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= Transfer of control from caller to callee .;t.‘«%&.,,, :(.”,.. .J,,_.,.(..‘. ,-.i
= Callee is a procedure (or function — distinction not made for now) (;::':"“
= After finishing, control returns to the instruction after the call x 'f,-d--a 3

= (Callee may make further calls (recursive or not)
= Procedures may be lexically nested and sometimes used as parameters
Identity of callee is known and fixed
= Determined by instruction number/memory address
» Fixed call graph
= Shows potential caller/callee relationships during program execution
What compile-time structures are needed to make this work?
= Symbol table for procedures: stores their signatures (-~¢
= Symbol table for local variables: static coordinates (offset and scope depth) e—
What run-time structures are needed to make this work?
= Activation record per call, typically kept on stack (a.k.a. stack frame)
= Contains parameter, local variables, return value, return address, registers, ...
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COMPILE-TIME STRUCTURES: STATIC COORDINATES

program Main;

O var x, y, z: integer;

procedure Fee;

@ var x: integer;

| begin { body Fee } end;

procedure Fie;

@A var y: real;

procedure Foe;

© var z: real;

procedure Fum;

O var y: real;
begin { body Fum }

Fee;

end;

begin { body Foe }
Fee; Fum;

end;

begin { body Fie }
Foe;

end;

begin { main }
Fie;

end.

4
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Scope graph

Call graph

Static variable coordinate (depth, offset)
depth: level in scope graph (start at 1)
offset: distance to base address ~ ~v_av¢

Scope | x |y | z _

Main

Fee
Fie
Foe

Fum

(AJO) (/\,’-})(4,8)
(1,0) (A% (1,8)
(1.:9) (2,0) (1,8)
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COMPILE-TIME STRUCTURES: STATIC COORDINATES

program Main;

© var x, y, z: integer;
procedure Fee;

@ var x: integer;

| begin { body Fee } end;
procedure Fie;

@A var y: real;

procedure Foe;
® var z: real;
procedure Fum;
O var y: real; _ _ _
begin { body Fum } Static variable coordinate (depth, offset)
Fee; depth: level in scope graph (start at 1)
beg‘?':'d; o offset: distance to base address
i ody Foe
Scope | x | y | z |
end; .
begin { body Fie } S (1,0) (1,4)
Foe; Fee (2,0) (1,4)
end; .
begin { main } Fie (1,0) (2,0)
Fie; 7 Foe (1,0) (2,0)
end.
Fum (1,0) (4,0)
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RUN-TIME STRUCTURES: ACTIVATION RECORDS

= At every point during execution

every active procedure
has an activation record

= Stored in memory

= Activation Record Pointer:
identifies memory address

UNIVERSITY OF TWENTE.

ARP+n

ARP

Local-Data Area

Local-Data Area

Caller’'s ARP

Caller's ARP

Addressability

Addressability

Return Address

Return Address

Return Value

Return Value

Register-Save Area

Register-Save Area

Parameters

Parameters

ARP-m

Callee’s AR

Caller's AR
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RUN-TIME STRUCTURES: ACTIVATION RECORDS

= At every point during execution
every active procedure
has an activation record

_ ARP+N
= Stored in memory

= Activation Record Pointer: ARP

Local-Data Area

Local-Data Area

Caller’'s ARP

Caller's ARP

Addressability

identifies memory address
» |ngredients:
= Local-Data Area: local variables
= Caller's ARP: to restore context
= Addressability: Next lexical scope
= Return Address: to restore context (PC)

Addressability

Return Address

Return Address

Return Value

Return Value

Register-Save Area

Register-Save Area

Parameters

Parameters

=  Return Value: for functions ARP -1

= Register-Save Area: to free registers for reuse by callee

= Parameters: speaks for itself
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Callee’s AR

Caller's AR
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ACTIVATION RECORD EXAMPLE
_ Chocis—Ctafif

1 private static int g;

public static void main(String[] args) {

Memory content at line 5
(before the call)

2

3 int x = 23; 4

4 g = 15; AS

5 inty =3+ call(x, 2); /A'S'S Global memory 15 g

6 System.out. pﬁﬁntln("x+y "+ (X+Y));

7} Registers: r 1 « 3

8 private static int call(int a, int b) {

9 a=2%*a; call’'s AR

10 int ¢ = a * b; (line 12):

11 return g + c;

[

12 } (- - =T 7 Local data 92 C

- { N

b) AR » ‘ 3/ Caller’s ARP o arp
main’s Local data 23 X n T
(ine 5): Return address 67 At

" Caller's ARP n/a .2
arp = 2 Return value 107 el
Return address exit _
Register saves 3 r_1
Parameters | (pointer) | args
— - Parameters 46 a
(no return value, addressability, register saves) "
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SAVING REGISTERS

= Caller does not know what callee will do
= (Callee needs to have freedom to use registers
= Before callee starts execution, old register values saved in AR
= This is the price of register-to-register memory model!
» Who should save?
= Caller: knows which registers it still needs later (after the call)
= Not needed anymore? Don’t save old value
= (Callee: knows which registers it will need
= Do not plan to use? Don’t save old value

= Strategy may depend on situation

> @a«i e£ “cd(ms (@We»\kow“
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MEMORY LAYOUT

low (0) Code

Static

Heap

Free
Memory

Stack

high (2°n)_
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Code memory: fixed-sized
= In this course we assume separate memory area
= Avoids problems, e.g. accidentally changing code

Static: fixed-sized

» Global variables

» |nformation needed for lookup, e.g. display (later)
= Anything else that can be statically computed

Heap: variable-sized

= Objects

= Data structures of unpredictable/dynamic size
= Sometimes: allocation records (closures)

= No order restrictions

Stack: variable-sized

= Temporary values

= Sometimes: allocation records (stack-based)
= Strictly last-in-first-out
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ALLOCATING ACTIVATION RECORDS

» Typical: stack-based allocation
= Callee exits before caller
= Accounts for dynamic nature of calls
= Accounts for recursion
= Sometimes: heap-based (dynamic) allocation
= |f callee can outlive caller
» For instance, in functional languages: closures
= Optimisation: static allocation .
= If callee does not do further calls — (eaf pro welure
= Can be decided at compile time

(R}
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