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Basis : Context
An object representing method or closure activation

a Context (Smallinteger(Number)>>plus:) x 2 4

Raw Source Meta

Variable Value
£ self Smallinteger(Number)=>plus:
» I [aNumber] 2
= I 1 2
» (E) sender InterpreterExamples=>example:plus:
» I pc 35
» I stackp 1
» {1} method Number=>#plus:
» (£ closureOrNil nil
» I receiver 1



Basis : Execution = linked list
of contexts

Context

Context

Context




Basis : Reminder

http://rmod-files.lille.inria.fr/Team/Presentations/2020-VM-Rogliano-

interpreterBytecode.pdf

e Execution as stack

oracontext

o Stack frames

InterpreterExamples new example: 1 plus: ﬂ

example: aNumber plus: aNumberToAdd

AaNumber plus: aNumberToAdd

Wherels

Dolt
1
2

N

Caller

#example:plus:
Flags
nil

receiver=InterpreterExam
1
2

Caller
#plus:
Flags
nil
Receiver = 1
2




Two visions of the execution

Context « Dolt
1
2
Caller
#example:plus:
Flags

/eonteth

— receiver
1

2
Caller
#plus:
Flags

/Cantext3
1

2

Why two
representations
of execution ?




Usage of contexts

Objects (send

messages)
1. Debugging
2. EXxception

3. Snapshot
4. ...

Dolt

1 <

;
2

Context Pl

Caller
#example:plus:
Flags
/eontextQ
receiver
1
2

Caller
#plus:
Flags

/Ce'ntextS
1

2




Stack is localised (= spaghetti)
_— T~

Context Context
1 3
\

Context
2

/

Spaghetti stack

Stack




Return operation

Context Context

1 P

1\ e
Spaghetti stack

Stack




Stack reuses memory

Context
2

Context C. xt
1
\

/

Spaghetti stack

Stack
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Example debugging

Dolt
1
‘blah’

Caller
#example:plus:
Flags

receiver
1
‘blah’

Caller
#plus:
Flags

InterpreterExamples new example: 1 plus:

< Failure:

11

primitiveAdd don’t know
how to handle String argument

'blah'



Example debugging

Dolt

1
‘blah’ ‘blah’ as argument (bad argument)

Caller

#exarFr:pIe:plus: Error is created on thisContext
ags

receiver
1
‘blah’

Caller
#plus:
Flags

12



Example debugging

Dolt

‘blah’

«~@->55

Caller
#example:plus:
Flags
Context2 —~—
receiver
1
‘blah’

\ Context
2

Caller
#plus:
Flags
Context3
1
‘blah’

\

Context
3

13

Debugger catches the error.

Debugger asks
Context>>#sender of
contexts recursively



Example debugging

Dolt
1
‘blah’

Caller
#example:plus:
Flags

Context2 —____
receiver
1
‘blah’

Caller
#plus:
Flags
Context3
1
‘blah’

\

Context
1

Context
2

Context

3

x — 0 debug

Stack

Smallinteger(Number)

InterpreterExamples

UndefinedObject

Source

plus: aNumber

Aself + aNumber

Variables Ewvaluator

Type Variable Vall
implicit self 3
aNumber 17
implicit thisContext Sma
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How the contexts map to the stack frames ?

Context

Context

Context

15

Dolt
1
2

Caller
#example:plus:
Flags
Context2
receiver
1
2

Caller
#plus:
Flags
Context3
1
2




Context to stack frame

Argument(s) and temporaries:

1. With names

a Context (Smallinteger(Number)>=>plus:) x

Raw Source Meta

Dolt
1
2

Caller
#example:plus:
Flags
nil
receiver
1
2

‘ Variable

H Value

>

o T L T M M

Y ¥ Y Y Y¥YYVYNY

self
[aNumber]
1

sender

pc

stackp

i method

closureOril
receiver

Smallinteger(Number)==plus:
2
2

InterpreterExamples>>example:plus:

35

1
Number=>#plus:
nil

1

16

Caller
#plus:
Flags

P 2




Context to stack frame

Argument(s) and temporaries:

1. With names

2. Stack representation

a Context (Smallinteger(Number)>=plus:) x

Raw Source Meta

Dolt
1
2

Caller
#example:plus:
Flags
nil
receiver
1
2

| Variable H Value
£ self Smallinteger(Number)=>plus:
» I [aNumber] 2
» = I 1 2
= £ sender InterpreterExamples>>example:plus:
» I pc 35
» I stackp 1
» {1} method Number=>#plus:
» (© closureOrNil nil
» I receiver 1

17

Caller
#plus:
Flags

b




Context to stack frame

Dolt
1
2

Caller
#example:plus:
Flags
» senderContext

Sender .
receiver
a Context (Smallinteger(Number)=>plus:) x 2 4 1
Raw Source Meta 2
| Variable || value Ca"er
£ self Smallinteger(Number)=>plus:
» I [aNumber] 2 #p|US:
» I 1 2
Flags
» (C) sender InterpreterExamples>>example:plus:
» I pc 35
» I stackp 1 1
» {} method Number=>#plus:
# 2 closureOrNil nil 2
» I receiver 1
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Context to stack frame

Dolt
1
2
Caller
#example:plus:
Flags
Program counter => current bytecode executed nil
receiver
a Context (Smallinteger(Number)>>plus:) x 2 1
Raw Source Meta 2
| Variable H Value Ca"er‘
c) self Smallinteger(Number)=>plus:
= I [aMumber] 2 #plus:
= I 1 2
» (€ sender InterpreterExamples>>example:plus: Flags
» I pc 35
» I stackp 1 1
» {1} method Number=>#plus:
= £ closureOrNil nil 2
= I receiver 1
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Context to stack frame

Dolt
1
2

Stack pointer => Position of the current stack top

a Context (Smallinteger(Number)>>plus:) x Ee

Raw Source Meta

Caller
#example:plus:
Flags
nil
receiver
1
2

‘ Variable H Value
£ self Smallinteger(Number)==plus:
= I [aNumber] 2
» I 1 2
» (€ sender InterpreterExamples>>example:plus:
» I pc 35
» » I stackp 1 |—
» {1} method Number=>#plus:
» (€ closureOrNil nil
» I receiver 1

Caller
#plus:
Flags

b

20




Context to stack frame

Method

a Context (Smallinteger(Number)>>plus:) x

Raw Source Meta

Dolt
1
2

Caller
#example:plus:
Flags
nil
receiver
1
2

‘ Variable H Value
c self Smallinteger(Number)=>plus:

= I [aNumber] 2

» I 1 2

» () sender InterpreterExamples=>example:plus:
» I pc 35

» I stackp 1

» » {} method Number=>#plus:
» (€ closureOrNil nil
» I receiver 1
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Caller
#plus:
Flags

b




Closure...

Context to stack frame

...OrNil

Mask of the flags

a Context (Smallinteger(Number)>=plus:) x

Raw Source Meta

=> if this the execution of a block
=> for a method

Dolt
1
2

Caller
#example:plus:
Flags
nil
receiver
1
2

‘ Variable H Value
£ self Smallinteger(Number)=>plus:
» I [aNumber] 2
= I 1 2
» (£ sender InterpreterExamples=>example:plus:
» I pc 35
» I stackp 1
» {1} method Number>>#plus:
» » £ closureOrNil nil
» I receiver 1
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Caller
#plus:
Flags

b




Context to stack frame

Dolt
1
2
Caller
#example:plus:
Flags
nil
Receiver receiver
a Context (Smallinteger(Number)>=>plus:) x &4 1
Raw Source Meta 2
| Variable H Value
c self Smallinteger(Number)==plus: Ca"er
= I [aMumber] 2 #plus:
» I 1 2
» (£ sender InterpreterExamples>>example:plus: Flags
= I pc 35
» I stackp 1 1
» {1} method Number==#plus:
» (€ closureOrNil nil 2
»F I receiver 1
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What happens when ?

#Plus: return and ?

Stack frames and contexts have different life cycles

a Context (Smallinteger(Number)>=>plus:) x o
Raw Source Meta
| Variable H Value
£ self Smallinteger(Number)=>plus:
» I [aNumber] 2
> I 1 2
» C sender InterpreterExamples>>example:plus: ?
» I pc 35 > m
» I stackp 1
» {} method Number=>#plus:
» (€ closureOrNil nil
» I receiver 1

Dolt
1
2

Caller
#example:plus:
Flags
nil
receiver

04




Stack frame life

Dolt
1
2

Caller
#example:plus:
Flags
nil
receiver

Automaton for a frame 1
2

Birth For later

Marriage Die

Married




Stack frame life: birth

example: aNumber plus: aNumberToAdd

AaNumber plus: aNumberToAdd

Frame is created single

No context linked

Birth

Marriage

\

Die
_—

4_,———”’//////)'
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Dolt
1
2

Caller
#example:plus:
Flags
nil
receiver
1
2

Caller
#plus:

nil
1
2




Stack frame life: marriage

plus: aNumber

thi SContext.l Dolt
Acelf + aNumber 1
a Context (Smallinteger(Number)==plus:) x E» 2
Raw Source Meta \ Ca"er
| Variable || Value \
€ self Smallinteger(Number)=>plus: #examp|e:p|u3:
» I [aNumber] 2
. . Flags
» (€ sender InterpreterExamples=>example:plus: nll
» I pc 35 .
. 5 stackp . recelver
» {1} method Number=>>#plus: 1
» (€ closureOrNil nil 2
» I receiver 1
Caller
Birth #plus:
Flags
] ] 1
Marriage Die 2
v

\/

2/




Stack frame life: death

example: aNumber plus: aNumberToAdd

AaNumber plus: aNumberToAdd

Birth

Marriage
_——

\

Die

Dolt
1
2

Caller
#example:plus:
Flags
nil
receiver
1
2
3




Context life

a Context (Smallinteger(Number)>=plus:) x

Raw Source Meta

| Variable || Value
£ self Smallinteger(Number)==plus:

» I [aNumber] 2
» I 1 2
» (€ sender InterpreterExamples>>example:plus:
» I pc 35
» I stackp 1
» {} method Number=>#plus:

Automaton for a context > © cosreoni i
» I receiver 1

Birth
Marriage Spouse Die Die

Married Widowed

Divorce

29



Context life: birth

thisContext | User code
Acelf + aNumber

marryFrame: theFP SP: theSP copyTemps: copyTemps VM code
Birth
Marriage l Spouse Die Die

Divorce

30



marryFrame: theFP SP: theSP copyTemps: copyTemps

Context life: birth

a Context (Smallinteger(Number)>>plus:) x

Raw Source Meta

Dolt
1
2

| Variable || Value
£ self Smallinteger(Number)>>plus:
» I [aNumber] 2
= I 1 2
» (€ sender Interpretertsaqples=>example:plus:
» I pc 35
» I stackp 1
» {} method Number=>#plus:
» (£ closureOrNil nil
» I receiver 1

3

Caller
#example:plus:
Flags
nil
receiver
1
2

Caller
 ——— #plus:
Flags

b




Context life: widow

example: aNumber plus: aNumberToAdd

AaNumber plus: aNumberToAdd

Method returns = nothing happens for the context

Different for blocks. Not covered in this presentation.

Birth
Marriage l Spouse Die Die
_— _— |

Widowed
Vk\\\§___—’////’

Divorce

32



Context life: widow

How does the context know it is widowed ?

isWidowedContext: aOnceMarriedContext
"See if the argument s married to a live frame or

F
If it is not, turn it into a bereaved single contex

| theFrame thePage shouldBeFrameCallerField |
<var: #theFrame type: #'char ='>
<var: #thePage type: #'StackPage *'>
<var: #shouldBeFrameCallerField type: #'char *'>
self assert: ((objectMemory isContext: aOnceMarriedContext)
and: [self isMarriedOrWidowedContext: aOnceMarriedContext]).
theFrame := self frameOfMarriedContext: aOnceMarriedContext.

thePage := stackPages stackPageFor: theFrame. Retrieve the pointer to the Supposed frame

((stackPages isFree: thePage)
or: [theFrame < thePage headFP]) ifFalse:

["The frame pointer is within the bounds of a live page.
Now check if it matches a frame."
shouldBeFrameCallerField := self withoutSmallIntegerTags:
(objectMemory

fetchPointer: InstructionPointerIndex
ofObject: aOnceMarriedContext).
((self frameCallerFP: theFrame) = shouldBeFrameCallerField

and: [self frameHasContext: theFrame]) ifTrue:
deny: (((self isFrame: theFrame onPage: thePage))

and: [objectMemory isForwarded: (self frameContext: theFrame)]).
(self frameContext: theFrame) = aOnceMarriedContext ifTrue: "It is still married!"™

[Afalse]]].

[self

"It is out of range or doesn't match the frame's context.
It is widowed. Time to wear black."

self markContextAsDead: aOnceMarriedContext.

Atrue

33



Context life: widow

How does the context know it is widowed ?

isWidowedContext: aOnceMarriedContext
"See if the argument s married to a live frame or
If it is not, turn it into a bereaved single contex
| theFrame thePage shouldBeFrameCallerField |
<var: #theFrame type: #'char ='>
<var: #thePage type: #'StackPage *'>
<var: #shouldBeFrameCallerField type: #'char *'>
self assert: ((objectMemory isContext: aOnceMarriedContext)

and: [self isMarriedOrWidowedContext: aOnceMarriedContext]).

theFrame := self frameOfMarriedContext: aOnceMarriedContext.

/”EhéPéEé :
((stackPages isFree: thePage)

or: [theFrame < thePage headFP]) -ifFalse:
["The frame pc‘nte; is within the bounds of a live page.
Now check if it matches a frame."
shouldBeFrameCallerField := self withoutSmallIntegerTags:
(objectMemory

fetchPointer: InstructionPointerIndex
ofObject: aOnceMarriedContext).
((self frameCallerFP: theFrame) = shouldBeFrameCallerField

and: [self frameHasContext: theFrame]) ifTrue:
[self deny: (((self isFrame: theFrame onPage: thePage))
and: [objectMemory isForwarded: (self frameContext: theFrame)]).
(self frameContext: theFrame) = aOnceMarriedContext ifTrue: "IT is still mars

[Afalse]]].

=l n

|I|

"It is out of range or doesn't match the frame's context.
It is widowed. Time to wear black."

self markContextAsDead: aOnceMarriedContext.

Atrue
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Context life: widow

How does the context know it is widowed ?

isWidowedContext: aOnceMarriedContext
"See if the argument s married to a live frame or not.
If it is not, turn it into a bereaved single context.
| theFrame thePage shouldBeFrameCallerField |
<var: #theFrame type: #'char *'>
<var: #thePage type: #'StackPage *'>
<var: #shouldBeFrameCallerField type: #'char ='>
self assert: ((objectMemory isContext: aOnceMarriedContext)
and: [self isMarriedOrWidowedContext: aOnceMarriedContext]).
theFrame := self frameOfMarriedContext: aOnceMarriedContext.
thePage := stackPages stackPageFor: theFrame.
((stackPages isFree: thePage)
or: [theFrame < thePage headFP]) 1ifFalse:

/{“Th~ frame po 15 within the lHlII: oT a Live page.
; Now check if it matches a frame.'
shouldBeFrameCallerField := self withoutSmallIntegerTags:

Check if the supposed frame
Is still live and has a context

(objectMemory
fetchPointer: InstructionPointerIndex
ofObject: aOnceMarriedContext).
((self frameCallerFP: theFrame) = shouldBeFrameCallerField

K\;and [self frameHasContext: theFrame]) ifTrue:

[Self deny: (((self isFrame: theframe onPage: thePage))

and: [objectMemory isForwarded: (self frameContext: theFrame)]).
(self frameContext: theFrame) = aOnceMarriedContext ifTrue: "IT is still married!"”
[Afalse]]].
"It is out of range or doesn't match the frame's context.
It is widowed. Time to wear black."
self markContextAsDead: aOnceMarriedContext.

Atrue
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Context life: widow

How does the context know it is widowed ?

isWidowedContext: aOnceMarriedContext
"See if the argument is married to
If it is not, turn it into
| theFrame thePage shouldBeFrameCallerField |
<var: #theFrame type: #'char *'>
<var: #thePage type: #'StackPage *'>
<var: #shouldBeFrameCallerField type: #'char ='>
self assert: ((objectMemory isContext: aOnceMarriedContext)
and: [self isMarriedOrWidowedContext: aOnceMarriedContext]).
theFrame := self frameOfMarriedContext: aOnceMarriedContext.
thePage := stackPages stackPageFor: theFrame.

((stackPages isFree: thePage)
or: [theFrame < thePage headFP]) ifFalse:

a Live frame not.

=t

or
a bereaved single contex

["The frame pointer is within the bounds of a live page.
Now check if it matches a frame."
shouldBeFrameCallerField := self withoutSmallIntegerTags:
(objectMemory

fetchPointer: InstructionPointerIndex
ofObject: aOnceMarriedContext).

((self frameCallerFP: theFrame) = shouldBeFrameCallerField
and: [self frameHasContext: theFrame]) ifTrue: ) - o
//TEEI? deny: (((sell isframe: theframe onPage: thePage))
[ and: [objectMemory isForwarded: (self frameContext: theFrame)]).
aOnceMarriedContext ifTrue: "It s still

\ (self frameContext: theFrame) =
[“fal;e]:].

"It is out of range or doesn't match

It is widowed. Time to wear black."

self markContextAsDead: aOnceMarriedContext.
Atrue

36

Check if the supposed frame
points back to the context.

married!"




Context life: widow

How does the context know it is widowed ?

isWidowedContext: aOnceMarriedContext
"See if the argument is married to a live frame or not.

T

If it is not, turn it into a bereaved single context.."

| theFrame thePage shouldBeFrameCallerField
<var: #theFrame type: #'char *'>
<var: #thePage type: #'StackPage *'>
<var: #shouldBeFrameCallerField type: #'char ='>
self assert: ((objectMemory isContext: aOnceMarriedContext)
and: [self isMarriedOrWidowedContext: aOnceMarriedContext]).

theFrame := self frameOfMarriedContext: aOnceMarriedContext.
thePage := stackPages stackPageFor: theFrame.

((stackPages isFree: thePage)

or: [theFrame < thePage headFP]) ifFalse:

["The frame pointer is within the bounds of a live page.
Now check if it matches a frame."
shouldBeFrameCallerField := self withoutSmallIntegerTags:
(objectMemory

fetchPointer: InstructionPointerIndex
ofObject: aOnceMarriedContext).
((self frameCallerFP: theFrame) = shouldBeFrameCallerField
and: [self frameHasContext: theFrame]) ifTrue:

[self deny: (((self isFrame: theFrame onPage: thePage))
and: [objectMemory isForwarded: (self frameContext: theFrame)]).

(self frameContext: theFrame) = aOnceMarriedContext ifTrue: "It s still married!"”

A

o S
/"It is out of range or doesn't match the frame's
f It is widowed. Time to wear black."

\ self markContextAsDead: aOnceMarriedContext.

Atrue _ ——

Update the context




Context life: death

a Context (Smallinteger(Number)>>plus:) x E»

Raw Source Meta

| Variable H Value
c self Smallinteger(Number)>>plus:
= I [aNumber] 2
L | 2
» (€ sender InterpreterExamples=>example:plus: >
> I pc 35 > nil
» I stackp 1
» {} method Number=>>#plus:
» () closureOrNil nil
» I receiver 1

Nobody hold a reference to the context anymore, it is garbage collected.
Birth
Marriage l Spouse Die Die

Dead

“~_

Divorce

38



Context life: divorce

plus: aNumber = receiverindex

thisContext at: 6 put: 2. User code
Aself + aNumber

externalDivorceFrame: theFP andContext: ctxt VM code
Birth
Marriage Spouse Die Die
Divorce
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Context life: divorce

Save state

a Context (Smallinteger(Number)>=>plus:) x

Raw Source Meta

Dolt
1
2

Caller
#example:plus:
Flags
nil
receiver
1
2

- ) closureOrNil

’ Variable H Value
c self Smallinteger(Number)>=plus:
» I [aNumber] 2
» I 1 2
» (€ sender InterpreterExamples>>ex
= I pc 35
» I stackp 1
» {1} method Number=>#plus:
>
>

receiver

o |

nil

Caller
#plus:
Flags

- !

R —

40




Context life: divorce

a Context (Smallinteger(Number)=>plus:)

Raw Source Meta

Variable H Value
c self Smallinteger(Number)==plus:
= I [aNumber] 2
= I 1 2
> I 2 1
» I 3 2
» (2 sender InterpreterExamples=>example:plus:
= I pc 27
» I stackp 3
» {} method Number=>#plus:
» (€ closureOrNil nil
» I receiver 1

Create caller context and put it as sender

a Context (Smallinteger(Number)>=>plus:) x

Raw Source Meta

Dolt
1
2

Caller
#example:plus:
Flags
C Context
receiver
1
2

| Variable || Value
c self Smallinteger(Number)==plus:
= I [aMumber] 2
» I 1 2
» (£ sender InterpreterExamples>>example:plus:
= I pc 35
» I stackp 1
» {1} method Number==#plus:
» (€ closureOrNil nil
» I receiver 1

41

Caller
#plus:
Flags

—r




Remove frame

Context life: divorce

a Context (Smallinteger(Number)>=>plus:) x

Raw Source Meta

Dolt
1
2

’ Variable H Value /
c self Smallinteger(Number)>>plus:
= I [aMumber] 2
[ £ 1 2
» (£ sender InterpreterExamples>>example:plus:
= I pc 35
» I stackp 1
» {1} method Number=>#plus:
» (©) closureOrNil nil
» I receiver 1

42

Caller
#example:plus:
Flags

C Context
receiver




Context life: divorce

plus: aNumber
thisContext at: 6 put: 2.
Aself + aNumberl

Apply the change to the context !

a Context (Smallinteger(Number)>=>plus:) x &4

Raw Source Meta

| Variable H Value
c self Smallinteger(Number)==plus:
= I [aMumber] 2
» I 1 2
» (£ sender InterpreterExamples>>example:plus:
= I pc 35
» I stackp 1
» {1} method Number==#plus:
» (€ closureOrNil nil
>

S receiver (2)
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Context life: single

How does the context know it is single ?

isSingleContext: aContext
‘objectMemory isNonImmediate: (objectMemory fetchPointer: SenderIndex ofObject: aContext)

A

a Context (Smallinteger(Number)>=>plus:) x

Raw Source Meta

| Variable H Value
£ self Smallinteger(Number)=>plus:
= I [aNumber] 2
= I 1 2
. » C sender InterpreterExamples>>example:plus:
The sender is a reference . 3 pe 35
to another context " s .
» 11 method Number=>#plus:
» (€ closureOrNil nil
» I receiver 1
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Context life: marriage

fplus: aNumber

I aContext | User code
aContext := thisContext at: 6 put: 2.

aContext jump.
A self + aNumber

We will create a frame according to the context.

Birth
Marriage l Spouse Die Die
/_\ /\A

~_

Divorce
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How does the context know it is married ?

isStillMarriedContext: aContext

"Answer if aContext is married or widowed and still married.
IT a context is widowed then turn it into a single dead context."

Alself isMarriedOrWidowedContext: aContext)
and: (self isWidowedContext: aContext) not]

isMarriedOrwWidowedContext: aContext
fobjectMemory isIntegerObject: bjf-:'ctl~h=_~mor},,r fetchPointer: SenderIndex ofObject: aContext}l

= (isSingleContext: aContext) not

It is a pointer inside the stack frame disguised as an integer object.

isStillMarriedContext: aContext

"Answer if aContext is married or widowed and still married.

If a context is widowed then turn it into a single dead context."

Alself disMarriedOrWidowedContext: aContext)
and: (self isWidowedContext: aContext) not]
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Other usage of context mapping

Dolt
1
2

Caller
#example:plus:
Flags
Nil
receiver
1

2 How to save the execution ?

Caller
#plus:
Flags
Nil
1
2

47



Example snapshot




Example snapshot




Example snapshot

Context

Now we garbage collect.
Those contexts are saved
In the old space

Context

Context Will survive to
—

garbage collection

o0



Example snapshot




Example snapshot

When relaunching an image from a file:
 Materialise objects
» Recreate stack with saved context

Dolt
1
2

Caller
#example:plus:
Flags

receiver

, 4=

Caller
#plus:
Flags

1

*

o2
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Automaton for a context
Birth

Marriage Spouse Die Die

Married Widowed

Divorce

Automaton for a frame

Birth

Marriage Die

Married




