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• Basis


• Stack frames versus list of contexts


• Mapping between stack frame and context


• Stack frame and context lives (better that tele novelas)


• Some examples

Plan
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Basis : Context
An object representing method or closure activation
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Basis : Execution = linked list 
of contexts

Context
1

Context
2

Context
3
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Basis : Reminder
DoIt 

1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver=InterpreterExam 
1 
2 

Caller 
#plus: 
Flags 

nil 
Receiver = 1  

2 

… 

• Execution as stack 

• Stack frames
Or a context
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http://rmod-files.lille.inria.fr/Team/Presentations/2020-VM-Rogliano-
interpreterBytecode.pdf

WhereIs



Two visions of the execution
Context

1

Context
2

Context
3
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Why two 
representations  
of execution ?

DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
Context2 
receiver 

1 
2 

Caller 
#plus: 
Flags 

Context3 
1  
2 

… 



Usage of contexts
Context

1

Context
2

Context
3

Objects (send  
messages) 

1. Debugging 
2. Exception 
3. Snapshot 
4. … 
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DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
Context2 
receiver 

1 
2 

Caller 
#plus: 
Flags 

Context3 
1  
2 

… 



Context
1

Context
2

Context
3

Stack is localised (!= spaghetti)
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Method 
#Plus:

Method 
#Example

Plus:

!=

Method 
#Plus:

Method 
#Example

Plus:

Stack

Spaghetti stack

Stack



Return operation
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Context
1

Context
2

Context
3

Method 
#Plus:

Method 
#Example

Plus:

!=

Method 
#Plus:

Method 
#Example

Plus:

Stack

Spaghetti stack

Stack



Stack reuses memory
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Context
1

Context
2

Context
3

Method 
#Plus:

Method 
#Example

Plus:

!=

Method 
#Plus:

Method 
#Example

Plus:

      Stack

Context
4

Stack

Spaghetti stack



Example debugging
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DoIt 
1 

‘blah’ 
Caller 

#example:plus: 
Flags 

receiver 
1 

‘blah’ 
Caller 
#plus: 
Flags 

1  
‘blah’ 

… 

primitiveAdd don’t know  
how to handle String argumentFailure:



Example debugging
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Context
3

DoIt 
1 

‘blah’ 
Caller 

#example:plus: 
Flags 

receiver 
1 

‘blah’ 
Caller 
#plus: 
Flags 

1  
‘blah’ 

… 

‘blah’ as argument (bad argument)

Error is created on thisContext



Example debugging
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Debugger asks 
Context>>#sender of 
contexts recursively

Context
1

Context
2

Context
3

DoIt 
1 

‘blah’ 
Caller 

#example:plus: 
Flags 

Context2 
receiver 

1 
‘blah’ 
Caller 
#plus: 
Flags 

Context3 
1  

‘blah’ 

… 

Debugger catches the error.



Example debugging
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Context
1

Context
2

Context
3

DoIt 
1 

‘blah’ 
Caller 

#example:plus: 
Flags 

Context2 
receiver 

1 
‘blah’ 
Caller 
#plus: 
Flags 

Context3 
1  

‘blah’ 

… 



How the contexts map to the stack frames ?
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Context
1

Context
2

Context
3

DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
Context2 
receiver 

1 
2 

Caller 
#plus: 
Flags 

Context3 
1  
2 

… 

=?

=?

=?



Context to stack frame
DoIt 

1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 

Argument(s) and temporaries: 
1. With names 
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Argument(s) and temporaries: 
1. With names 
2. Stack representation
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Context to stack frame
DoIt 

1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 



Sender

�18

Context to stack frame
DoIt 

1 
2 

Caller 
#example:plus: 

Flags 
senderContext 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 



|

Program counter => current bytecode executed
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Context to stack frame
DoIt 

1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 



|

Stack pointer => Position of the current stack top

SP
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Context to stack frame
DoIt 

1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 



Method
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Context to stack frame
DoIt 

1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 



Closure…=> if this the execution of a block 
…OrNil     => for a method 

Mask of the flags
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Context to stack frame
DoIt 

1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 



Receiver
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Context to stack frame
DoIt 

1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 



DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 
3 
… 

What happens when ?
#Plus: return and ?

?
?
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Stack frames and contexts have different life cycles



Stack frame life
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DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

… 

Single Married Dead

Marriage Die

Birth

Automaton for a frame

Birth For later
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Frame is created single

No context linked

DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

nil 
1  
2 

… 

Stack frame life: birth

Single Married Dead

Marriage Die

Birth
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DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 

Birth

Stack frame life: marriage

Single Married Dead

Marriage Die

Birth
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DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 
3 

#plus: 
Flags 

1  
2 

… 

Stack frame life: death

Single Married Dead

Marriage Die

Birth
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Single Married Widowed

Marriage

Divorce

Spouse Die

Birth

Automaton for a context

Dead

Die

Context life
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Single Married Widowed

Marriage

Divorce

Spouse Die
Birth

Dead

Die

User code

VM code

Context life: birth
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DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 

Context life: birth

Pointer to the frame.
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Single Married Widowed

Marriage

Divorce

Spouse Die
Birth

Dead

Die

Method returns = nothing happens for the context

Different for blocks. Not covered in this presentation.

Context life: widow
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How does the context know it is widowed ?

Retrieve the pointer to the supposed frame

Context life: widow
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Check if the supposed frame is in a live execution  

Context life: widow
How does the context know it is widowed ?
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Check if the supposed frame  
is still live and has a context  

Context life: widow
How does the context know it is widowed ?
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Check if the supposed frame  
points back to the context. 

Context life: widow
How does the context know it is widowed ?
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Update the context 

Context life: widow
How does the context know it is widowed ?
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Single Married Widowed

Marriage

Divorce

Spouse Die
Birth

Dead

Die

Nobody hold a reference to the context anymore, it is garbage collected.

nil

Context life: death
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Single Married Widowed

Marriage

Divorce

Spouse Die
Birth

Dead

Die

= receiverIndex
User code

VM code

Context life: divorce
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Save state

(2)

DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 

Context life: divorce



�41

Create caller context and put it as sender

(2)

DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
callerContext 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 

Context life: divorce
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Remove frame

(2)

DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
callerContext 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 

Context life: divorce
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Apply the change to the context !

(2)(2)

Context life: divorce
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The sender is a reference 
 to another context

How does the context know it is single ?

Context life: single
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Single Married Widowed

Marriage

Divorce

Spouse Die
Birth

Dead

Die

User code

We will create a frame according to the context.

Context life: marriage



(
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= (isSingleContext: aContext) not

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

How does the context know it is married ?

)



Other usage of context mapping
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DoIt 
1 
2 

Caller 
#example:plus: 

Flags 
Nil 

receiver 
1 
2 

Caller 
#plus: 
Flags 

Nil 
1  
2 

… 

How to save the execution ?



Example snapshot
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DoIt 
1 
2 

Caller 
#example:plus: 

Flags 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 

Context
1

Context
2

Context
3

Marry all frames



Example snapshot
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DoIt 
1 
2 

Caller 
#example:plus: 

Flags 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 

Context
1

Context
2

Context
3

Divorce all frames

Now the stack is discarded



Example snapshot
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Context
1

Context
2

Context
3

Will survive to  
garbage collection

Now we garbage collect.  
Those contexts are saved 

 in the old space



Example snapshot
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Context
1

Context
2

Context
3

Serialise the old space into a file



Example snapshot
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Context
1

Context
2

Context
3

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

DoIt 
1 
2 

Caller 
#example:plus: 

Flags 

receiver 
1 
2 

Caller 
#plus: 
Flags 

1  
2 

… 
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Single Married Widowed

Marriage

Divorce

Spouse Die

Birth

Automaton for a context

Single Married Dead

Marriage Die

Birth

Automaton for a frame

Birth

Dead

Die


