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Smalltalk-72: one page design

Alan Kay

The "Dne Pager" e (the environment) will be bound to the current Messenger object

result holds the result of a send, usually to be *applied* to next part of message

i T eval: if nullie.M5G) then 'result <- nil: goto apply. Dan In aIIS
BEfOre if escape(e.M5G) then goto escapes;
if atom(e. MSG) then 'result <- lookupvalue(e, €.M5G):. goto apply.

if notlist{e.M5G) then ‘result <- e.M5G; goto apply:

) g N s evlist: 'e <- Table(CLASS, MESSENGER,
CLASS | MESSENGER | ©: . SENDER, e,
SEMDER | = GLOBAL, e.GLOBAL, i |
ZSELF, e.SELF, "
PC. 1. . Al
) MSG, e.M5G.PC .5 i DG Nova
| APPLY ) ) RTN APPLY) ; E. L

56
7 = goto eval; P BaS C _—
[ . 2l =

- apply: ‘e <- e.SENDER; + 1

2 e y

CLASS[INT | [CLASS[SYM | [CLASS[INT €.PC <- e.PC +1;

MSG |3 VAL |+ HSG |5 if e.PC > length(MSG) then goto dispatchrtn: Ova
if e.H56G.PC = ", then e.PC <- e.PC + 1; goto evlist;

if e MS6.PC = * then if result = "false

"During” Sl o mae 3 T e assembly

‘e <- Table(CLASS, MESSENGER,
SENDER, e,
GLOBAL, GLOBAL .
SELF. result
PC, 1,

likeLoGO, except makes a
class from its message

temporary variable Instance variables

ISNEW is true if a new instance — =
has been c¢reated toPar b1 ht

(ISNEW = (:h. 1) “cons—if no explici is of
true any object not false acts as Ohd  + (Oc- » (M:h)AK) "rt‘Placai:d zf‘}'lm s givem, S
true )
ot » (0<- » (:)71) “replacd and cdr”
=+ jtrue » mn will evaluate m and QisPair » (Mrue)
escape from sur- Bprint  » ((print. SELF mprint)
rounding ( } Qmprint » (h print. ¢ sNil » () print) ¢ isPair » (¢ ; A ,
. . { mprint} s ‘e peint. t print. ‘) pri
Slength » (¢ isPair » (AL+t length) 1)) prant. Eprint. Jprint)
__—_—_*——M‘

evals t.he next part of messaged fo  eyeball looks to see if its | [~
and binds result to the vari- Mmessage is 3 literal token

able in its message in the message stream

false » m n will evaluate n

:r,end.back returns "statement separator”
its value to sender value is hlbwmg mﬂsase

Butw mppEy s

to * b (:b{?) metacodefor('return <- e.b: goto apply))




Smalltalk-76

Fixed syntax S, N _
Bytecodes -
" String Reflection B =t |
title —)-| 'Rectangle’ | String Inheritance

part names >I ‘corner origin' I

- superclass Messagelictionary SyStemTl‘acer

message dicty

inst size = 2 String
free list Lmessage source - 'contains: pt
/ [roriginept and: pt<corner]’

niquestring
‘contains:’ Method
<literals {if any)>

Static Structures corner| pt | : | pt Jorigin] < [and:| n

<setup info (no. args, etcls

Dynamic Structures

t Jeorner] pt | ( ‘;.
Context [
- sender I CLASS CLASS 154 T
argsland stack LA . ] CLASS OBJEC
method temps [:]f any) ! Point 7
oo I w =10 | argument o
]

tempframe =4 134 |cLaSS NUMBER

stack ptr Point receiver " R,

- mclass x=5 am’ \h
Y Rectangle y =12 CLASS FLOAT CLASS INTEGER

origin

corner Point -J ‘.\s [ﬁ: ‘I\E]
x= 120 EZEA TS

v =50

Smalhalk-76 Metaphysics




Smalltalk-78 and the Notetaker

Multiple 8086 processors => kernels
Small integers are unboxed
Object Table




SMALLALK-80

THE LAMGLAGE AMND TS IMPLEMENTATION

Smalltalk-80

Adele Goldberg ond David Robson

Apple

[ T
B EL a
e, v sy

David
Patterson’s
guantative
approach

DEC => Berkeley
BS on Sun 1

 w—




Hardware: RISC Il (SOAR)

Smalltalk On A RISC

1983 - 1985

"G ' -
. . 1 \ . >
" St iy s . y
-§ . - 4 - 5
| . ..n B, bt = ! ke, iksh R — -
e [ Al e e . %t 1 P . e ¥y
Mo [ @led Dok Siels) SUEWAE L), sl  Com il Sy Y

Joan Pendleton, David Ungar, Shing
Kong, Will Brown, Frank Dunlap, and
Chris Marino

Professors David Hodges and David Patterson




1984: Dynamic Compilation (JIT)

Allan M. Schiffman

| I ]
Inline caches

Compilet

Compiler




Hardware: RISC Ill (SOAR)

Table 3.2: SOAR Instruction Set.
Jon Operands ycles  Operation

[%®)ret{w][i)[n] rs, const 2 pc 13 + conmt

Options as part of return:

[%] Disables return address

tag chacking (non-LIPO ar.)

[w] Change register window

[i] Enable Interrupts

(o] Initialize 4, ..., r13

Mers+s2

Memn-32

rd ¢ rs xor 22

ekl

mders|s2

d & 3 + 13 (Loft shift)

rd ¢ rs shift right logical 1 bit

1d = rs shift right arithmetic 1 bit

e 0;

bym 52<1:0> of rd ¢ ra<7:0>

1d<7:0> - byse 22<1:05> of 132

rdc3l:B> 0

rd = Mirs +12]

rd  Mirs « 52]

te=p=-s2 3¢ d

Repeat Rlx] « M[t);
1¢1~]; té=t-82;

unsl x < 0.

Mirs « const) ¢ 2

t &= IS — COnsL, X & 42;

Repeat M[t] + R[z];
Ré=31=1]; tet-coms

untlx < 0.

if cond(rs. 82) pc +—pc + 2

if cond(rs, 82) 17 « pe,

e Trp

do nothing

see [Penl 5b)

see (Penf 5b)

see [PenB 5b)

soe [Penl 5b)

17« pe;

PC +—addr, cwp ¢—cwp -]

pc + addr

e g s ] e e e e

50
52
44
46
47
51
40
42
(73
54
M
s
36




Self: The Power of Simplicity

Smalltalk-86 call for projects at PARC
*

David Ungar and his
graduate students at
Stanford, later Sun




Self: like Smalltalk only more so

Smalltalk-80

Blocks
Messages
Assignment =

Instance variables =

Instances

Classes

Metaclasses
Temporary variables
Class variables

Class instanc riable
Globals

Pool variables

Self

Objects

Named slots (3 kinds)
Parent slots

Blocks

Messages

SELF objects




Some Smalltalk Hardware

OO Processor Mushroom

1990 1987

LS| Polytechnical School, University of Manchester

University of Sao Paulo Ifor Wyn Williams, Matrio I.

Jecel Assumpcao Jr, Wolczko, and Trevor P.
Hopkins

N J-Machine

g 1988
cell_b MIT

William J. Dally and 0\ £/777
P others TN —

;‘J
~
v,

cell

<




Mushroom: Object Addressing

Ra [ » _'
' tmﬂ" 3 2
..d - e A

Trevor Hopkins Mario Wolczko
Ifor Williams

memory

J
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1990: the evolution of the Self virtual machine

Craig Chambers -




Self 1 and 2: type inference

Polymorphism PICs

Factored code Inlining
Generic code Customization
Dynamic types Type inference

=

Language Compiler
evolution technology

Craig Chambers

The computer wants to run The programmer wants to write in

Fortran (or C) Self




1992: Adaptive Compilation

Urs Holzle

N [N N

“type feedback”




Self 3 and 4: adaptive compilation

source methods

B when method is first invoked unoptimized code
(with call counters)

. when executed ofte
sometimes (when

called from e " if needed for (10)
optimized code) debugging

Urs Holzle

optimized code \\‘. when “uncommon

further : "
optimizations J cases” happen
P : (6.1.4)

Type feedback instead of
type inference

check receiver type

Two compilers:
code to display simple and fast
a rectangle
generates
,ff rectangle display method instrumented

call “display” PIC i type = rectangle L code, good
jump to method , compiler for “hot
it type = circle check receiver type spots”

calling method jump to method ———— ™ P

call lookup

code to display
a circle

PIC stub

circle display method




SiliconSqueak history —

81.9%

1998: Tachyon — VLIW 4 x 16 bit MOVE
4.4%

<432,0>  |[true]|R6 -> PIC_TRIG  |[[true][CONST32 -> PIC_OP |#??7? -
<IntMap> |[true][RO-> ADDER OP [[true] [R2 -> ADDER TRIG |[true] - 0.8%
<FloatMap> |[true] [RO -> FADD OP  |[[true] [R2 -> FADD TRIG |[true] - 4 0.2%
<XXXXXX> |2ZZZZZ777Z

truction 11-99 0.05%
>99 0.02%

<432,3>  |[true]|FADD OUT-> RO |...

<432,7>  |[[true] [ADDER OUT -> RO |...

Cache

2001: Plurion — o 2icame

stack-based | _
bvtecodes L3 (Cache Virtual level 2

caches

[

L1 iCache

inside the processor

virtual

2006: RISC42, 2008: SiliconSqueak




Object Addressing

New Instructions:

|dod d,b(a) Idowd,b(a) Idowud,b(a) Idoh d,b(a)
|dohu d,b(a) Idobd,b(a) Idobua,b(a) Idodid,b(a)
ldowi d,b(a) Idowui d,b(a) Idohid,b(a) Idohuid,b(a)
|dobi d,b(a) Idobuid,b(a) stodc,b(a) stow c,b(a)
vdcbase stoh c,b(a)  stob c,b(a) stodi c,b(a) stowi c,b(a)
stohi c,b(a)  stobi c,b(a)

Virtual
level 2 2D addressed virtual object space (sparsely populated)
cache o

vdcsize 0123 9091 19451 2 xlen-1

Helper
data
structures

Standard RISC-
V load/store




Xssoa: virtual level 2 cache

16KB | 1$ D#1

[ e | BlockNum = Hashl1(a,b) % (vdcsize/BlockSize)

= Hash2(a,b) 128 bytes RV32, 3 way
256 bytes RV64, 3 way
512 bytes RV32, 7 way
1024 bytes RV64, 7 way

3 way

Can: compress/decompress,

use object tables, swap with _
disk, etc User or Supervisor

software to fill block

e




Xsspic: PIC Mode

New instructions;:

pic a pici a,b

2D+ PIC virtual space (sparsely populated)
> a
Virtual O 1 23 91 92 2"xlen-1
level 2
cache

vpiccbase

vpiccsize

Helper
data
structures




Xsspic: virtual level 2 cache

%Ka\b . - .
[ e | BlockNum = Hashl(pc,a) % (vpiccsize/BlockSize)
Xssoa

l = Hash2(pc,a) 128 bytes RV32, 3 way

: - ‘ 256 bytes RV64, 3 way
e gMode: Pt 512 bytes RV32, 7 way
ldw x6,0(x5) 1024 bytes RV64, 7 way

picX6 '  ldwx7,12(x5) 3 way

add x7,x7, jal zero, 0
2277

22272
27 User or Supervisor
2999 compiler to fill block

2277




Thanks!

Extensions that were not discussed:
- bytecode execution

- tagged math

- tagged addressing

- NoC-based message passing
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