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10.1. Gioi thiéu
- Tiéu chudn chuyén mad tot

- Té chitc ciia trinh bién dich t6i uu
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diéu khié€n dong dit liéu

Hinh 10.1. T6 chiic ciia bd tdi uu ma



Ma trung gian

Thi du 10.1. Chuyén d6i sang ma trung gian ba dia chi cho doan
chuong trinh trong ngdn ngtr Pascal

fori:=n-1 downtol do
forj;:=1to1do

if A[j]>AT[j+ 1] then

begin
temp := A [j];
Ajl=A+1L
A[j+1]:=temp;

end;

Gia st mdi 6 nhd 12 4 byte. Pia chi nén clia diy A vay dia chi phan t&
thit j ciia day A 1a: addr(A[j]) = addr(A) + (j— 1) * 4.



(1)
(2)
3)
(4)
(5)
(6)
(7)
(8)
9)
(10)
(11)
(12)
(13)
(14)
(15)

1=n-1

1] 1< 1 goto (31)
=1

if j > 1 goto (29)
t,=j-1
t,=4*¢,

t; = A [t,]
ty=7+1
ts=1t,-1

te =4 * ts

t, = A [tg]

1 t; <t, goto (27)
te=7-1

tg =4 * t
temp = A [tg]

(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)

tio=J+1
t =t- 1
ty=4%1t,
t3=A[t),]
t,=7-1
ts=4%1ty,
Alts] =13
tig=J+1
t7 =1t - 1
tg =41ty
A [t;g] =temp
j=7+1
goto (4)
1=1-1

goto 2



* Khoi co ban

Thi du 10.2. Poan ma trung gian sau dugc xdc dinh 4 khoi ¢d ban

(1) read L A

(2) n:=0

3) k:=0 " BB,
(4) m:=1 /

(5) k:=k+m A

(6) c:=k>L ~ BB,
(7) if (¢) goto (11)

(8) n:=n-+1 A

(9) m:=m+ 2 ~ BB,
(10) goto (5) _

(11)  write n } BB,



10.2. Phan tich dong dif liéu

C4c cau tric diéu khi€n nhu if, while, for gy ra su r& nhdnh cia
chuong trinh. X4c dinh dugc sy r& nhdnh s& xdc dinh dugc sy thay doi
tri cia bi€n trong chudng trinh, tir d6 st dung cdc bién nay trong qud
trinh t01 vu héa.

10.2.1. Muc dich

X4c dinh cau tric diéu khién cla chuong trinh 1a:

- md ta cac con dudng thuc hién chuong trinh

- xac dinh cac vong lap

10.2.2. Do thi dong diéu khién (Control Flow Graphs)
Dinh nghia:

D6 thi dong diéu khi€n (CFG) clia mdt chuong trinh 12 mot dd thi c6
hudng, duge ky hi€u G = (N, E) ma trong d6 N 1a cdc khoi co ban, E
12 tdp canh thé hién cho dong diéu khién giita cdc khdi cd ban.



Thi du 10.3. Poan mi trung gian (gdm 4 khoi cd ban) & thi duy 10.2
dugc bi€u dién thanh dd thi dong dit liéu.

BB,
BB, BB,

Hinh 10.2. Bo thi dong diéu khién
10.2.3. Successor, predcessor ciia mot khéi co ban

Cho mot dd thi dong diéu khién G = (N, E) va mot khoicobdnb e N,
x4c dinh successor va predcessor cho khdi co ban b nhu sau:



* Successor ciia b, ky hiéu succ (b) 12 tdp cdc khoi cd bdn n, ma cé
thé dat dén tir b trén 1 canh succ (b) = {n € N| (b, n) € E}

nhu 6 thidu 10.3:  succ (BB,) = {BB,};
succ (BB,) = {BB;, BB,}, succ (BB;) = {BB,}

* Predcessor cuia b, ky hi€u pred (b) 12 tdp cdc khodi cd ban m, ma ¢6
thé dat d&€n b trén 1 canh pred (b) = {m € N | (m, b) € E}

nhu § thidu 10.3:  pred (BB,) = {BB, , BB;}
pred (BB;) = {BB,}, pred (BB,) = {BB,}
» Entry cua G: 12 mOt nat khong c6 predcessor
» Exit cua G: 1a mdt nit khdng cé successor
= niit ré (branch node) trong G 12 nidt ¢6 nhi€u hon mot successor

= niit hop (join node) trong G 12 nidt ¢6 nhi€u hon mdt predcessor



Pé thi dong di€u khi€n & thi du 10.3 dudc thém 2 nit Entry, Exit.

Entry

BB,

B;B2 \
B}33 BB,

Exit

Hinh 10.3. Nut Entry va Exit trong G



Thi du minh hoa cac nut r€ nhanh va hop.

(1)
(2)
(3)
(4)
5)
(6)
(7)
(8)
9)
(10)
(11)
(12)
(13)
(14)
(15)

e —

e —

e —

1:=1
1f(I>n) goto (15)
t:=0
j:=1

1f(j>n) goto (13)
tmp :=te + ts
if(tmp < 0) goto (10)
t, =t +t

goto (11)

t, :=4%

]:=7+1

goto (J)

1:=1+1

goto (2)

t,:=0

BB,

" BB,

BB,

| BB,

BB,

BB,

2

B,

BB,

\

BB,

BB




BB,

l

" BB,

BB,

l

l

BB,

l

" BB,

l
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l

BB,
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BB,
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/
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join node

BB,

> BB4 /
/ BB5 T
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l

BB, "

l

BB, I

Hinh 10.4. Cdc niit ré nhdanh va hop



10.2.4. Chi phéi (dominater)

» Dinh nghia dominater: nit n cia G chi phoi ndtn’, ky hiéun dom n’
(hay n = n’ ), n€u moi con dudng tr niit Entry ctia G d€n n" d€u phai
di qua n. VGi dinh nghia nay thi moi nit n chi phoi chinh né. Nt 1a
di€ém vao vong lip sé& chi phdi cdc nit trong vong Lip.

BB, 2 BB, ; Entry
BB, = BB, ;
BB, > BB;; BB,
BB, - BB,
BB, > BB, ; Bisz

BB, - BB; ; \
BB, - BB, BB, BB,
BB, - BB,
BB, - BB,

Exit




" properdominate

N la proper dominate n , ky hi€un 2> n, néun = n van#n nhu
thi du & trén thi BB, > BB, ; BB, > BB,;BB, >  BB,;BB, >
BB, ;BB, > BB,

» direct dominate

Niit n dugc goi la direct dominate n’, ky hiéun = ;n",néun > n’
va khong ton tain” € Nma n = ,n”.

BB, > ,BB,;BB, > BB, ; BB, > BB,

= cdy dominate (dominate tree); ky hiéu viét tit DT, 12 cAy ma nit goc
la Entry; nut thudéc G va canh la quan hé€ direct dominator.

O thi du trén DT c¢6 dang:



Entry

BB,
BB, BB,

Hinh 10.4. Cdy dominate



Gidi thudt 2.2: tim cac dominator.
Nhdp: d6 thi dong diéu khién G.
Xudt: tdp dominator ctia moi nit thudc G.
Gidi thudt:

DOM (Entry) = Entry
DOM (v) =N V v € N - {Entry, Exit}
change = true
while (change) {change = false
for each v € N - {Entry, Exit} {

old DOM = DOM (v)’

DOM (v)={viun  OM (p)

pepred (v)



if (DOM (v) = old DOM) change = true
h

10.2.5. Direct dominator

Direct dominator cua mot niit n.

Giai thudt tim direct dominator cua mdt nut:
- Khdi @dong tap proper dominator cia niit n

- Loai bd nhirng nidt ma né 1a proper dominator nhirng nit khac trong
tap

Gidi thudt 10.3. Tim direct dominator
Nhdp: d6 thi dong G.

Xudt: direct dominator ciia moi nit ciaa G.



Gidi thudt:
for v6i moinitn € N - {Entry} do
DOM, (n) = DOM (n) - {n}

for v6i moi nitn € N - {Entry} do
for v6i mdi nits € DOM, (n) - {s} do
if t € DOM, (s) then

DOM, (n) = DOM; (n) - {t};

O thi du & hinh 10.1, ta ¢6:
DOM, (1) = {Entry}; DOM, (2) = {1};
DOM, (3) = {2}: DOM, (4) = {2}



10.2.6. Post — dominator
Dinh nghia:
Cho d6 thi dong diéu khien G=(N, E) van,n’ € N.

- Nut n dudc goi 1a post — dominator cia nit n’, ky hi€un = n’ néu
moi con dudng t¥ n d&€n nut Exit chita n’.

G thi du hinh 10.3, ta c6 cac post — dominator:
l<—1;12;13;14;2¢2;2¢3;24;33;4«4

- Nut n dugc goi la direct post — dominator cua nit n’, ky hi€u n < n’,
n€un < n’ va khong tontain” e Nma n <« ;n” « n’.

- Nt n dudc goi la proper post — dominator cua nut n’, ky hi€u la

n<—pn’, nfun<n van#n’.



Thi du vé post — dominator trong G la dominator trong G-1

G]

Entry

BB,

BB,

BB,

—

BB,

Exit

G!

Entry

A

BB,

A

BB,

A

BB,

-

BB,

A

Exit




10.2.7. Vong lap

Cdc y€u td xdc dinh vong lap tu nhién:

- Mot vong 1ip phdi cé 1 di€m vao don, goi 12 header.

- Pi€m vao header dominate tit cd cdc nit con lai trong vong Lip.

- Phdi c6 it nhat mot cdch lap, nghia 12 phdi c6 it nhat mot canh quay
vé header.

Gidi thudt 10.3. Tim vong ldap

Nhdp: d6 thi dong G va mot canh vé t = h.

Xudt: vong 1ip bao gdm tit cd cdc nit trong vong lip tv nhién t = h.
Phuong phdp:

- Tim dominator cua mdi nit trong CFG.

- Xac dinh canh vé.

- Tim t4t ¢4 nhitng nit lién quan dén canh vé.



- P€ tim canh vé&: thuc hién duyét cdy CFG theo chiéu siu trudc. Mot
canh 1ii e = (t, h) € E 14 canh 10i néu h = t. Mot canh 1ui ludn 12 canh
vé trong vong 1ip bing cdch st dung diéu khié€n c6 cau tric.

Giai thudt:
stack s = empty
set loop = {h}
insert — on — stack (t); /* stack s*
while S is not empty do beg
m = pop (8);
for each pred (m) do
insert — on — stack (p); end
insert — on — stack (a) begin
if (a € loop) then begin loop = loop U {a} push — on — stack (a);

end



Thi du vé tim vong lip

Cho grap nhu sau:

Entry




Pau tién x4c dinh canh vé h 2 t.

Loop = {BB;, BBy}, stack = { BBy}

Loop = {BB;, BBy}, stack = {}

Loop = {BB;, BBy, BB-}, stack = {BB-}

Loop = {BB;, BBy, BB-}, stack = { }

Loop = {BB;, BBg, BB,, BB}, stack = {BB}

Loop = {BB;, BBy, BB, BB, BB}, stack = {BB;, BB}
Loop = {BB;, BBy, BB, , BB, BB}, stack = {BB,}
Loop = {BB;, BBy, BB, , BB, BB, BB,}, stack = {BB; , BB,}
Loop = {BB;, BB;, BB, , BB, BB, , BB,}, stack = {BBs}
Loop = {BB;, BBy, BB, , BB, , BB, BB,}, stack = {}

Vong lip tim dugc 1a {BB,, BB, , BB. , BB, , BB, , BB,}, BB, 1
header, BB 1a node két thiic.



10.3. Phén tich dong dif liéu (Data Flow Analyst) — DFA
10.3.1. Muc dich cua phan tich dong dit li¢u

- X4c dinh dtt 1i€u dudc dung trong chuong trinh.

- St dung dir liéu d€ trinh bién dich quyét dinh t61 vu ma.

- Trong mot khdi co ban: x4c dinh tinh hiéu qué trong ciu 1énh, tir dau
dén cudi khoi cd ban.

10.3.2. Diém va duong

Pi€m 1 vi tri gitta hai phét bi€u lién nhau.
Ton tai di€m trudc va sau phat bi€u.

Thi du doan chuong trinh:

Po

d 1:=m-1



d, j:=n
P2

d; a:=u,
P3

o] day c6 4 diém p, tru6c d, , p, trudc d, , trude d, , p; sau d,

DPudng: tir p, dén p, 12 con dudng di tit p, d&€n di€m p, trong chuong
trinh.

10.3.3. Dat dén su dinh nghia (Reaching definition)
DPinh nghia ctia mot bié€n x 12 tdc vu gdn tri cho bi€n x.

Pinh nghia d cho mot bién x dugc goi 1a dat d€n mot di€m p trong
chuong trinh néu tén tai mot con dudng tir di€ém ngay sau d dén p ma
x khong bi thay ddi tri bdi mot dinh nghia clia x doc theo con dudng
nay.



10.3.3.1. Tap Gen

Gen (b) 12 tip c4c dinh nghia & trong b va dat dén di€m két thic cia
b.

10.3.3.2. Tap Kill

Kill (b) 12 tap dinh nghia & mdt khdi cd bdn khdc b nhung bi thay ddi
trong b (b3i moOt tdc vu trong b), v 12 bi€én dudc dinh nghia trong b, tp
kill chira tit cd cdc dinh nghia cua v trong cac khoi c¢d ban khéc.

10.3.3.3. Su' cé@n bang dong dit li¢u
RDin (b): tip c4c dinh nghia ma dat dén sy bit dau cliab
RDout (b): tAp cic dinh nghia ma dat dén sy két thic cua b.
Cong thuc xac dinh:

RDin (b) = U RDout (1)

1 € pred (b)

PDNDhat11t MK —m XA (RKYD 1 TP (WKW T <11 7R



Gidi thudt: x4c dinh viéc dat d€n sy dinh nghia.

Nhdp: d6 thi dong G véi tap Gen (b) va kill (b) dd dudc tinh todn trudc
cho mdi khéi cd ban b.

Xudt: RDin (b) va Rdout (b) cho mdi khdi cd bdn b
Gidi thudt:
RDout (Entry) = &
RDout (b) = ¥V b € N - {Entry, Exit}
/* Gen (b) thi tot hon */
change = true
while (change) {
change = false
for each b € N - {Entry, Exit} {
oldout = RDout (b)



RDin (b) = U RDout (1)
i e pred (b)
RDout (b) = Gen (b) U [RDin (b) — kill (b)]
if (RDout (b) # oldout) change = true
)

h
RDin (Exit) = U RDout (1)
1 € pred (Exit)



Thi du:

1dy,ds,d;,dg}

\ a:=u, | BB;

1dy.ds,de}

{d,d
d..d,

5\

di:1:=m-1 ds:j:=j5-1
dy:j:=n d¢:a:=u,
dy:a:=u, d,:a:=u,
dy:1:=1+1

BB | Gen (BB) Kill(BB)

BB,

{d,.ds,
a

ds,dg
=u

3

{d4’d5’d7

A

b

Exit

1| {dpdypdy}  {d,dsdgd,)
2 1d,.ds} tdpdy)
3 tde; td;,dy)
4 tdy} 1ds.d}

RDin(b) = W RDout(i)
1 € pred(b)

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



10.3.4. Bién song

Bié€n v dugc goi 1a song tai di€m p trong chuong trinh néu gid tri hién
tai cia v dugc dung trudc khi v dugc gan gia tri méi hodc trude khi
chuong trinh két thic, ngudc lai goi 12 bi€n chét.

- Ung dung bién séng 12 xdc dinh xem c6 can luu gitt tri ciia né khi ra
khdi khoi cd ban, trong thanh ghi.

- Cin x4c dinh bién sdng & di€m vao va ra cia mdi khdi co ban.
10.3.4.1. Tap Use

Use (b) 12 tAp cdc bi€n dudc st dung trude khi (hoic cé thé) dudce dinh
nghia trong b.

10.3.4.2. Tdp Def
Def (b) 12 tip cdc bi€n dudc dinh nghia trong b.



10.3.4.3. Su cdn bang dong dit li¢u

LVin (b): tip cdc bién sdng tai di€m vao cla b

LVout (b): tdp cdc bi€n song tai di€m ra clia b
Cong thuc:

LVout (b) = U LVin (1)

i e succ (b)

LVin (b) = Use (b) U [LVout (b) — Def (b)]
Gidi thudt 3.2. Giai thuit tim bi€n song
Nhdp: d6 thi dong G vé6i Def (b) va Use (b) dudc x4c dinh trudc.

Xudt: LVout (b) 12 tip bi€n sdng tai di€m ra cta khdi cd bdn b.

Gidi thudt:



LVin (Entry) = &
Lvin (b) = Vb € N - {Entry, Exit}
change = true
while change {change = false}
for each b € N - {Entry, Exit} {
oldin = LVin (b)
LVout (b) = LVin (1)
i e succ (b)
LVin (b) = Use (b) U [LVout (b) - Def (b)]
if (LVin (b) # oldin) change = true
)



Thi du: cho dong di¢u khi€n nhu sau, tim tip cdc bi€n song khi ra khdi
c4dc khoi cd ban.

Entry
(e} BB | Use (BB) Def (BB)
a :‘= 2 1 {C} {aabadaeag}
b:=3 2 {b,d} {b,d}
d:=c BB, 3 | {abdeg!  {dfg
©-=4 4 {b,d,e,g} 0
=c+ 1
{b,dig/}/a <d ?we,g} LVout(b) = U LVin(i)
{avb’dve’g} .
=b+1 d:=d+1 i € succ(b)
d:=2*d BB BB. f:=a+b
\/ b> 10 2 | gi=e+g | LVin(b) = Use(b) U[LVout(b
- Def(b
(bdeg) {b,d,e,g} e ef(b)]

print (b,d,e,g)| BB,
()

D ,
‘ Exit ‘




10.3.5. Biéu thiic c6 sdn (Avaible expression)

= Mot bi€u thitc x op y dudc goi bi€u thifc c6 sdn tai di€m p néu moi
con dudng tir nit khdi dau dén p hoic sau lan tinh todn trude khi dat
dén p khong ¢6 tdc vu gdn cho x va y.

= Ung dung ctia bi€u thitc ¢6 sin 12 d€ loai bd biéu thitc con ding
chung.

RN ~ o N » P ol . o N N N R e A
» Ta phai tim tat ca bi€u thirc c6 san tai di€m vao va ra cua moi khoi
cd ban.

10.3.5.1. Tap Eval

Eval (b) 12 tAp cdc bi€u thic ¢6 sin dudc thuc hién trong b ma vin cd
sdn tai di€m ra cla b.

10.3.5.2. Tap Kill
Kill (b) 12 tdp cdc biéu thic bi thay doi trong b.



10.3.5.3. Su' cé@n bang dong dit li¢u
AEin (b): tip c4c bi€u thic c6 sin tai diém bit diu cia b.
AEout (b); tip bi€u thic ¢6 sin cham dén diém két thic cla b.
Cong thuc:
AEin (b) = N AEout (1)
1 € pred (b)
AEout (b) = Eval (b) U [AEin (b) — Kill (b)]

[ A N A Ve o« R Ve z fod o o« R N N ? X e
Gidi thudt: tim tap cac bi€u thuc ¢o san ta1 di€m vao va ra cua mo1
khdi co ban.

Nhdp: d6 thi dong G véi Eval (b) va Kill (b) dugc tinh todn trudc cho
khoi cd ban b.

Xudt: AEin (b) cho khdi cd ban b.



Gidi thudt:
U: tap cdc bi€u thic trong d6 thi dong diéu khién
AEout (Entry) = &
AEout (b) =Eval (b) U [U - Kill (b)] V b € N - {Entry, Exit}
change = true
while (change) {
change = false
for each b € N - {Entry, Exit} {
oldout = AEout (b)
AEin (b) = n AEout (1)
1 € pred (b)



10.4. Loai bo du thira

Qu4 trinh loai bd du thira bao gom loai bd nhitng bi€u thic con chung,
lan truyén nhitng ban copy, di chuyén ma khong doi trong vong lip ra
ngoai vong lap.

10.4.1. Loai bé biéu thiic con chung
Gidi thudt: loai bd bi€u thic con chung

Nhdp: ma ba dia chi clia dd thi dong di€u khién vdi cdc AEin va
AEout cho tirng khoi cd bdn.

Xudt: doan mi ba dia chi di loai bd bi€u thifc con chung.
Giai thudt:
for moOi khoib e N
for moilénh e bc6dangy=xopy

N N z o . o N N
ma X op y la c6 san tai di€m vaocuab {



> »oho=

X4c dinh n€u x op y ¢ sdn tai moi cau 1énh

X4c dinh viéc tinh todn x op y ma dat dén z

Tao mot bi€n mdi t

Thay th€ sy dinh nghia w = x op y tim thiy & budc 2 biang

t=xXopy,w=t

. Thay z=xopybangz=t

b



Thi du vé loai bé biéu thiic con ditng chung

Entry
c:=a+b
d :=a*c
e :=d*d BB,
1:=1
{a+b, d*d}
Y /
f:=a+b
Cc :=Cc*2 BB2
c>d?
{a+b, d>xjd}/ Na+b d*d}
g = a¥c BB, =C
{a+b, d*d} |g:= d*d
\ /
1:=1+1 BB
i>107? .

A

‘ Exit ‘







10.4.2. Lan truyén ban copy
10.4.2.1. Pinh nghia su dung (use definition)

Tap cac dinh nghia dat dén viéc st dung cua a nhu 1a mot bién dudc
goi 12 day xich st dung dinh nghia (ud - chain) cho bién do.

Thi du vé ud — chain

Entry




10.4.2.2. Ddy xich dinh nghia su dung

Tap tat cd cdc lan sit dung ma dat dén bSi mot dinh nghia dudc goi 1a
diy xich dinh nghia st dung (du — chain).

Thi du vé du — chain va ud — chain

Entry




10.4.2.3. Biéu thiic copy c6 sdn (Available Copy Expression)
" T'ap copy

Tap nhitng cau 1€nh copy u := v trong b ma u va v khong dugc gan sau
d6 trong b, nghia 13 cAu 1énh c6 sin tai di€m két thic cla b.

» Tdp kill

TAp cédc cau lénh copy bi thay doi trong b, nghia 13 tip cau Iénh copy
trong khoi c6 bdn khdc ma ¢6 todn hang cua né duge gan cho b.

= Su can bang dong dit liéu
copyin: 12 tip 1énh copy c6 sin tai diém vao b
copyout: 12 tdp 1énh copy c6 sin tai di€ém két thic b
cong thiic: copyin (b) = M copyout (1)
1 € pred (b)

copyout (b) = copy (b) U [copyin (b) — kill (b)]



Gidi thudt: tim ban copy cé san

Nhdp: @b thi dong diéu khién G vdi kill (b) va copy (b) dudc tinh sdn
cho mdi khdi co ban b.

Xudt: copyin (b) cho moi khdi cd ban.
Gidi thudt:
U : Tap tat cd cdc copy trong do6 thi dong diéu khién
copyout (Entry) = ®
copyout (b) = copy (b) U [U - kill (b)] ¥V b € N - {Entry, Exit}
changed = true
while (changed) {
changed = false

for each b € N - {Entry, Exit} {
oldout = copyout (b)



copyin (b) =M copyout (1)
i € pred (b)
copyout (b) = copy (b) U [copyin (b) — kill (b)]
if (copyout (b) # oldout) changed = true
)

h
Aein (Exit) = N Aeout (1)

1 € pred (Exit)

10.4.2.4. Lan truyén ban copy
Cau l€nh copy la cdu lénh c6 dang x =y.

Sy lan truyén ban copy 12 thay thé x bing y ma khong lam thay doi
tri cua x hodcy.



Gidi thudt: lan truyén ban copy
Nhdp: @b thi dong diéu khién G véi du — chain.
Xudt: dd thi dong diéu khién c6 s dung lan truyén ban copy.
Gidi thudt:
for moi ban copy s: x :=y thuc hién cdc budc sau:
1. Xdc dinh tit cd cdc ndi ma sy dinh nghia ctia x dudc st dung.
2. for mbi 1an st dung u:
a. s phai c6 mot su dinh nghia cia x cham dat dén u va

b. moi con dudng tr s d€n u, khong ¢o tdc vu gan dény.



Thi du vé su lan truyén bdn copy

Entry

A

c ;= a+b
d:=c
e :=d*d

f:=a+c
g:=¢

a:=g+d
a<c?

BB,

BB,

‘ /{d:=c}

di= W/ \{d:\:}g:z e}

\ {di=c,g:i=¢

Entry

A

c :=a+b
d:=c
e :=c*c

A

f:=a+c
g:=¢€

a .= e+cC
a<c?

BB,

BB,

/\

h:=e+1
e :=f+2

h:=g+l f:=d-g
e :=f+2 BB, BB, £f>299
\id _?}/
b:=g+a
BB; h<f? BB, c:=2

i

‘ Exit ‘

BB,

f:=c-e
f>a?

b:=g+a
h<f?

/L_

BB,

‘ /

‘ Exit ‘




10.4.3. Di chuyén ma khong doi ciia vong ldp (loop — invariant code
motion)

Mot sy tinh todn trong vong lip dudc goi 1a loop — invariant n€u sy
tinh todn cua nd luén ludn tao ra cung mot gia tri.

Di chuyén code khong d6i 12 di chuyén cic loop — invariant ra bén
ngoai vong lap.

10.4.3.1. Loop — Invariant

Mot tac vu trong vong ldp 12 loop — invariant néu moi todn hang trong
tac vu la:

- hiing sO hodc
- tAt ¢4 cdc dinh nghia cta todn hang d€u & bén ngoai vong 1dp hoic

- chi duy nhat c6 mot dinh nghia trong vong 1ip cho todn hang ma su
dinh nghia 1a loop — invariant.



10.4.3.2. Thuc hién di chuyén code

Su di chuyén code phdi thda min 3 diéu kién vi du cho phét biéu
S:X=Yy+Z

1. Khoi cd bdn chita s phdi dominate tat ca cdc 161 ra cua vong Lip.
2. Khong c6 phét bi€u ndo khic gan cho x.

3. T4t cd cdc lan st dung x chi dat dén sy dinh nghia x trong s.

Thi du (diéu kién I 1:=1 | BB,

A

if u <v goto BB; | BB,

\ v:=v-1 BB,

if v < =20 goto BB;




Thi du (diéu kién 2)

1 BB
— if u <v goto BB, ?

1:=
BB
u:=u+l 3

A 4

N

vVi:=v-1

if v < =20 goto BB; BB,

]:=1

BB,

Thi du (diéu kién 3)

BB,

if u <v goto BB; | BB,

k:=1
v i=v-1

if v < =20 goto BB;

BB,

7:=1

BB,



10.5. T6i vu vong lap

Trong phan nay chiing ta sé& trinh bay gidi thuat tdi vu vong lip 1a
strength reduction. Muc dich ctia gidi thuadt nay 1a thay thé cdc ciu
1énh dit tién bing cAu 1énh ré tién hon.

10.5.1. Bién thay doi (Induction variable)

Bi€n thay d6i trong vong 1ip L 13 x néu mdi 1an thay ddi né ting hoic
gidm mot hidng sO nhat dinh.

10.5.2. Bién thay doi co ban (Basic Induction Variable — BIV)
Bién v dugc goi 1a BIV trong L néu nd c6 dang

vi=v*c  vbiclahing so
10.5.3. Bién thay doi dan xudt (Derived Induction Variable — DIV)

Bié€n j dudc goi 13 bi€n thay ddi dAn xuit n€u né c6 mdt trong cic
dang sau xuit hién trong vong lap:



j:=a*1 hodc j:=1%*a
j:=b+1 hodc j:=a*i
j:=b—-1 hodc j:i=1-a
j:=1/a
trong d6 i1a bi€n thay ddi cd ban (BIV)
Gidi thudt 6.1. Tim bién thay ddi trong vong lip L.
Nhdp: vong lap L.
Xudt: tat cd cac BIV va DIV trong L.
Giai thudt:
1. Tim tat cad BIV trong L.
2. Tim cac DIV.
3. Liap lai budc (2) cho dén khi nao khong tim thay DIV khéc.



10.5.4. Giai thudt strength Reduction
Nhdp: vong 1dp L va tip ho cdc bi€n thay doi.

Xudt: doan ma da thuc hién thay thé cdc cAu l1énh phic tap bing
nhirng cau l1€nh it phuc tap hon tr vong lap L.

Gidi thudt:
for moi bién BIV i
d
for moi bién j trong ho i = (I, a, b)
d
tao ra mot bi€n mdi sj
khdi dong sj :=a * i+ b va didt vao preheader cua L
thay th€ cdu 1énh gdn j bing j := s

sau moi phat bi€ui:=i+ctrong L



chenthémsj:=sjtc*a

b

thém sj vao ho cua i





