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Group Project



Group Project

e You will work in teams of 3—4 on a real open source codebase
o Teams have now been formed (see “Canvas > People > Groups”)
o If you didn’t pick a team, we automatically put you into one

e Each individual will tackle one feature request on the codebase
o The features will be shortly visible on the course mirror of the codebase
o You will need to build a high-level understanding of the codebase, explore the design space
and consider tradeoffs, and implement your changes while working around and refactoring
existing code

e Teams will need to coordinate and integrate all of their changes into their
own copy of codebase



Group Project: Extend a Real System

e Workin a team of 3—4 on an existing open-source codebase

e Each person takes one feature request: understand the relevant
code, explore alternatives, and design and implement a change

e Improve the existing design so your feature fits and similar changes
become easier

e Combine your team’s changes into one working version



Group Project: Getting Started

e Teams are listed under Canvas — People — Groups
e Each teamis assigned a repository; every repo has an assigned TA

e Feature requests will appear as issues on the course copy of your
repository

e Each person claims one request; the team works together in its own
fork. Don’t submit your changes to the course copy!

e Reach out to your TA for questions about the repository and requests



Group Project: Timeline

e Sept 27: Explain your proposed design, alternatives, and checks

e Sept 28: Review other teams’ designs and use their feedback to
revise yours

e Oct 4: Submit your implementation, evidence, final RFC, and slides

e Oct 5 & 7: Explain and defend your decisions =

You work as a team, but you are graded individually.
Be ready to explain your own design, code, and evidence.



Sit with your project team

Find your team: Canvas — People — Groups
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Project Teams 4—6: Excalidraw

@ excalidraw.com
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roject Teams 7-9: OpenCode

DnErlEunE GitHub Docs Data Zen Go Enterprise

® @ ® M oc|Homepage button color change in repo ...

# Homepage button color change in repo workflow

The Open source AI coding agent Find the homepage button and make it blue

Free models included or connect any model from any provider, I'1l search for the homepage button in the codebase.

including Claude, GPT, Gemini and more.

Let me search more broadly for buttons and home-related elements:

Cisncorecat/va/dusiatl I found several "Home" links. Let me look at the most likely candidates - the 404 pages and the

header component which have "Home" links:

I found "Home" buttons/links in multiple locations. Let me ask which one you want to modify:
Inplansating igaup spe-velidote ~ Asking questions...

Build

Claude Opus 4.5

esc ctrl+t




Get Your Project Running

e Clone your assigned course repository

e Follow its development setup instructions to install dependencies
e Start the app locally if installation finishes

e Aim for one running instance per team first

e If you get stuck, record the command and error for your TA

https://github.com/orgs/CMU-17695/repositories
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You will never understand
the entire system!



Why? Because of Tacit Knowledge




Today: How to Tackle New Codebases

« Goal: develop and test a working model about
how (part of) a system works

essentially,
W all models are wrong,
,\ but some are useful

George E. P. Box

« Working Model: an understanding of the
pieces of the system (components), and their
interactions (connections)

* How to quickly build, test and refine models
» explore various tools, tips, and techniques



Program comprehension strategies

Novice Expert

* Reads code line by line * “Top down”

* Revisits same code repeatedly * Recognizes patterns

* Trial and error * Forms hypotheses

* Only tests “happy path” » Checks up/downstream

consequences



Observation: Software is full of patterns

. self.file

- File structure D e
« System architecture

self.file. "
self.fingerprints.

 Code structure e

o ot 3
of 'fr'mm_settingS(‘ ‘5 s o, I e
deT iebug - settings. -

¢ NameS . cls(job_dir(settingshs

regue? n

google/styleguide o ref,,_,,.fstisfeim;‘f_. ; —
Style guides for Google-originated open-source fp fp:’e .SeA[f.fwrp'w‘;

. " mm ﬂ\ﬂji‘:ﬂls 3 (' ‘
self.finge:‘prints. yadltp
self.file: . . ‘
e sel ,".f'ﬂe.wrm»(fp o8 . | bl
5
s Fork L 2 17 e
¢_fin erprmt(se\ 0 »
def reQuest_;:Equ%St—{ s s



Observation: Software is massively redundant

* There’s always something to
copy/use as a starting point!




Observation: Code must run to do stuff...



Observation: If code runs, it must have a beginning...




Observation: If code runs, it must exist...




How to build, test, and refine mental models

Examine Probe Modify
artifacts running system code, rebuild,
without to observe and assess

running code behavior iImpact



How to build, test, and refine mental models

Examine Probe Modify
artifacts running system code, rebuild,
without to observe and assess

running code behavior iImpact



Can code be examined, probed, and modified?

White-box Grey-box Black-box

Source code built locally Binaries running locally Server-side apps running remotely
4 examine Open Source Closed Source Open Source  Closed Source
4 probe 24 examine @ examine 4 examine
4 modify 4 probe 4 probe probe Talk to NSA

v]
@ modify * @ modify * @ modify



Creating a model of
unfamiliar code

Source code built
locally



Activity: Get Your Bearings

1. Get the course copy running locally with your team.
2. Try your assigned behavior in the running app.
3. Find the code that controls it. What supports your choice?

Repository Behavior to investigate
Audiobookshelf = The skip-forward button during playback
Excalidraw Choosing a rectangle’s stroke color

OpenCode The placeholder text in the prompt input

Get one local instance running first; investigate together. Record commands and blockers.

Audiobookshelf sample MP3: “Carefree” — Kevin MaclL.eod (incompetech.com)

E . ibution « Li | i




How to build, test, and refine mental models

Examine Probe Modify
artifacts running system code, rebuild,
without to observe and assess

running code behavior iImpact



How to build, test, and refine mental models

Examine
artifacts
without

running code



Examine artifacts to build a mental model

@ Ask

 How do we build / test / run it?

* How is this system structured?
* Where are the entrypoints?

* Where are the seams?
Can we probe them?

» Where is data persisted?
» What technologies does it use?
» What are its stated features? Limitations?
* Is the project active?

Q Scan

» Source: code
 Build/CI: package.json, Docker, workflows
» Config: env vars, config.json, ...
* Docs: README, Documentation
» History: commits, issues, PRs, projects

€2 Goal

* a build/run command
* an entry point that you can target

« a seam that you can probe




Tip: Configure and use your IDE to its full potential

[ ] &~ 2 nodebb [Dev Container: NodeBB @ desktop-linux] S~

* Right click on code to learn more
 variables, functions, classes, modules, ...

* Go to Definition, Go to References, Rename Symbol,
Refactor, ... e

EXPLORER - apijs x m

¥ v o oD e

~ NODEBB [DEV CONTAINER: NODE. SIC > routes > apijs > @ <unknown>
> devcontainer ‘use strict';
> docker
> github

const express = require('express');
> .husky

const helpers = require('./helpers');

B

1
2
3
4
5 const uploadsController = require('../controllers/uploads');
6
7
8
9

> build
> install mcdule.exaorts = function (app, middleware, controllers) {
Fe > log: const middlewares = [middleware.autoLocale, middleware.authenticateReques
> node_module: 10 const router = express.Router();
> public 11 app.use('/api', router);
~ src 12
) H > activitypub 13 router.get('/config', [...middlewares, middleware.applyCSRF], helpers.try
nstall and expiore Xtensions "
» 15 router.get('/self', [...middlewares], helpers.tryRoute(controllers.user.g
. . . . Z c“fhe 16 router.get('/user/uid/:uid', [...middlewares, middleware.canViewUsers], h
» Redis, ESLint, OpenAPI Editor, LiveSh ‘ Lusernae, L...n - -
e IS, In y en I O r’ Ive a re y snn cl 17 router.get( /user/usernamel.t}semams ’ .[. ..middlewa res, middlewa rs..can\ue
colorsis 18 router,get('/user/email/:email', [...middlewares, middleware,canViewlsers
indexjs 19
manage.js 20 router.get('/categories/:cid/moderators', [...middlewares], helpers.tryRo
package-install js 21 router.get('/recent/posts/:term?', [...middlewares], helpers.tryRoute{con
reset.js 22 router.get('/unread/total', [...middlewares, middleware.ensureLoggedIn],
running.js 23 router.get('/topic/teaser/:topic_id"', ..middlewares], helpers.tryRoute(
setupjs 24 router.get('/topic/pagination/:topic_ , l...middlewares], helpers.tryRo
upgrade-plugins.js 25
upgrade s 26 const multipart = require('connect-multiparty');
“:’"J: 27 const multipartMiddleware = multipart();
~ controllers .
3 sccounts 28 const postMiddlewares = [
- 2 | middlawars maintananraMada
D CELLEED OUTPUT  PROBLEMS  PORTS @) TERMINAL  DEBUG CONSOLE 1 ox
> admin
5 write port Forwarded Address Running Process Qrigin
a04js ®  NodeBB (4567) 7 Dev Cantainers
accounta.f * 6379 localhost:6379 redis-server “:6379 (472) Auto Forwarded

@ adminjs

{g} > TIMELINE

> QUTLINE

NodeBB @ deskiop-linux [ UCTINRRRTLIVL VS ¢ Peter Jaszkowiak (8 years age) | & Ln8,Col10 TabSize:4 UTF-8 LF {} &



Tip: Consider documentation and tutorials judiciously

GitHub

nodedB  Getting Started

©vads 14Tk ¥ 29k

or op ed geveropme € MOJess tearm (and many of the plugin authors) Use G a

NodeBB Documentation of their workflow. The pre-requisite dependencies are installed with NodeBB during the npm Table of contents

* Info on how to build the system, its
depe ndencies’ and how to use it s sty Liiaphabime ittt st wate

Configuration * Once installed, you can simply run grunt to build all assets and run NodeBB. Grunt will also Selective building of assets
watch for file changes and selectively build a subset of NodeBB's assets so there is no need to

H H H Development h hop back te the console to stop NodeBB, build, and restart NodeBB Testing
« Great for finding entry points

Quickstart plugin Alternatively, you can run grunt --skip , which skips the build step and simply runs Node88

Federation (v4) > 1t

Read API Reference © with file watching enabled

Write API Reference

Plugins > Testing
Themes >
Writing Widgets for Node8B In order to run tests on NodeBB, add the following block to your config.json file:
Database structure
Internationalisation (i18n) “test_database”: {
"hest”: "127.8.0.1",
Style Guide “port®: 27017+,
Admin Panel > username”: "
FAQ “password”: "
“database”: “test

Run the whole suite of tests via npm test or an individual file via npx mocha

+ A\ Often out of date! Treat as a
starting point rather than truth

config.json file:

“test_plugins”: [
“nodebb-plugin-xyz

)



Tip: Use Al to explain parts of the code — but be careful

» Ask specific questions about a behavior or change you need to
understand

* Request files, functions, and call paths that support the explanation

 Ask it to distinguish verified findings from assumptions

 Follow the references and check important claims with tests or probes

» Use Al to develop your understanding. You should be able to explain the
code yourself

@ Gemini ‘d &



Activity: Examine the System

Work as a team. Trace one behavior in your running course copy.

e Audiobookshelf: the skip-forward button during playback.
e Excalidraw: choosing a rectangle’s stroke color.
e OpenCode: the placeholder text in the prompt input

Search the source; follow references to a likely handler or component.

Sketch a small model: user action — code — visible result.
Be ready to show the file/function and one assumption to test.

https://github.com/orgs/CMU-17695/repositories
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How to build, test, and refine mental models

Probe
running system
to observe
behavior



Probe to test your mental model

& Hypothesis > Experiment

Introduce a probe to observe the system at a
given seam or entry point

Use the observed behavior to confirm or
refute your hypothesis

Gradually build confidence in your
understanding of system behavior

Example:
When | click X, handler Y runs
- Set a breakpoint in Y then trigger X

il Probes & Triggers

» Add breakpoints, logpoints, and step
Logging: ./nodebb dev

Print statements

Bruno / Postman / curl / httpie
Database viewers

€2 Goal

» One confirmed or refuted hypothesis
* One short note (trigger = code path - signal)
* One next probe or modification


https://code.visualstudio.com/docs/debugtest/debugging#_breakpoints
https://code.visualstudio.com/blogs/2018/07/12/introducing-logpoints-and-auto-attach#_introducing-logpoints

Tip: Instrument the source code

* Print debugglng console.log('Administrator found, skipping Admin setup');

* Quick and easy
« Cons: need to rebuild + restart; easy to commit by accident

winston.warn( Flooding detected! Calls : ${socket.callsPerSecond}, Duration : ${socket.elapsedTime} );

» Structured logging
« Add levels, timestamps, and context; better for collecting data in deployment

e Cons: need to rebuild + restart

* Debuggers
* Inspect locals, call stack, evaluate expressions

» Add breakpoints as you go; no need to rebuild + restart
* No changes to the code means no risk of accidental changes
» We will explore the debugger in more depth later in the course L




Tip: Use developer tools in the browser to spy on traffic

« Spy on web traffic while
you use the app

nnnnnnnnnnnnn

« Chrome DevTools (also o
used by Brave)

* Firefox Dev Tools

» Safari Web Inspector

 Bonus: Use Bruno,
Postman, httpie, or curl to
trigger API requests



https://developer.chrome.com/docs/devtools/
https://developer.chrome.com/docs/devtools/
https://firefox-source-docs.mozilla.org/devtools-user/
https://firefox-source-docs.mozilla.org/devtools-user/
https://developer.apple.com/safari/tools/
https://developer.apple.com/safari/tools/
https://www.usebruno.com/?ref=apisyouwonthate.com
https://www.postman.com/
https://httpie.io/
https://curl.se/

Activity: Probe the System

Test the model you built during Examine.
Predict: “When we do X, this code runs and we observe Y.”

Add a breakpoint or log at the location you identified.
Trigger it: skip forward, choose a stroke color, or open the prompt.

Inspect the values: seek time, selected color, or displayed text.
Compare your prediction with the result; revise your model if needed.

Be ready to show: trigger — code location — observed evidence.



How to build, test, and refine mental models

Modify
code, rebuild,
and assess
iImpact



Modify code to validate your model

Plan and execute your change .| Assess impact
* What behavior should change if your model  Did the predicted signal change?
is correct?

« If yes, your model holds for now.

« What's the simplest change that you can - If not, you need to revise it.

make?
» What signal can you observe? (user
interface, API, logs, database, test case) Q Goal
* One change with a clear effect
» Rebuild the code and see what happens! » A note of what it confirms or refutes

- Tip: delete debugging is a powerful tool * Anext step (examine, probe, modify)



Activity: Modify the System

Make one small source change based on your model:

e Audiobookshelf: make the skip-forward button advance 5 seconds.
e Excalidraw: change the default stroke color for new rectangles.
e OpenCode: change the prompt placeholder to “What shall we build?”

Predict the result, make the edit, then rebuild/restart as needed.
Repeat the same action. Did the predicted behavior change?

Be ready to discuss your edit, its effect, and what you learned.



What needs to change in the design?



(> Why not just ask Claude to make the change?

42



Internal Quality External Quality

Is the code well structured? Does the software crash?
Is the code understandable? Does it meet the requirements?

How well tested is the code? Is the Ul well designed?



Technical Debt

Any software system has
a certain amount of
essential complexity

Cruft causes changes
required to do its job...

to take more effort

a & @
a s

... but most systems
contain cruft that makes it
harder to understand.

The technical debt metaphor treats the
cruft as a debt, whose interest payments
are the extra effort these changes require.

https://martinfowler.com/bliki/TechnicalDebt.html

44



Internal quality makes it easier to add features

the cruft means new features

+ * :
If we compare one L ] take longer to build
; +

system with a lot of 9% 90000008 0088 008 000808
-+

Cruft... ++
+ ‘-'H'-’
+ &
+ 2 tris extra time and Ifﬂ;f:'."r 15

the cost of the cruft, paid

With eqach new feature

...to an equivalent

free of cruft, features can be
added more quickly

45



High internal quality is an investment

A high internal quality

cumulative
functionality

but delivers more rapidly
(and cheaply) later

software with high internal
quality gets a short initial
slow down I

low internal qualit

e |

|
|
|
| time

this point occurs in
weeks (not months)

46



Refactoring is the process of modifying existing code
without changing its external behavior

H B
= B
[]




Where should | start?




Why are you refactoring?

Performance
Where are the bottlenecks? Is there low-hanging fruit?

Technical Debt
Where is the bulk of complexity? Where are the smells?

Modernization and Feature Extensions
What is your goal? What are the least changes required?

@



Beware the Allure of Clean Code!
everything has an opportunity cost




Instead: Scope your ambitions
don’t go on a boundless refactoring quest

o0

Identify Milestones and Time-Boxed
Boundaries Success Criteria Experiments

L
C.J

XLXS




Break down large changes into many smaller ones
Use tests to avoid introducing regressions into the

Jadojanag
gz
oo
38

4
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e 3
2
:é: .

0 it Use version control and Cl to maintain
g a working version of the project




Preparatory Refactoring
reduce the risk of major refactoring ahead of time

...50 it can be faster to drive a short
distance in the wrong direction to
reach the fast highway

(o
e o destination

WM%

The direct route to vour destination
0y CX ) ® 00
may be a slow, winding road... @

start



Preparatory Refactoring
reduce the risk of major refactoring ahead of time

Kent Beck & X
@KentBeck - Follow
for each desired change, make the change easy (warning:
this may be hard), then make the easy change

7:07 PM - Sep 25, 2012 9

® 19K @ Reply (2 Copylink

Read 22 replies



Aside: Refactoring Workflows



Refactoring as part of Test-Driven Development (TDD)

® Make it work: Make the failing
G reen test pass (go green) by

implementing the necessary

functionality simply but crudely.

Test-Driven Development
(TDD) is often described
in terms of the red-

© Add a Test: Use specification by Red
green-refactor cycle

example by adding a test for yet-to-
be-built functionality. This test will
fail, making the test suite red.

Refactor

© Make it Clean: Use refactoring
to ensure the overall code base is
as clean and well-designed as
possible for currently-implemented
functionality.

https://martinfowler.com/articles/workflowsOfRefactoring /#tdd


https://martinfowler.com/articles/workflowsOfRefactoring/#tdd

Core Idea: Two Hats of Software Development

Refactoring

When refactoring every change you make
is a small behavior-preserving change. You
only refactor with green tests, and any test
failing indicates a mistake. By stringing
together a series of small changes like this
you can move mare quickly and with less
risk because you shouldn't get trapped in
debugging.

Adding Function

Any other change to the code is adding
function. You will add new tests and break
existing tests. You aren’t confined to
behavior-preserving changes (but it's wise
to keep changes small and return to green
tests swiftly),

During programming you may swap
frequently between hats, perhaps every

couple of minutes. But...

You can only wear one hat at a time

https://martinfowler.com/articles/workflowsOfRefactoring/#2hats


https://martinfowler.com/articles/workflowsOfRefactoring/#2hats
https://martinfowler.com/articles/workflowsOfRefactoring/#2hats
https://martinfowler.com/articles/workflowsOfRefactoring/#2hats

Workflow: TDD Refactoring

Separating refactoring keeps work focused

While making the test work, we can
focus just on the problem of adding
the new functionality, without

G reen thinking about how this
- functionality should be best
{ structured.
Red * >

@ Once things are working we can

now concentrate on good design,
while working in the safer

REfa Cto r refactoring mode of small steps on

a green test base.

| call this kind of refactoring workflow:

TDD Refactoring

https://martinfowler.com/articles/workflowsOfRefactoring/#tdd-hats
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Workflow: Litter-Pickup Refactoring
Improve quality by resolving small issues as you develop

’ Eww - this code's pretty awful

As we work with a code base, we'll often This is often referred to as the camp site
run into messy areas of the code base, rule, Always leave the code better than
Maybe they were written by a less capable when you found it.

developer, or by a usually capable
developer on a bad day, or we didn't
understand how to do it properly six
months ago....

Whatever the reason, by cleaning up code
as we work in it, we make things quicker
for us the next time we need to work with
it. Perhaps even make it quicker to change
Now.

https://martinfowler.com/articles/workflowsOfRefactoring #litter-pickup
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Workflow: Comprehension Refactoring
Refactor the code to make it easier to understand

, What's this block of code doing?
, It's squishing the fibbly-bar.

So should we extract it into o
squishFibblyBar function?

Good programmers value code that is easy
to understand, and thus cheap to use and

modify. But clear code, like clear writing, is Ward Cunningham explained it like this.
hard to do, Often you can only tell how ta when_ever_yau have to I"s,g_u re out what
make it clear when someone else looks at code is doing, you are building some
it, or you come back to it at a later date. understanding in your head. Once you've

built it, you should move that

understanding into the code so nobody

has to build it from scratch in their head

again,
(You could argue that since Incomprehensible
code is bad code, then comprehension

refactoring is a form of litter-pickup, | think of
them as different since the trigger is different.)

https://martinfowler.com/articles/workflowsOfRefactoring/#comprehension
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Opportunistic Refactoring

Litter-Pickup and Comprehension

Y Get to
GFEE'I'I

Finish adding —
l—) feature I

———']See oo Refactoring are opportunistic refactorings
code

For both of these you spot a problem while working on something else.
Hence they share a common flow of actions.

Clean F:nish adding
pro hlem feature

Clean @
problem |

w

https://martinfowler.com/articles/workflowsOfRefactoring/#opp -flow
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Workflow: Preparatory Refactoring

If anly we'd built this class with this
block of code factored out into a
hook function, then this new feature

would be easy.

,l Add new ,
feature

Often you start working on adding new
functionality and you realize the existing
structures don't play well with what you're
about to do.

In this sitwation it usually pays to begin by

By making this change with your
refactoring hat on, you can make the new
functionality change much easier. Often
this pays off to the the level that the
overall change is faster than if you tried to
add the change without the preparation.

Refactor to
a good fit

refactoring the existing code into the
shape you now know is the right shape for

what you're about to do. A common analogy for this is prep work

befare painting. Scraping the surface and
taping the edges isn't doing the painting,
but often makes the actual painting go
§'=: Kent Beck @ v fasl:er - and results in a longer lasting paint
W @kentBeck Jeb,
for each desired change, make the change easy
(warning: this may be hard), then make the easy change



How do | avoid breaking things?



Safe Refactoring: Change > Test > Commit
how can you verify that you didn’t break things

@

Identify Make Verify
Issue Changes Changes




Wait a minute! What about testability?
| don’t have tests and the code is too difficult to test
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Testing Pyramid Orthodoxy
Unit tests are traditionally preferred over E2E tests

-~ $$9%

Brittle, Slow, Expensive,
Imprecise

Fast, Cheap, Precise

=

https://martinfowler.com/bliki/TestPyramid.html



Characterization Testing (Snapshot Testing)
use existing code to create E2E test oracles

e Test system under different scenarios. Use the 'm
concrete output of existing system as oracle.

e A good fit for systems that have easily observable,
synchronous input-output behavior

e Assumes a fixed, unchanging environment is used
during both characterization and test runs.

e Assumes deterministic test outcomes!



Characterization is a form of Differential Testing

Use an existing, functionally-equivalent implementation as a reference
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Characterization is a form of Differential Testing

Alternatively, we can use an older, correct implementation
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Flip and fill the testing pyramid as you refactor
use characterization tests to generate faster tests
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Use continuous integration and precommits!
you shouldn’t need to manually run tests and lint
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Key Takeaways

e Understanding unfamiliar code means building and testing a working model through
examining artifacts, probing behavior, and making small experimental changes

e Internal quality affects how easily we can understand and extend a system;
technical debt adds effort to future changes

e Refactoring improves the structure of existing code without changing its observable
behavior, making new features easier to implement

e Safe refactoring relies on checks of existing behavior and small, verifiable steps, with
scope guided by the change we need to make
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