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Reminder:
t-"ridav LS Q warwskap d&fj

o Cowmwe readj Fo worke
o Ewnsure all tfeamt members are presem&

o Bring along a List of questions
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function calls
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Fulckion «mus

int foofint X, Wat yi'4
int temp;
temp = 2 x X + 3 % Y;
return temp;

¥
int main() {
int a kL
TRk D = v,
int ¢ =“foofa b, a +4b):
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Fulckion calls

@ Basitc ﬂform: id(el,eR,...,ek)
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Fulckion calls

@ Basitc ﬂform: id(el,eR,...,ek)
o Greneral form: assignable(el e2,..ek)

- If § is a function, 9(4',5) 3&@.1.6&5 Qa
function, and rh vi;ei.ds a function,
then the following are leqal:

H3) ol4,8)3)  rh(3)
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How is function
call carried oubt?

1. evaluate each of the arqument
exXpresstons

2. wark the resulting values as
parameéérs

3. Uvoke the function
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How is function
call carried ouk?

1. evaluate each of the arqument
expresstons herated |

2. wark the resulting values as
parame&ers |

3. Wvoke the function
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F(x+1)
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f(x+1)

Remember thak the
function call has
skructure,
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f(x+1)

El = x + 1

Grenerate code for
the arqumwent
expressiom
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exam[vtes

f(x+1)

Fl = x + 1
param k1

Mark the resulk as
a parameter of the
function call
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f(x+1)

El = x + 1
param k1
t2 = call(f,1)

Call the function. The
second arqument of the call
indicates the arity of the
function (t.e. how many
parameters it has)
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exam[z?tes

£(x+1) £(xr1,29)
bl =%+ 1

param £l
t2 = call(f,1)
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£(x+1) $x+1,24y)

Fl = x + 1
param k1
t2 = call(f,1)

Remember that bhe
function call has
skructure.
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£(x+1) $x+1,24y)

Fl =2 x + 1 El = x + 1
param k1
t2 = call(f,1)

Evaluate the first
argument
expressiow
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f(x+1)

Fl =2 x + 1 El = x + 1
param k1 param £l
t2 = call(f,1)

Marlke the resulk as a
Farame&en
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f(x+1)

Fl =2 x + 1 El = x + 1
param k1 param £l
b2 = call($,1) t2 = 2 * y

Evaluate bhe
second arqument
expresssiom.

© 2020 Carl Alphonce - Reproduction of this material is prohibited without the author's consent



f(x+1)

tl =29+ Bl = bl

param k1 param k1l

b2 = call($,1) t2 = 2 * y
param ER

Marle the resulk as a
parame&er.
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f(x+1)

tl =29+ Bl = bl
param k1 param k1l
t2 = call(f,1) t2 = 2 * y

param ER

E3 = call(£,2)

Call the function.
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examytes

£(x+1) £(xr1,29) £(g(3*2),h(a+baxb))
Fl = x + 1 El = x + 1
param £l param £l
b2 = call($,1) t2 = 2 * y
param E2

E3 = call(£,2)

A sLLghﬂv more
tavolved exam[pte.
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exam[ptes

“f("«""lj ”f(x*liz*fj> &(3(3*a>,k(&+b,o\*b>>
Fl = x + 1 El = x + 1
param k1l param £l
t2 = call(f,1) t2 = 2 * y
param E2

E3 = call(£2)

As before,
remenber the
skructure...
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f(x+1)

bl =%+ 1 1l = x =l
param k1 param k1l
b2 = call($,1) t2 = 2 * y
param ER
E3 = call(£,2)
1

view Ehis as a function
call U Lsolakion,
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f(x+1)

tl =2 %t o Bl = xrii} tl =3 % 2
param k1 param k1l
t2 = call(f,1) t2 = 2 * y

param ER

E3 = call(£,2)

...first compute the
arqument value...
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f(x+1) q(3*2)

Fl = x + 1 El = x + 1 El = 3 % 2
param k1 param £l param £l

t2 = call(f,1) k2 = 2 x y t2 = call(g,1)

param E2
E3 = call(£2)

Ehen marke E1 as a
p&rame&er and call the
function q.
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exam[ptes

£(x+1) F(x+1,24y) £g(3*2),h(a+b,axb))

tl =2 s Bl = x =1 El = 3 % 2

param k1l param k1l param tl

t2 = call(f,1) (2 = 2 * Y t2 = call(g,1)
param ER

E3 = call(£,2)

This krawnslation will
happen automatically due
to the recursive structure of
the function call for £...
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exam[ptes

£(x+1) F(x+1,24y) £g(3*2),h(a+b,axb))

El = x + 1 El = x + 1 tl = 3 % 2

param £l param £l param £l

t2 = call(f,1) 2 = 2 * y t2 = call(qg,1)
param E2 param ER

E3 = call(£2)

Marlke the resulk as a
Farame&@m
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exam[ptes

£(x+1) £(x+1,2%9) fg(3*2),h(a+baxb))
El = x + 1 El = x + 1 tl = 3 % 2
param £l param £l param £l
t2 = call(f,1) 2 = 2 * y t2 = call(qg,1)
param E2 param ER | More

t3 = call(f,2)  skruckure!
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examgtes

f(x+1) £(x+1,2%9) f(g(3*2) h(a+baxb))
tl =2 s Bl = o+ 1 El = 3 % 2
param k1l param i param tl
t2 = call(f,1) 2 = 2 * y t2 = call(g,1)
param ER param kR
E3 = call(£2) t3=za + b

| expressiom
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examgtes

f(x+1) £(x+1,2%9) f(g(3*2) h(a+baxb))
tl =2 s Bl = o+ 1 El = 3 % 2
param k1l param i param tl
t2 = call(f,1) 2 = 2 * y t2 = call(g,1)
param ER param kR
E3 = call(£2) t3=za + b
param E3

, parame&er
\ marking /
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exam[z?tes

f(x+1) £(x+1,2%9) f(g(3*2) h(a+baxb))
tl =%+ Bl = xrii} tl =3 % 2
param k1 param it param k1
t2 = call(f,1) 2 = 2 * y t2 = call(g,1)
param kR param kR
E3 = call(£2) t3=z=a +b
param E3
4 = a *x b

, expréssmm
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exam[z?tes

f(x+1) £(x+1,2%9) f(g(3*2) h(a+baxb))
tl =%+ Bl = xrii} tl =3 % 2
param k1 param it param k1
t2 = call(f,1) 2 = 2 * y t2 = call(g,1)
param kR param kR
E3 = call(£2) t3=z=a +b
param E3
4 = a *x b

\ param k4

ts = call(h,2)

Parameﬁar marking
and call
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exam[z?tes

f(x+1) £(x+1,2%9) f(g(3*2) h(a+baxb))
tl =%+ Bl = xrii} tl =3 % 2
param k1 param it param k1
t2 = call(f,1) 2 = 2 * y t2 = call(g,1)
param kR param kR
E3 = call(£2) t3=z=a +b
param E3
4 = a *x b
param k4
ts = call(h,2)

Parameﬁar marking
and call

param ts
b6 = call(£,2)
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Memarfj organization

skacle

o Now o SenmnetessNsTns

free memory

heag
BSS
daka
e code

© 2022 Carl Alphonce - Reproduction of this material is prohibited without the author's consent



Memory organization

skacle

& oy Ao s e ]
i

free memory

machine
Lahguage
heap inskructions of
" s Timm the proqgqram
2SS e
daka
code
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Memory organization

skacle

& oy Ao s e ]
i

free memory

inikialized
skatic variables,

h@_a[p cohstants, skring
¢ % g Literals

BSS

data

code
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Memorv organization

skacle

& " DA O o AR AP SR
1

free memory

uhinitialized
heap . skakic variables
BSS
data
H code
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Memory organization

skacle

& oy Ao s e ]
i

free memory dynamically

allocabed

h@_a[o mMenmory (e.g.
¥ BS; = records, a\rr&jsj’

Adaka

code
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Mémory organization

skacle

& oy Ao s e ]
i

he&p Grows

heap towards stacik
BSS

data

code
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Memory organization

stack
| R e free
free Mermory W‘QW‘OW'
denoctes the
h@.a[z: ummapp@.d
v 4 bt | mMenmory bebween
BSS heap and
e e staclke
data
code
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Memory organization

staclk
stacke s
free memory used for
function
h@.og[v tavocakion
. ¥ To88 records ("skack
ik WBS§ e frames™)
daka
AGIINE a Cel
code
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Mémory organization

skacle

o vy

sktacke Grows

heap towards heap
BSS
daka

i code
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Memory organization

skacle

& oy Ao s e ]
i

The size,

free PV O Y Lajou% and
[ contents of both
hQ_QF the code aind
“ | static regions
B5S are determined
doba akb &omgil&
Eivme
code

© 2022 Carl Alphonce - Reproduction of this material is prohibited without the author's consent



Memory organization

skacle

& L O™

free memory

o T . |

ha&g

Y

BSS

VAT ERAATERIL IS A L

t o PN

daka

h-uu-:un.ur

code

W

?

These reqgions

are handled
ci.jmamwauv (L.e.
ab runtime)
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Mémory organization

skacle

& oy Ao s e ]
i

free memory
‘ Ha&p allocakion:

| V.
h QQ\F ., | Teserve
_ 1 ] 1 gk
3SS release
daka
AN TR
code
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Mémory organization

skacle

& oy o s e ]
i

free memory

g Stack allocakion:
LR aa function call
=SS
daka
code
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Stacie ﬂframe organization

actual parame&ers
(arquments)

F pabre v ——sre PR oo o~ -

rebturined value

* e ARPRRs e _ﬂ

conkrol Link
(dynamic Link)
Wmmﬂ’mmmw
access Linke

(skakic Link)

AP W

saved moachine skatus
(return address)

local datka
e e |

&empararies
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