Science & Technology Development, Vol. 5, No. 182-2002

PHAN TiCH DONG B;ﬁU KHIEN VA DONG DU LIEU TRONG QUA
TRINH TOI UUMA CUA TRINH BIEN DICH

Phan Thj Tugi
Trudng Pai hoc Bach Khoa — Pai hoc Quéc Gia TP.HCM
(Bai nhdn ngay 06 thdng 2 ndm 2002, hoan chinh sita chita ngay 11 thdng 3 ndm 2002)

TOM TAT: Dé thyc hién viéc cdi ti€n ma, bo t6i wu mi phdi thuc hién qua hai giai doan:
phan tich dong diéu khién, dong dif liéu va chuyén déi ma. Trong bai bdo nay chung toi sé&
trinh bay cédc van dé duge x{ Iy trong giai doan phén tich cling nhu trinh by cdc giai thuit da
dudc thyc hién va nhiing k€t qua nghién cttu va trién khai.

1. GIGI THIE U:
1L.1. Trinh bién dich t8i vu
Trinh bién dich s sinh ra ma t6t n€u chudng trinh ngudn dude viét tot. Tuy nhién
diéu nay con phy thude vao trinh d6 ngudi 14p trinh. Vi vdy d€ ma dudc tao sinh t5t hon ngudi
ta phdi chi dong cai dit mot bo phan cai ti€n ma, dudc goi 1a bd t6i wu mi (code optimizer)
trong trinh bién dich nhu & hinh H.1.1.

Mai trung gian /

Chudng trinhngudn ___~f  Trinh bién dich frond-end > B6 t8i wuma I B& sinh ma déi trgng

H 1.1 Vi tri ciia b t6i uu md trong trinh bién dich

Trinh bién dich c¢6 bd phén t6i wu ma duge goi 12 trinh bién dich t6i wu (optimizing
compiler).

Muc ti€u cta trinh bién dich t6i wu 12 chuyén ddi mot chwong trinh P sang chuong
trinh P’ v6i cing m6t hanh vi nhip xuét nhung chay nhanh hon hodc chi€m it b nhé hon
(hoic ca hai), cu thé: _

(i) Phdi gidm s6 1énh thyc thi, (i) Thay th& cédc 1énh phic tap biang cdc 1énh don gian,
(iii) Tan dung khd ning truy xuit cache va bd nhd, (iv) Tdn dung khd nidng song song ciia
phén ciing. '

1.2. B tdi vuma
B9 t5i wu md, & day bai bdo néi dén 12 bd t8i uwu mi trung gian. M4 trung gian dugc
t1 vu qua hai giai doan: Giai doan 1 1a phan tich dong dieu khién (control flow analysis) va
phén tich dong dif liéu (data flow analysis) sau d6 & giai doan 2 ma dugc dua qua bd phén
chuyén déi (transformation) nhu & hinh H. 1.2.

P - T B t8i uu ma B sinh ma d&i twgng
frond-end
Phin tich dong Phén tich dong S| Chuyén déi
digu khién dir ligu

H. 1.2. To chic ciia b§ t6i uu ma
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1.3. Ma trung gian

Trong nhiéu trinh bién dich, mi trung gian dudc st dung 12 dang mi ba dia chi:

result = operand, op operand,

Hién nay chiing tdi da xay dung thanh cong phin mém la b t6i wu mi trung gian

[4]. B6 t6i wu ma nay da thuc hién toan bd nhitng gidi thuit t&i vu nhu loai bd biéu thitc

con dung chung trong mdt khdi cd ban, trong toan bd chuong trinh, di chuyén ma ra khdi

vong lap (t6i wu vong lip) va thay thé cdc ciu 1énh phic tap bing cdc 1énh don gidn

trong chudng trinh. D€ thuc hién cdc gidi thuit chuyén ddi nay, bd t6i wu ma phai biét

dugc cdu tric digu khién, dong thong tin dif liéu clia chuong trinh cén t6i wu. Chinh vi

thé€ trong bai bdo ndy toi sé trinh by cdc vdn dé ma trong budc phén tich dong diéu

khién va phén tich dong dif liéu cén phai gidi quyét cling nhu c4c gidi thudt twong dng.

Sau ciing bai bdo s& trinh bdy mét s& minh hoa vé két qua nghién ciu.
2. PHAN TiCH DONG PIEU KHIEN

Trong giai doan nay, bd t8i wu ma xé4c dinh cdu tric diéu ki.*4n clia chuong trinh, cu thé:
md ta cdc con dudng thuc thi c6 thé cda chudng trinh
xdc dinh cdc vong ldp
xdc dinh cu tric bén trong ciia mot thd tuc

[}

xdc dinh cu tric digu khién gita c4c thd tuc trong chuong trinh

Trudc tién bd t61 wu mi trong thdi gian nay phdi x4c dinh cdc khdéi c¢d ban (baqlc
blocks) va db thi dong digu khién (control flow graph).

Gidi thudt 2.1: Xac dinh khéi cd ban
Nhdp: chudi phat biéu ba dia chi
Xudt: danh sich cdc kh&i co ban va chudi phat biéu ba dia chi cla titng khéi

Phuong phdp: x4c dinh phét biéu ddn d4u khdi co bdn d6 1a: diém vao ciia chudng

trinh, dich dén ctia phat biéu ré nhédnh, cdc phéat biéu ngay sau phét biéu r& nhanh.

Vi du 2.1: X4c dinh cdc khdi cd bdn cho chuong trinh

(1)
2)
3)
4
(5)
(6)
M
8
)

read L

n=0

k=0

m=0
k=k+m
c=k>L
if(cygoto(l1)
n=n+l
m=m+ 1

(10) goto(5)
(11) writen

H 2.1X4c dinh cdc khdi cd bin: BB1, BB2, BB3, BB4

2.2. Db thi dong diéu khién
Db thi dong digu khién (CFG) clia mét chudng trinh 12 do thi ¢6 hudng G =

BBI

BB2

BB3

BB4

H 2.2 D0 thi dong diéu khién ctia chuong trinh & H2.1

(N, E),

v6i N 12 tap cdc khéi cd bdn, E 1a cdc canh ¢6 hudng thé hién sy chuyén diéu khién giita cdc
kh6i cd ban nhu & hinh H. 2.2.
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2.3.
Cho

X4dc dinh cdc successor, predecessor cia mdt khdi cd ban
G = (N,E) va khéi cd ban b thudc N:

Successor clia b, ky hiéu succ (b), 12 tdp hgp céc khdi cd bén, c6 thé dat duge tir b
trén mt canh, succ (b)={ne N| (b,n) € E }

Predeccessor cuia b, ky hig¢u pred (b), 1a tdp cdc khdi cd ban, ma c6 thé dat duge dén
b trén mét canh: pred (b) = {m € N | (m, b) € E }. Theo hinh H 2.2. thi pred (BB2) =
{BB1, BB3}, succ (BB2) = {BB3'BB4}

D& thé hién diém di vao chudng trinh va ra khéi chuong trinh, hai nit Entry va Exit
dudc thém vao, 12 nit réng.

Niit chi phdi (dominator)

Mot niit n € N cia G chi phdi nit n’, duge ky hiéu n dom n’ (hoic n —» n’) néu
moi con dudng di tit niit Entry ctia G dé€n n’ déu phai di qua n. Ky hiéu DOM (n) =
{m|m—> n}

Niit n dugc goi la chi phéi dich thyc n’, ky hiéun — ,n’, n€un —n’ vain# n’ Vi
du: Theo hinh H.2.2. BB1 —» 4BB2, BB1 —» ,BB3

Niit n dugc goi 12 chi phdi tryc ti€p niit n’, ky hiéun — ¢n’ néun — pn’ va khong
tontain”"e Nman—,n"’ - ,n’

Gidi thudt 2.2: X4c dinh niit chi phoi
Nhép: db thi dong diéu khién

Xuat: tip cdc chi phdi cho mdi nit
Gidi thudt:  DOM (Entry) = Entry

DOM (v)=N VveN -{Entry, Exit }
Changed = true
While (changed) do begin
Changed = false :
For eachv e N- { Entry, Exit } do begin
Old DOM = DOM (v)
DOM (v)= {v}u n DOM (p)
P € pred (v)
If (DOM (v) =old DOM) then changed = true; end; end;

Gidi thudt 2.3 :X4c dinh cédc nit chi phéi truc tiép
Nhép: @0 thi dong didu khién G

Xudt: tap chi phéi tryc ti€p cia mdi niit

Gidi thuat: foreachn e N - { Entry} do begin

DOM 4 (n) =DOM (n) - {n}

For each s € DOM 4(n) do

For eacht € DOM 4 (n) - { s} do
DOM g4(n) =DOM 4(n) - {t}; end;

2.4.1. Hau chi phéi
Cho G = (N,E) 1a do thi dong diéu khién vin,n’e N
n dugc goi 1a hiu chi phdi bdi n’, duge ky hiéu 1a n <~ n’ n€u moi dudng tir n dén niit
Entry déu c6 chia n’ -
2.4.2. Hau chi phéi dich thyc
n dugc goi 1a hau chi phéi dich thye bdin’ ky hiéula n < ,n’,n€utontain <« n’ va

n#n’
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24.3. Hiu chi phéi trye ti€p
Niit n duge goi 1a hau chi phdi truc ti€p bdi n’, ky hiéu n « ¢n’ néu ton tai n « ,n’ va
khong tontain’e Nma n « ,n"" « pn’

G G"
Entry Entry
\/ H.2.3. P4 thi dong 4 H.2.4. Hdu chi phéi trong G
BB diéu khién G BBI la chi phéi trong G
BB2 BB2
\1/ N BB4
BB4
I ‘ I ) Exit
Exit

2.5. Vongldap
Xéc dinh vong lap trong CFG cho cédc cd phdp nhu do, for while, go to....
Céc yéu t6 dé xdc dinh vong lip la:
- vong lip phdi ¢c6 mot diém vio don, goi 13 header, chi phdi tat c3 c4c niit con lai
trong vong ldp
- phdi c6 it nhat mdt cdch 1dp, tdc 12 phdi c6 it nhat mot canh di vé header (goi 1a
tail). '
Gidi thudt 2.4: Xdc dinh vong ldp
Nhép: Db thi dong G vi mdtcanh vé tirt — h
Xudt: Vong 1dp bao gdm tit cd cdc nit clia mot
vong ldp tu nhiént - & ' BBl h
Gidi thudt: Stack S = Entry;
Set Loop = {h}; /
Insert — on- stack (t) BB2 BB3
While (S khong rdng) do begin m = pop (S);
For each pred (m) do insert — on — stack (p); end;
Insert — on — stack (a) do begin if (a ¢ Loop) then begin
Loop=_Loop w a ; push - on - stack (a); end; end;

Entry

BBS

/

BB7
t

<

BB6

H.2.5. Vi du vé xdc djnh vong ldp BBS /
~

—1 BB9 BB10

Exit
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2.5.1. Pre - header ctia vong lip

Trong qud trinh t5i wu, ta can phai chuyén ma ra ngoai vong lip. Vi vy phai tao pre —
header cho vong 13p, n6 nim trén header ctia vong 1ip dé ddnh ddu mot cau 1énh nim ngoai
vong lip. Pre — header chinh 1a chi phdi truc ti€p clia header vong lap.

2.5.2. P thi dong thu giam (reducible flow graph)

Cédc cdu tric diéu khién thudng dung nhu: if — then — else, while — do, continue va
break 1a do thi dong thu gidm
3. PHAN TICH DONG DU LIEU

Dé thyc hién t6i uu chuong trinh, trinh bién dich can thu thip thong tin clia chuong
trinh, truyén dén cédc khdi cd ban. Qud trinh thu thip théng tin goi 12 qud trinh phan tich dong
dit liéu. Nhiing viéc cin lam trong thdi gian phan tich dong dit liéu la:

- Xdéc dinh dir liéu st dung trong chudng trinh
St dung dif liéu dé quyét dinh khi nao cin t6i wu
Trong mét thi tuc phai xdc dinh tinh hiéu qud cla cau 1énh

- Trong mdt chuong trinh thi x4c dinh tinh hiéu qui cta dong digu khién

3.1. Pi€m va dudng

Trong khdi cd ban, diém 1a vi tri giita hai phat biéu, dudng tit p1 dén pn la con dudng
di tir diém p1 dén diém pn trong chuong trinh. l '

3.2. Pat d&n sy’ dinh nghia (reaching definition)

Néi x duge dinh nghia néu c¢6 hanh vi gén tri cho x.

Mot dinh nghia d ctia x dudc goi 12 dat dé€n diém p néu ton tai con dudng tif sau d dén
p ma khong xuét hién mot dinh nghia khac cla x trén con dudng dé.

3.3. Tap gen
Gen (b) 12 tdp dinh nghia xudt hién trong b va dat dén diém két thic ctia b.
3.4. Tap kill

Kill (b) 12 tip dinh nghia trong kh6i cd bdn khdc b ma bi thay ddi trong b
3.5. Sy c4n biing dong dif liéu
RDin (b): tdp cdc dinh nghia dat d&€n sy bt dau cia b
RDout (b): tip cic dinh nghia dat d&n sy két thiic clia b
Cong thiic: RDin (b) = w RDout (i)
i € pred(b)
RDout (b) = Gen (b) w [ RDin {(b) - Kill (b)]

Gidi thuét xdc dinh cdc RDin va RDout & [ 4]
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Entry

=
=

w3
I

2 i
c =

{d1, d2, d3}

{d4, d5, d6}

=i+l
j=i-1
el?

3.6. Bién song

Bién v goi 14 song tai diém p trong chuong trinh néu gi4 tri hién tai cia v s& dudc sir

dung trude khi v bi gdn gid tri mdi, hodc tride khi chudng trinh két thiic, ngugc lai duge goi 1a
bién chét. Ung dung quan trong ciia bién sdng 1a khi ra khdi khdi, ta khong can luu giit bién
chét, nhit viy ta c6 thé dung céc thanh ghi cho muc dich khéc.
3.6.1 Tap Use:

Use (b) 1a tip cdc bién dugc st dung trude khi duge dinh nghia trong b.

3.6.2. Tap Def

Def (b) 1a tat cd cédc bi€n duge dinh nghia trong b.
3.6.3. St cén bing dong dif liéu

LVin (b): tip bién song tai diém bit dau cia b

LVout (b): tdp bi€n song tai diém két thic ctia b

Cong thic

LVout (b) = U LVin (i)

i € succ (b)
LVin (b) = Use (b) v [LVout (b) — Def (b)]
Gidi thuit x4c dinh bi€n song & [4]

{dd, d,
d3, d6}

{d4, d5, d7} \L

BBI

{d1,d2, d3,

dd4, ds, d6}

BB2

Exit

Dl:ii=m-1 D5:ji=j-1
D2: j=n D6: a:=u2
D3: a:=ul D7: a:=u3
D4:ii=1+1

BB Gen (BB) Kill (BB)

1 {d1, d2, d3} {d4, ds,

d6, d7}

2 {d4, d5} {d1, d2}

3 {d6} {d3, d7}

4 {d7} {d3, d6}

RDin (b) = w RDout (i)
i € pred (b)

RDout (b) = Gen (b) v [RDin(b) - kill (b)]

H.2.6. Vi du vé xdc dinh RDin (b) va RDout (b)
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Entry BB l Use(BB) Def (BB)
Vv © 1 ()} {abdeg)
2 {b, d} {b, d}
§==§ 3 {a,b,d,e, g} {d.f g}
= 4 d
e BBI {b, d,e, g} b
e=a
g=c+1 LVout (b)=" LVin (i)
a<d? i € succ (b)
LVin (b) = Use (b) u [LVout (b) — Def (b)]
{b,d, e, g} {a,b,d, e, g} {a,b,d, e, g}
bi=b+1 d=d+1
d=2*d |BB2 BB3 fi=a+b
b>10 g=e+g
{b,d,e,gl\{b,d‘e.g} / {b.d,e, g}
Print (b, d, €, £) BB4 H.2.7. Vi du vé xdc dinh LVout (b) va LVin (b)
o\ ¢
Exit

3.7. Biéu thifc ¢6 sin (Available expression) _

Mot biéu thifc x + y dudc goi 12 c6 sén tai diém p né€u moi con dudng tir nit khéi diu
dén p, hoic 12 sau [an tinh todn trudc khi dat d&€n p, khdng c6 tao vu gdn cho x va y.

Ung dung ciia biéu thiic ¢6 sin 12 dé tim biéu thiic con dudng chung.

3.7.1. Tap Eval
Eval (b) 12 tdp cdc biéu thic c6 s&n dugc thyc hién trong b ma van cé sén tai diém ra
clab.

3.7.2.T4p Kill

Kill (b) 1a 'tz'_ip biéu thifc ¢6 sdn duge thuc hién trong b ma vin ¢6 sn tai diém ra cla b.
3.7.3. Sy cin biing dong dif liéu
AEin (b): tap biéu thic ¢6 sin tai diém vao cla b
AEout(b): tip cdc biéu thiic c6 sin dit d&€n diém két thic cia b
Cong thic:  AEin (b) = ~ AEout (i)
i € pred (b)
AEout (b) = Eval U [AEin (b) - Kill (b)]
Gidi thuat chi tiét tim cdc biéu thic cé sin tai di€ém vao va ra ciia mdi khoi co ban
dudc trinh bay & [4].
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Entry ;
BB Eval(BB) Kill(BB)
@ |0 ;
1 {a+b, a*c, d*d} {c*2,a*c, d*d, i+1}

c:=a+b BBI 2 {a+b} {a*c}
d:=a*c 3 {a*c}
e:.=d*d 4 {d*d} )

= 5 ¢ b

{a+b, d*d} \I/ {a+b, a*c, d*d}
f:=a+b
c:=c*2 :
¢ BB2 U= {a+h, a*c, c*2, d*d, i+1}
c>d?
{a+b, d*d} / {a+b, d*d} \ {a+b, d*d} AEin(b) = n AEout(i)
N " i € pred (b)
E=2C | e pp4 | g=d*d AEout(b) = Eval(b) U [AEin(b) - Kill(b)]
{a*c, a+b,
d*d} \ {a+b, d*d} {a+b, d*d}
i:=i+1 BB5
i>10? X ) )
H.2.8. Vi du vé viée xdc dinh biéu thic ¢6 sdn

W {a+b, d*d}

Exit

4. MINH HQA CAC KET QUA PAT PUGC
Trong phin nay ching t6i xin di€ém qua cédc gidi thudt ma ching t6i da xay dung dé
gidi quyé&t c4c van de trong phén tich dong ditu khién va dong di liéu.
4.1. X4c dinh khéi cd ban
a)  Giai thudt x4c dinh phat biéu din dau khoi co ban
b) Giai thuit xdc dinh khéi co bdn
¢)  Giai thuat xdc dinh successor, predeccessor cia mot khoi co ban
4.2. Gidi thuat @ thi dong diéu khién (CFG)
4.3. Giai thuat cdc nit chi phdi trong CFG
4.4, Giai thuat xdc dinh vong lip
4.5. Xdc dinh viéc dat dén sy dinh nghia
. a) Gidi thudt luu git thong tin toan cuc
b) Giai thuat tim tdp gen cho khéi cd ban
¢) Gidi thudt tim tép kill
d) Giai thuit tim Rdin va Rdout
4.6. Tim bi&€n s6ng
a) Giai thuit xdc dinh tdp Use
b) Gidi thuit xdc dinh Def
¢) Giéi thuit xdc dinh tdp LVin, LVout
4.7. Xsc dinh bi€u thifc cé sin
- a) Giai thuat xdc dinh tdp Eval
b) Giai thudt xdc dinh tép Kill
c) Gidi thudt xdc dinh AEin, AEout
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4.8. Mt s6 minh hoa vé két qua nghién citu tri€n khai

Khoi co ban :0 =
i:=m-1
ji=n

H t1:=4"n P

: vizaftl]

# : | Khoi co ban ;1
0 i=isl
. t2:=4"
'* i e t3:=a12]
m_\‘ N it f3<v) gote (5)

s Khoi co ban :2
i =1

. ) 14:=4%

{3 15:=2[14)

Ry PP it (155] goto (3)

Khoi co ban 13
it {i>=j] goto (23]

fals | hai rn han 4 54
‘ !

EEIEEDERITEN

Rehezh
\é . Al Basic Block
F ‘-‘\ Show Basic Block
1

j T S
'

Available Evprassion »
Available Copy Evpression  # RDin
Live Variables 4 RDout

Dominancelnfo
Loopinfo
Loop Invariant

Basic Induction Vanabibes 3
- Detived Induction Vaiiables LlJ
L | —
"[E& | Geph ¥ 0a7 | e
Ready : { NUH |

H.4.2. Chon cdc chitc ndng
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H.4.2. Chon cdc chicc ndng

Z—, vd3- lomOpt
‘Fe Edt View "Oplimze Hebp
IDSHN BR|E ] 1 A

= Vong lap co Header la 11 =
1
2
3 ]
4

Vong lap co Header la 12
?2

O % =
Ll | 7 1 ,
l Edt I Gtaph 1 Lo i
. ﬁ;aci‘" e e e e L = ) et % S 19-'"%' — E—NUM !-—

H.4.3. Xdc dinh cdc vong Idp

KET LUAN

Hién nay hau hét cdc gidi thuit t6i wvu mi trung gian cho trinh bién dich cda céc siach
kinh di€n nhu [2] cdn § mic § tudng, phuong phdp. Ching tdi di tir cdc ¥ tudng d6, xay
dung chudng trinh. Chuong trinh nay da hién thuc toan bd cdc gidi thudt hién cé. Trong qud
trinh hién thuc chuong trinh ching t6i dd gidi quy&t mot s6 trudng hgp ma trong cdc tai liéu
tham khdo chua n6i dén. Nhw xay dung Dag cho phép todn gdn tri cho bi€n c6 chi s6, ciing
nhu mdt s§ trong hang loat cdc van dé khdc nhu van dé dé quy trong qué trinh gidi quyé&t loai
bd biéu thifc con diing chung va t6i wu vong lip. Nhitng van dé nay ciing chua dudc trinh
bay trong cdc tai liéu hién c6. Qua thuc nghiém, ching t6i cdn nhin thdy ring dé ki€m tra
tinh hiéu qud vé thdi gian va bd nhd, ching ta c6 thé xay dyng mdt mdy tinh tritu tugng dé
thyc thi ma trung gian trudc va sau khi t8i wu ma, van dé nay s& dugc trinh bay trong thdi
gian sdp tGi. N&u chuong trinh nhip tudng d6i 16n thi phai can cai ti€n mot s& gidi thudt hién
c¢6 dé€ toc dd xit 1y nhanh hon.
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ANALYSIS OF CONTROL AND DATA FLOW IN THE CODE
OPTIMIZATION OF COMPILE PROCESS

Phan Thi Tuoi
University of Technology — VietNam National University-HCMC
(Received 06 February 2002, Revised 11 March 2002)

ABSTRACT: To improve the code, the optimal code must be done through 2 phases:
analysis of control and data flow, and code transformation. In this paper, algorithm for

identifying control structure of program and algorithm for collecting data used in
optimization are presented.
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