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Procedure Activations

 Activation- time between when procedure is
entered until it is exited

* Lifetime - begins when control enters an
activation and ends when control returns
from activation

— Duration of a procedure call

e Activation tree- shows flow of control from
one activation to another

— An unfolding of the calling structure of the
program
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call graph

main
. Example Fa
{rp procedure | main q Cp
{ (s activation tree '\/\'
(i) :
if () p,else {s; q} P, 0,

. /N
- /\

dsz, S

Node calls each of its children from L to R
Leaf : procedure which does not call another proce

Root: main procedure
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Runtime stack at /*2*/
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s [*1* Qu/*2*1

What's the runtime stack at /*1*/?
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Lexical Scoping

» Block structured PLs
— Allow for local variable declaration
— Inherit global variables from enclosing blocks

— Lookup for non-local variables proceeds from
inner to enclosing blocks in inner to outer order.

— Used in Algol, Pascal, Scheme (witlet), C++

» Cis flat language for procedure declarations,
disallows nesting
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program Example
( a, b, c: integer;
procedure p
c: integer; -\
procedure s
c, d: integer;

procedure r:I
endr;
r

nested block structure

end s;
r
S;

end p; ./

procedure r
a: integer;
=a, b,c

endr;
\ B o K
end program
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Runtime Stack

« Mechanism to manage block structured
storage

» One frame per block on stack
— Storage for local variables allocated on block
entry, freed on block exit
 Variable lookups conceptually performed on
stack along static chain of lexically nested
environments

» Stack contains frames of all blocks which
have been entered and not yet exited from
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Frame

» Fixed length portion (per procedure)
— Return pointer into stack frame of caller
— Return address (to code within caller)
— Saved state (register values of caller)

— Address accessing mechanism for nonlocal
variables

» Variable length portion
— Local variable storage (including parameters)
— Compiler-generated temporary storage for
subexpressions
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When a procedure is called....

» Prologue - setup stack frame

— Initialize fixed length fields (including
parameters)

« Execution - of code in the called procedure

» Epilogue - release stack frame after restoring
caller's registers and processing the
parameters (if necessary)
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program Example

a, b, c: integer;/*1*/
procedure p /*3*/
c: integer;
procedure s /*8*/ .
c, d: integer; at /x1*/
procedure r*10* | main &= curr - currently
end r;/*11%/ active frame

r;/*9*/ ===
e?d s/;/*12*/ a
ri/*4*
S;I*7*/ b
end p;/*13*/ C
procedure r /*5*/
a: integer;
=a, b,c; top
end r; /*6*/
e piF2* L.
end program /*14*/
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at /*2*/, invoke p
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program
a, b, c: integer;/*1*/
procedure p /*3*/

Example

c: integer; at /*3*/
procedure s /*8*/ : poeoeee DTy
c, d: integer; » main i static chain
procedure r/*10%/ — ‘f\(access link:
end 111 lexical environ)
r;/*9*/ a
end s;/*12*/ . b \
FI4] dynamic . !
ST chain '
procedure r /*5*/ .
a:integer: | Called-by chain)— -
=ab,c ---
end r; /*6*/ C
L piE2A <4 sp

end program /*14*/
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top
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program
a, b, c: integer;/*1*/

Example at/sv

procedure p /*3*/ ¥ main :: NN

c: integer; at /*4*/, -—- v N

procedure s /*8*/ pcallsr - Yoo
c, d: integer; a \ “
procedure r/*10*/ b \‘ \
end r;/*11%/ C 1 h
r;/*9*/ 1 ]

end s;/*12*/ p( ) LI

r;/*4*/ —— // //

ST/ _ -7 !

end p;/*13*/
procedure r /*5*/
a: integer;
=a, b,c
end r; /*6*/
e P25
end program /*14*/
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program

Example at/sv

a, b, c: integer;/*1*/ . -
procedure p /*3*/ > main o : ~q
c: integer; at /*4*/, -—- VoSN
procedure s /*8*/ p calls r _— ‘\ \\
c, d: integer; a \ \
procedure r/*10*/ b \ 1
\ 1
end r;/*11%/ c ‘| "
r;/*9*/ 1 ]
end s;/*12*/ p( ) L
r;/*4%/ N L/ /’
ST/ —-- 7
end p;/*13*/ c - ,
procedure r /*5*/ - 4
L . curr
a |nt§ger, How to map r.main ’?l
= a, .
end - 165/ c to its memor NS
o PiR2H location? ‘
end program [*14*/ a
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program
a, b, c: integer;/*1*/
procedure p /*3*/

C: integer;
procedure s /*8*/
c, d: integer;

procedure r/*10*/

end r;/*11%/

r;/*9*/
end s;/*12*/
r;/*4*/
S;I*7*/

end p;/*13*/
procedure r /*5*/
a: integer;
=a, b,c
end r; /*6*/
e P25
end program/*14*/
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at /*6*/ r.main exits

Sp « curr

curr « called-by link
in r.main’s frame

Example

»main |
\
I \
\
T \
\
a \
b \
\
C 1
p() <= cyrr
/
M — ’/
C
<4 sp

top

14




program Examplgrman
a, b, c: integer;/*1*/ === \
procedure p /*3*/ _— “

c: integer; a \

procedure s /*8*/ \

c, d: integer; b \
procedure r/*10%/ c ‘|
1
end r;/*11%/ p( ) k U
r;/*9*/ — \ ,/
end s;/x12*/ —_
LYK - \

;/ il at /*7*/, c \
end p/*13% call of s in p; s() <= cyr
procedure r /*5*/ at /*8*/: N 7

a: integer; — - -

=a, b,c
end r; /*6*/ C
e Pi2% d

end program/*14*/
Scoping, CSSM F!Zum@ BGR&UK 45 Sp 15
program Exampl main =~
a, b, c: integer;/*1*/ ‘\
procedure p /*3*/ \
C: integer; a \
procedure s /*8*/ b ‘|
c, d: integer; c 1
procedure r/*10*/ A-N |
pQO) -
end r;/*11%/ ™~ “ ,'
r;/*9*/ - _4
end s;/*12%/ _ c TT o
ri/*4%| [*9*/call of r.sin' s s() |
S;[*7*/ at /*10*/ “ Ty
end p;/*13*/ ~ 1
procedure r /*5*/ == - ,:/
a: integer; C 1
=a,b,c d ]
end r; /%6*/ S #’ curr
ol PiIE24 L \' ’
end program/*14*/ —3’
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program Exampl
a, b, c: integer;/*1*/
procedure p /*3*/

c: integer;
procedure s /*8*/
c, d: integer;

procedure r/*10*/

end r;/*11%/
r;/*9*/
end s;/*12*/
r;/*4*/
S T7H [*11*/ pop r's frame
end p;/*13*/
procedure r /*5*/
a: integer;
=a, b,c
end r; /*6*/
e Pi2%
end program/*14*/
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main -~
\

\

\

a \
1

b '
c 1
A~ |

pQ) vl
N— AN |
\/
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program Example

a, b, c: integer;/*1*/
procedure p /*3*/
C: integer;
procedure s /*8*/
c, d: integer;
procedure r/*10*/

end r;/*11%/
r;/*9*/
end s;/*12*/

main

a1 12%/pop s's frame
S;I*7*/

end p;/*13*/

procedure r /*5*/
a: integer;
=a, b,c

end r; /*6*/

e P25

end program/*14*/
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program Example

a, b, c: integer;/*1*/

proceg.uirr(]et epg/;?*/ at /*13*/
procedure s /*8*/ main < curr
c, d: integer;

procedure r/*10*/

end r;/*11%/ a
r:/*9%/ b
end s;/*12*/ c
r;/*4*/ 45 sp

S;I*7*/
end p;/*13*/
procedure r /*5*/

a: integer; [*13*/ pop p’s frame
=a,b,c *1 A% e
end r: /6% [*14*/ pop main’s frame
A L so that curr == sp

end program/*14*/
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Scoping and the Run-time Stack

 Static Scope Access link points to stack frame
of the lexically enclosing procedure; nesting
depth of a procedure is determined at compile
time, and does not change.

- Non-local name binding done at compile time

« Dynamic Scope Control link points to stack
frame of caller. Location of procedure in
dynamic calling chain can change.

-Non-local name binding done at run-time
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program
( a, b, c: integer;
e procedure p

Lexical Scoping
program
(1.2), (1,2), (1,3): integer;
procedure (1,4)
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c: integer; (2,1): integer;
procedure s procedure (2,2)
c, d: integer; (3,1), (3,2): integer;
procedure r procedure (3,3)
endr; endr;
r (3,3);
end s; end s;
r (1,5);
S; (2,2);
\_end p; end p;
procedure r procedure (1,5)
2[ a: integer; (2,1): integer;
=a, b,c =(2,1), (1,2), (1,3);
endr; endr;
\ R o K R o K
end program end program

Find run-time stack location for
(level, index) pair?

need current procedure levek

if k =level, look in current frame (local var)

If k > level, must find level's activation record
O follow (k - level) access links

k <level cannot occur

Note: access links need to be maintained on
procedure entry and exit

Scoping, CS314 Fall 01© BGR&UK 2
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Find run-time stack location for
(level, index) pair?

* To reduce run-time access cost, use a
display: A table of access links, one entry
for each nesting level

» uses data structure at known locationDP

« find (level, index) activation record:

just look uP(level)

Note: work needed to maintain display on
procedure entry and exit

Scoping, CS314 Fall 01© BGR&UK
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Exampl -
. \
* \
. \
: \
. \
Display at /*8*/: R4 f
‘/ AT 1
e N
DP[1] [main 1 _ ..~ 1
DP[2] |proc pr’ \
DP[3] prOC S b & o h m— o m— é durr
I
. c )
Assume access df in s(): d
bl (1,2), address: DP[1] + offset(2) < sp
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Dynamic Scoping

e Allows for local variable declaration

* Inherit global variables from procedures

which are live when current procedure is
invoked

— Reference to identifier is resolved to the
declaration of that identifier in the most recently

invoked and not yet terminated block that contains
a declaration of that identifier

Scoping, CS314 Fall 01© BGR&UK 25

Dynamic Scoping

» Lookup for non-local variables proceeds
from closest dynamic predecessor to farthest

 Incurs a runtime cost of the lookup

— Why can't this information of “who called this
procedure” be precomputed?

» Used in APL, (old)Lisp, Snobol

Scoping, CS314 Fall 01© BGR&UK 2
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program
procedure z;

a: integer;

a:=1,

Y
output a;
end z;
procedure w;

a: integer;
a:=2

yl
output a;
end w;
procedure y
a:=0; /*1*/
endy;
Z,
Wi
end program,;
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Example

Which a is modified by/*1*/ under
dynamic scoping? a.zor a.w or both?

27

program
procedure z;
a: integer,;
a:=1,

yl
output a;
end z;
procedure w;
a: integer,;
a:=2

Yi
output a;
end w;
procedure y
a:=0; /*1*/
endy;
Z,
Wi
end program,;
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Example

main calls z,
z calls vy,
y setsa.zto O.

28
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program

procedure z; Example

a: integer,;

a=1;

Y; main calls w,

output a; w calls y,
end z; 0
procedure w: y setsa.wto 0.

a: integer;

a=2;

Yi

output a;
end w;

rocedure 5 X

P a:= 0;3;*1*/ Is this program legal under static
endy; scoping? If so, which a is modified?
5\/ If not, why not?

end ’program;
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Central Reference Table

» Can't use <level,index> addressing of display
because dynamic chain is NOT FIXED
LENGTH

e Try to minimize cost of runtime variable
lookup

e Runtime access to variables is indirect
through this hash table, 1 entry per active
identifier name

Scoping, CS314 Fall 01© BGR&UK 20
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Central Reference Table

» 1 entry per distinct identifier name plus
active/inactive flag
— If active flag on, entry contains variable’s
address
» Procedure prologue initializes the table
entries for local variables of this procedure
(each entry is really a stack)

» Procedure epilogue pops entries for local
variables from the table
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program
procedure z;/*4*/ N ew Exam ple
g:_rtle_ger; table entry for a at:
W [*3%/ empty  top
[*9*/ y; [*4*] &@.z) “—
end L r5T el &@2)
proceaure W;/*5*/ [*6*/ &@aw)} &(a.z)
a: integer; 1¥7*1 &(a.w), &(a.z)
a:.=2; [*8*/ &(a.z)
Yi DUt a: [*9*] &(a.z)
end W84 16/
procedure y/*6*/ <7+ &(a.z)
a:=0; [*10*/ empty
end y;/*7*/
[*3*] z;

end program,;
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