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=QH= u=tR |x_i=L u=tR=U
Run-time Storage Organization 16

xtOkt 1»16

QDw}Bt=m QO |Dw=iDt |=xO=O |=}W= x@ Ov=wD|t ‘@vt Om QO OL=w s=vl} ’xt=vQ@l} |=QH= pw] QO •
"Ovm xQ=W=

"OwW|t C} Q}Ot =QH= u=tR |v=@}DWB pwS=t \UwD ’|=xO=O |=}W= |R=UO=R; wX}YND •

O=}kv= w Cr=L ’\}Lt 1»1»16

x_i=L |=[i l} x@ s=v l} CW=ov %(Environment) \}Lt

name → storage space

x_i=L |=[i l} |rai Q=Okt %(State) Cr=L

storage space → state

x_i=L u=mt l} x@ s=v l} uOQm xDU@=w %(Binding) O=}kv=

name → storage location

C}r=ai 2»1»16

"OQ=O s=v (Activation) C}r=ai l} p=wQ l} |=QH= Qy

u=tR l} QO Ov=wD|t u; C}r=ai R= |O=} R O=OaD CQwY u}= QO ’OW=@ |DWoR=@ ’p=wQ l} Qo = •
"OW=@ OwHwt

"“s}kDUt Q}e |DWoR=@” Ovm |v=wN=Qi s}kDUtQ}e CQwY x@ =Q OwN Ov=wD|t p=wQ l} •

"CU= p=wQ l} QO s=o u} QN; w s=o u}DUNv u=}t |v=tR |xR=@ pw] %“life-time” Qta pw]

1



xtOkt 2

=QH= u=tR QO x_i=L |=[i Cw=|r 3»1»16

code

static data

stack

heap

dynamic
space

storage space that won’t
change: global data,
constant, ...

lower memory address

higher memory address

For activation records:
local data, parameters, 
control info, ...

For dynamic memory
allocated by the program

C}r=ai OQwmQ 4»1»16

"Ovm|t |Q=Oyov =Q p=wQl} |=QH=l} x@ \w@ Qt |=yxO=O (Activation record)C}r=ai OQwmQ

returned value

actual parameters

optional control link

optional access link

saved machine status

local data

temporaries

Activation record: data about an execution of a procedure.
%(parameters) =yQDt=Q=B •

=yQDt=Q=B uqa= %(formal) |QwY |=yQDt=Q=B –

|R=Up=ai u}= |=Q@ =yQDt=Q=B Q=Okt %(actual) |ak=w |=yQDt=Q=B –

%(links) =yOvw}B •

|rLtQ}e |=yxO=O x@ |QoxQ=W= %(access link) “=DU}=” |UQDUO |=yOvw}B –

xOvv=wN=Qi p=wQ C}r=ai OQwmQ x@ |QoxQ=W= %(dynamic) “=}wB” |rQDvm |=yOvw}B –
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3 =QH= u=tR |x_i=L u=tR=U

(Memory Allocation) x_i=LX}YND |=yOQm}wQ 2»16

(Static) =DU}= |x_i=LX}YND •

(Dynamic) =} wB |x_i=LX}YND •

=DU}= |x_i=LX}YND 1»2»16

"OwW|tv xO=iDU= A}y w xDWB R= =DU}= |x_i=LX}YND QO

"OwW|t xDiQo Q_v QO OQwmQl} p=wQ Qy |=Q@ % OQ=O Q=Qk =DU}= |=yxO=O |x}L=v QO C}r=ai OQwmQ •

"OvwW|t O}kt x_i=L |=yu=mt x@ p}=Bt=m u=tR QO =ys=v •

"OwW|t ?UDvt x_i=L QO xOW u}}aDV}B R= |=[i x@ u; s=v ’OW |v=wN=Qi p=wQ l} x=oQy •

%?}=at

"OQ=Ov OwHw =yp=wQ uOw@ |DWoR=@ u=mt= •

"OwQ|t QOy p=wQ uOw@v p=ai s=ovy QO x_i=L R= |O=} R sHL •

"CU}v umtt =} wBX}YND •

%=}=Rt

QD‘} QU =yQ}eDt x@ |UQDUO ’OQ=Ov OwHw =ys=v x@ s}kDUtQ}e |UQDUO =} xDWB |Q=mDUO uwJ •

"CU=

static |=yQ}eDt Ovv=t” Ovv=t|t |k=@ |Oa@ |v=wN=Qi =D p=wQ |v=wN=Qil} R=C}r=ai OQwmQ Q}O=kt •
"“C u=@ R QO

“=DU}= |x_i=LX}YND QO” =yp=wQ |v=wN=Qi Ov};Qi

%(calling) xOvvm|v=wN=Qi p=wQ QO

"OvwW|t |@=} RQ= =yu=twoQ; =OD@= •
1"OvwW|t |Bm xOvvm|v=wN=Qi p=wQ C}r=ai OQwmQ QO =yQDt=Q=B |=[i QO =yu=twoQ; •

"OwW C@F xOvvm|v=wN=Qi C}r=ai OQwmQ QO =yC=@F R= |NQ@ Q=Okt OW=@ sRq CU= umtt •

TQO; w OwW|t s=Hv= ’xOvwW|v=wN=Qi p=wQ ptar=QwDUO u}DUNv x@ VQB %|yOOvw}B w VQB •
"OQ}o|t Q=Qk “CWoQ@ TQO; C=@F” RA C=@F QO “CWoQ@ TQO;” |Oa@ ptar=QwDUO

%(called) xOvwW|v=wN=Qi p=wQ QO

"OwW|t |Bm u; C}r=ai OQwmQ CWoQ@ TQO; Or}i QO AR C=@F R= CWoQ@ TQO; •

"OwW xQ}NP =yC=@F |NQ@ Q=Okt OW=@ sRq CU= umtt •

"OvwW x}rw= |yOQ=Okt |rLt |=yxO=O OW=@ sRq CU= umtt •

"OwW|t xO}t=v QDt=Q=B xOvwW|v=wN=Qi x=ov R= w u=twoQ; xOvvm|v=wN=Qi x=ov R= ’OwW|t T=B p=wQl} x@ xJv; %O=OQ=Qk 1
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x_i=LX}YND |=yOQm} wQ 4

“=DU}= |x_i=LX}YND QO” =yp=wQ R= CWoQ@ Ov};Qi

%(called) xOvwW|v=wN=Qi p=wQ QO

"OwW |t s=Hv= xOW xQ}NP |=yC=@F Q}O=kt |@=} R=@ •

"OQ}o|t CQwY CWoQ@ TQO; Or}i QO OwHwt TQO; x@ VQB •

%(calling) xOvvm|v=wN=Qi p=wQ QO

"OwW |@=} R=@ =yC=@F |NQ@ Q=Okt OW=@ sRq CU= umtt •

"OQ}o|t Q=Qk ?U=vt u=mtl} QO |DWoQ@ Q=Okt ’OW=@ ‘@=Dl} ‘k=w QO xOvwW|v=wN=Qi p=wQ Qo = •

|=xDWBX}YND %=}wB |x_i=LX}YND 2»2»16

"OwW|t GQO xDWB QO O}OH C}r=ai OQwmQ l} ’OwW|t |v=wN=Qi p=wQ l} x=oQy •

"OwW|t xDW=OQ@ xDWB |q=@ R= C}r=ai OQwmQ ’p=wQ R= CWoQ@ s=ovy QO •

"Ovm|t xQ=W= “TQO; u} QN;” xDWB |q=@ x@ “xDWB QoxQ=W=” SP C=@F l} •

"Ovm|t xQ=W= “TQO; u}rw=” |Q=H C}r=ai OQwmQ ‘wQW x@ “s} Qi QoxQ=W=” FP C=@F l} •

AR 1

AR 2

stack

FP

SP

““|=xDWB” =}wB |x_i=LX}YND QO” =yp=wQ |v=wN=Qi Ov};Qi

%(calling) xOvvm|v=wN=Qi p=wQ QO

"OvwW xQ}NP C}r=ai OQwmQ QO =yC=@F |NQ@ OW=@ sRq CU= umtt •

|=yxO=O x@ QoxQ=W=” (optional access link) |Q=}DN= |UQDUO Ovw}B OW=@ sRq CU= umtt •
"“xDWB QO GQO” OwW s}_vD “|rLtQ}e

xDWB QO =yQDt=Q=B uOQm GQO •

ptar=QwDUOTQO; uO=O Q=Qk w xOvwW|v=wN=Qi p=wQ ptar=QwDUO u}DUNv x@ VQB %|yOOvw}B wVQB •
"“CWoQ@ TQO; C=@F” RA C=@F QO “CWoQ@ TQO;” |Oa@

%(called) xOvwW|v=wN=Qi p=wQ QO

RA C=@F QO CWoQ@ TQO; uOQm GQO •

“xOvvm|v=wN=Qi p=wQ C}r=ai OQwmQ x@ QoxQ=W=” “control link” |t}Ok FP uOQm GQO •
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5 =QH= u=tR |x_i=L u=tR=U

"|t}Ok SP =@ O}OH FP |yOQ=Okt •

“FP |xR=Ov=” + “RA |xR=Ov=” + “=yQDt=Q=B |xR=Ov=” + |t}Ok SP =@ O}OH SP |yOQ=Okt •
"OvwW|t x@U=Lt p}=Bt=m u=tR QO =yxR=Ov= u}=

"OwW xQ}NP =yC=@F |NQ@ Q=Okt OW=@ sRq CU= umtt •

xDWB QO |rLt |=yxO=O uOQm GQO •

““|=xDWB” =}wB |x_i=LX}YND QO” =yp=wQ R= CWoQ@ Ov};Qi

%(called) xOvwW|v=wN=Qi p=wQ QO

"OvwW|t |@=} R=@ R=}v CQwY QO xOW xQ}NP |=yC=@F Q}O=kt •

"OwW|t |Q=PoQ=@ RAX=N C=@F QO CWoQ@ TQO; •

"(SP := FP) OwW|t |@=} R=@ SP •

"(FP := saved FP) OwW|t |@=} R=@ FP •

"CWoQ@ •

%(calling) xOvvm|v=wN=Qi p=wQ QO

"OvwW |@=} R=@ =yC=@F |NQ@ OW=@ sRq CU= umtt •

"OQ}o|t Q=Qk ?U=vt u=mtl} QO |DWoQ@ Q=Okt ’OW=@ ‘@=Dl} ‘k=w QO xOvwW|v=wN=Qi p=wQ Qo = •

"OwW|t xO=iDU= C}r=ai |=yOQwmQ C=Q}}eD C@F |=Q@ C}r=ai CNQO Q=DN=U R= C}r=ai CNQO

main{

r();

q(1);

}

r{

...}

q(int i)

{

if(i>0) then q(i-1)

}

stack

main

stack

main

r

stack

main

q(1)

stack

main

q(1)

q(0)

main

r q(1)

q(0)

A}y =@X}YND %=}wB |x_i=LX}YND 3»2»16

"OwW|t xO=OX}YND w xOW CU=wNQO =QH= u=tR QOT} wvxt=vQ@ |wU R=x_i=L
C++ u=@ R QO =} wB |x_i=L |=Q@ delete w new C=QwDUO Ovv=t

%\@DQt p�=Ut

(Garbage Collection) =yxr=@ R |Qw;‘tH •

(Segmentation) x_i=L |Ov@xa]k •

(Dangling references) u=OQoQU C=a=HQ= •

"CU= xDU@=w pt=a sDU}U x@V}@ w sm jwi OQ=wt |R=UxO=}B
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=QH= u=tR QO =yQ}eDt x@ |UQDUO 6

=QH= u=tR QO =yQ}eDt x@ |UQDUO 3»16

=QH= u=tR QO |rLt |=yQ}eDt x@ |UQDUO 1»3»16

"OwW|t xQ}NP =yv; |xOvvmuqa= p=wQ C}r=ai OQwmQ QO |rLt |=yQ}eDt •

"OwW|t s=Hv= (FP) s} Qi QoxQ=W= x@ C@Uv CUi; l} j} Q] R= =yQ}eDt u}= x@ |UQDUO •

P()

{

int I,J,K;

...

}

FP
I

J

K

A.R. for P
when called

FP + 1 ∗ sizeof(int) %R= CU= CQ=@a J TQO; •

1 ∗ sizeof(int) =@ CU= Q@=Q@ CUi; •

"CU= u}}aD p@=k =QH= u=tR QO =yvD |ak=w TQO; •

"OwW|t swrat p}=Bt=m u=tR QO |rLt Q}eDt Qy |=Q@ CUi; •

|rLtQ}e w |QU=QU |=yQ}eDt x@ |UQDUO 2»3»16

%OvwW|t xQ}NP =DU}= |=yxO=O |x}L=v QO |QU=QU |=yQ}eDt

"OwW|t s=Hv= =yv; s=v R= xO=iDU= =@ =yvD =yv; x@ |UQDUO •

"OvDUy swrat p}=Bt=m u=tR QO =yTQO; •

%|rLtQ}e |=yxO=O x@ |UQDUO |=Q@ O}O |xRwL |xOa=k wO

=DU}= =} |wer O}O |xRwL •

uQDQi w C ’p=mU=B |=yu=@ R Ovv=t –

"OwWXNWt |wLv |UQQ@ =@ p}=Bt=m u=tR QO Ov=wD|t |rLtQ}e s=v l} CUQO TQO; –

=}wB O}O |xRwL •

AU}r u=@ R Ovv=t –

|xOW |v=wN=Qi p=wQ u} QDxR=D› QO uqa= =@ Q_=vDt |rLtQ}e Q}eDt l} R= xO=iDU= –
"CU= ‹p=ai uwvm =sy

XNWt p}=Bt=m u=tR QO Ov=wD|tv ’OwW|t xO=iDU=|rLtQ}e Q}eDt s=Om xm p=-wU u}= x@ MU=B –
"CU= u}}aD p@=k =QH= u=tR QO =yvD w OwW
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7 =QH= u=tR |x_i=L u=tR=U

xOW |Ov@lq@ |=yQ=DN=U =@ |wer O}O |xRwL

"OW=@|t OwN |rLt |=yxO=O uqa= |w=L xm CU= QwDUO xawtHt l} lq@
XNWt (most closely nested rule) wDQOwDh} QaDu} QDl}ORv|xOa=k =@ O}O |xRwL

%OwW|t

"CU= B OwN pt=W ’B lq@ QO uqa= l} O}O |xRwL •

xaH=Qt B′ lq@ QO x x@ CQwY u}= QO ’OW=@ xOWv h} QaD B QO =t= ’OwW xO=iDU= B QO x Qo = •
u; QO xm s}vm|t

"CU= x uqa= |w=L B′ –

"CU= B uwt=Q}B lq@ u} QDl}ORv ’x uqa= |w=L |=ylq@ Q}=U x@ C@Uv B′ –

wD QO wD |=yp=wQ uwO@ “|wer” =DU}= O}O |xRwL

"OwW uqa= Qo}O p=wQ uwQO Ov=wD|t xm |r=wQ %(nested) wDQOwD p=wQ

CQwY u}= QO ’Ov=Ov R=Ht =Q wD QO wD |=yp=wQ u=@ R l} Qo = •

"CU= |rLt u; |w=L p=wQ x@ C@Uv =} w CU= |QU=QU =} Q}eDt l} –

“OvDUy =ylq@ QO xm |}=yv; pt=W” p=wQl} QO xOWuqa= |=yQ}eDt |xty ’=QH= u=tR QO –

"“OQ=O OwHw |v=WwBty u=mt=” OvwW|t xQ}NP C}r=ai OQwmQ QO

Q=DN=U R= swrat C=aq]= R= xO=iDU= =@ |rLt |xO=O Qy |=Q@ K}LYCUi; ’p}=Bt=m u}L QO –

"OwW|t x@U=Lt |mq@

global, or is local to the

At runtime, all the vari-
ables declared (including
those in blocks) in a pro-
cedure are stored in its
A.R., with possible over-

During compiling, proper
offset for each local data
is calculated using infor-
mation known from the

test()
{ int a,b;
    { int a;
       {  int  c;
           ...
       }
      ...
     }
     ...
     { int b,d,e;
     ...
     }
}

B1
B2

B4

B3

a(B1)

b(B1)

a(B2) or b(B4)

c(B3) or d(B4)

e(B4)

wD QO wD |=yp=wQ =@ “|wer” =DU}= O}O |xRwL

"CU= 1 =@ Q@=Q@ |rY= |xt=vQ@ jta •

"OwW|t xi=[= jta x@ OL=w l} ’s} wW|t wD QO wD p=wQ l} OQ=w x=oQy •

"OwW|t sm jta R= OL=w l} ’s} wW|t GQ=N wD QO wD p=wQ l} R= x=oQy •
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=QH= u=tR QO =yQ}eDt x@ |UQDUO 8

"OwW|t xO=O C@Uv |} wD QO wD jta l} x@ Q}eDt Qy •

%x=ou; ’s}vm =O}B |UQDUO k jta QO |Q}eDt x@ w s}W=@ xDW=O h jta =@ p=wQ l} Qo = •

h ≥ k –

TBU w s}vm|t |] x@DQt h − k =Q “|rLtQ}e |=yxO=O x@ QoxQ=W=” =DU}= |UQDUO Ovw}B –
"s}vm|t xO=iDU= TQO; uDi=} |=Q@ CUi; C=aq]= R=

program main
   procedure P
       procedure R
       end
       R
    end
    procedure Q
        P
    end
    Q
 end.

depth=1

depth =2

depth=3

depth =2

main(1)

Q(2)

P(2)

R(3)
dynamic link static link

(access)

=yOvw}B s}_vD sD} Qwor=

"OwW|t s}_vD xOvvm|v=wN=Qi p=wQ C}r=ai OQwmQ x@ xQ=W= |=Q@ =} wB Ovw}B •

p}=Bt=m u=tR QO =DU}= Ovw}B ?U=vt s}_vD |xwLv •

%Ovm|t |v=wN=Qi =Q nx jta QO x p=wQ np jta QO p p=wQ |Dkw –

"np = nx − 1 w OwW|t QwYLt p QO x x=ou; ’Ow@ np < nx Qo = –
“=} wB Ovw}B s}_vD x@=Wt”

=Q xOWuqa=V}B R= p=wQl} |v=wN=Qi =} |DWoR=@ |v=wN=Qil} x=ou; ’Ow@ np ≥ nx Qo = –
"CW=O s}y=wN

"O@=}|tVy=m OL=w l} jta ’|UQDUO Ovw}B R= uDiQ q=@ x@DQt l} =@ %xHwD
"s}=xDiQ q=@ u; R= x@DQt np − nx + 1 xm Ow@ Oy=wN p |UQDUO Ovw}B x |UQDUO Ovw}B ’u}=Q@=v@

H
p=Ft

%OwW|t xOy=Wt Q} R p=Ft QO =DU}= |=yOvw}B s}_vD sD} Qwor= |=QH= |xvwtv
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9 =QH= u=tR |x_i=L u=tR=U

sort  (1)
a, x

q   (2)
k, v

access link

q   (2)
k, v

access link

p   (3)
i, j

access link

e   (2)
access link

Ovm|t xQ=W= |DWoR=@ Q}e |xOvvm|v=wN=Qi p=wQ u} QN; x@ (access link) |UQDUO Ovw}B xm O}vm xHwD
p@k=t |xOvvm|v=wN=Qi p=wQ x@ ’|DWoR=@ Q}e p=wQ |=Q@ =t= "“s}vm|t CmQL q=@ x@ x@DQt np − nx + 1”

"Ovm|t xQ=W= “np − 1 jta”

N

(DISPLAY) QoW}=tv R= xO=iDU= =@ |rLtQ}e |=yxO=O x@ |UQDUO

%OwW|t O=H}= ’OwW|t xO}t=v DISPLAY xm |QU=QU |x}=Q; l}
“OwHw CQwY QO” =yC=@F R= xO=iDU= =@ •

“C=@F OwHw sOa CQwY QO” =DU}= |=yxO=O |x}L=v R= xO=iDU= =@ •
’OwW|t |v=wN=Qi k |} wDQOwD jta QO P p=wQ |Dkw

u} QDxR=D C}r=ai OQwmQ x@ |}=yQoxQ=W= |w=L ’DISPLAY [k − 1] ’. . . ’DISPLAY [1] •

"OvQ=OQ@ QO =Q P xm CU= |}=yp=wQ k − 1

"CU= P C}r=ai OQwmQ x@ |QoxQ=W= |w=L DISPLAY [k] •

|UQDUO |=Q@DISPLAY [d] R= ’CU= xOW uqa= d jta QO xm x Q}eDtl} x@ |UQDUO |=Q@ •
x OwN x@ |UQDUO |=Q@ u; CUi; R= ’TBU ’OwW|t xO=iDU= x |xOvQ=OQ@ QO C}r=ai OQwmQ x@

"OOQo|t xO=iDU=
"CU=yp=wQ |} wDQOwD jta st} Rm =t =@ Q@=Q@ DISPLAY |xR=Ov= •

"CU= ?U=vt=v ’Ovv=O|t R=Ht =Q CWoR=@ xm |}=yu=@ R |=Q@ l}vmD u}=
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=QH= u=tR QO =yQ}eDt x@ |UQDUO 10

’OwW|t |v=wN=Qi k |} wDQOwD jta QO p=wQ l} |Dkw

"OwW|t xQ}NP O}OH C}r=ai OQwmQ save-display Or}i QO DISPLAY |rai Q=Okt •

Or}i x@ ,qFt” Ovm xQ=W= O}OH C}r=ai OQwmQ x@ xm OwW|t s}_vD |=xvwo x@ DISPLAY [k] •

"“OwN save-display

save-display Or}i QO xOW xQ}NP Q=Okt R= xO=iDU= =@ =Q DISPLAY [k] ’OOQo|tQ@ p=wQ |Dkw
"Ovm|t |@=} R=@

|awv Access link =} DISPLAY R= xO=iDU= QO %Access link w DISPLAY |xU}=kt
"OQ=O OwHw trade-off

"“=QH= u=tR QO” OQ=O |rLtQ}e |=yxO=O x@ |UQDUO |=Q@ |QDW}@ u=tR x@ Access link •

"OW=@ O=} R sy R= |rLtQ}e |=yxO=O jta |xrY=i xm |Dkw XwYN@

"OQ=O R=}v “=QH= u=tR QO” |QDW}@ |=[i x@ ,q=tDL= DISPLAY •

"CU= QDxO=U DISPLAY \UwD xOW O}rwD Om •

=}wB O}O |xRwL

|v=wN=Qi p=wQ u} QDxR=D› QO xm |rLtQ}e Q}eDtl} R= xO=iDU= %(Dynamic scoping) =} wB O}O |xRwL
"CU= xOW uqa= ‹p=ai Rwvy w xOW

"OwW u}}aD p}=Bt=m u=tR QO Ov=wD|tv ’OwW xO=iDU= O}=@ |rLtQ}e Q}eDt s=Om xmVUQB u}= x@ MU=B •

"OwW|t u}}aD =QH= u=tR QOVUQB u}= MU=B •

"OwW xQ}NP O}=@ =QH= u=tR QO =yO=tv pwOH •

%OQ=O OwHw =} wB O}O |xRwL QO |rLtQ}e |=yQ}eDt x@ |UQDUO |R=UxO=}B |=Q@ x=Q wO •

(Deep access) j}ta |UQDUO –

(Shallow access) jtasm |UQDUO –

xO=iDU= pQDvm |=yOvw}B R= ’OwW xO=iDU= |rLtQ}e Q}eDtl} R= Qo = j}ta|UQDUO %=}wB O}O |xRwL
"OW=@ Q}eDt u; |w=L xm OOQo@ |D}r=ai OQwmQ u} QDxR=D p=@vO x@ xDWB QO =D OwW|t

"Ov=xOW xQ}NP C}r=ai OQwmQ Qy QO |}=yQ}eDt xJ xm OW=@XNWt O}=@ u}= |=Q@ •

"OwW xO=iDU= =QH= u=tR QO =yO=tv pwOH R= O}=@ •

H
p=Ft

%s} Q}o|t Q_v QO =Q Q} R Om ’j}ta |UQDUO =@ =} wB O}O |xRwL lQO |=Q@
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11 =QH= u=tR |x_i=L u=tR=U

Example:

program main

procedure test

var x : int;

begin

x := 30

call DeclaresX

call UsesX

end

procedure DeclaresX

var x: int;

begin

x := 100

call UsesX

end

procedure UsesX

begin

write(x)

end

begin

call test

end

#OwW|t xO=iDU= UsesX p=wQ QO x s=Om •

|=xOvvmx]=L=|xRwLI}y =Q} R &Ow@ Oy=wNv R=Ht QwDUOl}u}= ’OwW xO=iDU= =DU}= O}O |xRwL R= Qo = •
"CU= xOQmv uqa= =Q x

N

jtasm |UQDUO %=DU}= O}O |xRwL

"OwW|t |Q=Oyov |Q=H |=yQ}eDt R= |DU}r •

|=yxO=O |x}L=v =} =yC=@F QO” OwW|t xO=OX}YND =[il} ’xt=vQ@ QO OwHwt Q}eDt s=v Qy x@ •
"OW=@ xDW=O OwHw x R= hrDNt uqa= u}OvJ Qo = |DL x Qy |=R= x@ =[i l} |va} "“=DU}=

"Ovm|t xaH=Qt u=mt l} x@ xOWO}rwD Om x x@ ‘=HQ= Qy |=Q@ •

’OwW|t |v=wN=Qi p=wQ l} x=oQy

xQ}NP p=wQ u;C}r=ai OQwmQ QO ’CU= xOW uqa= p=wQ u; \UwD xm |}=yQ}eDt |xty |rai Q}O=kt •
"OwW|t

xDi=}X}YND |=[i QO uwvm =sy xm y w x Q}O=kt x=ou; ’OW=@ xOQm uqa= =Q y w x p=wQ Qo = ’|va}”
“"OwW|t xQ}NP ’CU= xDiQo Q=Qk =yv; x@

"OW Ovy=wN |@=} R=@ Q}O=kt u; ’OW s=tD p=wQ Q=m |Dkw •

?U=vDt =t= ’OwW|t sy=Qi |rLtQ}e |=yxO=O x@ ‘} QU |UQDUO u=mt= %j}ta |UQDUO =@ xU}=kt QO
"CW=O Oy=wN OwHw Q=@ QU =yp=wQ R= GwQN w =yp=wQ x@ OwQw QO ’|rLt |=yQ}eDt O=OaD =@
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=yQDt=Q=B uO=O QPo 12

=yQDt=Q=B uO=O QPo 4»16

(formal) |QwY |=yQDt=Q=B ’=yQDt=Q=B ’p=wQ l} uqa= QO
(actual) |ak=w |=yQDt=Q=B ’=yu=twoQ; ’p=wQ |v=wN=Qi QO

Q}eDtl} Q}O=kt 1»4»16
“?=UDv= pta CU=Q CtU Q=Okt” Q}eDt |rai Q=Okt %R-value •

“?=UDv= pta AJ CtU Q=Okt” Q}eDt TQO;/u=mt %L-value •

x := y

=yQDt=Q=B uO=O QPo |=yVwQ 2»4»16
(call by value) Q=Okt =@ |v=wN=Qi “1

(call by reference) ‘HQt =@ |v=wN=Qi “2

(call by valye-result) xH}Dv»Q=Okt =@ |v=wN=Qi “3

(call by name) s=v =@ |v=wN=Qi “4

Kazim Fouladi <kazim@fouladi.ir>, 2nd Edition, Fall 2014


