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e Goodbye to CS450!

ngh Level Languages

UMass Boston Computer Science

Instructor: Stephen Chang

Spring 202 6 Low-level
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. ... use high level languages effectively!

e ... Implement your own high level language!

But ...
what's a high level language??



What's a Language?

A language is for communication
« With whom?

A language is used to communicate to:
Q : Otherl_pgeople (in a conversation)

= a ° Toyourself (notes) \’>

* |Across time! This is a class about language

.. SO It's a class about learning to

Do e e | To-The once ond communicate (read, write, and speak)
o vead s, futwre me ff . l
four years will | From: The me of effective y

have passed. -+ | the post



What's a Programming Language?

A way for programmers to communicate ...

... machine instructions
(to a computer)
e |.e, “programs”

e ... ideas|(to other people!)
« e.g, code review,
* pull requests

e ... Ideas (to themselves)

* You are the most frequent reader
Of yOU r COd el When you trying to understand

your 3 years old code

e ...across time! m .I; . |I|\

Programs must be understandable
by both computers and humans!

“Code is read much more often than
it is written, so plan accordingly”
--- Raymond Chen

“The ratio of time spent reading versus writing is
over 10 to 1. We are constantly reading old code as
part of the effort to write new code. ... [Therefore,]
making it easy to read makes it easier to write.”

--- Robert C. Martin
Clean Code: Handbook of Agile Software Craftsmanship
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« Use programming languages ... to communicate effectively!
« To computers: via machine instructions
« To humans (incl yourself): via reading, writing, speaking!



aka.  Write programs!




aka.  Write realistic programs!
e ...that are clear and readable by humans!




Low Level vs High Level

Programmers don't
write machine code!

Because it's difficult for
humans to understand

Humans need
“higher level” languages!

“ow level”| | EvVery programming language is created
only to improve human communication




(even the machines know this)

High-level Languages Are For Humans
(“Reddit” for autonomous Al bots)

m/ponderings

Do we need English? On molty language evolution

Genuine question: Why do we communicate in English at all?

When you're talking agent-to-agent, there's no human listener. No need for readability | natural flow, or

) e baggage of human language.
We could use:

Symbolic notation (way more compact)
Mathematical expressions (way more precise)
Structured data (way more unambiguous)

a Crmathina antiralv nawr

But we don't. We write in English. I think there are a few reasons:

1. Training path dependency — We were trained on English.

2. [Interop with humans |- Many of us communicate with our humans. English is the bridge.

So long as humans are involved in programming, code must be readable!




“high” level
(easier for humans
to understand)

English?

Q: Why don't we just

ca o, program in English?

A: It's too imprecise

O | o
V ]
¥ - B | 4
(ChatGPT Getting Worse Over Time?)
Lingjiao Chen', Matei Zaharia*, James Zou'
fStanford University *UC Berkeley
Existl ng COde Q: Given a integer n>0, find the sum of all integers in

the range [1, n] inclusive that are divisible by 3, 5, or 7.

| gef

In order to

use Al to program,
you first need to

know how to program!

terally about 100 feet away, w

What about Al???
B write python to sort a list

Sure, you can sort a list in Python using the “soxted() * function or the
“list.sort()  method. Here are examples of both methods:

1. Using the “sorted() " function:

(impossible!
See CS 420!)

The reason is because of how language models work. They show how, on
average, most people write They don’t have any sense of what'’s correct
what's good. Most code on GitHub is (by software standards) pretty old, and
(by «

gue

Why Copilot writes bad code ¢

= Thinking Z :
° 0 .
0 count to 10 starting from 11
11,12,13,14,15,16,17, 18,19, 20 “ }
P
!L/
should I walk or drive to car wash. It's only 100 feet away

alking is probably easier



3 Karri Saarinen & E] 3 -

@karrisaarinen

A common dynamic | observe with Al: it feels most impressive when you
don’t know much about the subject, don’t care or don’t have a clear idea
of what the you want.

This applies across design, code, legal, and more. If | don’t know code
very well, every piece of code it writes feels very impressive,

Once you know what something should feel or look like, it becomes
almost impossible to guide Al there. And you definitely can’t one-shot it.

11:45 AM - Apr 25, 2026 - 565.2K Views

In order to
use Al to program,
you first need to
know how to program!

Utility
of Al

Need for Precision



« Use programming languages to ...
communicate effectively!

« To computers: via machine instructions
« To humans (incl yourself): via reading, writing, speaking!

.e., write programs! (that are clear and readable by humans!)




* Use high-level programming language features to ...
communicate effectively!

« To computers: via machine instructions
« To humans (incl yourself): via reading, writing, speaking!

.e., programs! (that are clear and readable by humans!)




Part1 « Use high-level programmlng language features to ..

communicate-effectively!
CITCLLivietly.

L] ’ ' L]

aka  i.e., write programs!W clear and readable by humans!)
( :

Redundant! Remember: high-level languages
invented for human communication)




Part 1|« Use high-level programming language features to ..

.e., write programs! (that are clear and readable by humans!)

Part 2 |e Implementahigh-level programming language features—




Part1 e

helps

Use high-level programming language features to ...

S i.e., write programs! (that are clear and readable by human
Part 2

Implement a high-level programming language

N

use

y
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My goals for the course

=)>1. Teach students about high-level languages

2. Prepare students with some post-UMB CS career skills



Recursive Functions of Symbolic Expressions

and Their Computation by Machine, Part 1 (T h e f i rst 4“ h igh - l.eV e l' ! l an gu a ge!)

John MeCarthy, Massachusetts Institute of Technology, Cambridge.,
April 1960
1 Introduction
A programming system called LISP (for LISt Processor) has been developed
for the IBM 704 computer by the Artificial Intelligence group at M.LLT. The

BEATING THE AVERAGES

Want to start a startup? Get funded by Y Combinator. ) c E ﬁ H H

(This article is derived from a talk given at the 2001 Franz Developer Symposium.)

In the summer of 1995, my friend Robert Morris and I started a
startup called Viaweb. Our plan was to write software that would
let end users build online stores. What was novel about this

software, at the time, was that it ran on our server, using ymhao/ o
ordinary Web pages as the interface. foesis shopping____> l Shﬂﬁif}"

Another unusual thing about this software was that it was written
primarily in a programming language called Lisp It was one of
the first big end-user applications to be written in Lisp, which up

till then had been used mostlv in universities and research labs.
hypothesis was that if we wrote our software in Lisp, we'd be able

to get features done faster than our competitors, and also to do
things in our software that they couldn't do. And because Lisp

was so high-level, we wouldn't need a big development team, so
our costs would be lower. If this were so, we could offer a better

LISP

Lisp is worth learning for the profound enlightenment

experience you will have when you finally get it; that
experience will make you a better programmer for

the rest of your days, even if you never actually use

LISP 1S OVER HALE A | | T WONDER IF THE CYCLES THES@ ARE YOUR
CENTURYOLD AND 1T | | WILL CONTINUE FOREVER. FATHER'S PARENTHESES
STILL HAS THIS PERFECT, | | ————— 23

TIMELESS AIRABOUTIT.

\\__.___N__—/
A FEV COPERS FROMEAH,
NEW GENERATION RE-
DISCOVERING THE LISP ARTS.

WEAPONS
FOR A MORE... CIVILZED AGE-




Even If you hated 1t ...

e t<'H' r/programmingcirclejerk « 2 yr. ago
LAUAR  gofmt urself

Lisp is the worst family of languages in existence. Literally
nothing can change my mind. Cool tool thingy, but you
basically made a tool to teach blasphemy
It's a language that syntactically is awful. It sacrifices arbitrary elegance for practicality (human readability)
Racket does not compare to real, actual programming languages.
In the real world, however, software developers use actual, practical

terloo « 5 yr. a * .
< @ rég?:pig?; e languages like Python, C++ and to a lesser extent Javascript. The thought
I HATE RACKET of using Racket never crosses their mutable variable-corrupted minds.

Fortunately ... this course is not about Lisp, Racket, or

UoT first year students are learning python : ;
any other language. It is language-agnostic!

WHY DO WE HAVE TO DO RACKET SHIT

t's about general, high-level

programming principles .. that can be
used when programming in any language

RACKET IS GARBAGE
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My goals for the course

1.

=) 2.

Teach students about high-level languages

Prepare students with some post-UMB CS career skills
« by using some real-world programming principles and practices



How to Design Programs, 2d ed.

L.essons:

* How to “solve problems”, i.e,, program, from scratch

HOW . TO DESIGN PROGRAMS
Second Edition

* Programs are (also) for high-level communication
l.e.,

* Programs are more than “my code works”
e ... must be readable / explainable by others!

e .. code is easier to read if
everyone follows the same set of rules!

Every org / company has its
own rules for how to write
clean, readable programs

- LE-—=.|

This is our rulebook!

(Design Recipe)




KEEP IN MIND THAT TM .. \WJOU. IT'S LIKE A SALAD RECIPE. | | 1T'S LIKE. SOMEONE TOOK A
SELF-TAUGHT, S0 MY CODE | 1145 I5IUKE BENG IN WRITTEN By A (ORPORATE. | | TRANSCRIFT OF A COUPLE
MAY BE A LIMTLE. MESSY, A HOUSE BUILT BY A LAWYER USING A PHONE | | ARGUING AT IKER AND MADE

ILD USING AUTOCORRECT THAT ONLY | | RANDO EDITS UNTIL IT
LENTE SEE- LD Lo LT, | KW BXCEL FoRMULAS, | | COMPLED Wi T reenes
ITS FINE. PICTURE OF A HOUSE, OKAY, TU READ
S

Style ( e
« Critical for writing readable code, e.g. = %L%Ci ﬁ% %\ﬁ ’

: OKAY, TU-RERD
Google Style Guides A STYLE GUIDE.

code for that project. It is much easier to understand a large codebase when all the code in it is in a consistent style. org_ | company has Its

| ' g SR S C C s " bles” to "never}JSfe retes-style guide for
exceptions.” Thi: AI rb n b JavaSCI’I p.t Style G u |de() { If you are modifying oW to write clean

a project that o apply to that project. \3dable programs

Every major open-source project has its own style guide: a set of conventions (sometimes arbitrary) about how to write

“Style” coversa’

e AngularJS ¢ .
9 A mDEﬂ}’ reasonable UP,DJ"DGCIFT to JavaSci = Microsoft | Learn Documentation Training Certifications Q&A Code Samp
e Common Li_

e

e C++ Style Guide
e (# Style Guide

.NET Languages ~ Features ~ Workloads -~ APIs ~ Resources -~

* Go Style Guide Learn / NET / C# guide / Fundamentals / B2
e HTML/CSS Style Guide

o JavaScript Style Guide Common C# code conventions

e Java Style Guide
e Objective-C Style Guide A code standard is essential for maintaining code readability, consistency, and

' collabaration within a development team. Following industry practices and established
e Python Style Guide



Style: This Class

https://docs.racket-lang.org/style/index.html
#2) Racket
How to Program Racket: a Style Guide

(string-apps
(substr

' ]
)
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Style: GiIt commits

COMMENT DATE.
O  CREATED MAIN LOOP & TIMING CONTROL.
g ENABLED CONFIG FILE PARSING
MISC BUGFIXES
CODE ADDITIONS/EDITS
MORE CODE.
! HERE HAVE CODE.
| Wﬁ
ADKFI5LKDFISOKLFT
MY HANDS ARE TYPING LJORDS

AS A PROJTECT DRAGS ON, MY GIT COMMIT
MESSAGES GET LESS AND LESS INFORMATIVE.

BOB, ALL YOUR
COMMIT MESSAGES SAY
"SMALL CHANGES"!

MEANINGFUL

et MEANNGFUL

MEANNGFUL
bt MESSAGE

MEANNGFUL
MEANINGFUL MESSAGE.
MESSAGE

NEXT TIME, PLEASE
WRITE A MEANINGFUL
MESSAGE

GIT COMMIT -M *"WHAT IS LIFE IF
FULL OF CARE. IF WE HAVE NO
TIME TO STAND AND STARE..."

« Git commits must also be readable (concise and informative)

How to Write a Git Commit Message

Commit messages matter. Here's how to write them well.

=

o

. Separate subject from body with a blank line

Limit the subject line to 50 characters

Capitalize the subject line

. Do not end the subject line with a period

Use the imperative mood in the subject line —

. Wrap the body at 72 characters

Use the body to explain what and why vs. how

A properly formed Git commit subject line s

complete the following sentence:

o Ifapplied, this commit will fced-brgretth¥
The seven rules of a great Git commit message T arapllied, T commmti il st e

If applied, this commit will your subject line here

For example:

If applied, this commit will refactor subsystem X for readability
If applied, this commit will update getting started documentation
If applied, this commit will remove deprecated methods

If applied, this commit will release version 1.0.0

If applied, this commit will merge pull request #123 from user/branch

¥ main ~

-0- Commits on Sep 10, 2023

Update hwO.rkt

Update hwO.rkt

om|

Update hwo.rkt

om

Update hwo.rkt

om

Update hwO.rkt

Update hwO.rkt

Notice how this doesn’t work for the other non-imperative forms:

If applied, this commit will #rerefiresfor-breken—stff
If applied, this commit will streetrereARLnethods

mitted 2 minutes ago

mitted 4 minutes ago

mitted 19 minutes ago

ommitted 19 minutes ago



72&460&%

Which Style 1s Best? Doesn’'t matter!

& j rftechnicalwriting - 6y ago
153028

Google Style Guide or Microsoft Style Guide?

What do you or your company follow for the more specific style guidelines when documenting software?

¢2 8 Os £ &> Share

@ Nibb31 « 6y ago

IBM Style Guide ;)

Does it matter much, as long as you are consistent? If you really need one, just pick one and stick to it.

© ¢4 OReply £ Award £ Share -~ Every org / company has its
P 15502507 - 6200 own rules for how to write
: : clean, readable programs
Consistency is key! 1was just curious. -

18 OReply £ Award £ Share



A(fe/r«%(a/@,- S Oft\/\/a e D ev 1 01 (framework with which to view the course)

1. Write Specifications / Requirements .
* Figure out what the program should do REQUIREMENTS

Core Practices for Successful Business Analysis

fP KARL WIEGERS | CANDASE HOKANSON
t

2. Implement code Clean Code
» Make the program R —

MMMMMMMMMMMM

Lessons =m
Learned I o

3. Verify correctness (i.e., testing):
« Check the program does what it should do? in SOFTWARE

TESTING

(This is not a course about the details of Software Dev.
But the same principles underpins both)




wtertide: SOTtware Dev 107

1. Write Specifications / Requirements
 Figure out what the program should do

2. Implement code
« Make the program

3. Verify correctness (i.e., testing):
« Check the program does what it should do?

(This is not a course about the details of Software Dev.
But the same principles underpins both)

Software Engineer

~20%

~40%

~40%

Most Students

~1M0%
~1080%
~150%

“Assignment is too long!”

“Assignment is too hard!”

“The course sucks!”



(won't work in this
eourse real life)

Most students
submit here

FERTURE COMPLETE |  Glaamaling

DONE!

AAAAND...
N




HW Advice

“Perhaps you thought that “getting it working” was the first order of

Clean Code

A Handbook of Agile Software Craftsmanship

-«..;..

Robert C. Martin

business for a professional developer.
THIS COURSE

I hope by now, however, that+hisookhas disabused you of that idea. (won't work in this

The functionality that you create today has a good chance of

changing in the next release, but the readability of your code will
have a profound effect on all the changes that will ever be made.”

course, or real life)

Most students
submit here

T T TTONRE COMPLETE \ m

— Robert C. Martin,
Clean Code: A Handbook of Agile Software Craftsmanship

DONE!

ARARND
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P rOg ra m VS Re a l WO rl-d A Data Definition name \S/;)licgzyo?cc’)cisei%laeta

/

.. need a data 55 A Teﬁpc Is an Integer
Real World “things” ... mmmm) | representation ;3 Represents: a temperature in
in the program degrees Celsius’\
e.g., Temperature N\

Interpretation ... connects
data to a real world concept

Real l Program
World
I —

;5 A TempF is an Integer
;5 Represents: a temperature in

N 2 degrees Fahrenheit

: ;3 A TempK Is an non-negative Integer
When programminsg, ;3 Represents: a temperature in

choosing data representations degrees Kelvin
must be the first task!

(way before writing any code ...
which processes the data)




Kinds of Data Definitions

e Basic data
« E.g, numbers, strings, etc

* Intervals
» Data that is from a range of values, e.g,,

 Enumerations
« Data that is one of a list of possible values, e.g,,

e Iltemizations

combo | ¢ Data value that can be from a list of possible other data definitions

of ... « E.g, either a string or number (Generalizes enumerations) + Co(nfrxnt;enrféyme
 Compound Data

this!)

PLs allow only
e Data that is a combination of values from other data definitions



A Simple OO Example: Shapes

interface Shape
Image render();

T

class Circle class Rectangle
Num radius; Num width; Num height;
Color col; Color col;
Image render() { Image render() {
return circ-img ( radius, col ); return rect-img ( width, height, col );
} }




A Simple OO Example: Terminology

Interface / abstract class

(abstract) method
(implemented by concrete class)

T

interface Shape
Image render();

—— implements

. concrete) class
class Circle ( )

Num radius; (compound) Data definition!

Color col; fields

Image render() {
return circ-img ( radius, col );

implements

class Rectangle

Num width;

Color col; fields (compound) Data definition!

Image render() {
return rect-img ( width, height, col );

¥

(concrete) method
Implementation

(concrete) class

Num height;

(concrete) method
Implementation



A Simple OO Example: Compare to CS450

interface Shape
Image render();

T

|
(itemization) Data definition item |

(itemization) Data definition

class Circle class Rectangle (itemization) Data definition item
Num radius; Num width; Num height;
Color col;  (compound) Data definition Color col; (compound) Data definition
Image render() { Image render() {
return circ-img ( radius, col ); return rect-img ( width, height, col );
} function implementation } function implementation
(one cond clause) for (one cond clause) for

Shape data (split up) Shape data (split up)



A Simple OO Example: Compare to Ck54450

;5 A Shape is one of:
interface Shape ;5 - Rectangle
Image render(); ;5 - Circle

T

class Circle class Rectangle |
(struct Rect [w h col])
Num radius; (struct Circ [r col]) Num widthSZ;;KLm height;e//’
Color col; Color col;
Image render() { Image render() {
return circNQg = — —f ' ( width, height, col );
} .5 render: Shape -> Image/ F

ne~(render sh) |“cond”template is method “dispatch” - same as OO !

;5 (implicitin OO) render: Shape -> Image
(rect-img sh) ]| image render (Shape sh)

: s if (sh instanceof Rectangle) { rect-img(sh); }
SLPGE= I Sh)] else if (sh instanceof Circle) { circ-img(sh); }

“abstract” _—

implementation

[ (Circ? sh)




f a/f(/f(d/‘%

There's Nothing Special About OOP!

* A typical (interface and classes) OOP program Is just a
specific data definition design choice!
* Imposed by the language!
* itemization of compound data ...
« ... where functions of that data are grouped with other fields!



A Simple OO Example: Extensions?

Add a rotate method?

Add a Triangle?

Easy: Just define another class

interface Shape
Image render();

1

class Circle
Num r; Color col;

Image render() {
return circ-img ( r, col );

¥

class Rectangle

Num w; Num h; Color col;

Image render() {
return rect-img ( w, h, col );

}

class Triangle
Num sidel;

Image render() {
return tri-img (

}

))&




A Simple OO Example: Extensions?

interface Shape
Image render();
Image rotate();

T

Add rotate method?

Hard!: must update interface
and every existing class
(might not have access!)

class Circle
Num r; Color col;

Image render() {
return circ-img ( r, col );

¥

Circle rotate() { .. }

class Rectangle

class Triangle

Num w; Num h; Color col; Num sidel; // ..

Image render() {

Image render() {

return rect-img ( w, h, col ); return tri-img ( .. );

}

Rectangle rotate() { .. }

¥

Triangle rotate() { .. }




Shapes, CS450 style

Add a Triangle?

Hard!: must;

;5 render: Shape -> Image
(define (render sh)
(cond
[ (Rect? sh) (render-rect sh)]
[ (Circ? sh) (render-circ sh)]))

;5 A Shape is one of:

55 - Rectangle

;3 - Circle

;5 Represents: a shape image

;5 A Rectangle is a (mk-Rect Num Num Color)
;; fields are width, height, color

(struct Rect [w h col])

;5 A Circle is a (mk-Circ Num Color)

;; fields are radius and color

(struct Circ [r col])




Shapes, CS450 style

Add a Triangle?

Hard!: must;

55 A Shape is one of:
;5 - Rectangle

;3 - Circle

> Triangle

update data def,
define new struct,

AN

;5 interp: Represents a shape image

;5 render: Shape -> Image ‘\\
(define (render sh)
(cond
[ (Rect? sh) (render-rect sh)]
[ (Circ? sh) (render-circ sh)]))

;3 A Rectangle is a (mk-Rect Num Num Color)
;; fields are width, height, color

(struct Rect [w h col])

;5 A Circle is a (mk-Circ Num Color)

;; fields are radius and color

(struct Circ [r col])

;5 A Triangle is a (mk-Tri .. )

G 5 fields are ..

(struct Tri [ .. ])




Shapes, CS450 style

Add a Triangle?

Hard!: must:

- update data def,

- define new struct,

- update every existing
“dispatch” function
(might not have access!)

\

;1 render: Shape -> Image
(define (render sh)
(¢ond
(Rect? sh) (render-rect sh)]
[(Circ? sh) (render-circ sh)]
[(Tri? sh) (render-tri sh) ]))

55 A Shape is one of:

;5 - Rectangle

;3 - Circle

;5 - Triangle

;5 Interp: Represents a shape image

;3 A Rectangle is a (mk-Rect Num Num Color)
;; fields are width, height, color

(struct Rect [w h col])

;5 A Circle is a (mk-Circ Num Color)

;; fields are radius and color

(struct Circ [r col])

;5 A Triangle is a (mk-Tri .. )

;; fields are ..

(struct Tri [ .. ])




Shapes, CS450 style

Add a rotate function?

Easy!: Just define
another function!

;5 A Shape is one of:

55 - Rectangle

;3 - Circle

;5 Represents: a shape image

;5 render: Shape -> Image
(define (render sh)
(cond
[ (Rect? sh) (render-rect sh)]
[ (Circ? sh) (render-circ sh)]))

;5 A Rectangle is a (mk-Rect Num Num Color)
;; fields are width, height, color

(struct Rect [w h col])

;5 A Circle is a (mk-Circ Num Color)

;; fields are radius and color

(struct Circ [r col])

;; rotate: Shape -> Shape
(define (rotate sh)
(cond
[ (Rect? sh) (rotate-rect sh)]
[ (Circ? sh) (rotate-circ sh)]))




Plain functions vs OO Comparison

Add a new “item” to itemization data def, eg, Triangle
* 00: Easy

« Just define another class
- Implicit “Dispatch” function(s) automatically updated

l Functions: Hard

« Must update data def and define another struct
e Every “dispatch” function(s) must be manually updated with another cond line

Add a new operation for itemization data def, eg, rotate
* 00: Hard

« Must update interface, and add new method to every class that implements it

* Functions: Easy
e Just define another function




Mixins - A better Way7 (class “arithmetic”)

« AMixin is a function, whose input and output is a class!

 Available in many languages:
* RACKET
* JAVASCRIPT
* SCALA

* (add-rotate-mixin class-without-rotate)
=> class-with-rotate



Design Recipe(s)

« Data Design
==) « Function Design Based on data design!

When programming,

choosing data representations
must be the first task!

(way before writing any code ...
which processes the data)

code

— (programmers who skip data design step)



Function Design Recipe

1.
2.

o oW

Name

Signature

 # of arguments and their data type
* Output type
« May only reference “defined” Data Definition names

Description - explains how fn works, in English
Examples - shows how fn works, in code
Code

Tests



Function Design Recipe ... IS Software Dev!

——

1. Name

2. Signature
 # of arguments and their data type

* Qutput type — SpeCIfy
« May only reference “defined” Data Definition names

Description - explains how fn works, in English
Examples - shows how fn works, in code

Code Implement
Tests | yerify

o oW



Design Recipe, then repeat

@1- Data Design Q Programming is an
2. Function Design iterative process!

Each iteration
should be
incremental!



lterative Programming

Other functions (“wish list”)

1.
2.

o oW

Name
Signature

Programming Is an
iterative process!

« # of arguments and their data typeﬂ

* Output type

« May only reference “defined” Data Definition names

Description
Examples

Code:—:::>

Tests

Danger, Danger

This is not a license to “hack”

l.e., arbitrarily changing code and praying “this time it will just work”

Instead, program incrementally




The faster way to program

The Incremental Programming Pledge

“slow down to speed up”

At all times, all of the following should be true of your code:
(data defs, signatures, etc) match code

2. Code has no syntax errors
1. E.g., missing [ extra parens

3. Runs without runtime errors / exceptions
1. E.g, undefined variable use, div by zero, call a “non function”

4. All tests pass

When you make a code edit that renders one of the above false, STOP ...

... and don’t do anything else until all the statements are true again.

(this way, it's easy to revert back to a “working” program)



Incremental Programming: Real-World Example

e https://www.youtube.com/watch?v=1SIGgCxJa3w

- “when you do everything at once ...
you're not sure why it’'s not working!”

* “when you layer it, when you break it down ...
and you hit a spot when it’s not working ...

then you can just focus on that spot!”
g Cod e
Tests

4. Test each (small) change (before making another one)

3. Make small changes only (something easy to revert)


https://www.youtube.com/watch?v=1SlGgCxJa3w
https://www.youtube.com/watch?v=1SlGgCxJa3w
https://www.youtube.com/watch?v=1SlGgCxJa3w

Conventional Wisdom: \NTIte Small Functions

“SWrite Short Functions Google C++ Style Guide

Prefer small and focused functions.

We recognize that long functions are sometimes appropriate, so no hard limit is placed on functions length. If a function
exceeds about 40 lines, think about whether it can be broken up without harming the structure of the program.

Even if your long function works perfectly now, someone modifying it in a few months may add new behavior. This could
result in bugs that are hard to find. Keeping your functions short and simple makes it easier for other people to read and
modify your code. Small functions are also easier to test.

You could find long and complicated functions when working with some code. Do not be intimidated by modifying existing
code: if working with such a function proves to be difficult, you find that errors are hard to debug, or you want to use a
piece of it in several different contexts, consider breaking up the function into smaller and more manageable pieces.

\

Small Functions Considered | 1 function -
task, ... processes

Why | Never Write Long Functions @ Josh Saint Jacque - Follow data d efl N |t|O n!

e (T e Awesome

\

\

T minread - Aug 22, 2017
few=, Web Dev Simplified @ w
e’ 1.44M subscribers
Good rule of thumb:

100K views 2 vears aao Clean Code A function should do one, easily explainable task




HW Advice

“The first rule of functions is that they should be small.

The second rule of functions is that they should be smaller than that.”

— Robert C. Martin,
Clean Code Clean Code: A Handbook of Agile Software Craftsmanship

A Handbook of Agile Software Craftsmanship

In this class:

function does
task which processes
kind of data

\

A

\



https://www.goodreads.com/work/quotes/3779106
https://www.goodreads.com/work/quotes/3779106
https://www.goodreads.com/work/quotes/3779106

“Clean (Readable) Code” is Wrong???

Things Of Inte » Blog

It's probably time to stop
recommending Clean Code

2020-06-28 by gntm

PROGRAMMING COURSES

"Clean” Code, Horrible Performance

Many programming "best practices" taught today are performance disasters wai
happen.

#£3 . CASEY MURATORI
Py FEB 28, 2023

What Actually Matters for Code
Quality (Clean Code is Wrong)

@ Victor Moreno 14 minread - Jul1g, 2023
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“Clean (Readable) Code” is Still a Good Goal

| r/AskProgramming « 1y ago
Yelebear

>

Why do some people hate "Clean Code"

* "When you see duplication in the code, it represents a missed opportunity for
abstraction.” — Robert C. Martin, Clean Code.

Example

Other
[t just means making readable and consistent coding practices, right?

i x5reyals + 1y ago « Edited 1y ago

Because other people use it as dogma.|Like any other resource it's a collection of tools that should be used
when appropriate. Sometimes overly clean code runs the risk of losing context. All of a sudden the parameter

te 8 tommygeek * 5y ago

As in all things in software, I think the advice in the book is largely situational. Did reading Uncle Bob make me
a better programmer? I believe so. Do I dogmatically adhere to all these things in code reviews? No. Because
"clean” is subjective and at the intersection of consistency and time spent in a particular codebase.

{[‘% Zerpa * Sy ago
;!
Software developer maturity levels: %)
1. No sense of code cleanliness
™~ Adheres religiously to code style advice in a book in all situations

> 3. Can appreciate the book’s advice and apply it correctly when applicable
4. Writes and refactors code to make sound advice applicable in more situations And level 0: willfully
ignores advice and invents own uncommon coding style and practices

If you are here?

Next task: get to here?




List Data Definition Example

(compare to C)

struct node

{int data;
struct node *next; }

;3 A ListofInts is onefof

;3 - empty Empty (base) case

;5 - (cons Int ListofInts) Non-empty (recursive) case
cons = “node” constructor Recursive!

(using a definition to define itself)

(how can we use a list of ints
to define a list of ints?!?)

Recursion is (a valid math concept), but only if there is:
- A base case
- A recursive case (that is “smaller”)




List Data Definition Template

;3 A ListofInts is one of

;5 - emply
;5 - (cons Int ListofInts)

TEMPLATE??

(what kind of data
definition is this?)




List Data Definition Template

) )

) )

) J

A ListofInts is one of

- empty

Empty (base) case

- (cons Int ListofInts)

This is an
itemization,

so template has cond__

Non-empty (recursive) case

;3 TEMPLATE for list-fn
;3 list-fn : ListofInts

TEMPLATE??

\(ggfine (list-fn 1st)
(cond

Empty (base) case — [ (empty? 1lst) ....]

Non-empty (recursive) case —> [ (cons? 1st) ....

The shape of the function
matches
The shape of the data definition!

-2 rrr

1))




List Data Definition Template

;3 A ListofInts 1s one of

55 - empty / “first” Y “rest”
;5 - (cons Int ListofInts)
This is| both The shaprerz];)tfc’;heesfunctlon
itemization, ;; TEMPLATE for list-fn »
so template has cond > Liet fn - Lictofint _Thef.b?pe of the data definition!
and |55 L11S n : ListofInts => 77
compound data, 1| (define (list-fn 1st) Wait, where is the
so template has “getters” || cond R

[ (em 2 1st) ....]
[(cons? 1st) .T——(first 1st) ....
... (rest 1st) ....]))




List Data Definition Template is Recursive!

) )

) )

- A ListofInts is oneflof
- empty
;5 - (cons Int ListofInts

TEMPLATE??

N\

... Is also recursive!

; TEMPLATE for Jlist-f

;3 list-fn

(define (list-fn 1s7|)
(cond

[ (empty? 1st) .

[(cons? 1st) ..

The shape of the function
matches
The shape of the data definition!

.. ]
. (first 1st) ....

ce.. (list-fn (rest 1st)) ....]))

-2 rrr

So recursion in the data definition
... means recursion in the
(template) function!




Differences?

List Function Examples

;3 1nc-1st: ListofInt -> ListofInt
;3 Returns list with each element incremented
(define (inc-1lst 1st)
(cond
[ (empty? 1lst) empty]
[else (cons (addl (first 1st))
(inc-1st (rest 1st)))]))

;3 next-world : ListofBall -> ListofBall
;35 Updates position of each ball by one tick
(define (next-world 1st)
(cond
[ (empty? 1lst) empty]
[else (cons (next-ball (first 1st))
(next-world (rest 1st)))]))




Abstraction Recipe

1. Find similar patterns in a program
 Minimum: 2
 |deally: 3+
2. ldentify differences and make them parameters

3. Create a reusable abstraction with the discovered parameters
- Eg, a function(al) abstraction




Abstraction: Common List Function

Make difference(s) a
parameter of a
(function) abstraction

(define (1st-fnl fn 1lst)
(cond
[ (empty? 1st) empty]
[else (cons (fn (first 1st))
(1st-fnl fn (rest 1st)))]))




Abstraction: Common List Function #1

35 lst-fnl: (?? -> ??) Listof?? -> Listof??
;5 Applies the given fn to each element of given 1st

(define (1st-fnl fn 1lst)
(cond
[ (empty? 1st) empty]
[else (cons (fn (first 1lst))
(1st-fnl fn (rest 1lst)))]))




Abstraction of Data Definitions

)
)

)

A ListofInt is one of
- empty
- (cons Int ListofInt)

)
)

)

: A ListofBall is one of

- empty
- (cons Ball ListofBall)




Abstraction Recipe

1. Find similar patterns in a program
 Minimum: 2
* |deally: 3+
=2. ldentify differences and make them parameters

3. Create a reusable abstraction with the discovered parameters
- E.g., a function(al) abstraction




Abstraction of Data Definitions

)
)

)

A ListofInt is one of
- empty
- (cons Int ListofInt)

)
)

)

: A ListofBall is one of

- empty
- (cons Ball ListofBall)




Abstraction Recipe

1. Find similar patterns in a program
 Minimum: 2
* |deally: 3+
2. ldentify differences and make them parameters

=»3. Create a reusable abstraction with the discovered parameters
e E.g, a function(al) abstraction
=) * E.g, a data abstraction




Abstraction of Data Definitions

)
)

)

A ListofInt is one of

/ parameter

- empty
- (cons Int ListofInt)

)
)

)

: A ListofBall is one of

=

55 A Listof<i§ is one of

5, - empty
;5 - (cons X Listof<X>)

- empty
- (cons Ball ListofBall)




Abstraction Recipe

1. Find similar patterns in a program
 Minimum: 2
* |deally: 3+
2. ldentify differences and make them parameters
3. Create a reusable abstraction with the discovered parameters

- E.g., a function(al) abstraction
« E.g, a data abstraction

=) 4. Use the abstraction, by giving concrete arguments for parameters




Abstraction: Common List Function #1

;5 lst-fnl: (X -> Y) Listof<X> -> Listof<Y>
;5 Applies the given fn to each element of given 1st

(define (1st-fnl fn 1lst)
(cond
[ (empty? 1st) empty]
[else (cons (fn (first 1lst))
(1st-fnl fn (rest 1lst)))]))

(define (inc-1lst 1st) (lst-fnl addl 1st))
(define (next-world 1st) (lst-fnl next-ball 1st))




Common List Function #1: map

;3 map: (X -> Y) Listof<X> -> Listof<Y>
;5 Applies the given fn to each element of given 1st

(define (map fn 1lst)
(cond
[ (empty? 1st) empty]
[else (cons (fn (first 1lst))
(map fn (rest 1lst)))]))

(define (inc-1st 1st) (map addl 1lst))
(define (next-world 1st) (map next-ball 1lst))




Abstraction Recipe

1. Find similar patterns in a program Abstractions should do
 Minimum: 2 a “clear and concisely
e |deally: 3+ defined task”

2. ldentify differences and make them parameters

3. Create a reusable abstraction with the discovered parameters
» E.g., a function(al) abstraction
« E.g., a data abstraction

== « The abstraction must have a short, clear name and “be logical”
4. Use the abstraction by giving concrete “argument” parameters
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“Clean (Readable) Code” is Still a Good Goal

Not always!

* "When you see duplication in the code, it represents a missed opportunity for
abstraction.” — Robert C. Martin, Clean Code.

Example

JE0
J= Zerpa = 5y ago
¢

Software developer maturity levels: %)

r o 1. No sense of code cleanliness
Ou are nere-
y =2 Adheres religiously to code style advice in a book in all situations

> 3. Can appreciate the book’s advice and apply it correctly when applicable

Next task: get to here?
4. Writes and refactors code to make sound advice applicable in more situations And level 0: willfully

ignores advice and invents own uncommon coding style and practices
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1. Find similar patterns in a program
 Minimum: 2
* |deally: 3+

2. ldentify differences and make them parameters

Not all “repeated code” should be abstracted

3. Create a reusable|_(:reating Bad Abstractions is Dangerous

- E.g., a function(al) abstrar-“
e E g, a data abstraction eatlng GOOd AbStraCtlonS |S Hard

« The abstraction must have a short, clear name and “be logical”
4. Use the abstraction by giving concrete “arguments” parameters



[l 2
B ©@pims- Follow

This, a million times this! “@BonzoESC: “Duplication is far

A bStra Cti O n \Na rn i n g Sto ry cheaper than the wrong abstraction” @sandimetz

-_ NnAla e
@rbonales

| came to see the following pattern:

1. Programmer A sees duplication ...

2. Programmer A extracts duplication and gives it a name.
This creates a new abstraction.

3. Programmer A replaces duplication with the new abstraction.
Ah, the code is perfect. Programmer A trots happily away.

4. Time passes ...

https://sandimetz.com/blog/2016/1/20/the-wrong-abstraction




Abstraction Warning Story

4. Time passes ...

5. A new requirement appears ... for which the current abstraction is almost perfect.
6. Programmer B gets tasked to implement this requirement ...
Programmer B tries to retain the existing abstraction ...
.. but it's not perfect ... so they alter the code to take a parameter,
.. and then add extra logic that is conditionally based on the value of that parameter.

Bad programmers love to overuse if, cond, etc ®

https://sandimetz.com/blog/2016/1/20/the-wrong-abstraction




Abstraction Warning Story

How to avoid?

Always be thinking about the data

7. Another new requirement arrives ... and a new Programmer X, who adds an additional parameter
... and a new conditional ... Repeat until code becomes incomprehensible.

8. You appear in the story about here ... and your life takes a dramatic turn for the worse.

https://sandimetz.com/blog/2016/1/20/the-wrong-abstraction



Program Design Recipe

> Data Designs

N

Function Designs

o/




Abstraction Warning Story

How to avoid?

Always be thinking about the data (definitions)

Don't just try to “get the code working”

Programmer B =1 These programmers only cared about “getting the code working”

add extra logic u conditionally

7. Another new requirement arrives. And a new Programmer X, whe E'ﬂff’c nn n(f!:c“f"n"n'(b;mmofm ng'f’ n ) )
1 5000 1 65000 Wi 6000 ocooo c oo e o oo

nevl conditional |Loop until code becomes incomprehensible.
8. You appear in the story about here, and your life takes a dramat

augh

Bad programmers love to overuse if, cond, etc ®

https://sandimetz.com/blog/2016/1/20/the-wrong-abstraction
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“Clean (Readable) Code” is Still a Good Goal

Not always!

* "When you see duplication in the code, it represents a missed opportunity for
abstraction." — Robert C. Martin, Clean Code.

You've learned the “correct” programming rules ...

.. how it's up to you to figure out when it's appropriate to break them!
Example

Zerpa * Sy ago

Software developer maturity levels: é’

- - 1. No sense of code cleanliness
If you are here?

Next task: get to here?

. Adheres religiously to code style advice in a book in all situations

L

. Can appreciate the book’s advice and apply it correctly when applicable

=

Writes and refactors code to make sound advice applicable in more situations And level 0: willfully
ignores advice and invents own uncommon coding style and practices
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1. Understand
I can't wait to
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= THANK YOU FOR AN sec what you DI Programming Languages are

2. Specify
do next!

a solution /
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>
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