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modular & legible 
software for AI 

(& human) coders



problems with 
AI coding



a benchmark and its analysis

a benchmark for realistic coding problems 
2,294 issue/pull request pairs from 12 Python repos 

best LLM resolves 65% of issues

follow-up study at York University 
33% of good patches “cheated”: code appears in issue 
31% of patches deemed correct by incomplete tests 

94% issues were present before training cutoff 
with all this, resolution rate for GPT-4 falls  to 0.55%

in short: LLM-based coding assistants 
often suggest code that doesn’t work 

and breaks existing functionality



how much does AI speedup skilled developers on real codebases?

METR study (10 July 2025) 
Randomized control trial 

16 developers on 246 tasks



Developers qualitatively note LLM tooling performs worse 
in more complex environments. One developer says “it also 
made some weird changes in other parts of the code that 

cost me time to find and remove [...] My feeling is the 
refactoring necessary for this PR was “too big” [and genAI] 
introduced as many errors as it fixed.” Another developer 
comments that one prompt “failed to properly apply the 
edits and started editing random other parts of the file,” 

and that these failures seemed to be heavily related to “the 
size of a single file it is attempting to perform edits on”.



what happens when AI coders are faced with iterative changes?

Slopcodebench (Orlanski et al, 2026)



how are AI agents affecting code?

Gitclear study of >200m lines of code from Google, Microsoft, Meta et al over 5 years (2025)



two ways 
to work with AI



automate the mess design for AI

take current practices as given

let AI agents find structure

rethink our practices

focus AI intentionally

make expressive structures

give AI unlimited context & power

outsource thinking to AI outsource subtasks to AI



what’s wrong 
with current practices



what AI (and human) coders need

modularity (structuring software with independent units) 
reuse, incremental work, division of labor (in teams), local change 

legibility (“what you see is what it does”) 
code is easier to generate, understand, modify



“microservice dependency hell”

Monzo: > 1,500 services with 9,300 dependencies



Trygve Reenskaug called this “a frightening observation”





what is behavior?



3 kinds of phenomena

individuals 
have persistent identity 

and limited lifetimes

relationships 
between individuals 

and also to values

actions 
atomic occurrences 
involve individuals

individuals

actions relationships
affect

participate in connect



example: restaurant reservation phenomena

individuals relationships actions

Alice Bob

Maido Rosetta

users

restaurants

slots Slot_1 Slot_2

reservations Res_1

for (Res_1, Slot_2)

by (Res_1, Alice)

at (Slot_2, Maido)

time (Slot_2, 7:30pm)

date (Slot_2, Jan-20-26)

reserve (Slot_2, Alice): Res_1

cancel (Res_1)

create (Maido, 7:30pm, Jan-20-26): Slot_2



traces: histories of actions

reserve (Slot_1, Alice): Res_1

seat (Res_2)

create (Maido, 6:00pm, Jan-20-26): Slot_1

create (Maido, 7:30pm, Jan-20-26): Slot_2

cancel (Res_1)

reserve (Slot_2, Alice): Res_2

a sample trace

at (Slot_2, Maido)

time (Slot_2, 7:30pm)

date (Slot_2, Jan-20-26)

relationships true at each point

for (Res_2, Slot_2)

by (Res_2, Alice)



types of individuals

User

Restaurant

Slot

Reservation

types of relationships (aka relations)

for (Reservation, Slot)

by (Reservation, User)

at (Slot, Restaurant)

types of actions

finding structure in behavior

reserve (Slot, User): Reservation

cancel (Reservation)

but we need larger scale structure too for modularity



why object orientation 
leads to illegible software



16 notes/rests

but easy to recall

just a Cm arpeggio

so what are the chunks of software behavior?



object-orientation: individual types = chunks/modules

individual types 
become classes

relations 
become fields

actions 
become methods

class Reservation { 
   Slot for; 
   User by; 
   bool seated; 
   void seat () 
}

seat (Reservation)Reservation for (Reservation, Slot)

by (Reservation, User)

seated (Reservation)



we’ve forgotten how complicated this is!

which class to assign an action to? 
action may have >1 individual 

not clear even when exactly one! cancel (Reservation)
can’t belong to Reservation if deletes it

reserve (Slot, User): Reservation
could belong to Slot, User or Reservation

which class to assign a relation to? 
relation may involve >1 individual 

may need to access both ways

by (Reservation, User)
in Reservation so can see who?
or in User so can see which reservations they have?

may have to invent a class 
not corresponding to individuals

authenticate (username, password): user
can’t belong to User, so create a class Users that holds all users



what is modularity?



code 
structure

problem 
structure

function 
A

function 
B

function 
C

module 
A

module 
B

module 
C

if we can do this 
modules can be coded independently 
familiar functions -> reusable modules 

and modifications easy too 
change function A -> modify module A



code 
structure

problem 
structure

function 
A

function 
B

module 
AB

conflation 
>1 function for a module 
failure to “separate concerns” 

why this is bad 
module is no longer familiar 
has become app-specific 
harder to code reliably



code 
structure

problem 
structure

function 
A

function 
B

module 
A

module 
B

fragmentation 
>1 module for a function 
failure to “encapsulate” 

why this is bad 
modules need coordination 
leads to dependencies 
changes no longer localized



modularity in current practice

module A

module B

module B

interface B

module A

undesirable coupling 
B exposes implementation

modular version 
A only knows interface of B



why object orientation 
leads to coupled software



class Reservation { 
  Slot for; 
  User by; 
  void reserve (Table table, Time time, User user) { 
    if (!Main.reservations.hasReservation (time, user)) 
      slot = Main.slots.findSlot (table, time); 
      slot.setUnavailable (); 
    } 
  }

class Slot { 
   Table table; 
   Time time; 
   bool available; 
   void setUnavailable () 
   }

class Slots { 
  Set [Slot] slots; 
  findSlot  Slot (Table table, Time time) 
  }

Reservation

Main Reservations

Slots Slot



concept design 
a simpler approach



concept: an aspect of functionality 
complete: makes sense alone 

coherent: doesn’t mingle distinct aspects 
purposive: serves a defined purpose 

reusable: often application-independent

a concept is a service 
usually an ongoing activity 
maintains persistent state 

initiates and responds to actions

Availability

Reserving

UserAuthentication

Notifying

Reviewing

Karma

managing 
assignment of 
slots to users

managing 
availability of 

table slots



map relations and actions to concepts 
not by the type of the individuals 

but by which aspect of  functionality

for (Reservation, Slot)

by (Reservation, User)

at (Slot, Restaurant)

reserve (Slot, User): Reservation

table (Slot, Table) upvote (User, Restaurant)

cancel (Reservation)

create (Restaurant, …): Slot

Availability

Reserving

UserAuthentication

Notifying

Upvoting

Karma



how concepts 
avoid fragmentation



Availability

Reserving

reserve (user, restaurant, time): reservation { 
  slot = Availability._getSlot (restaurant, time); 
  reservation = new Reservation (); 
  reservation.user = user; 
  reservation.table = slot.table; 
  Availability.setUnavailable (slot); 
  return reservation; 
}

setUnavailable (slot) {…}

_getSlot (restaurant, time): slot {…}

reserve (user, restaurant, time): reservation { 
  slot = Availability._getSlot (restaurant, time); 
  reservation = new Reservation (); 
  reservation.user = user; 
  reservation.table = slot.table; 
  Availability.setUnavailable (slot); 
  return reservation; 
}

call 
dependence

data 
dependence



Availability

Reserving

action reserve (user, slot): reservation { 
  reservation = new Reservation (); 
  reservation.slot = slot; 
  reservation.user = user; 
  return reservation; 
}

action setUnavailable (slot) {…}

query _getSlot (restaurant, time): slot {…}

when Request.reserve (user, restaurant, time) 
where 
  Availability._getSlot (restaurant, time): slot 
then 
  Reserving.reserve (user, slot) 
  Availability.setUnavailable (slot)

Synchronization

coordination 
externalized



how concepts 
avoid conflation



class User { 
  username: String 
  password: String 
  email: String 
  phone: String 
  displayName: String 
  thumbnail: Image 
}

OOP conflates roles

  username: String 
  password: String 
  email: String 
  phone: String 
  displayName: String 
  thumbnail: Image

class User (Naming) { 
  username: String 
}

class User (Auth) { 
  password: String 
}

class User (Notify) { 
  email: String 
  phone: String 
}

class User (Profile) { 
  displayName: String 
  thumbnail: Image 
}



Sy
nc

hr
on

iza
tio

ns

UserAuthentication

UserNaming

UserDisplaying

KarmaTracking

Posting

Commenting

Upvoting

each concept 
associates 

properties with 
individuals

concepts are 
independent 
services with 

state & actions

concepts 
encapsulate 

coherent aspects 
of functionality

concept UserAuthentication 
state 
  a set of User with 
     a password String

concept UserNaming 
state 
  a set of User with 
     a unique username String

concept UserDisplaying 
state 
  a set of User with 
     a displayname String



a long history of fixes for OOP’s conflation

Aspect-oriented programming 
Kiczales et al (1997)

Role-oriented programming 
Reenskaug et al (1983)

Entity-component system 
Scott Bilas et al (2002)



generating code 
from concepts



exploiting concept modularity to generate code

concept 
spec

concept 
code

sync 
spec

sync 
code

front-end 
spec

front-end 
code

deployed 
app

concept 
spec

LLM

prompt

code





RealWorld benchmark

LLM generated in one-shot 
all concept specs (authentication, posting, favoriting, tagging) 
implementations of concept specs 

LLM generated with iteration 
implementations of synchronizations 
given RealWorld API specification 

why are syncs harder? 
concepts are completely familiar and generic 
syncs are application-specific 
RealWorld API conflates concepts

response format for get article



6.104 class

75 students 
mostly 3rd & 4th year 
TypeScript but no web experience 

learned concept design 
in two weeks, two homeworks 

LLM coded backends 
using our Context tool 
use Google’s Gemini API 
custom background docs 

LLM coded frontends 
using agentic tools like Cursor



background 
documents

concept 
spec

LLM 
prompt

explicit 
context

tool calls Gemini 
snapshots & links prompts



UserAuthentication

UserNaming

UserDisplaying

KarmaTracking

Posting

Commenting

Upvoting

Sy
nc
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on

iza
tio

ns

MongoDB, Deno, etc

also supports 
logging & 

provenance 
tracking

Li
gh

tw
ei

gh
t s

yn
ch

ro
ni

za
tio

n 
lib

ra
ry

encapsulates 
HTTP requests 

no routes 
needed!

Requesting concept



summary



legibility & modularity: preserving phenomena and structure

function 
A

function 
B

function 
C

concept 
A

concept 
B

concept 
C

problem world

solution world

in
di

vi
du

als
re

lat
io

ns
hi
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tio
ns

ob
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ct
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s
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at
e 
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ns
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ns

let’s chat! 
dnj@mit.edu



backup 
slides



coupling & cohesion









structuring goals 
& their implications



independent work 
design, build & test independently 

minimal context or ordering constraints

perfect modularity 
no dependencies, even interfaces 
no fragmentation of functionality

implies

X



reuse of designs and code 
development becomes assembly 

seal audited components
factor the familiar 

don’t taint with app-specific features 
no conflation of functionality

implies



code 
structure

problem 
structure

what you see is what it does 
code directly describes behavior 

behavior in code matches behavior in world

avoid behavior-obscuring patterns 
callbacks, factories, proxies

eliminate artifacts 
collection classes, internal events

make coordination explicit 
action rules, not hidden calls

base code on behavioral phenomena 
individuals, relationships, actions

implies



object-oriented 
thinking shapes 
many systems





https://github.com/winterrrrrff/realWorld-server





Comment 
routes

Comment 
controller

Comment 
model

Tag 
routes

Tag 
controller

Tag 
model

Article 
routes

Article 
controller

Article 
model

User 
routes

User 
controller

User 
model

routing layer 
encapsulates 

HTTP

controller layer 
encapsulates 
business logic

model layer 
encapsulates 

database storage

an object-oriented architecture



router.post('/:slug/favorite', verifyJWT, articleController.favoriteArticle); 
router.delete('/:slug/favorite', verifyJWT, articleController.unfavoriteArticle);

Article 
routes

Article 
controller

Article 
model

favoriteArticle = asyncHandler((req, res) => { 
    loginUser = User.findById(id).exec(); 
    article = Article.findOne({slug}).exec(); 
    loginUser.favorite(article._id); 
    updatedArticle = article.updateFavoriteCount(); 
    ... });

Article = new mongoose.Schema({ 
    favouritesCount: {type: Number, default: 0}, ... }); 
 
Article.methods.updateFavoriteCount = function () { 
    favoriteCount = User.count({favouriteArticles: {$in: [this._id]}}); 
    this.favouritesCount = favoriteCount; 
    return this.save(); }

favoriting an article (part 1)



User = new mongoose.Schema({ 
    favouriteArticles: [{ 
       type: mongoose.Schema.Types.ObjectId, 
       ref: 'Article'}],...}); 

User.methods.favorite = function (id) { 
    if(this.favouriteArticles.indexOf(id) === -1) 
        this.favouriteArticles.push(id); 
    // const article = Article.findById(id).exec(); 
    // article.favouritesCount += 1; 
    // article.save(); 
    return this.save(); } 

User 
routes

User 
controller

User 
model

an favoriting an article (part 2)


