
Qr}=Bt=m |L=Q] pwY=

18|xt=vTQO
|Oqwi s_=m

http://kazim.fouladi.ir

1388 %pw= CU=Q} w
1393 %swO CU=Q} w





?r=]t CUQyi

1 |v=}t Om |R=Uxv}y@ 18

1 xtOkt1»18
2 . . . . . . . . . . . . . . . . . . . . . . . . . Om Ow@y@ |=yp}O@D \@=w[ 1»1»18

3 “QuickSort” ‘} QU |R=U?DQt %xvwtv |xt=vQ@l}2»18

4 u=} QH |=yh=Qo w x}=B |=ylq@3»18

5 |R=Uxv}y@ |rY= ‘@=vt4»18
5 . . . . . . . . . . . . . . . . . . . . . . . . lQDWt |=yCQ=@aQ} R hPL 1»4»18
6 . . . . . . . lQDWt |=yCQ=@aQ} R u}}aD |=Q@ QwO uwO@ Q=OCyH |=yh=Qo
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . |Bm Q=WDv= 2»4»18
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xOQt Om hPL 3»4»18
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . =yC@=F uO=O=H 4»4»18

8 =yxkrL |R=Uxv}y@5»18
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Om |}=H@=H 1»5»18
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . |Q=wWOVy=m 2»5»18
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . |}=QkDU= |=yQ}eDt 3»5»18

;



?

11 u} QtD ˆ

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



|v=}t Om |R=Uxv}y@
Intermediate Code Optimization 18

xtOkt 1»18

"CU= p}=Bt=m Ov}=Qi |xrLQt u}tHvB ’|v=}t Om |R=Uxv}y@

p}=Bt=m Ov}=Qi |xrLQt u}tHvB u=wva x@ |v=}t Om |R=Uxv}y@ %1»18 pmW

%Qw_vt x@ ’OQ=O |v=}t Om Ow@y@ QO |aU |v=}t Om |R=Uxv}y@ |xrLQt

QDq=@ |=QH= CaQU •

QDtm |x_i=L hQYt •

QDtm |SQv= hQYt •

1



xtOkt 2

Optimized

Sequence of

Intermediate

Code Parts

Sequence of

Intermediate

Code Parts

|v=}t Om |=yptar=QwDUO %Q=O=vat OL=w |v=}t Om |=yptar=QwDUO %Q=O=vat OL=w

|v=}t Om |R=Uxv}y@ |xrLQt %2»18 pmW

H
p=Ft

%|v=}t Om |R=Uxv}y@ R= |=xvwtv

temp1 := inttofloat(60)

temp2 := id3 * temp1

temp3 := id2 + temp2

id1 := temp3

|UQO;xU |v=}t Om

↓

temp1 := id3 * 60.0

id1 := id2 + temp1

|UQO;xU |v=}t Om

N

. . . w QDsm |iQYt |=[i ’QDu}}=B |=QH= u=tR xm CU= |Om uDi=} ’|v=}t Om |R=Uxv}y@ R= hOy •

"OW=@ xDW=O

"OW=@ umtt Om u} QDy@ pY=L Om xm Ovm|tv u}t[D ’|R=Uxv}y@ •

QO |=x_Lqt I}y |va} %OwW|t xDiQo Q_v QO u}W=t R= pkDUt |=y|R=Uxv}y@ =yvD =Hv}= QO •
"OwW|tv OQ=w OYkt u}W=t C=}YwYN OQwt

%CU= =yxO=O u=} QH w pQDvm u=} QH |=yp}rLD R= |@}mQD xO=iDU= OQwt |=yl}vmD •

%(Control-Flow Analysis) pQDvm u=} QH p}rLD –
"“OvDUy Ow@y@ |=Q@ |@ wN |=y=O}Ov=m ,qwtat =yxkrL” xt=vQ@ u=} QH h=Qo QO =yxkrL |}=U=vW

%(Data-Flow Analysis) =yxO=O u=} QH p}rLD –
"xt=vQ@ QO =yQ}eDt R= xO=iDU= |ovwoJ OQwt QO |D=aq]= |Qw;‘tH

Om Ow@y@ |=yp}O@D \@=w[ 1»1»18

"OvyO|t CUO x@ VqD pk=OL =@ =Q Caivt QFm =OL xm OvDUy |}=yv; ’=yp}O@D u} QDy@
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3 |v=}t Om |R=Uxv}y@

"Ovm ^iL =Q xt=vQ@ |=vat O}=@ p}O@D l} •

"OyOV}=Ri= |Q}oxR=Ov= p@=k u=R}t l} x@ =Q xt=vQ@ CaQU ’\UwDt Cr=L QO O}=@ p}O@D l} •

xt=vQ@ |}=ORp=mW= s=ovy QO u}vJty w OvwW|t =QH= |y=o xm |}=yxt=vQ@ |=Q@ Om |R=Uxv}y@ R= •
"OwW ?=vDH= |DU}=@

uDi=} pw�Ut xW}tyT} wvxt=vQ@ "O};|t OwHw x@ xt=vQ@ ‘@vt Om Ow@y@ =@ |U=U= |=yOw@y@ %QmPD •
"CU= xr�Ut l} pL |=Q@ =ysD} Qwor= w =yxO=O u=tDN=U u} QDy@

“QuickSort” ‘} QU |R=U?DQt %xvwtv |xt=vQ@l} 2»18

%s}vm|t xO=iDU= Q} R |xt=vQ@ R= ’|R=Uxv}y@ hrDNt |=yl}vmD Q}F=DV}=tv |=Q@

void quicksort(m,n)

int m,n;
�

int i,j,v,x;

if (n <= m) return;

i = m-1; j = n; v = a[n]; /* fragment begins here */

while (1)
�

do i = i+1; while (a[i]<v);

do j = j-1; while (a[j]>v);

if (i>=j) break;

x = a[i]; a[i] = a[j]; a[j] =x;
�

x = a[i]; a[i] = a[n]; a[n] =x; /* fragment ends here */

quicksort(m,j); quicksort(i+1,n);
�

%CU= xOt; CUO x@ Q} R CQwY x@ ’xvwtv |xt=vQ@ u}= |UQO; xU Om
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u=} QH |=yh=Qo w x}=B |=ylq@ 4

u=} QH |=yh=Qo w x}=B |=ylq@ 3»18

%‹u}W=t R= pkDUt› Om |R=Uxv}y@ |xrLQt

pQDvm u=} QH p}rLD •

=yxO=O u=} QH p}rLD •

xO=O V}=tv (flow-graph) u=} QH h=Qo CQwY x@ xt=vQ@ l} ’pQDvm u=} QH p}rLD pw] QO
%OwW|t

u=} QH xm |B QO|B |=yptar=QwDUO R= |=xr=@vO %CU= (Basic Block) x}=B lq@l} xQo Qy •

"O@=}|t xtD=N ’hkwD =} VQB uwO@ u; |=yDv= QO w OwW|t R=e; u; |=OD@= R= pQDvm

"OyO|t u=Wv =Q pQDvm u=} QH l} ’p=} Qy •

H
p=Ft

l} Bi Qy u; QO xm OyO|t u=Wv ‘} QU |R=U?DQt |UQO; xU Om |=Q@ =Q u=} QH h=Qo ’Q} R pmW
%CU= x}=B lq@

N
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5 |v=}t Om |R=Uxv}y@

|R=Uxv}y@ |rY= ‘@=vt 4»18

"OQ=O Q=m w QU x}=B lq@ l} QO OwHwt C=QwDUO =@ =yvD %(local) |rLt |R=Uxv}y@ •

"OQ=O Q=m w QU xt=vQ@ pm =@ %(global) |QU=QU |R=Uxv}y@ •

%Ovm|t x@U=Lt =Q =yCQ=@a R= |=xawtHt ’x}=B lq@ l}
lq@ u; \UwD xOW x@U=Lt CQ=@a xmv}= uwO@ ’OQm p=ta= x}=B lq@ |wQ Q@ =Q p}O@D |O=OaD u=wD|t

%R= CU= CQ=@a =yp}O@D u}= |xvwtv "Ovm Q}}eD

(Common Sub-expression Elimination) lQDWt CQ=@aQ} R hPL “1

(Copy Propagation) |Bm Q=WDv= “2

(Dead-Code Elimination) xOQt Om hPL “3

(Constant Folding) C@=F uO=O=H “4

lQDWt |=yCQ=@aQ} R hPL 1»4»18

,q@k E Qo = ’OwW|t xO}t=v (common sub-expression) lQDWt CQ=@aQ} R ’E CQ=@a ‘wkw l}
"OW=@ xOQmv Q}}eD |r@k |x@U=Lt R= E QO OwHwt |=yQ}eDt Q}O=kt w OW=@ xOW x@U=Lt

H
p=Ft

%OwW|t p}O@D Q} R CQwY x@ B5 lQDWt |=yCQ=@aQ} R hPL R=TB "O} Q}o@ Q_v QO =Q B5 lq@

|=yCQ=@aQ} R xm Ovm|t |@=} RQ= =Q 4 ∗ j w 4 ∗ i Rwvy B5 ’lQDWt CQ=@aQ} R |rLt hPL R=TB
"OvDUy lQDWt

C=QwDUO ’u}=Q@=v@ "OwW|t |@=} RQ= t4 \UwD B3 lq@ QO 4 ∗ j •

t8 := 4 ∗ j; t9 := a[t8]; a[t8] := x

%OwW u} Ro}=H Q} R C=QwDUO =@ Ov=wD|t

t9 := a[t4]; a[t4] := x
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|R=Uxv}y@ |rY= ‘@=vt 6

’u}=Q@=v@ "OwW|t x@U=Lt t5 \UwD B3 QO xm Ow@ Oy=wN lQDWt CQ=@aQ} R l} R}v a[t4] ’p=L •

C=QwDUO
t9 := a[t4]; a[t6] := t9

"OwW u} Ro}=H a[t6] := t5 QwDUO =@ Ov=wD|t

hPL Ov=wD|t t6 %CU= B3 lq@ QO t3 x@ xOW xO=O C@Uv Q=Okt Ovv=t x Q=Okt ’x@=Wt Qw] x@ •
"OwW u} Ro}=H t2 =@ w OwW

w B5 |x}=B |=ylq@ QO |QU=QU w |rLt lQDWt |=yCQ=@aQ} R hPL R= pY=L u=} QH h=Qo
%B6

N

lQDWt |=yCQ=@aQ} R u}}aD |=Q@ QwO uwO@ Q=OCyH |=yh=Qo

(DAG) QwO uwO@ Q=OCyH h=Qo l} CQwY x@ =Q x}=B lq@ l} ’lQDWt |=yCQ=@aQ} R u}}aD |=Q@
"OwWXNWt lq@ l} QO =yCQ=@aQ} R OOHt |xO=iDU= |ovwoJ =D s}vm|t |}=tvR=@

%CU= Q} R C=YNWt |=Q=O ’x}=B lq@ l} |=Q@ DAG

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



7 |v=}t Om |R=Uxv}y@

"“C@=wF =} =yQ}eDt s=v” OvDUy =Dm} |=yxU=vW |w=L =ynQ@ •

"OvDUy Qorta O=tv l} |w=L ’|rN=O |=yxQo •

|Q=Okt |=Q=O =yQ}eDt u; OyO u=Wv =D OvW=@ xDU@=w |=yQ}eDt R= |DU}r |=Q=O Ovv=wD|t =yxQo •
"OwW|t x@U=Lt xQo u; QO xm OvDUy

H
p=Ft

x}=B lq@ l} |=Q@ QwO uwO@ Q=OCyH |=yh=Qo
associated DAG.� � � ��� 
� ��
 �
� � � � � 
� � � �� �
� � � � � 
� ��
 �
� � � � � 
� � � � � �
�� � � � 
� � � 
 ��
�� � ��	 
� �	 
 � � � �
�
 � �	 
 � 
� ��	
�� � �� 
� � � �

�� � � 
� ��
� �� �� � � � � �� � � � � � � �

+
�	 ,prod

prod *
� �

[]
� � []

� � � � (1)

*
����� � � +

�� , i 20

1i4

ba

N

|Bm Q=WDv= 2»4»18

R= x |=H x@ Ow@ umtt =H Qy QwDUO u}= R=TB ’x := y |Bm QwDUO uDW=O =@ %|Bm Q=WDv= |xOa=k
"s}vm|t xO=iDU= y

H
p=Ft

%CW=O s}y=wN ’p@k p=Ft pY=L R= B5 lq@ |wQ Q@ |Bm Q=WDv= p=ta= =@

� 
 � � �
� � � � � 
� � �
� � ��� � 
� � �
� � � � ���

"Ovm|t sy=Qi =Q x := t3 ?=UDv= hPL u=mt= ‘wtHt QO xOQt Om hPL x=Qty x@ p}O@D u}=

N
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=yxkrL |R=Uxv}y@ 8

xOQt Om hPL 3»4»18

xvQow ’OwW xO=iDU= ,=@k=aDt Ov=wD@ u; Q=Okt Qo = ’CU= (live) xOvR xt=vQ@ R= x]kvl} QO Q}eDtl} •
"CU= (dead) xOQt

"OwWv xO=iDU= |Qo}O |=H I}y QO u; QO xOW x@U=Lt |=yxO=O Qo = ’CU= xOQt Om R= |WN@ •

"OW=@ |Bm Q=WDv= p}O@D pY=L CU= umtt xOQt Om •

"OW=@ ?U=vt Ov=wD|t |Bm Q=WDv= x=Qty x@ xOQt Om hPL OQ@ Q=m •

H
p=Ft

"OwW|tv xO=iDU= lq@ u; R= |Qo}O |=H I}y QO x xm s}v}@@ s}v=wD|t ’|Bm Q=WDv= R=TB B5 lq@ QO
"s}vm hPL B5 R= =Q x := t3 ?=UDv= s}v=wD|t w CU= xOQt Q}eDt l} x u}=Q@=v@

� 
 � � �
� � � � � 
� � �
� � ��� � 
� � �
� � � � ���

N

=yC@=F uO=O=H 4»4»18

"CU= C@=F “Q}eDt l} =}” CQ=@a l} Q=Okt xm s} wW xHwDt s}v=wD@ p}=Bt=m u=tR QO CU= umtt

u} Ro}=HC@=Fl} =@ =Q CQ=@al} xmCU= |r}O@D (Constant Folding) =yC@=F uO=O=H •

"Ovm|t

"CU= O}it xOQt Om hWm |=Q@ =yC@=F uO=O=H •

H
p=Ft

CUQO=v xW}ty x xm s} wW xHwDt =yC@=F uO=O=H =@ Qo = "s} Q}o|t Q_v QO =Q if x goto L |]QW QwDUO
"s}vm hPL =Q L x@ VQB w if uwtR; \QW s}v=wD|t ’CU=

N

=yxkrL |R=Uxv}y@ 5»18

Ow@y@ Ov=wD|t xt=vQ@ |=QH= u=tR QO ’s}yO@ Vy=m =Q xkrL l} QO OwHwt |=yptar=QwDUO Q=Okt Qo =
"OwW pY=L

%OQ=O OwHw O}it l}vmD xU ’Q=m u}= |=Q@
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9 |v=}t Om |R=Uxv}y@

(Code Motion) Om |}=H@=H •

(Reduction in Strength) |Q=wWOVy=m •

(Induction-Variable Elimination) |}=QkDU= Q}eDt hPL •

Om |}=H@=H 1»5»18

=Q |=x@U=Lt u}vJ p}O@D u}= ’OW=@ (loop-invariant) xkrL R= pkDUt CQ=@al} |x@U=Lt Qo =
"OyO|t Q=Qk xkrL R= p@k

H
p=Ft

%s} Q}o|t Q_v QO =Q Q} R while QwDUO

while i <= limit − 2 do

%OwW|t QHvt Q} R |xH}Dv x@ Om |}=H@=H p}O@D "CU= xkrL R= pkDUt limit − 2 CQ=@a

t := limit − 2; while i <= t do

N

|Q=wWOVy=m 2»5»18

"CU= QDu=RQ= |x@U=Lt l} =@ x@U=Lt l} |v} Ro}=H ’|Q=wWOVy=m R= Qw_vt

H
p=Ft

"s} Q}o|t Q_v QO B3 lq@ QO =Q t4 := 4 ∗ j ?=UDv=
"t4 := 4 ∗ j − 4TB ’O@=}|tVy=m OL=w 1 x@DQt Qy QO j
"s}vm u} Ro}=H t4 := t4 − 4 =@ =Q t4 := 4 ∗ j s}v=wD|t u}=Q@=v@

"s}vm |yOQ=Okt t4 = 4 ∗ j =@ =Q t4 ’B3 lq@ x@ OwQw R=V}B O}=@ %pmWt
"OwW|t pY=L Om CaQUV}=Ri= ?Hwt ’j} QiD l} =@ ?Q[ l} |v} Ro}=H %xH}Dv

N

|}=QkDU= |=yQ}eDt 3»5»18

Q}}eD x Q=Okt xm Q=@ Qy Qo = CU= xkrL l} (induction variable) |}=QkDU= Q}eDt l} x Q}eDt
"Ovm =O}BVy=m =}V}=Ri= C@=F Q=Okt l} |xR=Ov= x@ ’Ovm|t

Q}eDtl} w Ovm |Q=PoT}Ov= =Q x}=Q;l} i Ovv=t |}=QkDU= Q}eDtl} xmCU= u; pw=ODtC}akwtl}
%OW=@ x}=Q; x@ |UQDUO |=Q@ |ak=w CUi; t Ovv=t Qo}O |}=QkDU=

"s} wW XqN i R= s}v=wD|t ?re= •
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=yxkrL |R=Uxv}y@ 10

"OW XqN |m} RH@ =yv; |xty R= u=wD|t ’s} Q=O |}=QkDU= Q}eDt OvJ =} wO |Dkw ’|rm Cr=L QO •

H
p=Ft

p=Ft %|}=QkDU= |=yQ}eDt hPL

"OvDUy |}=QkDU= |=yQ}eDt t4 w j |=yQ}eDt "s} Q}o|t Q_v QO =Q B3 lq@ |xkrL •

"Ovm|t jOY B2 lq@ QO t2 wi |=yQ}eDt |=Q@ OQwt u}ty

QO CUD u}}aD |=Q@ ’j w i R= xO=iDU= OQwt =yvD ’t4 wt2 Q@ xOW p=ta= |oO}J}B Vy=m R= TB •
"Ow@ Oy=wN B4

"CU= i > j =@ RQ=sy t2 > t4 CUD ’CU= t4 := 4 ∗ j w t2 := 4 ∗ i xm =Hv; R= •

xOQt |=yQ}eDt ’“B3 lq@ QO” j sy w “B2 lq@ QO” i sy ’CUD QO |v} Ro}=H u}= R= TB •
"OvwW hPL Ovv=wD|t w OvwW|t

%O};|t QO Q} R CQwY x@ |}=QkDU= |=yQ}eDt hPL w |Q=wWOVy=m R=TB u=} QH h=Qo

N
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11 |v=}t Om |R=Uxv}y@

u} QtD ◭

’Q} R u=} QH h=Qo x@ xHwD =@ "1

"O}vmXNWt =Q =yxkrL “;
"O}yO s=Hv= =Q =yv; hPL w O}vmXNWt =Q |rLt lQDWt |=yCQ=@aQ} R “?
"O}yO s=Hv= =Q =yv; hPL w O}vmXNWt =Q |QU=QU lQDWt |=yCQ=@aQ} R “A

p=ta= =Q u; u=mt= CQwY QO w O}vm |UQQ@ u=} QH h=Qo u}= QO =Q |Bm Q=WDv= s=Hv= u=mt= “C
"O}vm

"O}yO s=Hv= u=} QH h=Qo u}= QO =Q =yC@=F |Q=Po}=H “E
"O}yO s=Hv= u=} QH h=Qo u}= QO =Q xOQt Om hPL “G
"O}vmXNWt xkrL Qy |=Q@ =Q |}=QkDU= |=yQ}eDt “I

u=}=B
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