Activation Records

* Internal structures for implementing function and
procedure calls in a compiler

* Motivation
= Three types of abstraction

e Activation record
* The run-time stack
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Motivation: Three Abstractions

* Clean interface for client
= Access IS by procedure name and parameters only
= Invoked procedure can ignore (or use) calling context

e Control abstraction
=« Well-defined entries and exits points
= Mechanism to return control to caller

* Clean name space

= LOca
non-

= LOca

names In a procedure may overwrite identical
ocal names

names In procedure cannot be seen by the

outside
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Motivation, cont.

* Procedures and functions are a central abstraction and
encapsulation unit in most programming languages

« functional paradigm, e.g., ML
= Imperative paradigm, e.g., C
= Object-oriented paradigm, e.g., Java (here called methods)

* The procedure abstraction makes it possible

= to build large programs
= 1o have reasonable compile times
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Motivation, cont.

* A procedure Is an abstract structure constructed via
software

= Underlying hardware directly supports little of the abstraction,
understands bit, byte, integer, real, and addresses, etc.

e Hardware does not understand

= Entries and exits

= Call and return mechanisms
+ Mmay be a special instruction to save context at point of call

= Name space (e.g., nested scopes)

* These issues must be handled by the compiler (and run-
time system, linkage, loader, and operating system).



Procedure Control Structure

* Procedures have well-defined control-flow
= Invoked at a call site, with a set of actual parameters
« Control returns to call site, immediately after invocation
formal parameters

int b(int x, imz){

[/ main program 'nt d = c(x, y);

: return d;
int a(){ }$
Int r = 2;
Int s = 3;
Iint t = Db(12, r, s); . . .
_ b ’ Int c(int v, int w{
\ return t; \ return vw

actual parameters
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The Procedure Abstraction

On entry, establish procedure f's environment
On exit, tear down procedure f's environment
At a call, preserve procedure f's environment

In between, access and proper scope (or lifetime)

caller callee
prologue prologue
pre-call

call
post-call \
epilogue epilogue

procedure f

procedure g



Activation Record (AR)

* One for each procedure execution

* Recursive procedures have
different activation records

* A data structure implemented by
the compiler constructor. May use
processor specific (and specified)
template.

local variables

return address

temporaries

saved registers

argument m

argument 1

static link




Run-time Stack

7

bush AR when (1 local variables
return address
program calls temporaries
previous AR < d redist
Drocedure (responsibility of callee) saved registers
argument n
Pop AR when
argument 1
orocedure returns frame static link
_ pointer local variables
Current AR Is return address
currently execution  curentar ; te”;p‘”a_”es
IR H Save reglsters
prOCGdU re (responsibility of caller) rument m
A data structure » ; argqument 1
. StacC ic i
implemented and sointer static ink
handled by compiler ot rame < e

constructor

UL [ Y T T | WY TN T AN o Y P

incoming
arguments

outgoing
arguments



Procedure Lir

kage Convention

* Ensures that each procec

ure (the callee) inherits a valid

run-time environment and that the callers environment is

restored on return

= The compiler must generate code to ensure this happens
according to conventions established by the system
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Stack Pointer and Frame Pointer

* Values of current frame accessed using two pointers
* Stack pointer points to frame top
* Frame pointer points to frame base

* Variable and parameter access
= Use offset from stack pointer or frame pointer

* Two pointers are needed because frame size not known
at compile time.
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Local VVariables

* Canbein
= activation record or
= processor register

U mrmmime | omee ™ mimrmdrrs 1omd s mtms N oty vt omem Yoo )~



Return Address

Tells where (within calling function) control should
return.

Created by a special cal | Instruction

If the cal | Instruction at address i1 then return address
Is typically 1 + 1.

Can be passed in a register.



Registers

Very fast, small memory blocks within the processor
= 32 isa “magic” number (6 on a Intel Pentium)
Use for
= computation
= Intermediate results
Accessed via
= load Instruction
= Store instruction
Load and store takes time and should be minimized by
the compiler (reuse the values stored in registers)
= The job of the register allocator (see Chapter 11)



Saved Registers

* Execution of procedures may overwrite useful values in
pProcessor’s registers.

* Generated code must therefore
= Save registers when procedure is invoked
= Restore registers when procedure returns
* Possibilities
= Callee saves and restores registers (callee-save)
+ Can then be preserved across multiple procedure calls
= Caller saves and restores registers (caller-save)
= A combination



Parameter Passing

* Two paradigms
= Call-by-value
= Call-by-reference

* Fast parsing of n parameters
= First 1 to k parameters passed in register
= Remaining k +1 to n parameters passed in main memory

= Works well because most procedures have
o 41% zero parameters
+ 19% one parameter
+ 15% two parameters
+ 9% three parameters
+ 7% four parameters
+ 8% more than four parameters [Tanenbaum]
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summary

* Procedure abstraction central to many programming
languages
= Not well-supported by the hardware

* The compiler must support data structures that allows
procedure calls
= Activation record
= Run-time stack

* Each procedure invocation has activation record that is
stored on stack
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Fibonacci Opgave, kaldtrs
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Fibonacci Opgave, kaldstak

T

n=1 n=0
ret adr ret adr
val=1 val=0 \
n=2 n=2 n=2 n=2 n=2 n=1
ret adr ret adr ret adr ret adr ret adr ret adr
val=null val=null val=1 val=1 < val=1 val=1
n=3 n=3 n=3 n=3 n=3 n=3 n=3 n=3 n=3
ret adr ret adr ret adr ret adr ret adr ret adr ret adr ret adr ret adr
val=null] - yval=null| \lvai=null| \val=null vaI:nuII<vaI:nuII val=1 \ val=1 val=2
=4 n=4 n=4 n=4 n=4 n=4 n=4 n=4 n=4 n=4 n=4
2t adr \ ret adr ret adr ret adr ret adr ret adr < ret adr ret adr ret adr ret adr ret adr
I=null{ )val=null} }val=null] )val=null] Yval=null] Yval=null| \val=null] Yval=null] \val=null| Yval=null val=2
nain ‘/ main main main main main 4/ main main main main main
n=1 n=0
ret adr ret adr
val=1 \ val=0
n=2 n=2 n=2 n=2 n=2
ret adr ret adr ret adr ret adr ret adr
al=null vaI:nuII< val=1 val=null val=1 \
n=4 n=4 n=4 n=4 n=4 n=4
ret adr ret adr < ret adr ret adr ret adr ret adr
val=2 val=null val=2 val=null val=2 val=3 \
main main 4/ main main main main 4] main
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