pair programmer or validator, offers opportunities to enhance productivity and code quality. By thoughtfully integrating these tools, developers can harness the strengths of both human and artificial intelligence.
无论是作为结对程序员还是验证员，将人工智能融入开发流程都能提升生产力和代码质量。通过精心整合这些工具，开发人员可以充分利用人类和人工智能的优势。

          To maximize the benefits of both AI and human capabilities in QA, I recommend a few best practices:
为了最大限度地发挥人工智能和人类在 QA 方面的能力，我推荐一些最佳实践：

          
            	
              Use AI for initial assessments and preliminary scans to identify obvious issues.
使用人工智能进行初步评估和初步扫描以识别明显的问题。

            

            	
              Prioritize human review for critical areas, such as complex functionalities, user experience, and areas where AI may have limitations.
优先对关键领域进行人工审查，例如复杂功能、用户体验以及人工智能可能存在局限性的领域。

            

            	
              Foster an environment of continuous collaboration, where AI tools and human testers work in tandem, with ongoing feedback loops to improve both AI performance and human decision-making.
营造持续协作的环境，让人工智能工具和人类测试人员协同工作，并通过持续的反馈循环来提高人工智能的性能和人类的决策能力。

            

          

        

      

      
        The Golden Rules of Vibe Coding
氛围编码的黄金法则

        
          	Be specific and clear about what you want
具体明确地说明你想要什么

          	
            Clearly articulate your requirements, tasks, and outcomes when interacting with AI. Precise prompts yield precise results.
与人工智能交互时，清晰地表达你的需求、任务和结果。精准的提示才能带来精准的结果。

          

          	Always validate AI output against your intent
始终根据您的意图验证 AI 输出

          	
            AI-generated code must always be checked against your original goal. Verify functionality, logic, and relevance before accepting.
AI 生成的代码必须始终根据你的原始目标进行检查。在接受之前，请验证其功能性、逻辑性和相关性。

          

          	Treat AI as a junior developer (with supervision)
将 AI 视为初级开发人员（在监督下）

          	
            Consider AI outputs as drafts that require your careful oversight. Provide feedback, refine, and ensure quality and correctness.
将 AI 输出视为需要您仔细监督的草稿。提供反馈、进行改进，并确保质量和正确性。

          

          	Use AI to expand your capabilities, not replace your thinking
使用人工智能来扩展你的能力，而不是取代你的思维

          	
            Leverage AI to automate routine or complex tasks, but always remain actively engaged in problem-solving and decision-making.
利用人工智能自动执行常规或复杂任务，但始终积极参与解决问题和决策。

          

          	Coordinate upfront among the team before generating code
在生成代码之前提前与团队协调

          	
            Align with your team on AI usage standards, code expectations, and practices before starting AI-driven development.
在开始 AI 驱动开发之前，与您的团队就 AI 使用标准、代码期望和实践进行协调。

          

          	Treat AI usage as a normal part of the development conversation
将人工智能的使用视为开发对话的正常组成部分

          	
            Regularly discuss AI experiences, techniques, successes, and pitfalls with your team. Normalize AI as another tool for collective improvement.
定期与团队讨论人工智能的经验、技术、成功之处和不足之处。将人工智能作为集体进步的又一工具，并使其规范化。

          

          	Isolate AI changes in Git by doing separate commits
通过单独提交来隔离 Git 中的 AI 更改

          	
            Clearly identify and separate AI-generated changes within version control to simplify reviews, rollbacks, and tracking.
在版本控制中清楚地识别和分离 AI 生成的更改，以简化审查、回滚和跟踪。

          

          	Ensure that all code, whether human or AI-written, undergoes code review
确保所有代码（无论是人工编写的还是人工智能编写的）都经过代码审查

          	
            Maintain consistent standards by subjecting all contributions to the same rigorous review processes, enhancing code quality and team understanding.
通过对所有贡献进行相同的严格审查流程来保持一致的标准，提高代码质量和团队理解。

          

          	Don’t merge code you don’t understand
不要合并你不理解的代码

          	
            Never integrate AI-generated code unless you thoroughly comprehend its functionality and implications. Understanding is critical to maintainability and security.
除非你彻底理解 AI 生成的代码的功能和含义，否则切勿集成它。理解对于可维护性和安全性至关重要。

          

          	Prioritize documentation, comments, and ADRs
优先处理文档、评论和 ADR

          	
            Clearly document the rationale, functionality, and context for AI-generated code. Good documentation ensures long-term clarity and reduces future technical debt.
清晰地记录 AI 生成代码的原理、功能和上下文。良好的文档可以确保长期清晰，并减少未来的技术债务。

          

          	Share and reuse effective prompts
分享并重复使用有效的提示

          	
            Document prompts that lead to high-quality AI outputs. Maintain a repository of proven prompts to streamline future interactions and enhance consistency.
记录可生成高质量 AI 输出的提示。维护一个经过验证的提示库，以简化未来的交互并增强一致性。

          

          	Regularly reflect and iterate
定期反思和迭代

          	
            Periodically review and refine your AI development workflow. Use insights from past experiences to continuously enhance your team’s approach.
定期审查并完善您的 AI 开发工作流程。借鉴过往经验，不断改进团队的方法。

          

        

        By adhering to these golden rules, your team can harness AI effectively, enhancing productivity while maintaining clarity, quality, and control.
通过遵守这些黄金法则，您的团队可以有效地利用人工智能，提高生产力，同时保持清晰度、质量和控制力。

      

    1 This chapter is based on an essay originally published on my Substack newsletter, Elevate with Addy Osmani, “The 70% Problem: Hard Truths about AI-Assisted Coding,” December 4, 2024. 
1 本章基于我最初在 Substack 时事通讯《 与 Addy Osmani 一起提升 》上发表的一篇文章，“ 70% 的问题：关于 AI 辅助编码的残酷真相 ”，2024 年 12 月 4 日。





      Chapter 2. Beyond the 70%: Maximizing Human Contribution
第二章超越 70%：最大化人类贡献

      A Note for Early Release Readers
给早期读者的说明

        With Early Release ebooks, you get books in their earliest form—the author’s raw and unedited content as they write—so you can take advantage of these technologies long before the official release of these titles.
通过早期发行的电子书，您可以获得最早形式的书籍 - 作者撰写的原始和未经编辑的内容 - 因此您可以在这些书籍正式发布之前很久就利用这些技术。

        
        This will be the 4th chapter of the final book.
这将是最后一本书的第四章。

        
        If you have comments about how we might improve the content and/or examples in this book, or if you notice missing material within this chapter, please reach out to the editor at sgrey@oreilly.com.
如果您对我们如何改进本书的内容和/或示例有任何意见，或者您发现本章中缺少材料，请联系编辑 sgrey@oreilly.com 。

        

      You’ve seen how AI coding assistants like Cursor, Cline, Copilot and WindSurf have transformed how software is built, shouldering much of the grunt work and boilerplate–about 70%.1 But what about that last “30%” of the job that separates a toy solution from a production-ready system? This gap includes the hard parts: understanding complex requirements, architecting maintainable systems, handling edge cases, and ensuring code correctness. In other words, while AI can generate code, it often struggles with engineering.
您已经看到像 Cursor、Cline、Copilot 和 WindSurf 这样的 AI 编码助手如何改变了软件构建方式，承担了大部分繁琐的工作和样板代码——大约 70% 。1 但是，将玩具解决方案与可投入生产的系统区分开来的最后“30%”的工作又如何呢？这其中的差距包括一些难点：理解复杂的需求、构建可维护的系统、处理边缘情况以及确保代码的正确性。换句话说，虽然 AI 可以生成代码 ，但它在工程方面往往举步维艰。

      Tim O’Reilly, reflecting on decades of technology shifts, reminds us that each leap in automation has changed how we program but not why we need skilled programmers​. We’re not facing the end of programming, but rather “the end of programming as we know it today,” meaning developers’ roles are evolving, not evaporating​.
蒂姆·奥莱利回顾了数十年来的技术变迁， 提醒我们 ，自动化的每一次飞跃都改变了我们的编程方式 ，但并未改变我们需要熟练程序员的原因 。我们面临的并非编程的终结，而是“我们今天所知的编程的终结”，这意味着开发人员的角色正在演变，而不是消失。

      The challenge for today’s engineers is to embrace AI for what it does best (the first 70%) while doubling down on the durable skills and insights needed for the remaining 30%. This article dives into expert insights to identify which human skills remain crucial. We’ll explore what senior and mid-level developers should continue to leverage and what junior developers must invest in to thrive alongside AI.
当今工程师面临的挑战是，既要拥抱人工智能最擅长的领域（前 70%），又要加倍投入精力，培养剩余 30% 所需的持久技能和洞察力。本文将深入探讨专家见解，以确定哪些人类技能仍然至关重要。我们将探讨高级和中级开发人员应该继续利用哪些技能，以及初级开发人员必须投入哪些技能才能与人工智能共同发展。

      This chapter’s goal, then, is to offer you pragmatic guidance for maximizing the value of that irreplaceable 30%, with actionable takeaways for engineers at every level.
因此，本章的目标是为您提供实用的指导，以最大限度地发挥那不可替代的 30% 的价值，并为各个级别的工程师提供可行的指导。

      
        Senior Engineers and Developers: Leverage Your Experience with AI
高级工程师和开发人员：利用你的经验开发人工智能

        If you’re a senior engineer, you should see the advent of AI coding tools as an opportunity to amplify your impact – if you leverage your experience in the right ways. Senior developers typically possess deep domain knowledge, intuition for what could go wrong, and the ability to make high-level technical decisions.
如果您是高级工程师，您应该将 AI 编程工具的出现视为一个扩大影响力的机会——前提是，您能够以正确的方式利用自己的经验。高级开发人员通常拥有深厚的领域知识、对可能出现的问题的直觉，以及做出高层技术决策的能力。

        These strengths are part of the 30% that AI can’t handle alone. This section looks at how seasoned developers can maximize their value.
这些优势是 AI 无法独自处理的 30% 的一部分。本节探讨经验丰富的开发人员如何最大限度地发挥其价值。

        
          Be the Architect and the Editor-in-Chief
成为建筑师和主编

          Let AI handle the first draft of code, while you focus on architecting the solution and then refining the AI’s output. In many organizations, Steve Yegge writes, we may see a shift where teams need “only senior associates” who “(a) describe the tasks to be done (i.e. create the prompts), and (b) review the resulting work for accuracy and correctness.” Embrace that model. As a senior dev, you can translate complex requirements into effective prompts or specifications for an AI assistant, then use your critical eye to vet every line produced. You are effectively pair-programming with the AI – it’s the fast typer, but you’re the brain. 
让 AI 处理代码初稿，而你专注于构建解决方案并优化 AI 的输出。Steve Yegge 写道 ，在许多组织中，我们可能会看到一种转变，团队只需要“高级助理”，他们“(a) 描述待完成的任务（即创建提示），(b) 审查最终工作的准确性和正确性”。拥抱这种模式。作为一名高级开发人员，你可以将复杂的需求转化为 AI 助手的有效提示或规范，然后用你挑剔的眼光审查生成的每一行代码。你实际上是在与 AI 进行结对编程——它是快速打字的机器，而你则是大脑。

          Maintain high standards during review: ensure the code meets your organization’s quality, security, and performance benchmarks. By acting as architect and editor, you prevent the “high review burden” from overwhelming you. (A cautionary note: if junior staff simply throw raw AI output over the wall to you, push back – instill a process where they must verify AI-generated work first, so you’re not the sole safety net​.)
在审查期间保持高标准：确保代码符合组织的质量、安全性和性能基准。通过担任架构师和编辑，您可以避免“高昂的审查负担”压垮您。（需要注意的是：如果初级员工直接把原始的 AI 输出扔给您，请予以反驳——建立一套流程，让他们必须先验证 AI 生成的代码，这样您就不再是唯一的安全网。）

        

        
          Use AI as a Force Multiplier for Big Initiatives
利用人工智能作为重大举措的力量倍增器

          Senior engineers often drive large projects or tackle hairy refactors that juniors can’t approach alone. AI can supercharge these efforts by handling a lot of mechanical changes or exploring alternatives under your guidance. Steve Yegge introduced the term chat-oriented programming (CHOP) for this style of working – “coding via iterative prompt refinement,” with the AI as a collaborator​. Leverage CHOP to be more ambitious in what you take on. 
高级工程师经常负责大型项目或处理初级工程师无法独自完成的棘手重构任务。人工智能可以通过在您的指导下处理大量机械变更或探索替代方案来增强这些工作。Steve Yegge 为这种工作方式引入了 “面向聊天的编程 (CHOP)”这一术语 ——“通过迭代快速改进进行编码”，并与人工智能协作。利用 CHOP，您可以更积极地开展工作。

          Having AI assistance lowers the bar for when a project is worth investing time in at all since what might have taken days can now be done in hours​. Senior devs can thus attempt those “wouldn’t it be nice if…?” projects that always seemed slightly out of reach. 
有了人工智能的帮助，一个项目值得投入时间的门槛就降低了，因为原本可能需要几天才能完成的工作，现在只需几小时就能完成。高级开发人员因此可以尝试那些“如果……会不会很好？”但一直看起来遥不可及的项目。

          The key is to remain the guiding mind: you decide which tools or approaches to pursue, and you integrate the pieces into a cohesive whole. Your experience allows you to sift the AI’s suggestions – accepting those that fit, rejecting those that don’t.
关键在于保持主导思维：你决定采用哪些工具或方法，并将各个部分整合成一个有凝聚力的整体。你的经验让你能够筛选人工智能的建议——接受合适的，拒绝不合适的。

        

        
          Mentor and Set Standards 
指导并制定标准

          Another crucial role for senior engineers is to coach less experienced team members on effective use of AI and on the timeless best practices. You likely have hard-won knowledge of pitfalls that juniors may not see, like memory leaks, off-by-one errors, and concurrency hazards.. 
高级工程师的另一个关键职责是指导经验不足的团队成员有效使用人工智能，并掌握经久不衰的最佳实践。您可能对初级工程师可能难以察觉的陷阱有着来之不易的了解，例如内存泄漏、差一错误和并发风险。

          With juniors now potentially generating code via AI, it’s important to teach them how to self-review and test that code. Set an example by demonstrating how to thoroughly test AI contributions, and encourage a culture of questioning and verifying machine output. Some organizations (including even law firms) have instituted rules that if someone uses an AI to generate code or writing, they must disclose it and verify the results themselves – not just assume a senior colleague will catch mistakes​. 
鉴于初级员工现在可能通过人工智能生成代码，教会他们如何自我审查和测试代码至关重要。要树立榜样，演示如何彻底测试人工智能的贡献，并鼓励质疑和验证机器输出的文化。一些组织（甚至包括律师事务所）已经制定了规则，规定如果有人使用人工智能生成代码或写作，他们必须披露结果并亲自验证 ——而不是仅仅假设资深同事会发现错误。

          As a senior engineer, champion such norms on your team: AI is welcome, but diligence is required. By mentoring juniors in this way, you offload some of the oversight burden and help them grow into that 30% skillset more quickly.
作为高级工程师，请在团队中倡导以下规范：欢迎人工智能，但勤奋是必需的。通过这种方式指导初级工程师，您可以减轻一些监督负担，并帮助他们更快地掌握那 30% 的技能。

        

        
          Continue to Cultivate Domain Mastery and Foresight
继续培养领域掌握能力和远见

          Your broad experience and context are more important than ever. Senior developers often have historical knowledge of why things in the company are built a certain way or how an industry operates. This domain mastery lets you catch AI’s missteps that a newcomer wouldn’t. 
你丰富的经验和背景比以往任何时候都重要。资深开发人员通常了解公司内部架构的原理，以及行业运作方式。这种对领域的精通能让你发现新手难以察觉的 AI 漏洞。

          Continue investing in understanding the problem domain deeply. That might mean staying up to date with the business’s needs, user feedback, or new regulations that affect the software. AI won’t automatically incorporate these considerations unless you tell it to. When you combine your domain insight with AI’s speed, you get the best outcomes. 
持续投入，深入了解问题领域。这可能意味着要时刻关注业务需求、用户反馈或影响软件的新法规。除非你主动要求，否则 AI 不会自动融入这些考量。当你将自身对领域的洞察力与 AI 的速度相结合时，就能获得最佳结果。

          Also, use your foresight to steer AI. For instance, if you know that a quick fix will create maintenance pain down the line, you can instruct the AI to implement a more sustainable solution. Trust the instincts you’ve honed over the years – if a code snippet looks “off” or too good to be true, dig in. Nine times out of ten, your intuition has spotted something that the AI didn’t account for. Being able to foresee the second- and third-order effects of code is a hallmark of senior engineers; don’t let the convenience of AI blunt that habit. Instead, apply it to whatever the AI produces.
此外，运用你的远见卓识来引导人工智能。例如，如果你知道一个快速修复方案会在后期带来维护难题，你可以指示人工智能实施一个更可持续的解决方案。相信你多年磨练出来的直觉——如果一段代码看起来“不对劲”或好得令人难以置信，那就深入研究一下。十有八九，你的直觉会发现人工智能没有考虑到的问题。能够预见代码的二阶和三阶效应是高级工程师的标志；不要让人工智能的便利性削弱这种习惯。相反，要把它运用到人工智能产生的任何结果中。

        

        
          Hone Your Soft Skills and Leadership
磨练你的软技能和领导力

          With AI shouldering some coding, senior developers can spend more energy on the human side of engineering. This includes communicating with stakeholders, leading design meetings, and making judgment calls that align technology with business strategy. Tim O’Reilly and others suggest that as rote coding becomes easier, the value shifts to deciding what to build and how to orchestrate complex systems​. 
有了 AI 承担部分编码工作，高级开发人员可以将更多精力投入到工程的人力方面。这包括与利益相关者沟通、主持设计会议，以及做出使技术与业务战略相符的判断。Tim O'Reilly 等人认为 ，随着机械编码变得越来越容易，价值将转移到决定构建什么以及如何协调复杂系统上。

          Senior engineers are often the ones orchestrating and seeing the big picture. Step up to that role. Volunteer to write that architecture roadmap, to evaluate which tools (AI or otherwise) to adopt, or to define your org’s AI coding guidelines. These are tasks AI can’t do – they require experience, human discretion, and often, cross-team consensus-building. By amplifying your leadership presence, you ensure that you’re not just a code generator (replaceable by another tool), but an indispensable technical leader guiding the team.
高级工程师通常是统筹全局、放眼全局的人。勇于承担这个角色。主动撰写架构路线图，评估哪些工具（AI 或其他）值得采用，或者定义组织的 AI 编码指南。这些任务是 AI 无法完成的——它们需要经验、人类的判断力，而且通常需要跨团队达成共识。通过提升你的领导力，确保你不仅仅是一个代码生成器（可以被其他工具取代），而是一个引领团队的不可或缺的技术领导者。

          In short, continue doing what seasoned developers do best: seeing the forest for the trees.
简而言之，继续做经验丰富的开发人员最擅长的事情：只见树木，不见森林。

          AI will help you chop a lot more trees, but someone still needs to decide which trees to cut and how to build a stable house from the lumber. Your judgment, strategic thinking, and mentorship are now even more critical. A senior developer who harnesses AI effectively can be dramatically more productive than one who doesn’t – but the ones who truly excel will be those who apply their human strengths to amplify the AI’s output, not just let it run wild.
人工智能会帮你砍伐更多树木，但仍然需要有人决定砍伐哪些树木以及如何用木材建造稳固的房屋。你的判断力、战略思维和指导现在变得更加重要。一位能够有效利用人工智能的高级开发人员的生产力远高于那些无法有效利用人工智能的开发人员——但真正出类拔萃的人，将是那些运用自身优势来放大人工智能产出，而不是任其肆意妄为的人。

          As one Redditor observed, “AI is a programming force multiplier” that “greatly increases the productivity of senior programmers.” The multiplier effect is real, but it’s your expertise that’s being multiplied. Keep that expertise sharp and at the center of the development process.
正如一位 Reddit 用户所说 ，“人工智能是编程力量的倍增器”，它“极大地提高了高级程序员的生产力”。这种倍增效应是真实存在的，但真正被倍增的是你的专业知识。务必保持你的专业知识的敏锐，并将其置于开发流程的核心。

        

      

      
        Midlevel Engineers: Adapt and Specialize
中级工程师：适应并专业化

        If you’re a midlevel engineer, you face perhaps the most significant pressure to evolve. Many of the tasks that traditionally occupied your time – implementing features, writing tests, debugging straightforward issues – are becoming increasingly automatable.
如果你是一名中级工程师，你或许面临着最大的发展压力。许多过去占用你大量时间的任务——实现功能、编写测试、调试简单问题——正变得越来越自动化。

        This doesn’t mean obsolescence; it means elevation. The focus shifts from writing code to more specialized knowledge, which the following sections explore.
这并不意味着过时，而是意味着提升。重点从编写代码转移到更专业的知识，以下章节将对此进行探讨。

        
          Learn to Manage Systems Integration and Boundaries 
学习管理系统集成和边界

          As systems become more complex, understanding and managing the boundaries between components becomes crucial. This includes API design, event schemas, and data models – all requiring careful consideration of business requirements and future flexibility. Deepen your computer-science fundamentals, including gaining an advanced understanding of disciplines like:
随着系统日益复杂，理解和管理组件之间的边界变得至关重要。这包括 API 设计、事件模式和数据模型——所有这些都需要仔细考虑业务需求和未来的灵活性。深化你的计算机科学基础知识，包括深入了解以下学科：

          
            	
              Data structures and algorithms
数据结构和算法

            

            	
              Distributed-systems principles
分布式系统原理

            

            	
              Database internals and query optimization
数据库内部和查询优化

            

            	
              Network protocols and security
网络协议和安全

            

          

          This knowledge helps you understand the implications of AI-generated code and make better architectural decisions.
这些知识可以帮助您了解 AI 生成的代码的含义并做出更好的架构决策。

          Learn to handle edge cases and ambiguity, too. Real-world software is rife with oddball scenarios and changing requirements. AI tends to solve the general case by default. It’s up to the developer to ask “What if…?” and probe for weaknesses. 
还要学会处理边缘情况和模糊性。现实世界的软件充满了各种奇特的场景和不断变化的需求。人工智能通常会默认解决一般情况。开发人员需要思考“如果……会怎样？”，并探索其中的弱点。

          The durable skills here are critical thinking and foresight – enumerating edge cases, anticipating failures, and addressing them in code or design​. This might mean thinking of null input, network outages, unusual user actions, or integration with other systems. 
这里需要持久的技能是批判性思维和远见——列举极端情况，预测故障，并在代码或设计中解决它们。这可能意味着要考虑空输入、网络中断、异常用户操作或与其他系统的集成。

        

        
          Build Your Domain Expertise
建立你的领域专业知识

          Understanding the business context or the user’s environment will reveal edge cases that a generic AI simply doesn’t know about. Experienced engineers habitually consider these scenarios. Practice systematically testing boundaries and questioning assumptions. Specialize in complex domains where human understanding remains crucial.
了解业务背景或用户环境将揭示通用人工智能无法识别的极端情况。经验丰富的工程师会习惯性地考虑这些场景。系统地练习测试边界并质疑假设。专注于人类理解仍然至关重要的复杂领域。

          Generic domains include:
通用域包括：

          
            	
              Financial systems with regulatory requirements
具有监管要求的金融系统

            

            	
              Healthcare systems with privacy concerns
存在隐私问题的医疗保健系统

            

            	
              Real-time systems with strict performance requirements
具有严格性能要求的实时系统

            

            	
              Machine learning infrastructure
机器学习基础设施

            

          

          Software-engineering-specific domains include frontend and backend engineering, mobile development, DevOps, and security engineering, to name a few. Domain expertise provides context that current AI tools lack and helps you make better decisions about where and how to apply them.
软件工程特定领域包括前端和后端工程、移动开发、DevOps 和安全工程等等。领域专业知识能够提供当前 AI 工具所缺乏的背景信息，并帮助您更好地决定在何处以及如何应用它们。

        

        
          Master Performance Optimization and DevOps
掌握性能优化和 DevOps

          While LLMs can suggest basic optimizations, identifying and resolving system-wide performance issues requires a deep understanding of the entire stack, from database query patterns to frontend rendering strategies. Understanding how systems run in production becomes more valuable as code generation becomes more automated. Focus on fields like:
虽然 LLM 可以提出基本的优化建议，但识别和解决系统级性能问题需要深入了解整个技术栈，从数据库查询模式到前端渲染策略。随着代码生成越来越自动化，了解系统在生产环境中的运行方式变得越来越有价值。请关注以下领域：

          
            	
              Monitoring and observability
监控和可观察性

            

            	
              Performance profiling and optimization
性能分析和优化

            

            	
              Security practices and compliance
安全实践与合规性

            

            	
              Cost management and optimization
成本管理和优化

            

          

        

        
          Focus on Code Review and Quality Assurance
专注于代码审查和质量保证

          With AI writing lots of code, the ability to rigorously review and test that code becomes even more critical. “Everyone will need to get a lot more serious about testing and reviewing code,” Steve Yegge emphasizes​. Treat AI-generated code as you would a human junior developer’s output – you are the code reviewer responsible for catching bugs, security flaws, or sloppy implementations. This means strengthening your skills in unit testing, integration testing, and debugging. 
随着人工智能编写大量代码，严格审查和测试代码的能力变得更加重要。“每个人都需要更加认真地对待代码的测试和审查，”Steve Yegge 强调道 。像对待人类初级开发人员的成果一样对待人工智能生成的代码——你就是代码审查员，负责发现错误、安全漏洞或不规范的实现。这意味着你需要加强单元测试、集成测试和调试方面的技能。

          Writing good tests is a durable skill that forces you to understand the spec and verify correctness. It’s wise to assume nothing works until proven otherwise. As Builder.io CEO Steve Sewell notes, AI often yields “functional but horribly optimized code” until you guide it through iterative improvement​. 
编写优秀的测试是一项持久的技能，它迫使你理解规范并验证其正确性。在证明其有效性之前，最好假设一切皆无效。正如 Builder.io 首席执行官 Steve Sewell 所指出的 ，除非你引导 AI 进行迭代改进，否则它通常会生成“功能齐全但优化糟糕的代码”。

          Cultivate a testing mindset: verify every critical logic path, use static analysis or linters, and don’t shy away from rewriting AI-given code if it doesn’t meet your quality bar. Even if you’re following the “AI as validator” pattern discussed in the previous chapter, quality assurance is not an area to simply outsource to AI – it’s where human diligence shines. When software doesn’t work as expected, you need real problem-solving chops to diagnose and fix it. AI can assist with debugging (for example, by suggesting possible causes), but it lacks true understanding of the specific context in which your application runs. Human testers possess domain-specific knowledge and an understanding of user expectations that AI currently lacks. This insight is vital when assessing the relevance and impact of potential issues. Diagnosing complex bugs often requires creative problem-solving and the ability to consider a broad range of factors—skills that are inherently human. And evaluating the ethical implications of software behavior, such as fairness and accessibility, requires human sensitivity and judgment.
培养测试思维：验证每一条关键逻辑路径，使用静态分析或代码检查工具 (linters)，如果 AI 编写的代码不符合你的质量标准，就大胆重写。即使你遵循上一章讨论的“AI 作为验证器”模式，质量保证也不是简单地外包给 AI 就能做到的——这需要人类的勤奋。当软件无法按预期运行时，你需要真正的问题解决能力来诊断和修复它。AI 可以协助调试（例如，通过提出可能的原因），但它缺乏对应用程序运行的特定环境的真正理解。人类测试人员拥有领域特定知识和对用户期望的理解，而这是 AI 目前所缺乏的。这种洞察力在评估潜在问题的相关性和影响时至关重要。诊断复杂的 bug 通常需要创造性的问题解决能力，以及考虑各种因素的能力——这些技能是人类固有的。评估软件行为的伦理影响（例如公平性和可访问性）需要人类的敏感性和判断力。

          Being able to reason through a complex bug – reproducing it, isolating the cause, understanding the underlying systems (OS, databases, libraries) – is a timeless engineering skill. This often requires a strong grasp of fundamentals (how memory and state work, concurrency, etc.) that junior developers must learn through practice. Use AI as a helper (it might explain error messages or suggest fixes), but don’t rely on it thoughtlessly. The skill to methodically troubleshoot and apply first principles when debugging sets great developers apart. It’s also a feedback loop: debugging AI-written code will teach you to prompt the AI better next time or avoid certain patterns.
能够推理复杂的错误——重现错误、找出原因、理解底层系统（操作系统、数据库、库）——是一项永恒的工程技能。这通常需要扎实的基础知识（内存和状态的工作原理、并发性等），初级开发人员必须通过实践来学习。可以使用人工智能作为助手（它可能会解释错误信息或建议修复），但不要轻率地依赖它 。在调试时，系统地排除故障并运用基本原理的能力，是优秀开发人员脱颖而出的关键。这也是一个反馈循环：调试人工智能编写的代码将教会你下次更好地提示人工智能，或避免某些模式。

        

        
          Learn Systems Thinking
学习系统思维

          Software projects are not just isolated coding tasks; they exist within a larger context of user needs, timelines, legacy code, and team processes. AI has no innate sense of the big picture, like your project’s history or the rationale behind certain decisions (unless you explicitly feed all that into the prompt, which is often impractical). Humans need to carry that context. 
软件项目不仅仅是孤立的编码任务；它们存在于更大的背景中，包括用户需求、时间线、遗留代码和团队流程。人工智能无法天生掌握全局，例如项目历史或某些决策背后的原因（除非你明确地将所有这些信息都输入到题目中，但这通常不切实际）。人类需要掌握这些背景信息。

          The durable skill here is systems thinking – understanding how a change in one part of the system might impact another, how the software serves the business objectives, and how all the moving pieces connect.2 This holistic perspective lets you use AI outputs appropriately. For example, if an AI suggests a clever shortcut that contradicts a regulatory requirement or company convention, you’ll catch it because you know the context. Make it a point to learn the background of your projects and read design docs, so you can develop your judgment about what fits and what doesn’t.
这里需要持久的技能是系统思维——理解系统某个部分的变化如何影响其他部分，软件如何服务于业务目标，以及所有活动部分如何相互关联。2 这种整体视角能让你恰当地运用人工智能的输出。例如，如果人工智能建议一个巧妙的捷径，与监管要求或公司惯例相悖，你就能抓住它，因为你了解具体情况。务必了解项目背景并阅读设计文档，这样你就能判断哪些方案合适，哪些不合适。

        

        
          Be Adaptable–and Never Stop Learning
适应能力强，永不停止学习

          Finally, a meta-skill: the ability to learn new tools and adapt to change. The field of AI-assisted development is evolving rapidly. Engineers who keep an open mind and learn how to effectively use new AI features will remain ahead of the curve – Tim O’Reilly suggests that developers who are “eager to learn new skills” will see the biggest productivity boosts from AI​. Invest in learning the fundamentals deeply and staying curious about new techniques. This combination enables you to harness AI as a tool without becoming dependent on it. 
最后，还有一项元技能：学习新工具并适应变化的能力。人工智能辅助开发领域正在快速发展。保持开放心态并学习如何有效使用新人工智能功能的工程师将保持领先地位——Tim O'Reilly 认为 ，“渴望学习新技能”的开发人员将从人工智能中获得最大的生产力提升。投入精力深入学习基础知识 ，并对新技术保持好奇心。这种结合能让你驾驭人工智能，但又不会对其产生依赖。

          It’s a balancing act: use AI to accelerate your growth, but also occasionally practice without it to ensure you’re not skipping core learning (some developers do an “AI detox” periodically to keep their raw coding skills sharp​. In short, be the engineer who learns constantly – that’s a career-proof skill in any era.
这是一种平衡行为：使用人工智能来加速你的成长，但偶尔也要进行非人工智能练习，以确保你不会跳过核心学习（一些开发人员会定期进行“ 人工智能排毒 ”，以保持其原始编码技能的敏锐）。简而言之，做一个不断学习的工程师——这在任何时代都是一项职业保障技能。

        

        
          Get Good at Cross-Functional Communication
擅长跨职能沟通

          The ability to translate between business requirements and technical solutions becomes more valuable as implementation time decreases. Engineers who can effectively communicate with product managers, designers, and other stakeholders will become increasingly valuable. Good areas of focus here include:
随着实施时间的缩短，在业务需求和技术解决方案之间进行转换的能力变得越来越有价值。能够与产品经理、设计师和其他利益相关者有效沟通的工程师将变得越来越有价值。值得关注的领域包括：

          
            	
              Requirements gathering and analysis
需求收集和分析

            

            	
              Technical writing and documentation
技术写作和文档

            

            	
              Project planning and estimation
项目规划与估算

            

            	
              Team leadership and mentoring
团队领导和指导

            

          

        

        
          Learn System Design and Architecture 
学习系统设计和架构

          Instead of spending days implementing a new feature, mid-level engineers might spend that time designing robust systems that gracefully handle scale and failure modes. This requires deep understanding of distributed systems principles, database internals, and cloud infrastructure – areas where LLMs currently provide limited value.
中级工程师不必花费数天时间实现新功能，而是可以花时间设计能够优雅地处理规模和故障模式的健壮系统。这需要深入了解分布式系统原理、数据库内部机制和云基础设施——而这些领域目前法学硕士 (LLM) 的价值有限。

          Practice designing systems that solve real-world problems at scale. These skills remain valuable regardless of how code is generated, as they require understanding business requirements and engineering tradeoffs.
练习设计能够大规模解决实际问题的系统。无论代码如何生成，这些技能都极具价值，因为它们需要理解业务需求和工程权衡。

          Designing a coherent system requires understanding trade-offs, constraints, and the “big picture” beyond writing a few functions. AI can generate code but won’t automatically choose the best architecture for a complex problem. 
设计一个连贯的系统需要理解各种权衡、约束和“全局”，而不仅仅是编写几个函数。人工智能可以生成代码，但不会自动为复杂问题选择最佳架构。

          The overall design – how components interact, how data flows, how to ensure scalability and security – is part of that 30% that demands human insight​. This includes:
整体设计——组件如何交互、数据如何流动、如何确保可扩展性和安全性——是需要人类洞察力的30%的一部分。这包括：

          
            	
              Load balancing and caching strategies
负载平衡和缓存策略

            

            	
              Data partitioning and replication
数据分区和复制

            

            	
              Failure modes and recovery procedures
故障模式和恢复程序

            

            	
              Cost optimization and resource management
成本优化和资源管理

            

          

          Senior developers have long honed this skill, and midlevel and junior devs should actively cultivate it. Think in terms of patterns and principles (like separation of concerns and modularity) – these guide an AI-generated solution toward maintainability. Remember, solid architecture doesn’t emerge by accident; it needs an experienced human hand on the wheel​.
高级开发人员长期以来磨练了这项技能，中级和初级开发人员也应该积极培养。思考模式和原则（例如关注点分离和模块化），这些能够引导 AI 生成的解决方案实现可维护性。请记住， 稳固的架构并非偶然 ，它需要经验丰富的人手来掌控。

        

        
          Use AI!
使用人工智能！

          Remember that AI should be an integral part of your workflow–it’s not something to resist. Practical ways to incorporate AI into your daily work include:
请记住，AI 应该成为您工作流程中不可或缺的一部分——它不容抗拒。将 AI 融入日常工作的实用方法包括：

          
            	
              Scaffolding initial code structures
搭建初始代码结构

            

            	
              Quick prototypes and proof-of-concepts
快速原型和概念验证

            

            	
              Pair-programming for faster debugging and problem-solving
结对编程可以更快地进行调试和解决问题

            

            	
              Suggesting optimizations and alternative approaches
建议优化和替代方法

            

            	
              Handling repetitive code patterns while you focus on architecture and design decisions
处理重复的代码模式，同时专注于架构和设计决策

            

          

        

        
          Venture into UI and UX Design
进军 UI 和 UX 设计

          There’s a growing narrative that midlevel software engineers should “just quit” – that pure engineering skills will become obsolete as AI handles the implementation details. While the conclusion is overstated, the discourse about the importance of skills beyond engineering (like design) deserves examination. In a representative exchange on X in December 2024, @nullpointered wrote: 
越来越多人认为中级软件工程师应该“干脆辞职”——随着人工智能处理实现细节，纯粹的工程技能将会过时。虽然这个结论有些夸大，但关于工程之外的技能（比如设计）重要性的讨论值得探讨。@nullpointered 在 2024 年 12 月 X 论坛的一次代表性交流中写道：

          
            If you are a software engineer who’s three years into your career: quit now. there is not a single job in CS anymore. it’s over. this field won’t exist in 1.5 years.
如果你是一名已经工作三年的软件工程师：现在就辞职吧。CS 领域已经没有任何工作了。一切都结束了。这个领域将在 1.5 年内不复存在。

          

          To which @garrytan replied in a quote tweet:
@garrytan 在一条推文中回复道：

          
            Learn X design and product design and you will become stronger than you could ever imagine.
学习 X 设计和产品设计，你将变得超乎想象的强大。

          

          Successful software creation has always required more than just coding ability. What’s changing is not the death of engineering, but rather the lowering of pure implementation barriers. This shift actually makes engineering judgment and design thinking more crucial, not less.
成功的软件开发一直以来都不仅仅需要编码能力。变化的不是工程的消亡，而是纯粹的实现门槛的降低。这种转变实际上使得工程判断和设计思维变得更加重要，而不是不那么重要。

          Consider what makes applications like Figma, Notion, or VS Code successful. It’s not just technical excellence – it’s the deep understanding of user needs, workflows, and pain points. This understanding comes from:
思考一下 Figma、Notion 或 VS Code 等应用程序的成功秘诀。这不仅仅是技术上的卓越，更是对用户需求、工作流程和痛点的深刻理解。这种理解源于：

          
            	
              User experience design thinking
用户体验设计思维

            

            	
              Deep domain knowledge
深厚的领域知识

            

            	
              Understanding of human psychology and behavior
了解人类心理和行为

            

            	
              System design that considers performance, reliability, and scalability
考虑性能、可靠性和可扩展性的系统设计

            

            	
              Business model alignment
商业模式协调

            

          

          The best engineers have always been more than just coders. They’ve been problem solvers who understand both technical constraints and human needs. As AI tools reduce the friction of implementation, this holistic understanding becomes even more valuable.
最优秀的工程师一直以来都不仅仅是程序员。他们是问题解决者，既了解技术限制，也了解人类需求。随着人工智能工具减少实施过程中的摩擦，这种整体理解变得更加宝贵。

          However, this doesn’t mean every engineer needs to become a UX designer. Instead, it means developing stronger product thinking abilities and building better collaboration skills with designers and product managers. It means thinking more about users, understanding their psychology and behavior patterns and learning to make technical decisions that support user experience goals. You’re at the point of achieving technical elegance: now balance it out with close attention to practical user needs. 
然而，这并不意味着每个工程师都需要成为用户体验设计师。相反，这意味着要培养更强的产品思维能力，并培养与设计师和产品经理更好的协作能力。这意味着要更多地考虑用户，理解他们的心理和行为模式，并学习做出支持用户体验目标的技术决策。你正处于实现技术优雅的阶段：现在要平衡两者，并密切关注用户的实际需求。

          Tan went on to tweet: 
Tan 继续发推文 ：

          
            UX, design, actual dedication to the craft will take center stage in this next moment
用户体验、设计、对工艺的真正投入将成为下一刻的中心

            Actually make something people want. Software and coding won’t be the gating factor. It is the ability to be a polymath and smart/effective in many domains together that creates great software.
真正地创造人们想要的东西。软件和编程不会成为制约因素。真正能够创造伟大软件的是博学多识、精通多领域且高效协作的能力。

          

          The future belongs to engineers who can bridge the gap between human needs and technical solutions – whether that’s through developing better design sensibilities themselves or through more effective collaboration with dedicated designers.
未来属于那些能够弥合人类需求与技术解决方案之间差距的工程师——无论是通过自己开发更好的设计理念，还是通过与专业设计师进行更有效的合作。

        

      

      
        Junior Developers: Thrive Alongside AI 
初级开发人员：与人工智能一起蓬勃发展

        If you’re a junior or less-experienced developer, you might feel a mix of excitement and anxiety about AI. AI assistants can write code that you might not know how to write yourself, potentially accelerating your learning. Yet there are headlines about the “death of the junior developer,” suggesting entry-level coding jobs are at risk​. Contrary to popular speculation, while AI is significantly changing the early-career experience, junior developers are not obsolete. 
如果您是初级或经验不足的开发人员，您可能会对人工智能感到既兴奋又焦虑。人工智能助手可以编写您可能自己都不知道如何编写的代码，这可能会加速您的学习。然而，关于“ 初级开发人员的消亡 ”的报道层出不穷，暗示入门级编程工作正面临风险。与普遍的猜测相反，虽然人工智能正在显著改变早期的职业体验，但初级开发人员并没有被淘汰 。

        You need to be proactive in developing skills that ensure you’re contributing value beyond what an AI can churn out. The traditional path of learning through implementing basic CRUD applications and simple features will evolve as these tasks become increasingly automated.
你需要积极主动地发展技能，确保自己能够贡献超越人工智能所能创造的价值。随着这些任务日益自动化，传统的学习路径——通过实现基本的 CRUD 应用程序和简单功能——将会发生变化。

        Consider a typical junior task: implementing a new API endpoint following existing patterns. Previously, this might have taken a day of coding and testing. With AI assistance, the implementation time might drop to an hour, but the crucial skills become:
考虑一个典型的初级任务：按照现有模式实现一个新的 API 端点。以前，这可能需要一天的编码和测试。有了 AI 的帮助，实现时间可能会缩短到一个小时，但关键技能变成了：

        
          	
            Understanding the existing system architecture well enough to specify the requirement correctly
充分了解现有系统架构，以便正确指定需求

          

          	
            Reviewing the generated code for security implications and edge cases
检查生成的代码是否存在安全隐患和边缘情况

          

          	
            Ensuring the implementation maintains consistency with existing patterns
确保实施与现有模式保持一致

          

          	
            Writing comprehensive tests that verify business logic
编写验证业务逻辑的综合测试

          

        

        These skills can’t be learned purely through tutorial following or AI prompting – they require hands-on experience with production systems and mentorship from senior engineers.
这些技能不能仅仅通过遵循教程或人工智能提示来学习——它们需要生产系统的实践经验和高级工程师的指导。

        This evolution presents both challenges and opportunities for early-career developers. The bar for entry-level positions may rise, requiring stronger fundamental knowledge to effectively review and validate AI-generated code. However, this shift also means junior engineers can potentially tackle more interesting problems earlier in their careers.
这种演变对早期职业开发者来说既是挑战，也是机遇。入门级职位的门槛可能会提高，需要更强的基础知识才能有效地审查和验证 AI 生成的代码。然而，这种转变也意味着初级工程师可以在职业生涯早期就有机会解决更有趣的问题。

        Here’s how to invest in yourself to handle that 30% gap effectively.
以下是如何投资自己以有效弥补这 30% 的差距。

        
          Learn the Fundamentals: Don’T Skip the “Why”
学习基础知识：不要跳过“为什么”

          It’s tempting to lean on AI for answers to every question (“How do I do X in Python?”) and never truly absorb the underlying concepts. Resist that urge. Use AI as a tutor, not just an answer vending machine. For example, when AI gives you a piece of code, ask why it chose that approach, or have it explain the code line by line. 
人们很容易依赖人工智能来解答所有问题（“如何用 Python 实现 X？”），却无法真正理解其背后的概念。要克制这种冲动。把人工智能当作导师，而不是答案自动售货机。例如，当人工智能给你一段代码时，问问它为什么选择这种方法，或者让它逐行解释这段代码。

          Make sure you understand concepts like data structures, algorithms, memory management, and concurrency without always deferring to AI. The reason is simple: when the AI’s output is wrong or incomplete, you need your own mental model to recognize and fix it. If you’re not actively engaging with why the AI is generating certain code, you might actually learn less”, hindering your growth. So take time to read documentation, write small programs from scratch, and solidify your core knowledge. These fundamentals are durable; they’ll serve you even as the tools around you change.
确保你理解数据结构、算法、内存管理和并发等概念，而不要总是听信人工智能。原因很简单：当人工智能的输出错误或不完整时，你需要自己的思维模型来识别和修复它。如果你不积极思考人工智能生成某些代码的原因，你实际上可能会学得更少，从而阻碍你的成长。所以，花时间阅读文档，从头编写小程序，巩固你的核心知识。这些基础知识是持久的；即使你周围的工具发生了变化，它们也会对你有所帮助。

        

        
          Practice Problem Solving and Debugging Without the AI Safety Net
在没有人工智能安全网的情况下练习解决问题和调试

          To build real confidence, sometimes you have to fly solo. Many developers advocate doing an “AI-free day” or otherwise limiting AI assistance periodically​. This ensures you can still solve problems with just your own skills, which is important for avoiding skill atrophy. You’ll find it forces you to truly think through a problem’s logic, which in turn makes you better at using AI (since you can direct it more intelligently). 
要建立真正的自信，有时你必须独自行动。许多开发者提倡“无 AI 日”，或者定期限制 AI 的帮助。这确保你仍然可以仅凭自己的技能解决问题，这对于避免技能萎缩至关重要。你会发现，这会迫使你真正思考问题的逻辑，这反过来会让你更擅长使用 AI（因为你可以更智能地引导它）。

          Additionally, whenever you encounter a bug or error in AI-generated code, jump in and debug it yourself before asking the AI to fix it. You’ll learn much more by stepping through a debugger or adding print statements to see what’s going wrong. 
此外，每当你在 AI 生成的代码中遇到 bug 或错误时，在要求 AI 修复之前，请先自行调试。通过单步执行调试器或添加打印语句来查看问题所在，你将学到更多。

          Consider AI suggestions as hints, not final answers. Over time, tackling those last tricky bits of a task will build your skill in the very areas AI struggles – exactly what makes you valuable.
将 AI 的建议视为提示，而非最终答案。随着时间的推移，解决任务中那些棘手的部分，能够提升你在 AI 最难攻克的领域的技能——而这正是你的价值所在。

        

        
          Focus on Testing and Verification
专注于测试和验证

          As a junior dev, one of the best habits you can develop is writing tests for your code. This is doubly true if you use AI to generate code. 
作为初级开发人员，你可以养成的最佳习惯之一就是为代码编写测试。如果你使用人工智能生成代码，这一点就更加重要。

          When you get a chunk of code from an LLM, don’t assume it’s correct – challenge it. Write unit tests (or use manual tests) to see if it truly handles the requirements and edge cases. This accomplishes two things: it catches issues in the AI’s output, and it trains you to think about expected behavior before trusting an implementation. 
当你从法学硕士（LLM）拿到一段代码时，不要想当然地认为它是正确的——要质疑它。编写单元测试（或使用手动测试）来验证它是否真正满足需求和边缘情况。这样做有两个好处：一是可以发现人工智能输出中的问题，二是训练你在信任某个实现之前先思考预期行为。

          You might even use the AI to help write tests, but you define what to test. Steve Yegge’s advice about taking testing and code review seriously applies at all levels​. If you cultivate a reputation for carefully verifying your work (AI-assisted or not), senior colleagues will trust you more and you’ll avoid the scenario where they feel you’re just “dumping” questionable code on them. 
您甚至可以使用 AI 来帮助编写测试，但测试内容由您决定。Steve Yegge 关于认真对待测试和代码审查的建议适用于各个级别。如果您树立了认真验证工作（无论是否使用 AI 辅助）的声誉，资深同事就会更加信任您，您也能避免让他们觉得您只是在“倾倒”有问题的代码。

          In practical terms, start treating testing as an integral part of development, not an afterthought. Learn how to use testing frameworks, how to do exploratory manual testing, and how to systematically reproduce bugs. These skills not only make you better at the 30% work, they also accelerate your understanding of how the code really works. 
从实际角度来说，开始将测试视为开发过程中不可或缺的一部分，而不是事后诸葛亮。学习如何使用测试框架、如何进行探索性手动测试以及如何系统地重现错误。这些技能不仅能让你更好地完成那 30% 的工作，还能加速你对代码真正工作原理的理解。

          Remember: if you catch a bug that the AI introduced, you just did something the AI couldn’t – that’s added value.
请记住：如果您发现 AI 引入的错误，那么您就做了 AI 无法做到的事情 - 这就是附加值。

        

        
          Build an Eye for Maintainability
培养可维护性意识

          Junior devs often focus on “getting it to work.” But in the AI era, getting a basic working version is easy – the AI can do that. The harder part (and what you should focus on) is making code that’s readable, maintainable, and clean. 
初级开发人员通常专注于“让代码运行起来”。但在人工智能时代，开发一个基本的可运行版本很容易——人工智能可以做到。更难的部分（也是你应该关注的）是编写可读、可维护且简洁的代码。

          Start developing an eye for good code structure and style. Compare the AI’s output with best practices you know of; if the AI code is messy or overly complex, take the initiative to refactor it. For instance, if an LLM gives you a 50-line function that does too many things, you can split it into smaller functions. If variable names are unclear, rename them. 
开始培养对良好代码结构和风格的洞察力。将 AI 的输出与你所了解的最佳实践进行比较；如果 AI 代码混乱或过于复杂，请主动重构它。例如，如果 LLM 给你一个 50 行的函数，而它的功能太多，你可以将其拆分成更小的函数。如果变量名不清楚，请重命名它们。

          Essentially, pretend you’re reviewing a peer’s code and improve the AI’s code as if a peer wrote it. This will help you internalize good design principles. Over time, you’ll start prompting the AI in ways that yield cleaner code to begin with (because you’ll specify the style you want). Software maintainers (often working months or years later) will thank you, and you’ll prove that you’re thinking beyond just “make it run” – you’re thinking like an engineer. Keeping things maintainable is exactly in that human-driven 30%​, so make it your concern from the start of your career.
本质上，假装你正在审查同事的代码，并像同事编写代码一样改进人工智能的代码。这将帮助你内化良好的设计原则。随着时间的推移，你将开始以各种方式提示人工智能，使其能够从一开始就产生更简洁的代码（因为你会指定你想要的风格）。软件维护人员（通常会在几个月或几年后继续工作）会感谢你，而你也会证明你的思维不仅仅是“让它运行起来”——你像工程师一样思考。保持代码的可维护性正是那 30% 的人为驱动力，所以从你的职业生涯伊始就应该关注这一点。

        

        
          Develop Your Prompting and Tooling Skills (Wisely)
明智地培养你的提示和工具技能

          There’s no denying that “prompt engineering” – the skill of interacting with AI tools effectively – is useful. As a junior dev, you should absolutely learn how to phrase questions to AI, how to give it proper context, and how to iterate on prompts to improve the output (Chapter 2 of this book is a good place to start). These are new skills that can set you apart (many experienced devs are still figuring this out too!). However, remember that prompting well is often a proxy for understanding the problem well. If you find you can’t get the AI to do what you want, it might be because you need to clarify your own understanding first. Use that as a signal. 
不可否认，“提示工程”（即有效与 AI 工具交互的技能）非常有用。作为一名初级开发者，你绝对应该学习如何向 AI 提出问题，如何赋予它恰当的语境，以及如何迭代提示以改进输出（本书第二章是一个很好的起点）。这些新技能可以让你脱颖而出（许多经验丰富的开发者也仍在摸索！）。然而，请记住，良好的提示能力通常是理解问题能力的体现。如果你发现无法让 AI 按照你的意愿行事，这可能是因为你需要先理清自己的理解。不妨将此作为一个信号。

          One strategy is to outline a solution in plain English yourself before asking the AI to implement it. Also, experiment with different AI tools (Copilot, Claude, etc.) to see their strengths and weaknesses. The more fluent you are with these assistants, the more productive you can be – but never treat their output as infallible. Think of AI like a super-charged Stack Overflow: an aid, not an authority. 
一种策略是，在要求 AI 实现解决方案之前，自己先用通俗易懂的英语描述一下。此外，尝试不同的 AI 工具（例如 Copilot、Claude 等），了解它们的优缺点。你对这些助手的熟练程度越高，你的效率就越高——但切勿将其输出视为绝对可靠。AI 就像一个超级强大的 Stack Overflow：它是一种辅助工具，而非权威。

          You might even build small personal projects using AI to push your limits (“Can I build a simple web app with AI’s help?”). Doing so will teach you how to integrate AI into a development workflow, which is a great skill to bring into a team. Just balance it with periods of working without the net, as mentioned earlier.
你甚至可以利用人工智能构建一些小型个人项目来突破自己的极限（“我能在人工智能的帮助下构建一个简单的 Web 应用吗？”）。这样做可以教会你如何将人工智能融入到开发工作流程中，这对于团队来说是一项很棒的技能。正如前面提到的，只需平衡好断网工作的时间即可。

        

        
          Seek Feedback and Mentorship
寻求反馈和指导

          Lastly, one durable skill that will accelerate your growth is the ability to seek out feedback and learn from others. An AI won’t get offended if you ignore its advice, but your human teammates and mentors are invaluable for your development-especially when it comes to soft skills, leadership, communication, and navigating office politics.
最后，一项能够加速你成长的持久技能是寻求反馈并向他人学习的能力。即使你忽略了人工智能的建议，它也不会生气，但你的人类队友和导师对你的成长至关重要——尤其是在软技能、领导力、沟通能力以及应对办公室政治方面。

          Don’t hesitate to ask a senior developer why they prefer one solution over another, especially if it differs from what an AI suggested. Discuss design decisions and trade-offs with more experienced colleagues–these conversations reveal how seasoned engineers think, and that’s gold for you. In code reviews, be extra receptive to comments about your AI-written code. If a reviewer points out that “this function isn’t thread-safe” or “this approach will have scaling issues,” take the time to understand the root issue. These are exactly the kinds of things an AI might miss, and you want to learn to catch them. Over time, you’ll build a mental checklist of considerations.
不要犹豫，向高级开发人员询问他们为什么更喜欢某个解决方案，尤其是当它与 AI 的建议不同时。与经验丰富的同事讨论设计决策和权衡利弊——这些对话可以揭示经验丰富的工程师的想法，这对你来说非常宝贵。在代码审查中，要格外认真地倾听关于 AI 代码的评论。如果审查人员指出“这个函数不是线程安全的”或“这种方法存在扩展问题”，请花时间了解问题的根源。这些正是 AI 可能忽略的问题，而你需要学习如何发现它们。随着时间的推移，你会在脑海中建立一个考虑事项清单。

          Additionally, find opportunities to pair program (even if remotely). Perhaps you can “pair” with a senior who uses AI in their workflow–you’ll observe how they prompt the AI and how they correct it. But even more important, you’ll see how they communicate, lead discussions, and handle delicate team dynamics. Being open to feedback and actively asking for guidance will help you mature from doing tasks that an AI could do to doing the high-value tasks that only humans can do. In a sense, you’re trying to acquire the wisdom that usually comes with experience, as efficiently as you can. That makes you more than just another coder in the room–it makes you the kind of engineer teams are eager to keep and promote.
此外，寻找结对编程的机会（即使是远程的）。或许你可以与一位在工作流程中使用人工智能的资深人士“结对”——你会观察他们如何提示人工智能，以及如何纠正它。但更重要的是，你会看到他们如何沟通、引导讨论，以及如何处理微妙的团队互动。乐于接受反馈并积极寻求指导，将帮助你从完成人工智能可以完成的任务，逐渐成熟到完成只有人类才能完成的高价值任务。从某种意义上说，你正在努力尽可能高效地获取通常源于经验的智慧。这会让你不仅仅是房间里的一名程序员——而是让你成为团队渴望留住和提拔的那种工程师。

        

        
          Communicate and Collaborate
沟通与协作

          Building software is a team sport. AI doesn’t attend meetings (thank goodness) – humans still must talk to other humans to clarify requirements, discuss trade-offs, and coordinate work. Strong communication skills are as valuable as ever. Practice asking good questions and describing problems clearly (both to colleagues and to AI). 
软件开发是一项团队运动。AI 不会参加会议（谢天谢地）——人类仍然需要与其他人类沟通，以明确需求、讨论权衡利弊并协调工作。强大的沟通技巧依然至关重要。练习提出好的问题并清晰地描述问题（无论是对同事还是 AI）。

          Interestingly, prompting an AI is itself a form of communication; it requires you to precisely express what you want. This overlaps with a core engineering skill: requirements analysis.3 If you can formulate a clear prompt or spec, it means you’ve thought through the problem. 
有趣的是，提示人工智能本身就是一种沟通方式；它需要你准确地表达你的需求。这与一项核心工程技能—— 需求分析 ——相呼应 。3 如果你能提出清晰的提示或规范，则表明你已经仔细思考过这个问题。

          Additionally, sharing knowledge, writing documentation, and reviewing others’ code are collaborative skills that AI cannot replace. In the future, as developers work “with” AI, the human-to-human collaboration in a team – making sure the right problems are being solved – stays vital. One emerging trend is that developers may focus more on high-level design discussions (often with AI as a participant) and on coordinating tasks, essentially taking on more of a conductor role​. Communication and leadership skills will serve you well in that conductor’s seat.
此外，分享知识、编写文档和审查他人代码是人工智能无法取代的协作技能。未来，随着开发人员与人工智能“合作”，团队中的人与人之间的协作——确保解决正确的问题——仍然至关重要。一个新兴趋势是，开发人员可能会更加专注于高层设计讨论（通常与人工智能一起参与）和协调任务，本质上更多地承担起指挥的角色。沟通和领导能力将助您在指挥岗位上大展身手。

        

        
          Shift Your Mindset: From Consuming to Creating
转变思维方式：从消费到创造

          It’s worth noting a mindset shift for juniors in the AI era: you need to move from just consuming solutions to creating understanding. In the past, you might have struggled through documentation to eventually write a feature; now an AI can hand you a solution on a platter. If you simply consume it (copy-paste and move on), you haven’t grown much.
值得注意的是，人工智能时代的初级员工需要转变思维方式：你需要从仅仅使用解决方案转变为创造理解 。过去，你可能费力地查阅文档才能最终编写出一个功能；现在，人工智能可以轻而易举地为你提供解决方案。如果你只是简单地使用它（复制粘贴然后继续），那么你的成长并不大。

          Instead, use each AI-given solution as a learning case. Dissect it, experiment with it, and consider how you might have arrived at it yourself. By treating AI outputs not as answers to end all questions but as interactive learning material, you ensure that you – the human – are continuously leveling up. This way, rather than replacing your growth, AIit accelerates it. 
相反，要把每个 AI 给出的解决方案都当成一个学习案例。仔细分析，反复试验，并思考自己如何才能得出这个结论。AI 的输出并非解决所有问题的答案，而是互动式学习材料，这样才能确保你——人类——不断提升。这样，AI 不会取代你的成长，反而会加速你的成长。

          Many experts believe that while AI might reduce the need for large teams of junior “coder-grinders,” it also raises the bar for what it means to be a junior developer​. The role is shifting to someone who can work effectively with AI and quickly climb the value chain. If you adopt the habits above, you’ll distinguish yourself as a junior developer who doesn’t just bring what an AI could bring (any company can get that via a subscription), but who brings insight, reliability, and continuous improvement – traits of a future senior developer.
许多专家认为，人工智能虽然可能减少对大型初级“程序员”团队的需求，但也提高了初级开发人员的门槛 。这一角色正在转向能够有效运用人工智能并快速攀升价值链的人。如果您养成上述习惯，您将成为一名杰出的初级开发人员，不仅能带来人工智能所能带来的一切（任何公司都可以通过订阅获得），还能带来洞察力、可靠性和持续改进——这些都是未来高级开发人员的特质。

        

      

      
        Future-Proof Your Career with Durable Engineering Skills 
用持久的工程技能保障你的职业生涯

        In summary, to thrive in an AI-enhanced development world, engineers at all levels should double down on the enduring skills and practices that AI cannot (yet) replicate. These capabilities will remain crucial no matter how advanced our tools become. In particular, focus on:
总而言之，为了在人工智能增强的开发世界中蓬勃发展，各级工程师都应该加倍努力，掌握人工智能（目前）无法复制的持久技能和实践。无论我们的工具变得多么先进，这些能力仍然至关重要。尤其要关注：

        
          	
            Strengthening your system design and architecture expertise
增强您的系统设计和架构专业知识

          

          	
            Practicing systems thinking and maintaining a contextual understanding of the big picture
实践系统思维并保持对全局的理解

          

          	
            Honing your skills in critical thinking, problem-solving, and foresight
磨练批判性思维、解决问题和预见能力

          

          	
            Building expertise in specialized domains
建立专业领域的专业知识

          

          	
            Reviewing code, testing, debugging, and quality assurance
审查代码、测试、调试和质量保证

          

          	
            Improving your communication and collaboration skills
提高你的沟通和协作能力

          

          	
            Adapting to change 
适应变化

          

          	
            Continuously learning, keeping your fundamentals strong while gaining new skills and updating your knowledge
不断学习，在巩固基础知识的同时获得新技能并更新知识

          

          	
            Using AI 
使用人工智能

          

        

        These skills form the human advantage in software engineering. They are durable because they don’t expire with the next framework or tooling change; if anything, AI’s rise makes them more pronounced. Simon Willison has argued that AI assistance actually makes strong programming skills more valuable, not less, because those with expertise can leverage the tools to far greater effect​.
这些技能构成了软件工程领域的人类优势。它们之所以持久，是因为它们不会随着下一个框架或工具的变更而失效；而人工智能的兴起则使它们的价值更加凸显。西蒙·威利森 (Simon Willison) 认为 ，人工智能的辅助实际上使强大的编程技能更有价值，而不是更少，因为拥有专业知识的人可以更好地利用这些工具。

        A powerful machine in unskilled hands can be dangerous or wasted, but in capable hands it’s transformative. In the AI era, an experienced engineer is like a seasoned pilot with a new advanced co-pilot: the journey can go faster and farther, but the pilot must still navigate the storms and ensure a safe landing.
一台强大的机器，落入不熟练之手，可能会造成危险或浪费，但落入熟练之手，却能带来变革。在人工智能时代，经验丰富的工程师就像一位经验丰富的飞行员，拥有一位全新的先进副驾驶：旅程可以更快更远，但飞行员仍然必须克服风暴，确保安全着陆。

        Software engineering has always been a field of continuous change – from assembly language to high-level programming, from on-prem servers to the cloud, and now from manual coding to AI-assisted development. Each leap has automated some aspect of programming, yet each time developers have adapted and found even more to do. As Tim O’Reilly notes, past innovations “almost always resulted in more work, more growth, more opportunities” for developers​. The rise of AI is no different. Rather than making developers irrelevant, it is reshaping the skillset needed to succeed. The mundane 70% of coding is getting easier; the challenging 30% becomes an even larger part of our value.
软件工程一直是一个不断变化的领域——从汇编语言到高级编程，从本地服务器到云端，再到现在的手动编码到人工智能辅助开发。每一次飞跃都使编程的某些方面实现了自动化，但每次开发人员都会不断适应，并发现更多工作要做。正如 Tim O'Reilly 所指出的 ，过去的创新“几乎总是为开发人员带来更多工作、更多成长和更多机会”。人工智能的兴起也不例外。它并没有让开发人员变得无关紧要，而是重塑了成功所需的技能组合。70% 的日常编码工作正变得越来越容易；而那 30% 的挑战性工作则成为我们价值的重要组成部分。

        To maximize that human 30%, focus on the timeless engineering skills: understanding problems deeply, designing clean solutions, scrutinizing code for quality, and considering the users and context. Experienced programmers are gaining more from AI because they know how to guide it and what to do when it falters​. Those who combine these skills with AI tools will outperform those who have only one or the other. In fact, the consensus emerging among experts is that AI is a tool for the skilled: that “LLMs are power tools meant for power users.”​ This means the onus is on each of us to become that “power user” – to cultivate the expertise that lets us wield these new tools effectively.
为了最大限度地发挥那30%的人类潜能，我们需要专注于那些永恒的工程技能：深入理解问题、设计清晰的解决方案、严格审查代码质量，并充分考虑用户和具体环境。经验丰富的程序员正从人工智能中获益良多，因为他们知道如何引导它，以及在它出现问题时该如何应对。能够将这些技能与人工智能工具相结合的人，其表现将远胜于仅掌握其中一种技能的人。事实上，专家们正在形成共识：人工智能是为技能型人才打造的工具：“法学硕士是为高级用户打造的强大工具。” 这意味着我们每个人都有责任成为那样的“高级用户”——培养能够有效运用这些新工具的专业知识。

        Ultimately, the craft of software engineering is more than writing code that works. It’s about writing code that works well – in a real-world environment, over time, and under evolving requirements. Today’s AI models can assist with writing code, but cannot yet ensure the code works well in all those dimensions. That’s the developer’s job.
归根结底，软件工程的精髓不仅仅是编写能够运行的代码。它关乎编写出能够在现实环境中、随着时间的推移以及不断变化的需求下良好运行的代码。如今的人工智能模型可以辅助编写代码，但尚无法确保代码在所有维度上都能良好运行。这才是开发人员的工作。

        By doubling down on the skills outlined above, senior developers can continue to lead and innovate, midlevel developers can deepen their expertise, and junior developers can accelerate their journey to mastery. AI will handle more and more of the routine, but your creativity, intuition, and thoughtful engineering will turn that raw output into something truly valuable. AI is a powerful tool, but it’s all about how we use it. Good engineering practices, human judgment, and a willingness to learn will remain essential​.
通过加倍提升上述技能，高级开发人员可以继续引领创新，中级开发人员可以深化专业知识，初级开发人员可以加速精通的旅程。人工智能将处理越来越多的日常工作，但您的创造力、直觉和深思熟虑的工程设计才能将这些原始成果转化为真正有价值的东西。人工智能是一个强大的工具，但关键在于我们如何使用它。良好的工程实践、人类的判断力和学习意愿仍然至关重要。

        In practical terms, whether you are pair-programming with an “eager junior” AI that writes your functions, or reviewing a diff full of AI-generated code, never forget to apply your uniquely human lens. Ask: Does this solve the right problem? Will others be able to understand and maintain this? What are the risks and edge cases? Those questions are your responsibility. The future of programming will indeed involve less typing every semicolon by hand and more directing and curating – but it will still require developers at the helm who have the wisdom to do it right.
实际上，无论你是与编写函数的“热切初级”AI 结对编程，还是审查充满 AI 生成代码的差异，都不要忘记运用你独特的人类视角。问问自己：这解决了正确的问题吗？其他人能够理解和维护它吗？有哪些风险和极端情况？这些问题都是你的责任。未来的编程确实会减少手动输入每个分号的次数，而更多地进行指导和策划——但这仍然需要拥有正确做法的智慧的开发人员掌舵。

        In the end, great software engineering has always been about problem-solving, not just code-slinging. AI doesn’t change that: it simply challenges us to elevate our problem-solving to the next level. Embrace that challenge, and you’ll thrive in this new chapter of our industry.
归根结底，伟大的软件工程始终在于解决问题，而不仅仅是编写代码。人工智能并没有改变这一点：它只是挑战我们将解决问题的能力提升到一个新的水平。拥抱这一挑战，你就能在这个行业的新篇章中蓬勃发展。

      

    1 This chapter is based on two essays I first published on my Substack newsletter, Elevate with Addy Osmani: “Beyond the 70%: Maximizing the Human 30% of AI-Assisted Coding,” first published March 13, 2025, and “Future-Proofing Your Software Engineering Career,” first published December 23, 2024. 
1 本章基于我首次在 Substack 时事通讯《 与 Addy Osmani 一起提升 》上发表的两篇文章：《 超越 70%：最大限度地发挥人工智能辅助编码中 30% 的人为因素 》，首次发表于 2025 年 3 月 13 日，以及《 为你的软件工程职业做好未来准备 》，首次发表于 2024 年 12 月 23 日。
2 To learn more about systems thinking, check out Thinking in Systems: A Primer, 2nd edition, by Donella H. Meadows (Rizzoli, 2008), and The Fifth Discipline: The Art and Practice of the Learning Organization by Peter M. Senge (Crown, 2010). 
2 要了解有关系统思维的更多信息，请查阅 Donella H. Meadows 所著的 《系统思考：入门》 第 2 版（Rizzoli，2008 年）和 Peter M. Senge 所著的 《第五项修炼：学习型组织的艺术与实践》 （Crown，2010 年）。
3 For more on this topic, see Fundamentals of Software Architecture, 2nd edition, by Mark Richards and Neal Ford (O’Reilly, 2025) and Head First Software Architecture, by Mark Richards, Neal Ford, and Raju Gandhi (O’Reilly, 2024). 
3 有关该主题的更多信息，请参阅 《软件架构基础》 第 2 版（Mark Richards 和 Neal Ford 编著）（O'Reilly，2025 年）和 《Head First 软件架构 》（Mark Richards、Neal Ford 和 Raju Gandhi 编著）（O'Reilly，2024 年）。
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