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GOOGLE




Problems

o Qur tools and languages are Limited

o Real-world programmers wont use
(or dont believe in) better tools and
Languages
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340 APPENDIX 2

(LETREC COMPILE
(COMPILE LAMBDA (E)
(COMP E (QUOTE NIL) (QUOTE (4 21))))
(COMP LAMBDA (E N C)
(IF (ATOM E)
(CONS (QUOTE 1) (CONS (LOCATION E N) C))
(IF (EG (CAR E) (QUOTE QUOTE))
(CONS (QUOTE 2) (CONS (CAR (CDR E)) C))
(IF (EQ (CAR E) (QUOTE ADD)) :
(COMP (CAR (CDR E)) N (COMP (CAR (CDR (CDR E))) N (CONS (QUCTE 15) C)))
(IF (EQ (CAR E) (QUOTE SUB))
(COMP (CAR (CDR E)) N (COMP (CAR (CDR (CDR E))) N (CONS (QUOTE 16) C)))
(IF (EQ (CAR E) (QUOTE MUL))
(COMP (CAK (CDR E)) N (COMP (CAR (CDR (CDR E))) N (CONS (QUOTE 17) C)))
(IF (EQ (CAR E) (QUOTE DIV))
(COMP (CAR (CDR E)) N (CGMP (CAR (CDR (CDR E))) N (CONS (QUOTE 18) C)))
(IF (EQ (CAR E) (QUOTE REM)) ’
(COMP (CAR (CDR E)) N (COMP (CAR (CDR (CDR E))) N (CONS (QUOTE 19) C)))
(IF (EQ (CAR E) (QUOTE LEQ))
(COMP (CAK (CDR E)) N (COMP (CAR (CDR (CDR E))) N (CONS (QUOTE 20) C)))
(IF (EG (CAR E) (QUOTE EQ))
(CCGMP (CAR (CDR E)) N (COMP (CAR (CDR (CDR E))) N (CONS (QUOTE 14) C)))
(IF (EQ (CAR E) (QUOTE CAR))
(COMP (CAR (CDK E)) N (CONS (QUOTE 10) C))
(IF (EQ (CAKk E) (QUOTE CDR))
(COMP (CAR (CDR E)) N (CONS (QUOTE 11) C))
(IF (EG (CAR E) (QUOTE ATOM))
(CCMP (CAR (CDR E)) N (CONS (QUOTE 12) C))
(IF (EG (CAR E) (QUOTE CONS))
(COMP (CAR (CDR (CDR E))) N (COMP (CAK (CDR E)) N (CONS (QUOTE 13) C)))
(IF (EQ (CAR E) (QUOTE IF))
(LET (COMP (CAR (CDR E)) N (CONS (QUUTE 8)
(CONS THENPT (CONS ELSEPT C))))
(THENPT COMP (CAR (CDR (CDR E))) N (QUOTE (9)))
(ELSEPT COMP (CAR (CDR (CDR (CDR E)))) N (QUOTE
(IF (EG (CAR E) (QUOTE LAMBDA))
(LET (CONS (QUOTE 3) (CONS BODY C))
(BODY COMP (CAR (CDR (CDR E))) (CONS (CAK (CDR E)) N)
(QUOTE (5))) )

(9))) )

(IF (EG (CAR E) (QUOTE LET))
(LET (LET (COMPLIS ARGS N (CONS (QUOTE 3)
(CONS BODY (CONS (QUOTE 4) €))))
(BODY COMP (CAK (CDR E)) M (QUOTE (5))))
(M CONS (VARS (CDR (CDR E))) N)
(AKGS EXPRS (CDR (CDR E))))
(IF (EQ (CAR E) (QUOTE LETREC))
(LET (LET (CONS (QUOTE 6) (COMPLIS ARGS M
(CONS (QUOTE 3) (CONS BODY (CONS (QUOTE 7) C)))))
(BODY COMP (CAR (CDR E)) M (QUOTE (5))))
(M CONS (VARS (CDR (CDR E))) N)
(ARGS EXPRS (CDR (CDR E))))
(COMPLIS (CDR E) N (COMP (CAR E) N (CONS (QUOTE 4) €)))))))))))))))))))))
(COMPLIS LAMBDA (E N C)
(IF (EQ E (QUOTE NIL)) (CONS (QUOTE 2) (CONS (QUOTE NIL) C))
(COMPLIS (CDR E) N (COMP (CAR E) N (CONS (QUOTE 13) €)))))
(LOCATION LAMBDA (E N)
(LETREC
(IF (MEMBER E (CAR N)) (CONS (QUOTE 0) (POSN E (CAR N)))
(INCAR (LOCATION E (CDR N))))
(MEMBER LAMBDA (E N)
(IF (EQ N (QUOTE NIL)) (QUOTE F)
(IF (EQ E (CAR N)) (QUOTE T) (MEMBER E (CDR N)))))
(POSN LAMBDA (E N) .
(IF (EG E (CAR N)) (QUOTE 0) (ADD (QUOTE 1) (POSN E (CDR N)))))
(INCAR LAMBDA (L) (CONS (ADD (QUOTE 1) (CAR L)) (CDR L)))))
(VARS LAMBDA (D)
(IF (EQ D (QUOTE NIL)) (QUOTE NIL)
(CONS (CAK (CAR D)) (VARS (CDR D)))))
(EXPRS LAMBDA (D)
(IF (EQ D (QUOTE NIL)) (QUOTE NIL)
(CONS (CDR (CAR D)) (EXPRS (CDR D)))))
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(6 2 NIL 3 (1 {0 . 0) 2 NIL 14 8 (2 NIL 9) (2 NIL 1 (0 . 0) 11 13 1 (1 5) 4 1
(0 . 0) 10 11 13 9) 5) 13 3 (1 (0 0) 2 NIL 14 8 (2 NIL 9) (2 NIL 1 (O 0) 11

4) 4 1 (0 . 0) 10 10 13 9) 5) 13 3 (6 2 NIL 3 (1 (0 . 0) 11 2 1 1 (0
0) 1 (0 . 1) 10 14 8 (2 0 9)- (2 1 2 NIL 1 (0 . 1)
11 13 1 (0 0) 13 1 (1 . 1) 4 15 9) 5) 13 3 (1 (0 1) 2 NIL 14 8 (2 F 9) (1
(0. 0) 1 (0 . 1) 10 14 8 (2 T 9) (2 NIL 1 (O 1) 11 13 1 (0 0) 13 1 (1 . 0)
4.9) 9) 5) 13 3 (2 NIL 1 (1 1) 10 13 1 (1 0) 13 1 (0 0) 4 8 (2 NIL 1 (1
1) 10 131 (1 0) 13 1 (0 1) 4 2 0 13 9) (2 NIL 2 NIL 1 (1 1 11 13 1 (1
0) 13 1 (2 . 3) 413 1 (0 2) 4 9) 5) 7 5) 13 3 (1 (0 . 0) 2 NIL 14 8 (1 (0 .
2) 2 NIL 13 2 2 13 9) (2 NIL 2 NIL 1 (0 2) 2 13 13 13 1 (0 . 1) 13 1 (0 . 0)
10 13 1 (1 1) 4 13 1 (0 . 1) 13 1 (0 0) 11 13 1 (1 2) 4 9) 5) 13 3 (1 (0
. 0) 128 (1 (0 . 2) 2 NIL 1 (0 . 1) 13 1 (0 0) 13 1 (1 3) 41321 13 9)
(1 (0 . 0) 10 2 QUOTE 14 8 (1 (0 . 2) 1 (0 . 0) 11 10 13 2 2 13 9) (1 (0 . 0)
10 2 ADD 14 8 (2 NIL 2 NIL 1 (0 . 2) 2 15 13 13 1 (0 . 1) 13 1 (0 0) 11 11 10
131 (1 1) 4 131 (0 . 1) 13 1 (0 0) 11 10 13 1 (1 1) 4 9) (1 (0 0) 10
2 SUB 14 8 (2 NIL 2 NIL 1 (0 2) 2 16 13 13 1 (0 1) 13 1 (0 0) 11 11 10 13
1 (1. 1) 4131 (0. 1) 131 (0 0) 11 10 13 1 (1 1) 4 9) (1 (0 0) 10 2
MUL 14 8 (2 NIL 2 NIL 1 (0 . 2) 2 17 13 13 1 (0 . 1) 13 1 (0 0) 11 11 10 13 1
(1 . 1) 4131 (0. 1) 131 (0 0) 11 10 13 1 (1 1) 4 9) (1 (0 . 0) 10 2 DIV
14 8 (2 NIL 2 NIL 1 (0 2) 2 18 13 13 1 (0 . 1) 13 1 (0 0) 11 11 10 13 1 (1
1) 4131 (0 . 1) 131 (0 . 0) 11 10 13 1 (1 . 1) 4 9) (1 (0 . 0) 10 2 REM 14
8 (2 NIL 2 NIL 1 (0 2) 219 13 13 1 (0 . 1) 13 1 (0 . 0) 11 11 10 13 1 (1 .
1) 4131 (0 . 1) 13 1 (0 . 0) 11 10 13 1 (1 1) 4 9) (1 (0 0) 10 2 LEQ 14 &
(2 NIL 2 NIL 1 (O 2) 2 20 13 13 1 (0 1) 131 (0 . 0) 11 11 10 13 1 (1 . 1)
413 1 (0 . 1) 13 1 (0 . ©) 11 10 13 1 (1 1) 4 9) (1 (0 . 0) 10 2 EQ 14 8 (2
NIL 2 NIL 1 (0 2) 2 14 13 13 1 (0 . 1) 13 1 (0 0) 11 1110 13 1 (1 1) 4
131 (0 . 1) 131 (0 . 0) 11 10 13 1 (1 1) 4 9) (1 (0 0) 10 2 CAR 14 8 (2
NIL 1 (0 . 2) 2 10 13 13 1 (0 . 1) 13 1 (0 . 0) 11 10 13 1 (1 1) 4 9) (1 (0
0) 10 2 CDR 14 8 (2 NIL 1 (0 . 2) 2 11 13 13 1 (0 1) 13 1 (0 . 0) 11 10 13 1
(1 . 1) 4 9) (1 (0 . 0) 10 2 ATOM 14 & (2 NIL 1 (0 2) 2 12 13 13 1 (0 1) 13
1(0 . 0) 11 10 13 1 (1 1) 4 9) (1 (0 . 0) 10 2 CONS 14 8 (2 NIL 2 NIL 1 (O
2) 2 13 13 13 1 (0 . 1) 13 1 (0 . 0) 11 10 13 1 (1 1) 4 13 1 (0 1) 13 1 (0
. 0) 11 1110 13 1 (1 1) 4 9) (1 (0 . 0) 10 2 IF 14 8 (2 NIL 2 NIL 2 (9) 13 1
(0. 1) 13 1 (0 . 0) 11 11 11 10 13 1 (1 1) 4 13 2 NIL 2 (9) 13 1 (0 . 1) 13
1 (0 . 0) 11 11 10 13 1 (1 1) 4 13 3 (2 NIL 1 (1 . 2) 1 (0 . 1) 13 1 (0 . 0)
132 8 13 13 1 (1 1) 131 (1 0) 11 10 13 1 (2 1) 4 5) 4 9) (1 (0 . 0) 10
2 LAMBDA 14 8 (2 NIL 2 NIL 2 (5) 13 1 (0 . 1) 1 (0 0) 11 10 13 13 1 (0 . 0)
11 11 10 13 1 (1 . 1) 413 3 (1 (1 2) 1 (0 . 0) i3 2 3 13 5) 4 9) (1 (0 . 0)
10 2 LET 14 8 (2 NIL 2 NIL 1 (0 . 0) 11 11 13 1 (1 5) 4 13 1 (0 1) 2 NIL 1
(0. 0) 11 11 13 1 (1 4) 4 13 13 3 (2 NIL 2 NIL 2 (5) 13 1 (0 . 0) 13 1 (1
0) 11 10 13 1 (2 . 1) 4 13 3 (2 NIL 1 (2 2) 2 4131 (0 . 0) 13 2 313 131
(2 . 1) 131 (1 1) 13 1 (3 2) 4 5) 4.5) 4 9) (1 (0 0) 10 2 LETREC 14 8 (2
NIL 2 NIL 1 (O 0) 11 11 13 1 (1 5) 4 13 1 (0 . 1) 2 NIL 1 (0 0) 11 11 13
1 (1 . 4) 413 13 3 (2 NIL 2 NIL 2 (5) 13 1 (0 0) 131 (1 . 0) 11 10 13 1 (2
L01) 13 3 (2 NIL 1 (2 .2)2 7131 (0. 0) 132313131 (1. 0) 1310
1) 13 1 (3 . 2) 42 6 13 5) 4 5) 4 9) (2 NIL 2 NIL 1 (0 2) 2 413 13 1 (0
1) 13 1 (0 0) 10 13 1 (1 1) 4 13 1 (0 . 1) 13 1 (0 0) 11 13 1 (1 2) 4
9) 9) 9) 9) 9) 9) 9) 9) 9) 9) 9) 9) 9) 9) 9) 9) 9) 5) 13 3 (2 NIL 2 (4 21) 13 2
NIL 13 1 (0 . 0) 13 1 (1 1 4. 5) 13 3 (1 (0 0) 5) 7 4 21)

131 (1
. 0) 10 15 13 5) 13 3 (1 (0 .
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CS239, Lec 1, Spring 2008
MW 12-1:50pm
Boelter 9436

Title: Programming Language Design Laboratory
Instructors: Todd Millstein and Alan Kay
Description:

This seminar will explore the principles and practice of
programming language design, with a goal toward
investigating better (more expressive, easier to learn,
easier to extend, more reliable) ways to program than
current approaches. The course will include readings of
technical papers and discussions about interesting and
unusual language designs, both historical and from the
current research literature. For the main work of the
course, students will work in groups to design,
implement, and possibly formalize their own language or
software development tool.
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“‘Pra&aﬁjpivxg PLs”

Lightweight techniques for implementing Pls

o Tradikional PL E,m[atemem&oﬂow
optimize for efficiency

@ In the new class:
optimize for
simplmiﬁj

value

your time computer’s time



Why Optimize for
Stimplicity?

o qet something working qumk‘tj

o easier to modify / extend it / ...
(try out different desiqn decisions)

o can atwajs opﬁimiaa Later,
U and when hecessary




Why Optimize for
Stimplicity?

o qet something working qumwtj

o easier to modify / extend it / ...
(try out different design decisions)

o can atwajs OF&LMEzﬂ Later,
U and when hecessary

(9go0d advice in general)
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o Students get experience with several
prototyping styles . techniques:
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@ source-~to-source trawnslators
o embedded / inkernal DSLs

o By “prototyping” some PLs that they
alreadfj khow: functional, 00, logic, ...




Approaa:‘k

o Students get experience with several
prototyping styles . techniques:

) iv\%erpre&ms
@ source-~to-source trawnslators
o embedded / inkernal DSLs

o By “prototyping” some PLs that they
alreadfj khow: functional, 00, logic, ...

(\\MM&L-\* P&rﬁdigm HQV\d@.rSQM”)




Undergrad PLs Course
“"Under the Hood”

Students get a deeper understanding
of things Like:

e Closures
o Classes and d:jnamit dispaﬁth
o Prolog-style search and unification

D s




Our Framework



‘Prmcapms

o Provide instant gratification
whenever possible

o Avoid unhecessary friction
(no “command-line bullshittery”)




calculator langquage

(interpreter)



functional lanquage

(interpreter)



00 language

(source-to-source translator)



‘Prmcapms

o Provide instant gratification
whenever possible

o Avoid unhecessary friction
(no “command-line bullshittery”)




The Framwmework
Lectures

(worlds demo)
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Excerpts from
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BEST CLASS

EVER!
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Excerpts from
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REALLY AWESOME
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Excerpts from
Course tvaluakions

_—

EXCELLENT COURSE,

AMONG THE BEST I'VE
EVER TAKEN.




Excerpts from

Course tvaluakiowns
<A

EYE-OPENING AND
TRANSFORMATIVE.

|




Excerpts from
Course tvaluations

| FINALLY

)
UNDERSTAND HOW

CLOSURES WORK!




Excerpts from
Course bvaluakions

| THINK THE TOOLS PROVIDED WERE
EXTREMELY HELPFUL. [...] THEY GOT ME
TO NOT BE AFRAID OF HARD TOPICS AND
APPROACH THEM IN A CASUAL AND FUN
WAY, INSTEAD OF BEING BURDENED BY
CONSOLES, COMPILERS, AND DEBUGGERS.




Excerpts from
Course bvaluakions

. THE INTERFACE THAT  _
1 PROFESSOR WARTH MADE »
/ FOR THE HOMEWORK WAS

S.

Cc‘ GENIUS AND AMAZING.




Excerpts frm

THE ASSIGNMENTS WERE GREAT.
AND | REALLY MEAN TOP NOTCH.
WELL STRUCTURED, [...], Goop
COVERAGE OF DIFFERENT LANGUAGE
PARADIGMS AND IMPLEMENTATION
STRATEGIES, AND RICH ENOUGH FEATURES
BUT WITHOUT ANYTHING TO DISTRACT
FROM THE MAIN POINT OF THE PROJECT.




Excerpts frm

HOMEWORKS / PROJECTS WERE
SOME OF THE MOST
INTERESTING AND FUN
PROJECTS THAT | HAVE DONE IN
MY UNDERGRADUATE CAREER.
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# skudenks

. .
Winter ‘18
60 undergrads

33 grads

93 total




# skudenks

Winker ‘16

4% undergrads

| 30 | 27 grads

75 tobal

R3




Exkra-~Credik
Projects



Jacob ‘Skomf &

(3rd year undergrad) i L; ‘ﬁ

inkroduce x, Y
Suﬁk&k&&)(ﬁ—v*vz‘?
A x / Y



Andrew Lai
(3rd year undergrad)

Prolog Visualizer



Kesulks

(Discussion)



| Googled "Who Gives a Shit?”

My name wasn't in the
search results.

your&cards

someecards.com







concrete 1 let f = fun X => X * X in
syntax o> £ 5 + 17
abstract 1 new Let(
syntax > new Var("f"),
3 new Fun(
4 new Var("x"),
5 new BinOp(
6 "*H’
7 new Var("x"),
8 new Var(”x"))),
9 new BinOp(
result

—

42



concrete
syntax

abstract
syntax

result

A

n X => X * X 1in

new Let(
new Var("f"),
new Fun(
new Var("x"),
new BinOp(

nyn
*
’

new Var("x"),
new Var(”"x"))),

new BinOp(

n.n

> O 0O NOYOTL A WDN =

142



What about other
classes?

o Algorithms?
o Intro to programming?
o ... for college students
o ... for high-school students

o ... for middle-school studenkts?




e OO0
function binarySearch(key, array) {

var low
var high = array.length - 1;

while (low <= high) {

var mid = floor((low + high) / 2);
var value = array[mid];

ONUS

if (value < key) {
low = mid + 1;
else if (value > key) {
high = mid - 1;
else {
return mid;

}

return -1;|

}

[Bret Victor, CUSEC *12]




3public class Reverse {

bli tati )
zgdelf‘exs/eiszzNode head) { [Ou et al! CHI 15]

Node node = null;

Node prev = null;

Node curr = head;

while(curr.next != null){
node = curr;
curr = curr.next;
node.next = prev;
prev = node;

}

return head;

Qurr ( }

Value: 12

\

AN

bhode brev

head
next

——eed Value:O)—’ ol




A Call ko Ackion

The Live Programming / PX community
has a chance to make a huge
difference in the classroom!

o Cownsider applications of our
research to educakional programmiv\g
environmenks

o Retter v&&, lebs build educational
environments and lanquages




One Last thing:
Interested in teaching
Ehis class at ;c:»u.r
WA E;vers&v ¢

Come Falle bo me!



