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Inline Blocks

Declarations L
1 Control link
val Pi = 3.14; R
fun for(lo,hi,f) =
ce 2 Control link
fun build(...) = for ‘ | . code
= Control link
build ‘ ———— code
Environment
Pointer
8
Activation Record
] |

Control link

Return address

Return-result addr

Parameters

Local variables

Intermediate results

Environment
Pointer

—=

{ L Control link
int x = 2; X 2
int y = 10 y 10
{

int z = 2;
int x = 3; Control link
) x = z + y;
} z 2
print x; X 3
} Environment
Pointer
7
Control Link j
Function Calls sumSquares |  —— [ code
Control Link
1 int sumSquares(int n) {
2 int i, sum = 0; %
3 for (i = 0; i < n; i++4)
4 sum = sum + i * i; Control Link —_
5 t ;
. return sum RetAddr | line 10
7 . Ret Result Addr —
8 n 15
9 int x = sumSquares(15);
10 print x; i 0
11 1} sum 0
... temps ...
Activation Record
[ fact(2)
- Control link t— Control link
y ‘ Return address
Return-result addr
n 2
fact(n-1)
fun fact(n) =

if 5 <=fl :}(le'_ll)l . Environment

else fact(n=i)™n; Pointer
O

val y = fact(2);




Activation Record

[ fact(2) fact(1)
as Control link — Control link — Control link 1
y ‘ N Return address Return address
Return-result addr Return-result addr
n 2 n 1
fact(n-1) / fact(n-1)

fun fact(n) =
if n<=1 then 1

Activation Record

[ fact(2)
-F Control link — Control link
y ‘ Return address

Return-result addr

n 2

fact(n-1) 1

fun fact(n) =
if n<=1 then 1

else fact(n-1)*n; Environment

Pointer

/-

val y = fact(2);

else fact(n-1)*n; Egmggrnment
. ——
val y = fact(2); |z
Activation Record
as Control link
y ‘ 2
fun fact(n) =
if n<=1 then 1 .
else fact(n-1)*n; Egi\gzgpment

val y = fact(2);

Parameter Passing

fun swap(int x, int y) {
int t = x;

x=y;
y=t;

}

{
int a = 10;
int b = 20;
swap (a,b) ;
print(a);

}
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Parameter Passing: By Value

fun swap(int x, int y) {
int t = x;

Iy . [ w

} b 20

{
int a = 10; X 4620
int b = 20;
swap (a,b) ; v 2610
print(a) ; t 10
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Parameter Passing: By Reference

fun swap(int x, int y) {
int t = x;

; _ i a 4620
} b 2610
{
int a = 10; X -
int b = 20;
swap (a,b) ; Y ]
print(a); t 10
}
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Why Does it Matter?

Accessing Globals
valm = 5;
fun force(a) = m * a;
fun cow(y) =
letm=y *yin
force (m)

end;

cow (10) ;

Accessing Globals

. add(z,z) by val
* Side Effects :
X
* Aliasing .
y
int add(x, y) {
x=x+1;
return x + y;
} v ® Ty add(z,z) by ref
z =5; X
print add(z, z);
y
* Efficiency
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Accessing Globals
—{__control link |
= 5. [ m [ 5 |
q valm = 5;
m) fun force(a) =m * a; [ controllink |
| force [ .. |
=) fun cow(y) =
letm=y *yin —|_control link |
force (m) cow | .. |
end;
COW(IO) — _control link
10) ; y | 10
= cow(10) m | 100
force(100
(100 = - o
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Accessing Globals
—|__control link__|
m) val m = 5; [m [ 5 |
m) fun force(a) =m * a;  —[ controllink |
| force [ .. ]
=) fun cow(y) =
letm=y*yin [ comolik]
force (m) cow [ .. |
end;
COW(IO) —,| control link
. y | 10
=) cow(10); o [0
.
Static Scope: force(100) s [ 100 |

how to find m? # links to follow?

—|_control link |
q val m = 5; [m [ 5 |
m) fun force(a) =m * a; [ controllink |
[force [ .. |
=) fun cow(y) =
letm=y *yin
force (m) cow | .. |
end;
cow(10 —| control link
= cow(10); (10) r)r’] } 11000
Dynamic Scope: force(100)
. 100
follow control links e apor] 2
control link
. 5
Accessing Globals b
—{_control link |
val m = 5; [force [ ... |
fun force(a) =m * a;
cow [ .. |
fun cow =
e T e conwlin |
force (m) [moo [ .. |
end
moo(10)
fun moo (y) = i
cow (y) ; cow(10) [ °y<>“tff' s
. moo (10) ; m | 100
Static Scope: force(100)
Now _how many??? a 100




Accessing Globals

Activation record for static scope

t e Control link
' link to activation record of
j previous (calling) block
Return address * Access Imk

link to activation record of
closest enclosing block in
program text

* Difference
Control link depends on
dynamic behavior of prog

Return result addr

Parameters

Local variables

Intermediate results

Egi\gzgp ment Access link depends on
| = :’;c:fric form of program

—|__control link
. access link
q valm = 5; ™ T
(Y fun force(a) =m * a; —| control link
access link
m) fun cow(y) = force |
letm=y *y in .| control link
force (m) access link
end; cow_|
cow(10) —.| control link
q cow (10) ; access link
’ y | 10
- - m | 100
* Access link: link to i
activation record for | force(100) — g‘;:ters‘! I'I'r’:'k‘
enclosing scope a [ 100 P
Another Example

val cm = 2.54;
fun toCM(y) = cm * y;

2.54

[tocM [ —

toCM(5.0) ;

[y T 50 ]

1oCM(5.0) ;

code for

toCM

Passing Functions to Functions

2.54

val cm = 2.54;

fun toCM(y) = am * y;

fun map (h,nil) = nil
| map(h,x::xs) =

access link

[to€M [ —— code for
toCM

h(x) : :map (h,xs) ;

map (toCM, [1.0,2.0]) ; code for

map

access link

h [ —
272 0

x | 1.
XS -

ToCM(1.0) .
y 1.0 -

map(toCM,[1.0,2.0])

Closures

val cm = 2.54;
fun toCM(y) = cm * y;
fun map (h,nil) = nil
| map(h,x::xs) =
h(x) : :map (h,xs) ;

M|

access link
{ »

map (toCM, [1.0,2.0]) ; map

—  access link
h ] -
x | 1.0

[xs [ .. ]

S
y 1

map(toCM,[1.0,2.0])

toCM(1.0)

code for
toCM

makeRand

fun makeRand (seedl, seed2) =
let val generator = Random.rand(seedl, seed2) ;
fun rand(lo, hi) =
Random. randRange (1lo,hi) (generator)

in
rand
end;
val gen = makeRand(10,12); .gener'a’ror'
is free var

val x = gen(0,10) ;




make (not so random...)

fun make (seed) =
let fun rand(lo) = lo + seed
in
rand
end;

seed
is free var

val gen = make (0) ;
gen(5) + gen(4);

Function Results and Closures

fun make (seed) =
let fun rand(lo) = lo + seed
in
rand code for make
end;

val gen = make (0);
gen(5) + gen(4);

access link

Tmake | —
T [ —

access link
0 /

seed |
make(0) ~ -rand]

code for rand

Function Results and Closures

fun make (seed) =
let fun rand(lo) = lo + seed
in
rand
end;

code for make

val gen = make (0) ;
gen(5) + gen(4);

access link

[make [ —]
| access link |
[gen [ ]

code for rand

sumSqTail(2,0)

sumSq(2)
sumSqTail(1,4)

sumSq(1)

Tail Recursion

sumSq(@) sumSqTail(@,5)
return @ return 5
fun sumSq n = return 1+0 return 5
i1f n <=0 return 4+1 return 5
then 0

else n*n + sumSq(n-1);

fun sumSqTail(n, acc) =
if acc <= 0
then acc
else sumSqTail(n-1,acc + n*n);

fun sumSq n = sumSqTail(n, @) .

fun make (seed) =
let fun rand(lo) = lo + seed
in
next code for make
end;

val gen = make (0) ;
gen(5) + gen(4);

access link

[ make |

| access link |
[gen [ ]

| access link |
o 5]

(Right before executing
“lo + seed” in gen(5)....)

code for rand

gen(5)

access link

seed | 0 J
rand | =

v = sumSqTail(2,0)

fun sumSqTail(n, acc) =
if acc <= 0@
then acc
else sumSqTail(n-1,acc + n*n);

control }“ control control control
v %———— R.RA. R.RA. RRA.
n 2 n1 n 0
acc 0 acc 4 acc 5
temp temp temp 4




v = sumSqTail(2,0)
fun sumSqTail(n, acc) {
while not (n <= @) {

. = * .
args to recursive _—" acc acc +n ns
call n=n-1

same test

base case ———— peturn acc

¥
‘ control control
‘ v R.RA.
n 210

acc 645




