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Om O}rwD
Code Generation 19

xtOkt 1»19

"CU= p}=Bt=m Ov};Qi |xrLQt u}tWW ’Om O}rwD

p}=Bt=m Ov};Qi |xrLQt u}tWW u=wva x@ Om O}rwD %1»19 pmW

=@ OYkt u=@ R QO |}=yv Om O}rwD

Q}eDt Qy |=Q@ x_i=L u=mt ?U=vt ?=NDv= •

OYkt Om |r@tU= |=yptar=QwDUO R= |=xr=@vO x@ |v=}t Om ptar=QwDUO Qy |xtHQD •

x_i=L |=yC=@F x@ |v=}t Q}O=kt w =yQ}eDt ?U=vt ?=UDv= •

1



?U=vt Om O}rwD QO |rY= p�=Ut 2

Sequence of

Code Parts

Sequence of

Intermediate

Code Parts

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

|}=yv Om O}rwD |xrLQt %2»19 pmW

H
p=Ft

%|}=yv Om O}rwD R= |=xvwtv

temp1 := id3 * 60.0

id1 := id2 + temp1

|UQO;xU |v=}t Om

↓

MOVF id3, R2

MULF #60.0, R2

MOVF id2, R1

ADDF R2, R1

MOVF R1, id1

OYkt |r@tU= Om

N

?U=vt Om O}rwD QO |rY= p�=Ut 2»19

|=yptar=QwDUO R= |=xr=@vO x@|v=}t Omptar=QwDUO Qy R=XNWtCW=ovl} p=ta= ’|}=yv Om O}rwDT=U=
%OQ=O OwHw |r�=Ut R}v xrLQt u}= QO =t= ’CU= |}=yv Om

xUQO; xU QwDUO =@ xOWXNWt C=@U=Lt |}=tvR=@ |=Q@ =yptar=QwDUO u} QDOt;Q=m ?=NDv= •

QDOt;Q=m Om O}rwD |=Q@ x@U=Lt l} ?}DQD OQwt QO |Q}os}tYD •

xO=iDU= OQwt |=yC=@F OQwt QO |Q}os}tYD •

=yptar=QwDUO u} QDOt;Q=m ?=NDv= 1»2»19

"OwW s=Hv= VwQ l} R=V}@ =@ x@U=Lt l} xm Ovvm|t sy=Qi =Q u=mt= u}= =yu}W=t QDW}@
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3 Om O}rwD

H
p=Ft

’OyO|tV}=Ri= OL=wl} =Q x_i=L u=mtl} |=wDLt xm OW=@ xDW=O =Q AOS ptar=QwDUO |v}W=t Qo =
x}@W |}=yptar=QwDUO xr=@vO R= xO=iDU= |=H x@ ’t := t + 1 Om O}rwD |=Q@ u=wD|t

MOVE t, R

ADD #1, R

MOVE R, t

"OQm xO=iDU= AOS t ptar=QwDUO R=

N

x@ R=}v |Q}os}tYD u}= "CU= xr�Utl} OwN ’CU= QDy@ =yptar=QwDUO R= xr=@vO s=Om xmv}= ?=NDv=
"OQ=O OYkt u}W=t w xt=vQ@ Om OQwt QO QD‘}Uw |Wv=O

C=@U=Lt ?}DQD OQwt QO |Q}os}tYD 2»2»19

|Q}os}tYD "OvQ=O R=}v |v=}t G}=Dv |Q=Oyov |=Q@ |QDtm C=@F O=OaD x@ ’x@U=Ltl} |=y?}DQD R= |NQ@
"CU= pmWt Q=}U@ ?}DQD u} QDy@ OQwt QO

H
p=Ft

’Q} R Om QO
t1 = a + b

t2 = c + d

t3 = e - t2

t4 = t1 - t3

|=Q@ sRq |=yC=@F O=OaD ’OwW xO=iDU= (t2-t3-t1-t4) ?}DQD ’(t1-t2-t3-t4) jwi ?}DQD |=H x@ Qo =
"Ow@ Oy=wN QDtm |v=}t G}=Dv |Q=Oyov

N

=yC=@F OQwt QO |Q}os}tYD 3»2»19

O}rwD QO xm CU= |Qo}O |xr�Ut ’OwW xO=iDU= x@U=Lt QO O}=@ C=@F s=Om xmv}= OQwt QO |Q}os}tYD
"Ow@ Oy=wN Q=PoQ}F=D ?wN Om l}

u=wva x@ sy =yv; R= |m} xm Ovvm|t xO=iDU= C=@F GwR l} R= =yptar=QwDUO ’u}W=t l} QO |Dkw
"OwW|t QDQ=wWO xr�Ut u}= ’OwQ|t Q=m x@ xH}Dv u=wva x@ sy w Ovwrta

(Register Allocation) =yC=@FX}YND |xr�Ut

C@Uv |Dkwt Q}eDt |QDtm O=OaD R= xm |Qw] x@ ’CU= Om |U} wvR=@ ’=yC=@FX}YND |xr�Ut R= hOy
"Ovm xO=iDU= OYkt u}W=t |=yC=@F O=OaD x@

"Ovm =O}B Q}}eD xt=vQ@ Q=DiQ xmv}= uwO@ ’O=O C@Uv =yC=@F x@ =Q |Dkwt Q}O=kt O}=@ Qw_vt u}= |=Q@
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?U=vt Om O}rwD QO |rY= p�=Ut 4

H
p=Ft

p=Ft %=yC=@FX}YND
a := c + d

e := a + b

f := e - 1

"OvQ}t|t xO=iDU= R=TB e w a |=yQ}eDt s}vm|t ZQi •

"OwW xO=iDU= ,=OOHt a + b R=TB Ov=wD|t a |Dkwt Q}eDt •

"OwW xO=iDU= ,=OOHt e - 1 R=TB Ov=wD|t e |Dkwt Q}eDt u}vJty •

%O=OX}YND r1 C=@F l} x@ =Q f w e ’a Q}eDt xU Qy u=wD|t u}=Q@=v@ •

r1 := c + d

r1 := r1 + b

r1 := r1 - 1

N

C=@U=Lt |xt=O= QO ’xOQt |Dkwt Q}eDt l} QO OwHwt Q=Okt %=yC=@FX}YND QO x}=B |xO}=
"(reuse) OQm xO=iDU= ,=OOHt =Q u; u=wD|t u}=Q@=v@ ’CU}v sRq Qo}O

%x}=B |xOa=k
’xt=vQ@ R= x]kv Qy QO Qo = ’OvW=@ xDW=O l =QDW= QO =Q C=@Fl} Ovv=wD|t t2 w t1 |Dkwt |=yQ}eDt

"OW=@ xOvR wO u; R= |m} QFm =OL

=yQ}eDt uOw@ xOvR p}rLD |xrLQt %=yC=@FX}YND sD} Qwor=

%s}vm|t u}}aD xt=vQ@ R= x]kv Qy QO =Q xOvR |=yQ}eDt ’u=} QH h=Qo sUQ =@

a := b + c
d := -a
e := d + f

{c d e f}

{b,c,f}

{c,d,f}
{a,c,f}

Prof.  Bodik  CS 164  Lecture 19 10

f := 2 * e
b := d + e

e := e - 1

b := f + c

{b}

{c,e}

{b}

{c,f} {c,f}

{b,c,e,f}

{c,d,e,f}
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5 Om O}rwD

=yC=@F Cr=NO h=Qo

"OvwW xO=OX}YND C=@F l} x@ Ovv=wD|tv ’Ov=xOvR u=tRty xm |Dkwt Q}eDt wO

%s} R=U|t CyH uwO@ h=Qo l} ’OQwt u}=X}NWD |=Q@

’s} Q}o|t Q_v QO xQo l} |Dkwt Q}eDt Qy |=Q@ •

xt=vQ@ R= x]kvl} QO u=tRty Qw] x@ =yQ}eDt u}= Qo = ’OwW|t sUQ t2 w t1 |=yxQo u}@ p=}l} •
"OvW=@ xOvR

%OQ=O s=v (register interference graph: RIG) =yC=@F Cr=NO h=Qo ’h=Qo u}=
pYDt sy x@ =Q wO u;|r=} I}y Qo = ’OvwW xO=OX}YND C=@Fl} x@ Ovv=wD|t|Dkwt Q}eDt wO

"OW=@ xOQmv

H
p=Ft

%=yC=@F Cr=NO h=Qo
%p=Ft |=Q@

a

f
b

e

d

c

and c cannot be in the same register
"“OQ=O OwHw p=} =yv; u}@” OvQ}o Q=Qk C=@F l} QO Ovv=wD|tv c w b •

"“OQ=Ov OwHw |r=} =yv; u}@” OvQ}o C=@F l} QO Ovv=wD|t d w b •

N

=yC=@F Cr=NO h=Qo C=}YwYN

"Ovm|t G=QNDU= pt=m Qw] x@ =Q =yC=@F R=Ht |=y?=UDv=X}NWD |=Q@ sRq C=aq]= ’h=Qo u}= •

CUO x@ =Q C=@F |=y}OvtR=}v R= “xt=vQ@ pQDvm h=Qo pm |wQ Q@” |QU=QU |=tv l} ’h=Qo u}= •
"OyO|t

"Ow@ Oy=wN OYkt u}W=t |Q=tat R= pkDUt C=@FX}YND sD} Qwor= ’h=Qo u}= CN=U R=TB •
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(Cache) u=yv |x_i=L 6

h=Qo |R}t;nvQ j} Q] R= =yC=@FX}YND

h=Qo |R}t;nvQ |xr�Ut
=@ xOW pYDt |=yxQo xm CU= h=Qo |=yxQo x@ =ynvQ R= ?=UDv= l} ’h=Qo |R}t;nvQ l}

"OvW=@v nvQty ’p=} l}

"OW=@ xDW=O nvQ k =@ |R}t;nvQ l} Qo = ’CU= Q}PBnvQfflk h=Qo l}

=yC=@F = =ynvQ •

u}W=t |=yC=@F O=OaD = k •

"s}yOX}YND “C=@F” nvQ l} “|Dkwt Q}eDt” h=Qo |xQo Qy x@ O}=@

CW=O Oy=wN OwHw C=@F ?=UDv=l} CQwY u}= QO ’OW=@ Q}PBnvQfflk ’C=@F pN=OD h=Qol} Qo =
"OQ=Ov R=}v C=@F k R=V}@ xm

H
p=Ft

%s} Q}o|t Q_v QO =Q Q} R |xvwtv h=Qo

a

f
b

r1

r2

r3

e

d

c r4

r3

r2

"OQ=Ov OwHw nvQ 4 R= QDtm =@ |=|R}t;nvQ I}y •

"OQ=O OwHw nvQ 4 =@ |R}t;nvQ u}OvJ •

N

(Cache) u=yv |x_i=L 3»19

"Ovvm|t pta |@ wN x@ =yC=@F C} Q}Ot |=Q@ =yQr}=Bt=m •

"Ovm pta Ov=wD|tT} wvxt=vQ@ l} xJv; R= QDy@ –

"Ovvm |tv pta ?wN u=OvJ ’u=yv |x_i=L C} Q}Ot |=Q@ =yQr}=Bt=m •

"OwW|t xDW=PoT} wvxt=vQ@ |xOya x@ xr�Ut u}= –

"OyO s=Hv= u=yv |x_i=L |=Q@ =Q |=xO=U |=y|R=Uxv}y@ Ov=wD|t Qr}=Bt=m l} xD@r= •
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7 Om O}rwD

H
p=Ft

%O} Q}o@ Q_v QO =Q Q} R |wDQOwD |=yxkrL
| for(j=1; j<10; j++)

| for(i=1; i<1000; i++)

| a[i] *= b[i];

|xt=vQ@ =t= ’CU= u}}=B xt=vQ@ u}= |=Q@ u=yv |x_i=L |}=Q=m
| for(i=1; i<1000; i++)

| for(j=1; j<10; j++)

| a[i] *= b[i];

|Q]U ?}DQD R= xmv}= x@ xHwD =@” CU= QDy@ u; u=yv |x_i=L |};Q=m |rw OyO|t s=Hv= =Q Q=m u=ty
x@ xm OyO s=Hv= =Q |=|R=Uxv}y@ u}vJ Ov=wD|t Qr}=Bt=m "“OwW|t xO=iDU= x_i=L QO x}=Q; uO=O Q=Qk |=Q@

"OwW|t xDio ‹=yxkrLZ} waD› u;

N

|}=yv Om |R=Uxv}y@ 4»19
"OQm p=ta= =Q |}=y|R=Uxv}y@ u=wD|t R}v |}=yv Om |wQ Q@

w xvwRi= |=yptar=QwDUO |w=L ’CU= xOW O}rwD QwDUO x@ QwDUO |SD=QDU= =@ |}=yv Om xm =Hv; R=
"CU= sRq |R=Uxv}y@ ’OYkt Om C}i}m Ow@y@ |=Q@ "Ow@ Oy=wN xv}y@ Q}e |=yQ=DN=U

|rLt Qw] x@ xm OwW|t xO}t=v (Peephole optimization) ‹|=xmD |R=Uxv}y@› |rY=l}vmD
w OwW|t |UQQ@ OYkt Om |=yptar=QwDUO R= |y=Dwm |xr=@vO ’xrLQt Qy QO "OyO|t Ow@y@ =Q OYkt Om

"OOQo|t u} Ro}=H |QD‘} QU |xr=@vO =@ u=mt= CQwY QO

(Peephole optimization) |=xmD |R=Uxv}y@ R= |}=yxvwtv

x_i=L |i=[= |=yuDWwv w uOv=wN hPL •

MOV R, a

MOV a, R

“Qo}O VQB x@ VQB l}” |}=DOvJ |=yVQB hPL •

GOTO L1

L1: GOTO L2

L2:

TQDUO p@=kQ}e Om hPL •

(a = a + 0 a = a * 1) |Q@H |=y} R=UxO=U •

“x = x * 2 |=H x@ Ci}W QwDUO R= xO=iDU=” |oO}J}BVy=m •

“x_i=L |=yxv=N |=Q@V}=Ri= QwDUO OwHw” u}W=t |=y|oS} w R= xO=iDU= •

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


