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TOM TAT: T6i vu ma trong qué trinh bién dich bao gom viéc: loai bd biéu thitc con ding
chung, lan truy&n ban sao chép, ti wu vong lip va thay th€ cdc phdt biéu phifc tap bing céc
phat biéu don gidn. Bai bao sé& trinh bay cdc gidi thudt dé thuc hién ti vu ma. Cudi bai bdo
s& 12 phian minh hoa cdc két qué nghién cifu.

1. GIGI THIE U:

Chiing t6i da c6 dip trinh bay giai doan mdt cda bd tdi wu ma, d6 1a phan tich dong diéu khién
va phan tich dong dif liéu. Qué trinh phan tich nay nhim xdc dinh céu tric diéu khién, cdc
thong tin dif liéu cda chuong trinh. Trong bai bdo nay, t6i s& trinh bay giai doan thi hai clia
qud trinh t6i wu ma, d6 1a qud trinh chuyén ma. Giai doan ndy s& st dung thong tin ctia qud
trinh phén tich c&u tric digu khién va dit liéu dé thuc hién t6i wu ma.

2. TOI UU CUC BO TRONG KHOI CO BAN

P& t5i uu cuc bd cho khdi cd ban, ta ding phudng phdp xdy dung dag, sip x&p lai khdi
cd ban trén dag, loai bd biéu thifc con diing chung trén dag, xdc dinh cdc bi€n dugc ding trong
khéi cd ban va cdc bién diing bén ngoai pham khdi cd ban [3, 4].

3. LOAI BO DU THUA

Trong phin nay, ching tdi s& néi dén viéc loai b du thira toan cuc trong chuong trinh.
Loai bd du thita & diy bao gom: loai bé biéu thic con ding chung, lan truyén bdn sao chép,
chuyén ma khong ddi trong vong 13p ra ngoai vong lip, thu gidm dd phic tap.

3.1. Loai bé biéu thifc con diing chung

Qui trinh phan tich biéu thic c6 sén cho ta tdp AEin va AEout [1, 4] tai diém vao vara
khdi khéi cd ban, tit d6 gitp ta loai bd biéu thifc con diing chung. Loai b biéu thic con diing
chung 12 loai bd sy tinh todn lai biéu thic d6 (ma gid tri khong doi), thay th€ né bing céc sit
dung két qua tinh toan ctia biéu thic, gii thudt chi tiét dugc trinh & [4].

Vi du vé loai bé biéu thifc con dung chung ¢ H.3.1

3.2. Lan truyén ban sao chép

Trudc khi di d&n gidi thudt lan truyén ban sao chép, ching tdi xin trinh by mdt s8
théng tin can thiét:

3.2.1. DAy xich st dung dinh nghia ud - chain (use —definition chain)

Tap céc dinh nghia dén sy sif dung a, a 1a mét bién, dugc goi 1a day xich sit dung dinh
nghia, ky hiéu ud — chain. Ud - chain c¢6 thé dugc din xudt tit dat dén sy dinh nghia [1, 4]
cla giai doan phan tich dong dir liéu.

3.2.2. D4y xich dinh nghia sit dung du - chain
Tép tit ca cdc sif dung cda mot bién a, dit tén bdi mot dinh nghia dudc goi la day xich
dinh nghia st dung du — chain.
Vi du vé ud — chain va du — chain dudc trinh bay ¢ H.3.2.
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Entry

c:=a+b
di=a*c BBI
e:=d*d
=1
{a+b,d*d}
\
~J f=a+b BB2
ci=c*2
c>d?
{a +b, d*d}
{a+b,d*d}
BB3 BB4
d:i=c
gi=a*c g:=d *d
\- §a+b, d*d E P
.i: =i+1 BB5
i>107
Exit
Entry
z=1
x=1 /
z> v/ x=2
/
y=x+ z=x-3

e

Exit

H3.1.

H.3.2.

Entry

v

th:=a+b
c:=tl

d:=a*c

e:=d*d
ii=1

A

gi=a*c

f=t]
ci=c*2
c>d?

BB3 BB4

i =i+l

i>10?

Exit

Ve>y

y=x+1

—=> du - chain

’\/

Exit

3.2.3. Biéu thidc sao chép cé sin (Available copy expression)

Biéu thiic sao chép c6 sdn tai mot diém vao ciia khdi cd ban c6 thé dudc x4c dinh bing

BBS

viéc phan tich dong dif liéu (giéng nhu tim biéu thifc ¢ sdn ciia mot khdi cd ban).
3.2.4. Tap sao chép

Tép cdc cdu 1€nh u: = v trong b, ma u va v khéng bi thay ddi gi4 tri irong b, d6 1a 1énh

sao chép c6 sin tai diém két thic cia b.
3.2.5. Tap kill

La tdp cédc 1énh sao chép tir cdc khéi cd bin khdc xudt hién trong b, c6 todn hang bi

thay d8i gid tri trong b.
3.2.6. Su cén biing dong dif liéu
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CopylIn: 1a tdp 1énh sao chép c6 sin tai diém vao khdi cd ban b.
CopyOut: 1a tdp 1énh sao chép c6 sdn tai diém két thiic ctia khéi cd bin b.
Cong thic: Copyln (b) = N-CopyOut
i € pred (b)
CopyOut (b) = Copy (b) U [ Copyln(b) - Kill (b)]
Gidi thudt tim ban sao chép c6 sin tai diém vio khdi cd ban b: CopyIn (b) dugc trinh
bay chi tiét & [4]
3.2.7. Lan truyén ban sao chép
Céc Iénh sao chép c6 dang x: = y
Lan truyén ban sao chép la sy thay th& viéc st dung ciia x bing y, ma khong 1am thay
ddi tri x hodc y.
Gidi thudt 3.1: Lan truyén ban sao chép _
Nhép: do thi dong dieu khién G véi ud — chain va du —chain ciia céc bién.
Xudt: do thi dong digu khién c6 sit dung sy lan truy@n ban sao chép
Gidi thuat: vdi mdi bdn sao chép s, c6 dang x: = y hdy thuc hién céc budc sau:
1. Xdc dinh cdc vi tri ma sy dinh nghfa ciia x dugc st dung
2. V6i mdi sy st dung:
a) s phai cé su dinh nghia cia x, dat dén u va
b) moi con dudng tir s dén u khong c6 tic vu gén tri cho y.
Vi du v& lan truyén ban sao chép ¢ H.3.3.

Entry Entry
c:=a+h ) c:=a+h
di=e BBI dice BB1
c:=d*d {di=c} ei=c*c
[:=a+c 7 fi=a+c
g=e BB2 . g=c BB2
{di=c, gi=e} / weged {di=c,gi=¢} / Rl \
a<c? a<c?
hi=g+1 fi=d-g i hi=e+l l=c-c
ci= f+2 BB3 (e} y f>a? e:= f42 BB3 BB4 [>a?
—= \ R \, : e / \
BB5 hef? BB6 c:=2 BBS hef? BB6 =2
Exit H.3.3. Exit

3.3.Di chuyén ma khéng ddi ciia vong lip

Su tinh todn bén trong mot vong ldp dudc goi 1 loop — invariant néu sy tinh todn d6 ludn
cho ra ciing mét gid tri. -

Di chuyén ma khong déi ra khdi vong I3p 1 di chuyén cdc loop — invariant ra bén
ngoai vong Iap. Vidu ta c6 tic vu x: =y + z & trong vong lip, nhung tat ca su dinh nghia cda
y va z ¢ ngoai vong lap thi y + z dugc goi 12 loop — invariant. Vi thé x: = y + z s€ dudc mang
ra ngoai vong lip. |
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3.3.1. Tinh todn khéng adi

MBbi tdc vu trong vong lip dudc goi la loop — invariant n€u véi mdi todn hang trong tdc
vu 12 hiing s6 hoic tit cd cdc dinh nghia cho todn hang déu & bén ngoai vong 1dp hoic chi c6
duy nhét mot dinh nghia cho todn hang nim trong vong lip ma sy dinh nghia nay 12 loop —
invariant.

Gidi thudt 3.2.: Xéc dinh loop - invariant

Nhap: Vong ldp L, vdi ud — chain da dugc xdc dinh

Xuat: Cdc loop - invariant

Giai thuit: 1. P4nh ddu cédc 1énh c6 cédc todn hang 14 hiing s6 hoic tit cd su dinh
nghia ctia ching nim ngodi vong lap.

2. Lip lai budc 1 cho d&n khi khdng ¢6 cau 1énh ndo duge ddnh dau 1a
loop — invariant. Pédnh dau cdc cdu 1énh ma tat cd cdc todn hang dugc ddnh diu 1a loop -
invariant, hodc cdc todn hang c6 su dinh nghia duy nhét & trong vdng 1dp ma sy dinh nghia
nay 12 mot cau 1énh da duge ddnh ddu.

3.3.2. Thuc hién di chuy€n ma ra khéi vong lip

Sau khi xdc dinh dudc tit ca c4c loop — invariant ta bt ddu di chuyén ma ra khdi vong
lap. Su di chuyén nay phai thda dong thdi 3 diéu kién ddi v6i phat biéu s: x = y+z

i) Kh&i chita s chi phéi céc 161 ra cia vong 13p

ii) Khéng c6 phét biéu gén trj cho x

iii) Tat ca su st dung clia x phdi dugc dinh nghia trong s & trong khéi co ban

Vi du 3.1.: V& diéu kién 1 nhu & hinh H.3.4. ching ta thdy i: = 2 & BB3 1a loop -
invariant, nhung BB3 khong chi ph6i BB4 vi thé khong thé chuyén i: = 2 ra khdi vong ldp.
Vi néu mang i: = 2 ra khdi vong lap, nhung néu u > v thi lic d6 BB3 khong dudc xét va j bi
thay ddi tri cu thé 12 j =1 chit j khong béng 2.

BBI

I

ifu <ugotoBB3 BB2

it=2
w=u+l B3
vi=v-1 BB4
if v <=20 go to BBS

T

j=i | BBS

H.3.4.

Vi du 3.2.: Xét diéu kién 2 & hinh H.3.5. thi i :== 3 ¢ BB2 la loop — invariant, BB2 chi
phdi BB4 12 16i ra clia vong 13p nén thda diu kién 1. Tuy nhién i lai dugc dinh nghia lai trong
BB3 nén khong thé mang i : = 3 ra ngodi vong lap.
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it=1 BB1

i:=3

ifu<ugoto BB3 BB2

=2 (
=u B3
vi=v-1
if v< =20 goto BBS BB4

=

j=i | BBS H.3.5.

Vi du 3.3.; Xét dieu kién 3 & H.3.6., ta thdy ki= i trong BB4 dugc dat dén bdii=1
trong BB2 va i = 2 trong BB3 i thé khong di chuyén k : = i ra khéi vong lap

i=1 BBI

if u <u go to BB3 BB2

/

ii=2 BB3

w=u+l
k=i
vi=v-1 BB4
if v < =20 go to BBS
|

!

j=i | BBS

H.3.6.

Gidi thudt 3.3.: Di chuyén mi ra khéi vong ldp
Nhép: vong 1dp L va loop — invariant trong L
Xuét: vong lap di di chuyén ma’
Gidi thudt: for véi mbi cau 1é€nh s dinh nghia v do

if 1. s chi phdi tat cd cdc 16i ra cia L
2. khong dugc dinh nghia ndi nao khéc trong L
3. tit ca su st dung cda v trong L chi dudc dinh nghia trong s then di
chuyén céu 1énh loop — invariant ra pre — header cia L.

4.TO1 UU VONG LAP

P& t6i wu vong lip ching ta s& ding gidi thut thu gidm do phic tap “strength
reduction”. Gii thudt ndy thay th€ céc 1énh phiic tap bang cau 1énh don gidn hon. Pé di dén
gidi thudt trudc tién ta hay dinh nghia mot s6 khéi niém sau:
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4.1. Bi€n quy nap (Introduction variable)
Trong vong 13p L, bién x dugc goi 1a quy nap néu mbi fan dudc dinh nghia lai n6 s& ting
hodc gidm mot hiing s6. :
Vidy: Doi=1,100
a(i):=202—2%j
Enddo
4.2. Bi€n quy nap cd ban BIV (Basic Induction Variable)
Mét bign v duge goi 1a quy nap cd ban né&u trong vong lip L né c6 dang vi=v +c véi
c 12 hiing s6. -
4.3. Bi€n quy nap din xud't DIV (Derived Indiiction Variable)
Bi€n j dugc goi 1abi€n quy nap din xuit néu n6 c6 mét trong cac dang sau, xuit hién
trong vong lap:
j==a*i hodc ji=i*a
j;=b% i hoic j:=i + b
j:==i/a Vdi1ila bi€n quy nap co ban
Nhu vy tri cda j bi thay déi ty thude vao sy thay déi tri cda i. Tir d6 ta bidu didn j
béng bd tam, 12 ham thay ddi theo i, 1a bién BIV ma né dugc din xuitra. Vi du:
j==a* i — (i,a,0)
j=b+i— (,1,b)
Ta néi j thudc ho i
Gidi thu@t 4.1.: Tim bi€n thay déi trong vong lip
1. Tim t4t c4 cdc BIV trong L.
2. Tim cdc DIV trong vong 13p L.
3. Lép lai budc 2 cho dén khi khéng con tim thiy DIV nao khic.

4.4. Thu giam do phic tap
Gidi thudt 4.2.: Thu gidm d6 phic tap nhim thay th& c4c lénh phic tap bing cdc 1énh
don gién.
Nhdp: Vong lap L va tdp ho céc bi€n quy nap

Xuidt: Poan ma da thyc hién thay th€ c4c cau lénh phiic tap bing cic ciu lénh don
gidn hon trong vong lip L.
Giai thudt: for véi mbi bi€n BIV; do begin
for v8i moi bién j trong ho i 12 bd tam (i, a, b) do begin
Tao ra bién sj va khdi dong cau 1énh sj: = a * i + b va dit vio pre — header cia L; thay
th& cdu 1énh gédn cho j bing j: = sj;
for sau mdi phat bi€u i: =i+ c trong L do
thém sj: =sj+ ¢ * a; end;
thém sj vao ho cia i; end;

Vidy 4.1.: doan chudng trinh & hinh H.4.1. sau khi dudc 4p dung gii thuat thu
gidm d§ phic tap cho ra doan chuong trinh & hinh H.4.2.
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&)
)
3)
C))
(3)
(6)
)
(8)
)
(10)
(11)
(12)

5. MINH HOA CAC KET QUA NGHIEN CUU

i:=1
ifi> 100 goto (13)
to: =202
t:=i*2«(G,2,0
tr=th—t
ty: = add (a)
to=t-4
s =4%1 « (i,4,0)
L:=4+1s
[t] : =1tz
it=i+1
go to (2)

H.4.1. Poan mi ba dia chi

—

(6]
(2)
3
(C))
(5)
(6)
)
(8)
(G2
(10$)
(11)
(12)
(13)
(14)
(15)
(16)

R |
S]Z=2* i
s;:=4%1
ifi> 100 go to (17)
to: =202
i =8
Li=th—t
t3: = add (a)
t4:=t3—4
ts:=8;
tg:=li+1s
t]: =t
L=1+1
S;i=8;+2
sy: =8+ 4
go to (4)

H.4.2 Poan mi da thu gidm dd phic tap

Céc giai thuat sau dugc hién thuc trong chuong trinh 51 uu ma & [4]

5.1. Gidi thuit xay dung Dag
5.2. Giai thuat loai bd biéu thiic con diing chung

5.3. Giai thuat xdc dinh ban sao chép c6 sdn
5.4. Giai thudt lan truyén ban sao chép

5.5. Giai thuit xac dinh loop — invariant

5.6. Giai thudt di chuyén ma ra khoi vong ldp
5.7. Giai thuat tim bién quy nap trong vong lap

5.8. Gidi thuat thu gidm dg phtc tap
5.9. C4c minh hoa két qua nghién ciu
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a. Xdy dung Dag cho khéi co bdn va logi bd biéu thiic con ding chung trong khéi co bdn
}_vdil - Imi]p'l , : sclivcs = . ki
Fie Ed View Optimee Heb

DEHE| L@ 5] 1~
u

Truoc khi xay dung Dag Sau khi khoi phuc Dag

16:=4" 16:=47i

x:=aft6] x:=2a[l6]

17:=47 18:=4%j

18:=47j 19:=a(t8]

19:=a{t8] a[t6]:=t9

a[t7]:=19 atBl:=x

t10:=4% goto (5]

afti0]:=x

goto [5]

d | L
| E& | Giaph | Dag { N oo
T i R % S ; ik

b. Logi bé biéu thic con diing chung trong chutong trinh
Cse - I:mel

e ER Vew Oparas Heb
DER| IR &[T 1Al

c:=ath ~|[u0:=a+b -
d:=a"c c:=ull
e:=d*d d:=a*c
i:=1 e:=d*d
|:=a!b =1
c-=c*2 f:=ull
Ec>d] gota [10] wiligr
:=a"c if {c>d) gota (11
goto (12) ;;l-ad.:] e (1) =
Bine goto (13)
ig:=d™d Lt
=i+l :_ -
if[i>10) goto (5] ;5!-_‘;1':
if (i>10) goto {6)
K. s
[_Edé! I Graph I fizg 1
Heady . TTNUM
o Luu §: ctta s6 bén trdi 1a chuong trinh trudc khi loai bé biéu thic con ding chung.

Cita s6 bén phai 1a sau khi thuc hién loai bd
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c. Lan truyén bdn sao chép

A1 Copp - ImmOpt

Fle Edt View Oplimze Help

NEFIEELEEEITER

c:=a+h
=c
e:=d"d
i=atc
=e
a:=g+d
f{a<c] goto {11}
=gl
er=f+2
goto [13]
f:=d-g
if{f>a] goto [15)
bi=g¥a
if{h<f) goto [4] else gota {16)
c:=2

2

1
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(L
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i
(3]
-
a

it {a<c] goto (11]

hi=e+l

e:=f+2

goto [13)

fi=ce

it {I>a) goto {15)

b:=g+a

if (h<f) goto (4] else goto (16]
c=2

|»

|es [GoF [05]

Ready

d. Di chuyén ma khéong doi ra khéi vong Idp
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fle E@® View Optimze Hep

EECIEE R ITEES

ci=ath =] ub=a+b -
=3"c c=ul

e:=d*d d:=a"c

i.= e:=d"d
=a+h =1

c:=c*2 f:=ul

flc)d] golo 1o} ci=c*?

g:=a"c it [c>d) goto (11
oto (12] g:{=a'c’ geto 0N =
=d"d 3?:“; (13
ik g-'-c'c
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f(i>10] goto (5] i

it [i>10) gato (7)
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e. Thu giam d¢ phiic tap

?‘E..Inpi - ImmUpt 2
Fle Ect View Oplimze Hebp

S IEEREI IS 3
=m-1 1 i=m-1 =
:=n ji=m
t1:=4*n t1:=4%n
po=atl] vi=a[tl]
i::i&l s0:=4"
2:=4% s1:=4*%
h3:=a[t2] =il
ft3<v goto § s0:=s0+4
R 12:=50
5:=a[td] Qahel
f15>v goto 9 ;f__l;:’:vl gote [7)
fi>=j goto 5 = I
S : s1i=s1-4
t4:=sl
t5:=atd]
if {t5>v] goto {12)
it [i>=j) goto (7}
-1 —
| E@t § Graph | T |
Ready " = T e o
g A
KET LUAN

Piy 1a mdt nghién citu va thi nghiém chuong trinh vé t6i wu ma trung gian cda trinh
bién dich. Con t6i vu ma ddi tugng phdi dude xét trén mdt mdy tinh (dir 1a gid 1ap hay that)
vi né lién quan dén viéc st dung thanh ghi va tin dung kha ning truy xuit cache cia b nhd
va khd niing song song cla phin ciing. Vi vdy trudc tién chiing toi chi t8i wvu ma trung gian.
T61 uu ma trung gian 12 mot cdng viéc s& quyét dinh dén t6i vu ma d6i tugng vi né da loai bd
su duf thita vé biéu thifc con ding chung, gidm s& [an tinh todn ctia vong lap cing nhu n6 sip
x€p lai thit ty ma trung gian dé€ gidm s6 biéu thic con diing chung trong mdt khdi cd ban va
trong giai doan nay no cling ddnh gid sd thanh ghi t&i thi€u cin cho viéc thuc hién chuong
trinh cia mdt khéi cd ban. Do dé viéc t6i vu ma trung gian chic chin din dén gidm kich
thudc bd nhd sit dung va giam thdi gian thuc thi chuong trinh. Trong thdi gian tdi ching t6i
s& ti€p tuc nghién citu t8i wu ma doi tugng, lic d6 viéc danh gid ty 16 vé sinh ma cda ching
t0i so v4i trinh bién dich truyén thdng s& dudc trinh bay mot cdc chinh x4c.

Chuong trinh ctia ching t6i da thyc thi dugc tat cd cdc yéu cau ti vu ma trung gian ba
dia chi, toc do thyc thi tuong d6i tot.

Cic gidi thudt t6i vu ma hau hét 1a vét can va lip vong do d6 néu chuong trinh ¢an t8i vu
16n thi tinh hi€u qud ctda giai thult s& bi han ch&. Trong qué trinh hién thyc da x4y ra hién
tugng khi loai bd biéu thic ding chung xong va thuc hién di chuyén ma ra khéi vong lip thi
xuat hién lai biéu thic con ding chung hogc bi€n chét. DE gidi quyét hién tugng nay, trong
thoi gian téi ching toi s& nghién citu, xay dung gidi thudt sao cho hai vdn d& nay dudc gidi
quyét tron ven.
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CODE OPTIMIZATION IN A COMPILE PROCESS

Phan Thi Tuoi
University of Technology — VNU-HCM
(Received 06 February 2002, Revised 11 March 2002)

ABSTRACT: Code optimization of a compile process consists of common subexpression
elimination, copy propagation, loop optimization and strength reduction. In this paper,
algorithms of these transformations are presented and some demonstrations of the study
result are also shown at the end of the paper. '
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