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Su’ la chon chi thi

Gid st d61 vSi phdt bi€u ba dia chi cé dang x :=y + z véi X, y, z tugng
trung cho céc vi tri nhé. Chiing ta c6 thé dich sang chudi ma doi
tugng:

MOV y,R, /*caty vao thanh ghi R_*/
ADD z,R, /*cOng z vao ndi dung R, k€t qud chita trong R */
MOV R, x  /* cat ndi dung R, vao x */

Tuy nhién viéc sinh ma cho chudi cdc phat bi€u s& din dén su du thira
ma. Nhu thi du sau:

a:=b+c;d:=a+e
Chiing ta chuyén sang ma doi tugng:
(1) MOV b, R,
(2) ADD c. R,



(3) MOVR,a

(4) MOV a, R,

(5) ADDe, R,

(6) MOVR,d
Chi thi tht tu 1a thua.

Chat lugng ma dudc tao ra, duge xac dinh biang tdc dd cia ma va kich
thuGc tap ma. Thi du:

MOV a, R,

ADD # 1, R,

MOV R, a
C4p phat thanh ghi

Su lua chon cho viéc danh gia thu ty



9.2. May dich

Chung ta s€ dung may dich nhu 1a may thanh ghi (register machine).
M4y dich ¢6 mdi tir gom bdn byte va ¢6 n thanh ghi: R, R, .. R_, ¢
chi thi hai dia chi, v6i dang tdng quét: op source, destination

Thi du mot sé chi thi:
MOV: chuyén tri ciia source d&n destination
ADD: cOng nd1 dung source va destination

SUB: trtr n01 dung source cho destination

Mode dia chi
Thidu:
Mode Dang Dia chi Gia
1 Absolute M M
Register R R 0
3 indexed c (R) ¢ + contents (R) 1




6

indirect
register
inderect
indexed

literal

*R

*c (R)

#C

contents (R)

contents (¢ + contents (R))

hing C

Gid chi thi (instruction cost)

Gi4 chi thi dugc tinh bing mot cong gid két hgp trong bing mode dia
chi ngudn va dich & trén.

Qua cdc thi du trén ching ta thAy mudn sinh mi t6t thi 1am sao phdi
ha gia cua cac chi thi.

Sinh ma dé€ qudn 1y cdc ban ghi hoat ddng trong thdi gian thuc thi.
Cac ma quan ly nay phai dap ing dugc hai k¥ thuat quan 1y bd nhé

tinh va cdp phdt bd nhd theo cd ché stack.

Viéc cap phat va gidi tda vi tri nhd cho ban ghi hoat dong 14 mot phan

trone chudi hanh vi goi va trd vé cliia chudne trinh con.




1. call

3. halt
*/

Li dig-
rrrrrorors,

/*ma cho c*/
action 1
call p
action 2
halt

/*ma cho p*/
action 3

return

Bang ma

2. return

4. action /* tuong trung cho cdc phat bi€u khac

56
60

dia chi khtt hoi

arr

1

]

Bang ghi hoat
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34:
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buf

n

Bang ghi hoat
dong cho p




Cdp phadt tinh

Ph4t bi€u call dudc hién thuc bing hai ma ddi tugng MOV va GOTO.
MOV # here + 20, callee.static - area
GOTO callee. code — rea

Thi du 9.1.

Mo phong 9.1. Ma doi tugng cho chuong trinh con ¢ va p

/* ma cho ¢ */
100: action
120: MOV 140, 364 |/* cat dia chi khtt hoi 140 */
132: GOTO 200 /* goip */

140: action,
160: halt

/* ma cho p */




200: action;
220: GOTO * 364 /* tr§ vé dia chi dugc cat tai vi tri 364 */
/* 300 - 364 cat badn ghi hoat ddng cua c */

300: /* chtta dia chi khit hoi */
304: /* dir li€u cuc bo cua ¢ */
/* 364 - 451 chita ban ghi hoat dong cua p*/
364: /* chita dia chi kha hoi */
368: /* dit li€u cuc bo cua p */

Cdp phadt theo co ché stack
M3 cho chuong trinh dau tién 12 ma khdi dong stack, cit dia chi bit dat
stack vao sp bang chi thi MOV # stackstart, SP. Nhu viy ma doi tugng
cho chuong trinh con dau tién bao gdom:

MOV # stackstart, SP /* khGi ddng stack */

doan ma cho chudng trinh con

HALT /* k€&t thdc su thuc thi */



ADD # caller.recordsize, SP
MOV # here + 16, * SP
GOTO callee.code-area
Chudi tr§ vé gom hai chi thi:
GOTO *0 (SP)

SUB # callee.recordsize, SP
Chi thi GOTO *0 (SP)

/* 1wu dia chi khit hoi */

/* tr& vé chuong trinh goi */

Thi du 9.2
/* ma cho s */ /* ma cho q */
action, action,
callq callp
action, actions
halt callq
/* ma cho p */ actiong
action;, callq
return return

Hinh 9.3. Ma trung gian cua chuong trinh 0 mé phong 9.1




Mo phong 9.2. Mda doi tugng cho ma trung gian & (H.9.3)

100:
108:
128:
136:
144:
152:
160:
180:

200:
220:

300:
320:
328:
336:

/* ma cho s */

MOV # 600, SP /* khGi dOng stack */
action,
ADD # ssize, SP /* chudi goi bit dau */
MOV 152, * SP /* cAt dia chi khit hoi */
GOTO 300 /* goiq */
SUB # ssize, SP /* giam tri cua SP mot khoang ssize */
action,
HALT

/* ma cho p */
action,
GOTO * 0(SP) /* tr& vé chuong trinh goi */

/* ma cho q */

action, /* nhdy ¢6 di€u kién vé 456 */
ADD # gsize, SP
MOV 344, * SP /* cAt dia chi khit hoi */
GOTO 200 /* goi P */




344:
352:
372:
380:
388:
396:
304
424:
432:
440:
448:
456:

600:

SUB # gsize, SP
actions

ADD # gsize, SP
MOV 396, * SP

GOTO 300

SUB # gsize, SP
actiong

ADD # gsize, SP
MOV 440, * SP

GOTO 300

SUB # gsize, SP
GOTO *0 (SP)

/* cat dia chi khd hoi */
/* go1q */

/* cat dia chi khit hoi */
/* go1q */

/* tr& vé chuong trinh goi */

/* dia chi bit dau cla stack trung tAm */




Xic dinh dia chi cho tén danh biéu trong thdi gian thuc thi
Né&u ching ta dung cd ch€ cap phat tinh, ving dit liéu dudc cap phat
tai dia chi static, c6 phat bi€u x := 0. Pia chi tuong doi cda x 1a 12.
Vay dia chi cia x trong bd nhé 12 static + 12. N€u static 1a 100. Dia
chi ctia x trong bo nhé 1a 112. Phit bi€u x := 0 dudgc dich sang ma do6i
twong v4i dia chi tuyét doi la: MOV #0, 112.
Gid st x 12 bién cuc bd cla chuong trinh con hién hanh, thanh ghi R3
luu gift dia chi bt dau cda ban ghi hoat dong thi ching ta s& dich phat
bi€u x := 0 sang ma trung gian.

t; ;=12 + R,

*t, =0
Chuyén sang mi doi tugng:

MOV #0, 12 (R,)
Gia tri trong R, chi c6 thé dudc xdc dinh trong thdi gian thuc thi.



9.3. Khéi ¢ ban va luu do
Khoi co ban (basic block)

t,:=a*a;
t, :=a * b;
t, ;=2 *t2
t,:=tl +1t2
t; :=b * b;
tc :=t4 +t5

Gidi thudt 9.1. Phan chia cdc khdi co ban
Nhdp: c4c phat bi€u ba dia chi
Xudt: danh sich cdc khoi co bdn vdi tirng chudi cdc phat bi€u ba dia
chi cho tirng khoi.
Phuong phap:
1. X4c dinh tAp cdc phdt bi€u din dau clia cdc khdi ching ta dung cic
quy tic sau day:
i) Phdt bi€u dau tién 13 phat bi€u din dau (leader) (tir diy ta sé&
dung tit leader thay cho cum tir ti€ng Viét phdt bié¢u dan dau).



ii) BAt ky phat bi€u ndo 1a dich nhdy dé€n ctia phat bi€u GOTO
c6 diéu kién hoic khong diéu kién déu 13 leader.
iii) BAt ky phdt bi€u ndo di ngay sau phat bi€u goto hoic khong
diéu kién cé diéu kién déu 1a leader.
2. V6i mdi leader thi khoi co bdn gdm ¢6 nd va tat cd cdc phat bi€u
nhung khong bao gdm mot leader ndo khdc hay 12 1énh két thic
chuong trinh.
Thi du 9.3.
Mo phong 9.3. Chuiong trinh tich tich vecto vo hudng

begin
prod ;=0
1:=1
repeat
prod :=prod + a[l] * b[1];
1:=1+1
until 1 > 20

end




Mo phéng 9.4. Md trung gian dé tinh tich vecto vo huéng

(1) prod :=0

(2) 1:=1

(3) t, ;=4 *1

(4) t, ;== aft] /* tinh a[1]
(5) t,:=4*1

(6)  t,:=Db[t;]
(7) ts:=t, %1,
(8)  tg:=prod +ts

(9) prod := t,
(10) t:=1+1
(11) 1:=t,

(12) 1f1<=20 goto (3)

Su lud@n chuyén trén cdc khoi
Luu chuyén bao ton cdu triic



1. Loai bé cac biéu thitc con chung.
Thi du: a:=b+c;b:=a-d;c:=b+c;d:=a-d
Nhu vay ta chuyén bon phat bi€u trén thanh:
a:=b+c;b:=a—-d;c:=b+c;d:=b
2. Loai bo ma chét
Gid st x 1 chét, néu xuat hién phat bi€u x := y + z trong khdi co bin
thi s& bi loai ma khong 1am thay ddi gid tri cia khoi.
3. Pat tén lai bién tam
t :==b +c véitla bi€n tam.
u:=b + cma ula bién tam mdi ta cling phai thay t bing u & bat
ctt chd ndo xuit hién t.
4. Hoan doi phat biéu
t,:=b+c
tL:=X+Yy
C6 thé hodn doi thit ty hai phdt bi€u néu x va y déu khdng phdi t,
dong thdi b va ¢ déu khong phai 12 t,.
Chuyén doi dai s6
X:=X+0hodcx:=x*1, xi=y* 2 x:=y*y



Luu do (flow graph)

Do thi truc tiép dude goi 12 Iuu do. C4c nit cda luu do 1a khoi cd ban.
Mot nit dude goi 1a khoi di€m, n€u né c6 chira phat bi€u dau tién clia
chudng trinh.

prod :=0
i:=1 B,
t, = 4*1
t,:= a[t]
ty:= 4 *i
t5 = tz * t4
te := prod + ts
prod = t6 Hinh 9.4. Luu do cia
t; =1+ 1 chuong trinh
ifI< = 20 goto B,
I




Vong ldp
9.4. B6 sinh ma don gian

B0 sinh ma nay s€ sinh ma ddi tugng cho cdc ma trung gian ba dia
chi.

Dic ta thanh ghi va dia chi

1. BO dic ta thanh ghi sé& Iuu giit nhitng gi ton tai trong tirng thanh ghi.

2. B0 dic ta dia chi s€ luu gilf cac vi tri nhé chia tri cua cidc danh
bicu.

Giai thuit sinh ma doi tugng

Nhan vao chudi ma trung gian ba dia chi cia mot khoi ¢ badn. Véi
mdi phat bi€u ba dia chi ¢c6 dang x :=y op z ching ta thuc thi cdc
budc sau:

1. Goi ham getreg dé€ x4c dinh L.

2. Xac dinh dia chi dic ta cho y.

3. Tao chi thi OP z’,.

4. N€u tri hién tai cia y va hoidc z sé khong con duge dung nira.



Ham getreg

1. N€u y dang & trong thanh ghi va y sé& khong dugc dung nita sau ph4t
bi€u x :=y op z.

2. Ngudc lai.

3. Néu khong c6 thanh ghi rong.

4. N&u X s& khong dudc dung ti€p va ciing khong thé tim dugc mot
thanh ghi nhu da néi ¢ budc 3.

Thi du 9.3. Ta c6 phatbi€ugind:=(a—b)+(a—c)+(a—c)
Chuyén thinh ma trung gian
t:=a—-byu:=a—-c,vi=t+u;d:=v+u



Bang 9.1. Chudi ma doéi tugng sinh ra cho thi du 9.3

Ma3 trung Ma doi Gia B dac ta B0 dic ta
gian tugng thanh ghi dia chi
t:=a—b | MOV a, R, 2 | Thanh ghiréng, R,| t3trong R,

chura t
SUB b, R, 2
u:=a—-c | MOV a, R, 2 R, chua t t trong R,
SUB ¢, R, 2 R, chia u u trong R,
vi=t+u | ADDR, R 1 R, chua v u trong R,
R, chtau v trong R,
d:=v+u | ADDR, R 1 R, chura d d trong R,
MOV R, d 2 d § trong bd nhé




Sinh ma cho loai phat bi€u khac

Bang 9.2. Chudi mda doi tuong cho phdt biéu xdc dinh chi s6 va gdn.

) (D (2) 3)
l?‘ft i trong thanh ghi R, | itrong b6 nhd M, i trén stack
e ma gia ma gia ma gia
a:=b[1] | MOV b (R), R 2 |[MOVM,,R 4 |MOVS.(A),R| 4
MOV b(R), R MOV b(R), R
a[l] :=b | MOV b, a (R,) 3 |[MOVM,,R 5 |[MOVS.(A),R| 5
MOV b, a(R) MOV b, a(R)




Bang 9.3. Mda doéi tuong cho phép gdn con tré

p trong thanh ghi +
Phat R, p trong b nhé M, | p trong stack
bicu
ma gia ma gia ma gia
a:=*p | MOV*R_, 2 |MOVM,,R 3 |[MOV S (A), R 4
d MOV * R, R MOV *R, R
*pi= a 2 MOVMP,R 4 |MOVa,R 5
MOVa*R, MOV a, *R MOV R, *
S,(A)




Sinh ma cho phat biéu diéu kién
if x <y goto z. Chi thi so sainh CMP. Thi du CMP x, y n€u x >y thi ma
diéu kién s& dudc x4c 1ap duong. Chi thi nhdy c6 di€u kién dudgc
thuc thi néu diéu kién dudc xic lap <, =, >, >=,<>,<=chungta
duing chi thi nhdy c6 diéu kién CJ < = z. Nhu vay phdt bi€u diéu
ki€én if x <y goto z dudc dich sang ma may nhu sau:
CMPx,y;Cl<z

9.5. Dag biéu dién khdi co ban

Dag 13 ciu tric dit liéu rat thich hop d€ hién thuc viéc chuyén doi cic
khoi co ban.

1. Céc 14 dugc dit tén bing cdc danh bi€u duy nhat, hodc 12 tén bién
hoic hing s6. Hau hét cdc 14 1a r-value.

2. Céc nit trung gian dugc dit tén biang ky hiéu phép todn.

3. C4c nit ciing c6 thé 1a chudi cdc danh bi€u cho trude. Luu y phdi
phan biét sy khdc nhau giita luu do va dag.



Thi du 9.4.
Mo phong 9.5. Mad trung gian ctia khoi B2

(1) t, ;=4 *1

(2) t, :=at]

(3) t;:=4%1

(4) t, :==b [3]

(5) ts =t %1,

(6) te ;= prod + ts

(7) prod :=t,

(8) t,=1+1

9) 1:=t,

(10) if 1 < =20 goto (1)




Hinh 9.5. Dag cho khéi B, & mé phdng 9.5

Xay dung dag

Gidi thudt 9.2. Xay dung dag.

Nhdp: khoi1 co ban

Xudt: dag cho khdi ¢o bdn, chita cdc thong tin sau:

1. Tén cho turng nut.

2. Mdi nit déu c¢6 danh sich cdc danh bi€u gidn vao né.



Phuong phdp: Gid st ton tai hAm node indentifier, hAm nay khi ta xay
dung dag, sé& trd vé ndt mdi nhat c6 lién quan vdi identifier.

Céc dang phdt bi€u ba dia chi nhu sau (i) X :=y op z, (ii) X ;= op y, (iii)
X :=y c6 trudng hgp phat bi€u di€u kién, thi du if i < =20 goto ta
col la trudng hop (1) ma x khong dudge dinh nghia.

1. N€u node (y) khong dudc dinh nghia, ta tao 14 c6 tén y va node (y)
chinh 12 ndt d6. Trong trudng hdp (i) n€u node (z) khong dudc dinh
nghia, ta tao la tén z va 1a chinh la node (z).

2. Trong trudng hdp (1), xac dinh xem trén dag c6 nut nao co t€n op
ma con trai 1a node (y) va con phai la node (z). Trong trudng hgp
(ii) ta xac dinh xem c6 ndt nao ¢é tén op, ma néd chi cé6 mdt con duy
nhat 1a node (y). Trudng hop thit (iii) thi dit n 12 node (y).

3. Loai x ra khdi danh sdch bi€u gin vao nit node (x). Thém x vao
danh siach cdc danh bi€u gin vao ndt duge tim & bude (2) va dit
node (X) vao n.

Thi du 9.5. Kho6i B, & mo6 phdng 9.5 ctia thi du 9.4.
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Hinh 9.7. Cdc budc xdy dung dag ciia khdi B, & thi du 9.5.



Ung dung cia dag

G thi du 9.5 chung ta da xay dung dag, n6 giup cho vié€c tu dong loai
bd cdc bi€u thifc con gidng nhau. N6 xdc dinh nhitng bi€n ma tri cla
ching dudc st dung trong khdi ¢d bdn. Dag con gidp ta xdc dinh
nhitng phdt bi€u ma tri clia ching dudc st dung 3 ngoai pham vi clia
khoi co ban.

Thi du 9.6. Ching ta sé xay dung lai khoi cd ban tir dag ctia (H.9.7¢).
Dady, con tro va lénh goi chuong trinh con
Chung ta khdo sit khoi cd ban sau day:

X = a[i]

afj] =y

z .= ali]
Gidi thuat 9.2 thi a[i] sé trd thanh bi€u thic chung. Tir dag ching ta
tao lai khoi cd bdn cia noé sé t61 uu va cé dang:

X = a[i]

Z =X

alj] ==y



Nhung khéi (9.1) va (9.2) sé€ tinh tri z khdc nhau n€uj=1va y # a[i].
D61 véi con trd cling xdy ra van dé khi ta ¢6 phdt bi€u gin * p := w.

Néu ta khong biét p s& chi d€n doi tugng nao, thi phai loai tit cd cac
nut co dang trén.

Viéc goi chuong trinh con sé& giét tit cd cdc ndt bdi vi ta chua biét gi
vé chuong trinh bi goi, nén ta budc phai gid st ring bat ¢ bién nao

ciing c6 thé bi thay d6i tri do hiéu tng 1€.

9.6. Tao ma doi tugng tur dag

Sap xép lai thi tu
t,:=a+c¢
t,:=c+d
ty:=¢e—-1
ty =t — G

Ta c6 thé sdp x&p lai chudi ma trung gian sao cho viéc tinh todn t1 chi
xay ra ngay truGc t4.

t2:=c+d tl:=a+b

t3:=e—-12 t4:=t1-13



Mo phong 9.6. Mda doi tuong
cho chudi phdt biéu & (H.9.8)

MOV a, R,
ADD b, R,
MOV ¢, R,
ADD d, R,
MOV R, t,
MOV e, R,
SUB R, R,
MOV ¢, R,
SUB R, , R,
MOV R, , t,

Mo phéng 9.7. Chudi ma sau
khi da sdp xép lai ma trung gian

MOV ¢, R,
ADD d, R,
MOV e, R,
SUB R, R,
MOV a, R,
ADD b, R,
SUB R, , R,
MOV R, ¢,




Heuristics dung dé sap x&p dag

Mo phong 9.8. Gidi thudt sdp xép cdc niit ctia dag

(1) While néu con cdc nut trung gian chua dudc liét ké ra
do begin
(2) Chon nut chua liét ké n; tat cd cdc ndt cha me cda né da liét ké
(3) liet ké n;
(4) While con m § tin cung bén trdi cia n, c6 cic cha me da liét ké
va n6 khong phai la niit 14 do begin
(5) liét ké m;
(6) n :=m;
end;
end




Thi du 9.7. Gidi thuiat & moé phdng 9.8 dé tao su sip x&p cla cdc ma
trung gian & (H.9.9).

Hinh 9.9. Dag cho thi du



tc:=a+b
ts ;= tg-C
t, = ts * tg
t,:= t,-€
t,:= te+1,
= t, ¥ty

Sap x&p tdi vu cho cay

Giai thuit c6 hai phan: phan dau d4dnh tén cho cdc nit cla ciy, phan
th hai ctia gidi thudt mi€u t3 10 trinh trén cdy. Ma d61 tugng s€ sinh
ra trong qua trinh thyc hi€n 10 trinh trén cay.

= Giai thuat xdc dinh nhan cua niit trén cay



M6 phong 9.9. Gidi thudt tinh tén ciia niit

label (n) = max (1, ,1,) néul, #1,
L+ 1 ndul, =1,

(1)if nla 14 then

(2) if n 1a con tidn cung bén trdi cua nuat cha cua né
then

(3) label (n) :=1

(4) else label (n) :=0
else begin /* n 1a nut trung gian */

(5) gid sttn, , n,, .., n, 1a con cla nit n, dudc sip theo thit tu
cua tén, sao cho

label (n,) > label (n,) = ... = label (n, )
(6) label (n) := max (label (n.) +1— 1)
I <1<k
end




Thi du 9.8. Ching ta xét ciy 6 (H.9.8)

Hinh 9.10. Cdy duoc xdc dinh tén

Sinh ma doi tugng tir cay c6 tén



Mo phong 9.10. Gidi thudt ciia thi tuc gencode

procedure gencode (n);
begin
/* trudng hgp 0 */
if n 12 14 bén trdi bi€u thi cho todn hang name
and n 1a con tdn cling bén trai cua nit cha cua n6
then print ‘MOV’ || name || °,” || top (rstack)
else if n 1a nut trung gian vdi todn tu 1a op, con bén trdi la n, va
con bén phadi la n, then
/* trudng hdp tht nhat */
if label (n,) = 0 then begin
dit name 13 todn hang dugc bi€u thi bing n,. gencode (n,);
print op || name || ‘,” || top (rstack)
end




R*/

/* trudng hgp thu hai */
else if 1 <label (n,) < label (n,) and
label (n,) < r then begin
swap (rstack);
gencode (n,);
R :=pop (rstack); /* n, da dugc tinh, ndm trong R */
gencode (n,);
printop || R || ¢,” || top (rstack);
push (rstack, R);
swap (rstack)
end
/* truGng hgp thu ba */
else if 1 <label (n,) <label (n,) and label (n,) < r then begin
gencode (n,);
R := pop (rstack); /* n, dd dugc tinh, ndm trong thanh ghi




gencode (n,);
print op || top (rstack) || *,” || R;
push (rstack, R);

end

/* trudng hgp thit tv, cd hai tén > 1, r 12 s0 lugng tdi da cia thanh
ghi */

else begin
gencode (n,);
T := pop (rstack);
print ‘MOV’ || top (rstack) || ,” || T;
gencode (n,)
push (tstack, T);
printop || T || ©,” || top (rstack)
end

end;




Mo phong 9.11. Chuéi cdc lénh goi thii tuc gencode va cdc lénh print
cua cdc truong hop

gencode (t,) R,R,] /* trudng hgp 2 */
gencode (t;) RR] /* trudng hgp 3 */
gencode (e) RR] /* trudng hgp 0 */

print MOV e, R,
gencode (t,) [Ry) /* trudng hgp 1 */
gencode (c) [R,] /* trudng hgp 0 */

print MOV ¢, R,
print ADD d, R,
print SUB R, , R,
gencode (t,) [R] /* trudng hop 1 */
gencode (a) [R,] /* trudng hop 0 */
print MOV a, R,
print ADD b, R,
print SUB R, , R,




1. T4c vu (todn t phép todn) cho mdi nut trung gian.
2. CAt moi nut 14 12 nidt con tdn cung bén trdi vao thanh ghi.

3. Luu gift cho tirng nit c4 hai con ma ching cé tén bing hodc nhi€u
hon .

Céc tdc vu v6i nhiéu thanh ghi

Céc tinh chat dai so
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Hinh 9.12. Phdn chia thanh cdc cdy con





