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{
var x: Int = 3
{
var y: Int = x + 4
}
}
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while (x < n) {
var counter: Int = 0

if (counter > 100) {
var tmp: Int = 0
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REX (in-line) : CRBEIMAIEMEEHRIHTIINE

func f(x: Int, y: Int): Int {
=0

var counter: Int
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{ begin A:
var x: Int = 3
{ .
var y: Int = x + 4 begin B ~
} .
} end A
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{EFE, (scope) FIEFHR (lifetime)
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- NEESERFETERFEAIR] var y: Int = x + 4
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var x: Int
var y: Int

{
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5=

i=%5% (control link) B

var x: Int = 0
var y: Int = x + 1
{
var z: Int = (x + y) * (x - V)
}

}
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5= factorial BREE

func fact(n: Int):

1if (n <= 1)

fact(k)

=&5E (control link)
IR [E]iE
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n K
fact(n-1)
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n 3

fact(n-1)
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n 2

fact(n-1)
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IEHN 13F5% (control link)
IR [EHERFHELIE
n 3
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fact(n-1)

IER(PAN 15F5% (control link)
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func fact(n: Int): Int n 2
{
if (n <= 1) { fact(n-1)
1 UV F2F5% (control link)
} else {
n * fact (n-1) IR [EHERIFHBLIE
} n 1

fact(n-1)
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fact(n-1)
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fact(n-1)

fact(n-1) 2
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func fact(n: Int): Int n 2
{
if (n <= 1) { fact(n-1)
1 UV F2F5% (control link)
} else {
n * fact (n-1) IR [EHERIFHBLIE
} n 1

fact(n-1)



func f(al: Int, a2: Int):

{
let x1: Int

let x2: Int

return ..

}
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func f(al: Int, a2: Int):

{
let x1: Int

let x2: Int

return ..

}
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- S8UTIE: £5|B (pass-by-reference)
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pseudo-code

function f (x) =
{ X =x+1; return x; }
vary = 0;

print (f(y)+y); \
Pg
SS-. bj/-..

l/G/Ue

activation records

y 0 =
f(y) <
Control link

Return result addr

X e
y 0

f(y)
f(y) Control link

Return result addr

X 0
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func h(): Unit
{
let x =1
func g(z: Int){ x + z }
func f£(y) {
var x =y + 1

gly * x)

}
£(3)

}
* BRZQFHY "x + 2" FIpEEAS x 7
- FSERLEL: hagE MALRTERHY MR THNE
+ g(12)iR/E 13
- HIFSAERLE: ThiRIgRYEREREINCRTFRYE
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s SMEREFDaccess link

func h(): Unit h()
let x = 1
func g(z: Int){ x + z }
func f(y) {
var x =y + 1
g(y * x)
}
£(3) f()

- {#Faccess link i5aEFEEE

* Access link' 2 Z25M=BBIZEREIRY
/EE}J'LB% g()

1=4l5E (control link)
access link

1=45% (control link)

access link

1=45% (control link)

access link
YA 12

func f£(y) {
var X
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func g (x:

{

if (x > 0)
f (x)
} else {
-5 * f(x)

}

)
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f(1,3) control
return val
X 1
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control

return val
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X 1

y 3

control

return val

X 2

y 3

control

return val

X 4

y 3
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f(1,3) f(2,3) f(4,3)
control 1 control 1 control ]
return val 1 return val 1 return val -
X 1 X 2 X 4
y 3 y 3 y 3
func f(x: Int, y: Int) . ﬁi%ﬁt{*t
1E (x> v o FoigcallerfUiEENCRIElL, Hicallee/ £k
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f(1,3)
control !
return val 11
X 1
Yy 3

f(2,3)
control !
return val 1 1
X 2
y 3

{

f(4,3)
control !
return val f
X 4
y 3

g(y: Int)

return X

sIERIET  Car x = D

Cwhile Dix > y){
e | B X =2 * X O
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fune £0 ()
let x

func g

{
= 4

func f(y: Int) { @ Ty}
(h) {

var x =_7

h (3) +<]
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func f0 () {
let x = 4
func f(y: Int){@* v o}
func g (h) {

var x =_7
h(3) +—<>

g(f)

h(3)

1=4l5E (control link)

Code for f ..

access link

1=45% (control link)

access link

1=45E (control link)
access link

y 3

|

Code for g ..
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* Function value is pair closure = {env, code )

* When a function represented by a closure is
called,
— Allocate activation record for call (as always)

— Set the access link in the activation record using
the environment pointer from the closure



ING . BREUENSEL

* Use closure to maintain a pointer to the static
environment of a function body

* When called, set access link from closure

* All access links point “up” in stack
— May jump past activ records to find global vars
— Still deallocate activ records using stack (lifo) order
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return { x => g(f(x)) }
}

° 1%: :_!l:"l\gz func comp(f: A -> B, g: B -> C){
o m ﬁl}i EH’J” m ﬁ func builder (x) {
1 17 return g (f (x))
- HEHIFRREIHY "INR \

return builder

}

RRESH TSR
- HEIENRNEFEEETE ( "R IFEETE)
- REUE B <env, code>
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Javascript code 5l
function mk_counter (init) {

var count = init;

function counter(inc) {count=count+inc; return
count};

return counter};

varc = mk_counter(lj; e Function to “make counter”
c(2) + ¢(2); returns a closure

e How is correct value of
count determined in c(2) ?




function mk_counter (init) {
var count = init;
function counter(inc) {count=count+inc; return count};

return counter}; —~—
— ™~ —
var ¢ = mk_counter(1); mk_c ) Code for
c(2) + c(2); access — mk_counter
C —
7~
mk_counter(1) | dCCESS
Init 1
count 3
counter — \

c(2) | access —
INC 2

Code for

counter
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e Use closure to maintain static environment

 May need to keep activation records after return
— Stack (lifo) order fails!
* Possible “stack” implementation

— Forget about explicit deallocation
— Put activation records on heap

— Invoke garbage collector as needed

— Not as totally crazy as is sounds
May only need to search reachable data
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e Block-structured lang uses stack of activ records

— Activation records contain parameters, local vars, ...
— Also pointers to enclosing scope

e Several different parameter passing mechanisms
e Tail calls may be optimizec

* Function parameters/results require closures
— Closure environment pointer used on function call
— Stack deallocation may fail if function returned from call
— Closures not needed if functions not in nested blocks
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