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.STEPS

... toward the reinvention of
programming




The STEPS Project

® Goal - To create a highly useful end-user
system including:

~ ® operating system
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The STEPS Project

® Goal - To create a highly useful end-user
system including:
® operating system
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X @ Getting Started... O)

(w1 Welcome Lo...

Squeak iz o work in progres: tased on Smalltalk-80, with which it@

iz ztll reasonably compatible. Every Squeak release includes all

source code for the Squeak svatem, as well ag all source code for
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Why!

“Put people in charge of their own software
destinies”

L@ Can t understand 40 OOO OOO LOC
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POWER TO THE PEOPLE




Wh)” (cont'd)

® Didactic value!

® Curriculum for univ. students to learn about
powerful ideas, building complex systems...

- ® May even be useful at high-school level
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JavaScript (OMeta/Squeak)

~350 LOC

% a JSWorkspace

polygon = function(side) {

o for (vari = 0;i <side; i++) {
forward(100);
turn(360 / side);

}
}

=) L polygon(5);

eval : function(sid

H“ for (vari=0; i < side; i++) {
Tile forward(100);
FO‘FE""’” turn(360 / side);

X v
a 4 - ) }



Sun’s Lively Kernel (OMeta/COLA)

I -l

Body

Carvas
CheapMenutorph
Color
ColorPickertorph
Date
DropShadowCanwas
Element

Function
HandMorph
HandleMorph
[nputEvent

Morph

MouzeHandl erForlragging
Mumber

Object
Faztelptorph

Fen

Point

PrimCanvas
PrimTextBox
PrimTextLine
Fectangle

Shape
StepHandler
String

TextMorph
Wor1dtorph
WorldState

copyllithoutAll
includes

Join

POP

push

zort

zplice
toString
unshift

Big Text

~300 LOC

Unbordered

P = new Pen()k
P.zetPenColor(Color,red):
forfvar i=1: i<=G0: j++)

1 P.gol2*i): P,turn(B0): 3
P.drawlines():




Toylog (OMeta/Squeak)

® Get children interested in logic!

® Front-end to Prolog, runs on Squeak

o ~/0 LOC

Homer 1s Bart s father.
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Toylog (OMeta/Squeak)

® Get children it % in logic!

® Front-end tr

e ~/0 LOC

Homer 1is .
Marge 1s
X 18 y's y’'s father or
vr X 1s y’s mother.
Homer is not bart’s parent.

Marge 1s bart’s parent.

* X 1s Bart’s parent?



Prolog - OMeta/JS 2.0 Workspace

important info: | (nevermind)

go to project: [ (nevermind)

T_previﬂus versions of this project

\

Instructions [ +/-

Play Area f+_,|"-?‘
(+7°)

i T—

Source

->
-
-

variable = spaces firstAndRest( upper, “letterOrDigit):name
symbol = spaces firstAndRest( lower, "letterOrDigit):name
clause = symbol:sym "(" listOf( expr, ',"'):args ")"

expr clause | variable | symbol,
clauses = listOf(#clause, ','),

rule clause:head ":-" clauses:body
clause:head

(rule:r &clause -> r)*:rs clause:q ".

-
->
spaces end ->

prog
}

translateCode = function(x) {
var prog = PrologTranslator.matchAll(x, "prog")
solve(prog.query, prog.rules)

}

nat(z).
nat(s(X)) :- nat(X).
nat(X).

'iprint it {cl:rl+p:|?‘ ‘do it {ctrl+d}f' ’isave it (ctrl + 5]?‘

new Var(name.join('')),
new Sym(name.join('')),
new Clause(sym, args),

new Rule(head, body)
new Rule(head, []),
{rules: rs, query: q}
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Forget Guitar
Hero... I could be the next
Dan Ingalls!
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Undo

® An important feature in most applications

® Not just about fixing mistakes:
enables exploratlon w/o fear
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UOBJECTS

(framework / library)



UOBJECTS

(framework / library)




SURE_

UOBJECTS

(framework / library)






The Status Quo

® Most apps support linear undo

® command design pattern




Command

do = ...
do’!




may throw

Command ]
/ away info
do = ...
do’!
\ .heed to

keep it for ”
undo




Command may throw

/ away info
do = ...
undo = do’!
\ . heed to
memento

keep it for ”
undo




Command may throw

/ away info
do = ...
undo = do’!
\ ... heed to
memento

keep it for

must include
everything that

-
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may throw
must be Command 4

inverses / away info
do = ...

undo = do’!
.. heed to
memento

keep it for

must include
everything that

ﬁ.
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may throw

must be ,
away info
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Proposed Approach

® Why not generate memento on the fly?

® i.e,record original values of all variables
~ modified
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Programming Model

® UODbject — Undoable Object
® operations: {#at, #at:put;, ...}
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® U lransaction — Undoable Transactior




.JTranfactlc’)n eval: [ obil obi2
j | foo:'new’. foo is ‘old’ bar is 5

4

pj2 bar: 1234.

4

vi|l foo: ‘newer’.

4

]
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.JTranfactlc’)n eval: [ obil obi2
j | foo:'new’. foo is ‘old’ bar is 5
bj2 bar: 1234.

j| foo: ‘newer’.

]

%
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.JTranfactlc’)n eval: [ obil obi2
j | foo:'new’. foo is ‘old’ bar is 5
bj2 bar: 1234.

oj| foo:'newer’.

]-

- t2:=tlundo. “undo
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.JTranfactlc’)n eval: [ obil obi2
j | foo:'new’. foo is ‘old’ bar is 5
bj2 bar: 1234.

oj| foo:'newer’.

]-

- t2:=tlundo. “undo
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UTransaction eval: | obil o

j | foo:'new’. =———3 {00 is ‘old bar is 5
bj2 bar: 1234.

oj| foo:'newer’.

t2 —tI undo . und
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UTransaction eval: | obil o

j | foo:'new’. =———3 {00 is ‘old bar is 5
bj2 bar: 1234.

oj| foo:'newer’.

t2 —tI undo “undg?
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UTransaction eval: | obil o

j | foo:'new’. =—————3 {00 is ‘new’ bar is 5
bj2 bar: 1234.

oj| foo:'newer’.

t2 —tI undo und

: '_-;- “‘_ ‘;;t"E}-" . g‘h ’ ’

2do

objl’s foo was ‘old’




.JTranfactlc’)n eval: [ obil obi2
obj| foo:‘new’. foo is ‘new’ bar is 5

=) obj2 bar: 1234.
objl foo: ‘newer’.

.

t2 —tI undo | undo
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tl := .JTranfactlc’)n eval: [ obi2
objl foo:‘new’. - bar is 5
=) obj2 bar: 1234.
o

il foo:‘newer’.

t4 .= tl unado undao
[ ] [ ]
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.JTranfactlc’)n eval: [ obi2
objl foo:'new’. - bar is 5
= obj2 bar: 1234.

objl foo:‘newer’.

€¢ %9
t2 =Gl undo undo
@ U n d@ : * &4 " g Dl il R kiR i i S s i

Gl
objl’s foo was ‘old’
obj2’s bar was 5




.JTranfactlc’)n eval: [ obi2
oD, | foo:‘new’. ' : bar is 1234

= obj2 bar: 1234.
objl foo:‘newer’.
.

€¢ %9
t2 =Gl undo undo
@ U n d@ : * &4 " g Dl il R kiR i i S s i

Gl
objl’s foo was ‘old’
obj2’s bar was 5




UTransaction eval: | obil obi2

j| foo:‘new’. foo is ‘new’ bar is 1234
bj2 bar: 1234.

jl foo:'newer’.

t2 —tI undo | undo s :
-aﬁ o o e w ’ e B i e s s
ol
objl’s foo was ‘old’
obj2’s bar was 5




UTransaction eval: |
oj| foo:‘new’

! . foo is ‘new’
0j2 bar: 1234. /

jl foo:‘newer’.

obj obj2
bar is 1234

t2 —tI undo und
Ay

fdo

objl’s foo was ‘old’
obj2’s bar was 5




UTransaction eval: |
oj| foo:‘new’

! . foo is ‘new’
0j2 bar: 1234. /

jl foo:‘newer’.

obj obj2
bar is 1234

t2 —tI undo und
Ay

fdo

objl’s foo was ‘old’
obj2’s bar was 5




UTransaction eval: |
oj| foo:‘new’

. foo is ‘newer’
pj2 bar: 1234. /

| foo: ‘newer’.

obj obj2
bar is 1234

t2 = tl undo und

.I_.:;“_L.

" t2undo. = “pedo”

tl I

objl’s foo was ‘old’
obj2’s bar was 5




UTransaction eval: | obil obi2

j| foo:‘new’. foo is ‘newer’ bar is 1234
bj2 bar: 1234.

oj| foo:'newer’.

-} t2 —tI undo | undo
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UTransaction eval: | obil o

oj| foo:‘new’. foo is ‘newer’ bar is 1234
pj2 bar: |234.

vi|l foo: ‘newer’.
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obj2’s bar was 5




UTransaction eval: | obil o

j| foo:‘new’. foo is ‘newer’ bar is 1234
bj2 bar: 1234.

oj| foo:'newer’.

-}tZ = tl undo “undg’
atZiundossaia

Gl
objl’s foo was ‘old’
obj2’s bar was 5




UTransaction eval: | obil o

j| foo:‘new’. foo is ‘newer’ bar is 1234
bj2 bar: 1234.

oj| foo:'newer’.

-} t2 = tl undo

t2 undo.

tl
objl’s foo was ‘old’ objl’s foo was ‘newer’
obj2’s bar was 5




UTransaction eval: | obil o

j | foo:‘new’. foo is ‘old’ bar is 1234
bj2 bar: 1234.

oj| foo:'newer’.

-} t2 = tl undo

t2 undo.

tl
objl’s foo was ‘old’ objl’s foo was ‘newer’
obj2’s bar was 5




UTransaction eval: | obil o

j | foo:‘new’. foo is ‘old’ bar is 1234
bj2 bar: 1234.

oj| foo:'newer’.

1.
e €¢ b3 ]
=P t2:= tl undo. “undo
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objl’s foo was ‘old’ objl’s foo was ‘newer’
obj2’s bar was 5




UTransaction eval: | obil o

j | foo:‘new’. foo is ‘old’ bar is 1234
bj2 bar: 1234.

oj| foo:‘newer’.

-}tZ = tl undo “undo”
~ t2 undo.

T o
objl’s foo was ‘old’ objl’s foo was ‘newer’
obj2’s bar was 5




UTransaction eval: | obil o

j | foo:‘new’. foo is ‘old’ bar is 1234
bj2 bar: 1234.

oj| foo:‘newer’.

i, Teda & N A SR, x " P P g oy P g Eg el e e e e, Morh o s B e 3 S s o P S st b LA L L TN
ol Ll e i 1 s Tt e e i s L e S S g A I R gt
iy ; TR 2 -r-"". -:1::_ : ._.!_-_.._._l:._‘ '.:-'h'-"" e iy -"".'-.' "."".'-_--._-".:'.i = _--l.‘f:"l- n o '-::3'-:'.:'=‘-':5 '.'I'-.-I'-El i _-?_r__‘.,-:l_ ih -‘.":_;'.'_:uf ':'."-"'--'*n i -:_ _‘4_'!: '-_f-"':'-.'_ x Ao i.;-:.:._ e _!-.: _-_-.___._i.._:_._- I o .:":f.:_-.__I_...__!_I':.'._J_!-:l_*;_" g i
P i ¥ AR Ak - e o o 3 e 0 L oy T I w7 g En ek VW T T

objl’s foo was ‘old’ objl’s foo was ‘newer’
obj2’s bar was 5 obj2’s bar was 234




.JTran:f,actlc’)n eval: [ obil o
j | foo:'new’. foo is ‘old’ bar is 5
bj2 bar: 1234.

oj| foo:'newer’.
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objl’s foo was ‘old’ objl’s foo was ‘newer’
obj2’s bar was 5 obj2’s bar was 234




UTransaction eval: | obil o

j| foo:‘new’. foo is ‘old’ bar is 5
bj2 bar: 1234.

oj| foo:'newer’.

5

t2 —tI undo “undo”

objl’s foo was ‘old’ objl’s foo was ‘newer’
obj2’s bar was 5 obj2’s bar was 234




.JTranfactlc’)n eval: [ obil
oj| foo:'new’. foo is ‘old’
bj2 bar: 1234.

oj| foo:'newer’.

t2 :=tl undo. ‘“‘undo”
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objl’s foo was ‘old’ objl’s foo was ‘newer’
obj2’s bar was 5 obj2’s bar was 234

obj2
bar is 5




UTransaction eval: | obil obi2

j| foo:‘new’. foo is ‘old’ bar is 5
bj2 bar: 1234.

oj| foo:'newer’.

t2 ;= tl undo. ‘“undo”
redo
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t2
objl’s foo was ‘old’ objl’s foo was ‘newer’
obj2’s bar was 5 obj2’s bar was 1234




UTransaction eval: | obil obi2

j| foo:‘new’. foo is ‘old’ bar is 5
bj2 bar: 1234.

oj| foo:'newer’.

t2 ;= tl undo. ‘“undo”
redo
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t2
objl’s foo was ‘old’ objl’s foo was ‘newer’ objl’s foo was ‘old’
obj2’s bar was 5 obj2’s bar was 1234




UTransaction eval: | obil obi2

- ° ’ . ¢ ’ .
D| | foo:‘new’. foo is ‘newer bar is 5

bj2 bar: 1234.
oj| foo:'newer’.

t2 ;= tl undo. ‘“undo”
redo
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t2
objl’s foo was ‘old’ objl’s foo was ‘newer’ objl’s foo was ‘old’
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UTransaction eval: | obil obi2
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D| | foo:‘new’. foo is ‘newer bar is 5

bj2 bar: 1234.
oj| foo:'newer’.
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t2 := tl undo. ‘“undo’”
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UTransaction eval: | obil obi2

j| foo:‘new’. foo is ‘newer’ bar is 1234
bj2 bar: 1234.

oj| foo:'newer’.

t2 := tl undo. ‘“undo’”
“.redo”
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UTransaction eval: | obil obi2

j| foo:‘new’. foo is ‘newer’ bar is 1234
bj2 bar: 1234.

oj| foo:'newer’.

t2 ;= tl undo. ‘“undo”
“redo”
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Trouble w/ Linear Undo

actioni+3 4—

actioni+

action;

action;-|
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actioni+

action;

action;-|
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Trouble w/ Linear Undo

action;

action;-|




Trouble w/ Linear Undo

Problem:
can’t redo
actioni+; and

actlon.+3 w/ O
~ redoing

action;

action;.|

O
-1

: actioni+




Want Selective Undo

® Undo a command without first undoing
commands that were issued afterwards

e 117 some commands are based on effects =

‘ A B e ety A b
of earlier commands




Selective Undo (Sort Of)

® Can undo actioni+| directly (no stack required)
.. but UTransaction’s undo is transitive

° Undoing a transaction t will transitively undo all

i Iater trasactlons that modlf ed one or more

1.-"'I #.-..




(Too Big a Hammer?)

® |t may be!

® .. but we could write the program so that
different aspects of an object are stored in
different “sub-objects”
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what if...
I take his knight with
my bishop?
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I’'m Talking About...

® Programming language support for

® “thought experiments”, a.k.a.,

T Iy o f5 B e 3 e R T b e AL N
‘_:l.-",-.,E.:.- "‘ DR SO o o A BTt Syt Fym __-\.| (e SR el .-u P LN iy - .'4-_. s

s o - e ] Wt A A S Ly e REr Retat) e T o b 5 R
LS “‘."_-_-"'_-!_u r_,-i' xi s 11: -'.""-" 41 -__._:_-.-_ g .: h-:'. T -"'."-"-‘-' .r.l___,, j-i'-'-- 1-. oy Bl & -_I-,_ i 5

« 1B " D I ; g |
® HOW/ by enabling programmers to c

I
A | : [
= - -




About Side Effects

® Not all side effects!
® Only changes to the program store, e.g.,

- ® global, local, instance, and class variables




Worlds

® A simple and expressive model for controlling
the scope of side effects

® \Worlds: new kind of first-class store

store to co-exist




The Programming Model
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The Programming Model

Top-Level
World
Child
World #1




The Programming Model

Top-Level
World
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The Programming Model

Top-Level
World
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The Programming Model

Top-Level
World
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The Programming Model

Top-Level
World

Chlld Chlld
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Worlds/Squeak

® thisVVorld

® W commit




Exception Handling

[
xs do: [:x |
X update

]

[ ]
on: exception do:
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Exception Handling
[ - save state of

collection’s elements
xs do: [:x |

X update

]

[ ]
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Exception Handling
[ - save state of

collection’s elements
xs do: [:x |

X update

]

.
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Exception Handling

[
xs do: [:x |
X update

]

[ ]
on: exception do:
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Exception Handling

[

thisWorld sprout eval: |
xs do: [:x |
X update
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Exception Handling

[

thisVVorld sprout eval: |
xs do: [:x |
X update

]
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Sandboxing

Y L

‘sandbox = thisWorld.sprout();

e




Sandboxing




Extension Methods in JS

Number.prototype.fact = function() {
L GEhiisE=——80))
return 1l
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. Extension Methods in JS
SCoper
myModule = thisWorld.sprout();

in myModule {
.prototype.fact = function() { ... };

Number
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Back to OMeta

rhyme = fee fie foe fum
| fiddle dee dee




Back to OMeta

rhyme = fee fie foe fum
| fiddle dee dee

e s s T 5 Rl e -, S TR R e T St o L R A e D SN o PR e e e o e T e
; e S gy K = AR T ol R T > SR T N el BT ""‘.'!" o LR -'?a"'- £ "' e N T L T Gt
5 = ! SE by @ L @ L @ Saiin:be ViR P okl Sl @ i @ ot @ SRR S SR e e bl e e e R R T SRR

-~
-




Back to OMeta

rhyme = fee fie foe fum
| fiddle dee dee
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Case Study |

® Variant of OMeta/JS in which backtracking rolls
back the side effects of rules’ semantic actions

® OMeta implemented in JS, and Worlds/JS is a
proper superset ofJS




Case Study |

® Hypercard-like system implemented w/ Worlds

(w/ Ted Kaeher and Yoshi

<i Ohshima)

® All backgrounds and card

s in a stack are really

just one card, viewed through different worlds
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THE card







Future Work

® |nvariants!

® register inter- and intra-object inv’s
dynamically

(] ] -. .' b W T O LN .. s et - o . 5 v ':: ; iy B -.'-. ek A e o o T 3 Ca ) ey A L e S ..-:'.-\.' L S et i
y objects in transactions

A




i
2 a1d um visimry E——

ma aiea 1 el . pregear i W o

P P
L] ¥ i
- -
’ ;‘r SRR WINTEE WA THER THATNSG ‘. ‘
“" (WWT T FCASE PALE o 1
: 1
i1, gy W g W s [y, by
A,

Bob |
Mic Off

irch,st!nuisfeﬂ.ﬂrg |

s,
SPreadsheet: Q1 Budget2 s




Future Work (contd)

® Mechanisms for synchronizing distributed,
decentralized systems like

® Jealime [Reed /8]
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Future Work (contd)

® Worlds: a model for programming multi-
aaaacore archltectures7 T
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Worlds vs. UODbijects

support for spec. execution,

possible worlds reasoning transitive undo

very general, b/c it
works on every object in
the system

only affects objects
designed to work with it

pro +
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