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Smalltalk code

msg
| ]
t = 10.
~ msg: t

Bytecodes

#[18 14 C3 OA BC E2 48]

18 LoadSmallinteger 10
C3 StoreTemporaryl t
0A LoadSelf

BC PushTemporaryl t
E2 SendSelectorl #msg:
48 Return

Machine code




Smalltalk code



Bytecodes

#[18 14 C3 OABC E2 48]

18 LoadSmallinteger 10
C3 StoreTemporaryl t
OA LoadSelf

BC PushTemporaryl t
EZ2 SendSelectorl #msqg:
48 Return




; Bytecodes ;

#[18 14 C3 OA BC E2 48]

18 LoadSmalllnteger 10
C5 Storelemporaryl t
OA LoadSelf

BC PushTemporaryl t




18 LoadSmalllnteger 10
C5 Storelemporaryl t
OA LoadSelf

BC PushTemporaryl t

E2 SendSelectorl #msq:
48 Return




Bytecodes

#[18 14 C3 OABC E2 48]

18 LoadSmallinteger 10
C3 StoreTemporaryl t
OA LoadSelf

BC PushTemporaryl t
EZ2 SendSelectorl #msqg:
48 Return




Object >> #msg

12BEDSO:
12BEDS2:
12BEDS4:
12BEDSB:
@1:12BEDSD:
12BEDSE:
12BED&D:
12BED6L:
12BEDG3:
12BED6S:
12BED&D:
12BED73:
12BED74.
12BED76:
@2:12BED77:
12BED7C:
12BED7F:
12BEDS1:
12BED8&4:
12BEDS&9:
12BEDSB:
12BEDSC:
12BEDSF:

cmp [12BED57], 1E1CA238

jz@1

mov ECX, 100FCD28
jmp 10015440

call 1001B50D

jmp @2

test AL, 1

jnz @3

cmp [EAX-4], 1E273C0
jnz @4

push EBP

mov EBP, ESP

push EAX

mov ESI, EAX

push 10E9E838

push 10026060

cmp ESP, [10028CD4]
inc EBX

jbe @5

inc EBX

mov EAX, 15

mov [EBP-C], EAX
mov EAX, ESI

push [EBP-C]

call 1280207

mov ESP. EBP

pop EBP

mov ESI, [EBP-4]

ret NEAR

Machine code

(@3: 12BED33:
12BED3D:
(@4: 12BED3F:
12BED44:
(@5: 12BED49:
12BED4E:

o 1<18>
o 3 <3
© 4 <0A>
. 5 <BC
© H<E2>
o 7 <48>

LoadSmalllnteger 10
StoreTemporaryl
LoadSelf
PushTemporaryl
SendSelectorl
Return



@3: 12BED33:
12BED3D:
@4: 12BED3F;
12BED44:
12BEDA49:
12BEDA4E:

@5:

Object >> #msg

@1:

@2:

12BED50:
12BED52:
12BED54:
12BEDSB:
12BED5D:
12BEDSE:
12BED60:
12BED61:
12BED63:
12BEDG6S:
12BEDG6D:
12BED73:
12BED74:
12BED76:
12BED77:
12BED7C:
12BED7F:
12BED81:
12BED84:
12BED89:
12BED8B:
12BEDS8C:
12BEDS8F:

iz @1
mov ECX, 100FC028
jmp 10015440
call 1001B50D

jmp @2

test AL, 1

jnz @3

cmp [EAX-4], 1E273C0
jnz @4

push EBP

mov EBP, ESP

push EAX

mov ESI, EAX

push 10E9E838

push 10026060

cmp ESP,[10028CD4]
inc EBX

jbe @5

inc EBX

mov EAX, 15

mov [EBP-C], EAX
mov EAX, ESI

push [EBP-C]

call 1280207

mov ESP, EBP

pop EBP

mov ESI, [EBP-4]

ret NEAR

.
cmp [12BED57], 1E1CA28

; 1<18> LoadSmallinteger 10

3 <C3> StoreTemporaryl

. 4 <0A> LoadSelf

5 <BC> PushTemporaryl

: 6 <E2> SendSelectorl
. 7 <48> Return



12BED63: push 10E9E838
12BED68: push 10026060
12BED6D: cmp ESP, [10028CD4]
12BED73: inc EBX

12BED/4: jbe @5

12BED7/6: inc EBX

@2:12BED77: mov EAX, 15 ; 1 <18> LoadSmallinteger 10
12BED7C: mov [EBP-C], EAX ;3 <C3> StoreTemporaryl
12BED7F: mov EAX, ESI . 4 <0A> LoadSelf
12BED81: push [EBP-(] ;5 <BC> PushTemporaryl
12BED84: call 1280207 : 6 <E2> SendSelectorl
12BED89: mov ESP, EBP ;] <48> Return

12BED8B: pop EBP
12BEDS8C: mov ESI, [EBP-4]
12BED8F: ret NEAR
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A Smalltalk Virtual Machine Architectural Model

Allen Wirfs-Brock
Pat Caudill
Instantiations, Inc.

Allen_Wirfs-Brock@Instantiations.com
Pat Caudill@Instantiations.com

Copyright 1999
Instantiations, Inc
All Rights Reserved

This document describes a bytecode architecture for an experimental Smalltalk virtual machine. The
architecture was originally developed by the authors at Digitalk Inc. in 1993-1994. This document is
published with the permission of Objec tShare Inc, the successor company to Digitalk.

This architecture is intended to be used for the representation of compiled methods in the context of a
dynamic translating ("JIT") virtual machine. As such, its main purpose is to provide information that
can be easily and efficiently processed by such a translator. An important design goal was the
minimization of the space needed to represent compiled methods. Because it was designed to be the input
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Special purpose registers
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JIT compiler



with: with:
| temporaryl tempor

statement.
statement.
statement.

msg:

registers

\
\\ temporary2

N\

temporaryl

A (argument)

environment

method







registers

A (argument)




msQ: with: with:

/

| temporaryl tempor

statement. =
statement. =]
statement.




ters

\ ‘ temporary?2 ‘

Iment) ‘ temporaryl |
|

sender ‘
/]




with: with:
| temporaryl tempor

statement.
statement.
statement.

msg:

registers

\
\\ temporary2

N\

temporaryl

A (argument)

environment

method
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Make the compilation domain
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sentence.
sentence.
sentence.

Compilation process
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ParseMNode

ParseNode ParseNode

ParseMode

ParseNode ParseNode

Compilation proc
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LoadSmalllnteger 1O
StoreTemporaryl m
Load Temporaryl
SendSelectorl #msg
ReturnSelf
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LoadSmalllnteger 10
StoreTemporaryl

SendSelectorl #msqg
ReturnSelf
&




LoadSmalllnteger LoadSmallinteger 10




Flow analysis

Bytecode

Bytecode

eaves t in R?

Bytecode

StoreTemporaryl ¢
LoadTemporaryl t istin R?
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msg
| T
t=10.
selimsg:t
LoadSmalllnteger 10 LoadSmalllnteger 10

StoreTemporaryl ¢ StoreTworaryl t

message send







LoadSmalllnteger 10

StoreTemporaryl
LoadSelf
PushTemporaryl

SendSelectorl #msg:
ReturnSelf
2




message send semantics

msg: with: with:

1- Ewl
il 2- T 2-
3 - send the message 3-call

Bytecodes




i message send semantics '

msg: with: with:

Smalltalk Bytecodes

1- Ewl-
il 2- T »2-
3 - send the message 3 -call




msQ:

Smalltalk

5 - send the message
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LoadSmalllnteger 10

StoreTemporaryl
LoadSelf
PushTemporaryl

SendSelectorl #msg:
ReturnSelf
2




LoadSmalllnteger 10

Sto reTﬁoora ryl
PushR
LoadSelf

SendSelectorl #msqg:

ReturnSelf
&




msg
| T
t=10.
selimsg:t
LoadSmalllnteger 10 LoadSmalllnteger 10

StoreTemporaryl ¢ StoreTworaryl t

message send




Flow analysis

Bytecode

Bytecode

eaves t in R?
Bytecode

StoreTemporaryl ¢
PushTemporaryl t







msg
(frue and: [false])
ifTrue: [s2l7 msq]

LoadTrue LoadTrue




msg
(frueand: [fatse])
IfTrue: | msq]




Load True
TestlumpFalse
LoadFalse
TestlumpkFalse 11
LoadSelf
10 SendSelectorl #msg
11 ReturnSelf
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Load True
TestyumpFalse 11
LoadFalse
TestlumpkFalse 11
LoadSelf
10 SendSelectorl #msg
11 ReturnSelf
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msg
(frue and: [false])
ifTrue: [s2l7 msq]

LoadTrue LoadTrue




Flow analysis

TestlumpTrue TestlumpTrue

TestlumpTrue TestlumpTrue

TestlumpTrue TestyumpTrue

Bytecode Bytecode

Bytecode Bytecode




TestlumpTrue |
L A
TestlumpTrue A |

TestlumpTrue A

L Bytecode

I\

Bytecode
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TestbumpTrue

TestbumpTrue

TestlumpTrue

Bytecode

Bytecode













method
sentence.
sentence.
sentence.




Compilation process
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ParseNode ParseNode
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BytecodeAnalyzer

SmalltalkBytecode

SmalltalkBytecode

f SmalltalkBytecode
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BytecodeGenerator

SmalltalkBytecode
SmalltalkBytecode
SmalltalkBytecode
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Compilation process

SmalltalkCompiler
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CompiledMethod

#selector
header

literal frame

byte byte byte byte byte

source




BytecodeGenerator

BytecodeParser
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BytecodeOptimizer
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BytecodeVisitor Sm . | |ta | hByte cod e BytecodeAnalyzer

BytecodeOptimizationAnalyzer
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BytecodeParser

(3 PetitParser @ Lukas Renggli)

SmalltalkBytecode
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SmalitalkBytecode
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canOptimize: (methods at: i) BytecodeOptimizer #methods
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Statistics

Load optimization Push optimization Jump optimization
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L0ad optimization

Load optimization analysis

Most optimizable method: 19 bytecodes to optimize

16.65% (18994 methods)

L




Load optimization analysis

Most optimizable method: 19 bytecodes to optimize

16.65% (18994 methods)

' Optimizable

Non-optimizable

83.35% (95098 methods)
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Push optimization

Push optimization analysis

Most optimizable method: 11 bytecodes to optimize

8.46% (9649 methods)




Push optimization analysis

Most optimizable method: 11 bytecodes to optimize

8.46% (9649 methods)

/
/

[

. Optimizable

Non-optimizable

/

/

91.54% (104443 methods)
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Jump optimization

Jump optimization analysis

Most optimizable method: 10 bytecodes to optimize

2.42% (2762 methods)




Jump optimization analysis

Most optimizable method: 10 bytecodes to optimize

2.42% (2762 methods)

|

|

' Optimizable

Non-optimizable

J
97.58% (111330 methods)
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Bootstrapped Average time histogram
Evaluations: 1000 averages of 100000 repetitions
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