CHUONG VIII
SINH MA TRUNG GIAN

Noi dung chinh:

Thay vi mot chuong trinh nguén duoc dich truc tiép sang ma dich, né nén dugc dich sang
dang ma trung gian boi ky trude trude khi dugce tiép tuc dich sang mé dich boi ky sau vi mot
s6 tién ich: Thuan tién khi mudn thay ddi cach biéu dién chuong trinh dich; Giam thoi gian
thyc thi chwong trinh dich vi mé trung gian c6 thé duogc tdi wu. Chuong nay gidi thidu cdc
dang biéu dién trung gian dic biét 13 dang ma ba dia chi. Phan 16n ndi dung cua chuong tip
trung vao trinh bay cach tao ra mét bo sinh ma trung gian don gian dang ma 3 dai chi. B
sinh ma nay dung phuong thirc truc tiép ct phap dé dich cac khai bao, cau 1énh gan, cac 1énh
diéu khién sang mi ba dia chi.

Muc tiéu cin dat:

Sau khi hoc xong chuong nay, sinh vién phai nam dugc cach tao ra mdt bo sinh ma trung gian
cho mdt ngdn nglr 1ap trinh don gidn (chi chira mét so loai khai bao, Iénh diéu khién va cau
Iénh gan) tr d6 c6 thé mé rong dé cai dat bd sinh ma cho nhiing ngdn ngir phure tap hon.

Tai liéu tham khdo:

[1] Compilers : Principles, Technique and Tools - Alfred V.Aho, Jeffrey D.Ullman -
Addison - Wesley Publishing Company, 1986.

I. NGON NGU TRUNG GIAN
Cay cu phap, ky phap hau t6 va mi 3 dja chi 1a cac loai biéu dién trung gian.

1. Biéu dién do thi

Cay ca phap mé ta cau trac phan cip ty nhién ciia chuong trinh ngudn. DAG cho ta cling
luong thong tin nhung bang cach bi€u dién ngan gon hon trong d6 cac bi€u thirc con khong
duoc biéu dién lap lai.

Vidu8.1: Véilénh gdna :=b * - ¢+ b * - ¢, ta c6 cay cu phap va DAG:

/\+ a/\+
b/\ b/\ *
' | b/ ;
| c L
Cay cu phap DAG
Hinh 8.1- Biéu dién do thi ciiaa :=b *-¢ +b *- ¢
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Ky phép hau t6 1a mot biéu dién tuyén tinh cta cay c phap. N6 1a mot danh sach cac nut
cua cay, trong d6 mot ntit xuat hién ngay sau con cta no.

abc-*b c-*+ :=1abiéu dién hau t cta cay ca phap hinh trén.
Cay cua phap co thé duoc cai dit bing mot trong 2 phuong phap:

- Moi nat dugce biéu dien bdi mot mau tin, véi mdt truong cho toan tir va cac truong
khac tro dén con cua no.

- Mot mang cac mau tin, trong d6 chi s6 cia phan tir mang dong vai tro nhu 1a con trod
cua mdt nut.

T4t ca cac nut trén cdy ct phap co6 thé tuan theo con trd, bat dau tir nut goc tai 10
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id ¢ Hinh 8.2 - Hai bibu Wién cus cdy cii phap trong hinh 8.1

2. Ma 3 dia chi

M3 1énh 3 dia chi 1a mot chudi cac 1énh c6 dang tong quat 13 x :=y op z. Trong d6 x,y,z la
tén, hang hodc dir liéu tam sinh ra trong khi dich, op 1a mét toan tir s6 hoc hoic logic.

Chu v rang khong duoc c6 qua mot toan tur ¢ vé phai ctia mdi 1énh. Do d6 biéu thirc x +y
* z phai dugc dich thanh chuoi :

tl==y*z
t2 .= x +1tl
Trong do t1, t2 1a nhitng tén tam sinh ra trong khi dich.

Mi 1énh 3 dia chi 1a mot biéu dién tuyén tinh cua cdy cti phap hodc DAG, trong d6 cac tén
tuong minh biéu dién cho céac nut trong trén do thi.

tl:= -c tl :=-c
t2:=b*tl t2:=b*tl
13:=-c 3:=12+12
t4:=Db*13 a:=1t3
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t5:=12+1t4
a:=t5
Ma 1énh 3 dia chi cua cay cu phdp Ma Iénh 3 dia chi cua DAG
Hinh 8.3 - Ma lénh 3 dia chi twong ung voi cay cu phap va DAG trong hinh 8.1

3. Cac mi Iénh 3 dia chi pho bién
1. Lénh gan dang x :=y op z, trong d6 op 14 toan tir 2 ngdi sé hoc hoic logic.

2. Lénh gan dang x :=op y, trong d6 op la toan tir mot ngoi. Chang han, phép lay s6 ddi,
toan tur NOT, céc toan tir SHIFT, céc toan tir chuyén doi.
Lénh COPY dang x :=y, trong d6 gia tri cuia y dugc gan cho x.

4. Lénh nhay khong diéu kién goto L. Lénh 3 dia chi c6 nhan L 1a 1énh tiép theo thuc
hién.

5. Cac lénh nhay c6 diéu kién nhu if x relop y goto L. Lénh nay ap dung toan tir quan h¢

relop (<, =, >=, .. .. ) vao x va y. Néu x va y thoa quan hé relop thi 1énh nhay v6i nhan
L s€ dugc thuc hién, nguoc lai Iénh dirng sau IF x relop y goto L s€ dugc thuc hién.

6. param x va call p, n cho 16i goi chuong trinh con va return y. Trong d0, y biéu dién
gia tri trd vé c6 thé lua chon. Cach str dung pho bién 1a mot chudi 1€nh 3 dia chi.

param  x1

param X2

param  Xxn
call pn
duoc sinh ra nhu 1a mot phﬁn cua lo1 goi chuong trinh con p (x1,x2,.. .., Xn).

7. Lénh gan dang x := y[i] va x[i] :=y. Lénh dau iy gia trj ctia vi tri nhé cua y duoc xéac
dinh boi gia tri 6 nhd i gan cho x. Lénh thir 2 iy gia tri cia y gan cho 6 nhé x duoc
xac dinh bai 1.

8. Lénh gan dia chi va con tro dang x :=&y , x := *y va *x :=y. Trong do, x := &y dat
gia tri cia x boi vi tri cia y. Cau Iénh x := *y v6i y 1a mot con trd ma r_value cua no
la mot vi tri, r_value cua x dat bfmg ndi dung cua vi tri nay. Cudi cung *x =y dat
r_value ctia d6i twong dugc tro boi x bang r_value cta y.

4. Dich triec tiép ci phap thanh mai 1énh 3 dia chi
Vidu 8.2: Binh nghia S thudc tinh sinh ma 1é€nh dia chi cho Iénh gan:

Lut sinh Luat nglr nghia
S—id:=E S.code :=E.code || gen (id.place "='"E.place)
E—>E,+E, E.place := newtemp,
E.code := E|.code || E,.code ||
gen (E.place "="E.place '+' E>.place)
E->E, *E, E.place := newtemp,
E.code := E;.code || E>.code ||
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gen (E.place =" E;.place "*' E;.place)
E.place := newtemp;
E.code := E|.codel|| gen (E.place "=" "uminus' E;.place )
E—-E, E.place := newtemp;
E.code := E;.code
E— (E) E.place :=id.place;
E.code :="

E—id

Hinh 8.4 - Dijnh nghia truc tiép cii phdp sinh md 1énh ba dia chi cho lénh gdn
Véi chudi nhdpa=b * - ¢ + b * - ¢, n6 sinh ra mi 1énh 3 dija chi

tl :=-c , .
thudc tinh tong hop S.code bi€u dién ma 3 dia chi cho 1énh gan

©2:=b*u S. Ky hiéu chua két thuc E c6 2 thudc tinh E.place 1a gia trj cua

3:=-¢ E va E.code la chudi 1énh 3 dia chi dé danh gia E
t4 :=b* 3

t5:=t2+14

a:=t5

Khi mi 1énh 3 dia chi duoc sinh, tén tam duoc tao ra cho mdi nut trong trén ciy cu
phap.

Gia tri cua ky hi€u chua két thac E trong luat sinh E — E1 + E2 duoc tinh vao trong tén
tam t. Noi chung ma 1énh 3 dia chi cho 1énh géan id := E bao gobm ma 1énh cho viéc dadnh gia E
vao trong bién tam t, sau do6 1a mot 1énh gan id.place = t.

Ham newtemp tra vé mot chudi cac tén t1, t2, .. .., tn twong (mg cac 10i goi lién tiép. Gen
(x ="y t'z)de¢ biéu dién I¢nh 3 dia chi x :=y+z

S.begin:
E.code <

if E.place = 0 goto S.after

Si.code
goto S.begin —
S.after:
e
Luét sinh Luit ngir nghia
S— while E do S; S.begin := newlabel;

S.after := newlabel;
S.code := gen(S.begin ') || E.code ||

gen('if' E.place '=" 0 'goto' S.after) ||

S;.code || gen('goto’ S.begin) || gen(S.after ')
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Hinh 8.5 - Dinh nghia truc tié'p cu phap sinh ma lénh ba dia chi cho cdu lénh while

Lénh S — while E do S1 duoc sinh ra bang cach dung cac thudc tinh S.begin va S.after dé

danh dau 1énh dau tién trong doan ma 1énh cta E va 1énh sau doan ma 1énh cua S.

Ham newlabel trd vé mdt nhan mai tai moi lan duogc goi

5. Cai dat Iénh 3 dia chi

Lénh 3 dia chi la mot dang triru tuong cua ma 1énh trung gian. Trong chuong trinh dich, cac

ma [énh nay co6 thé cai dat bang mot mau tin VOl cdc truong cho toan tir va toan hang. C6 3
céch biéu dién 14 bo tr, bd tam va bd tam gian t1ep

B0 t

Bo tir (quadruples) 13 mot cau trac mau tin ¢ 4 trudng ta goi la op, argl, arg2 va result.
Trudng op chita toan tir. Lénh 3 dia chi X := y op z duoc biéu dién bang cach thay thé y
boi argl, z boi arg2 va x bdi result. Cac 1€nh véi toan tr mot ngdi nhu x ;= -y hay x :==y
thi khong sir dung arg2. Cac toan tir nhu param khong sir dung ca arg2 1an result. Cac
1énh nhay c6 diéu kién va khong diéu kién dat nhan dich trong result.

Noi dung cac truong argl, arg2 va result tr6 t61 6 trong bang ky hiéu d6i v6i cac tén biéu
dién boi cac truong nay. Néu vy thi cac tén tam phai dugc dua vao bang ky hiéu khi
chung dugc tao ra.

Vidu8.3:Botrcholénha:=b*-c+b*-c

op argl arg2 result
0) uminus c tl
(1) * b t1 t2
2) uminus C t3
(3) * b t3 t4
4) + t2 t4 t5
(5) = t5 a

Hinh 8.6 - Biéu dién bé tir cho cdc lénh ba dia chi
B¢ tam

Pé tranh phai luu tén tam trong bang ky hiéu; ching ta c6 thé tham khao t6i gia tri tam
bang vi tri ctia 1énh tinh ra n6. Pé 1am diéu d6 ta sir dung bd tam (triples) 1a mot mau tin
c6 3 trudng op, argl va arg2. Trong do, argl va arg2 trd toi bang ky hiéu (dbi véi tén hodc
hang do ngudi 1ap trinh dinh nghia) hodc trd téi mot phan tir trong bo tam (ddi véi gia tri
tam)

op argl arg2
(0) uminus c
(1) * b (0)
(2) uminus c Hinh 8.7 - Biéu dién bé tam cho cdc
3) * b (2) lénh ba dia chi
4) + (1) 3)
(5) = a 4)

Céc lénh nhu x[i]:=y va x:=y[i] st dung 2 6 trong cau triic bo tam.
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op argl arg2 op argl arg2
©) |[] X i ©) | T[] y i
@ = (0) y 2 |:= X (0)
Hinh 8.8 - Biéu dién bé tam cho x[i]:=y va x:=y[i]

= B tam gian tiép

Mot cach biéu dién khac ciia b tam 1a thay vi liét ké cac bo tam truc tiép ta sir dung
mot danh sach cac con tro cac bo tam.

statements op argl arg2
(0) (14) (14) | uminus |c
(1) (15) (15) | * b (14)
(2) (16) (16) | uminus | c
3) (17) (17) | * b (16)
4) (18) (18) | + (15 |17
(5) (19) 19) | = a (18)

Hinh 8.9 - Biéu dién bé tam gidn tié'p cho cac lénh ba dia chi

II. KHAI BAO

1. Khai bao trong chwong trinh con

Céc tén cuc bd trong chuong trinh con duoc truy xuat dén thong qua dia chi trong dbi cua
no. Goi la offset.

Vi du 8.4: Xét luoc d6 dich cho viéc khai bao bién

P—- {offset:= 0} D
D—>D;D
D—>id:T {enter(id.name, T,type, offset); offset := offset + T.width }
T — integer { T.type:= integer, T.width := 4 }
T — real { T.type:=real ; T.width := 8 }

T — array[ num] of T1{ T.type:= array(num.val, Tl.type);
T.width := num.val * T1.width }
T— T Tl { T.type := pointer(Tl.type) ; T.width := 4 }
Hinh 8.10 - Xdc dinh kiéu va dia chi twong déi cua cdc tén duoc khai bdo
Trong vi du trén, ky hi€u chua két thic P sinh ra mot chudi cac khai bao dang id:T.

Trude khi khai bao dau tién dugc xét thi offset = 0. Khi mdi khai bao dugc tim thiy tén va
gia tri cua offset hién tai dugc dua vao trong bang ky hiu, sau dé offset dugc tang 1én mot
khoang bang kich thudc cua doi tuong dir li¢u dugc cho boi tén do.

Thu tuc enter(name, type, offset) tao mot 6 trong bang ky hiéu voi tén, kiéu va dia chi
tuong d6i cta vung dit liéu cta né. Ta sir dung céac thuge tinh tong hop type va width dé chi ra
kiéu va kich thudc (sé don vi nhé) cua kiéu do.

Chu y rang luoc do dich P — {offset :== 0} D c6 thé duoc viét lai bang cach thay thé hanh
vi {offset := 0} bdi mdt ky hi¢u chua két thic M dé duogc
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P—>MD
M — g{offset := 0}
Tt ca cac hanh vi déu ndm cubi vé phai.
2. Luu trir thong tin vé tim

Trong mot ngdn ngit ma chuwong trinh con duoc phép khai bao 16ng nhau. Khi mot chuong
trinh con dugc tim thay thi qua trinh khai bao cua chuong trinh con bao bi tam dung.

Van pham cho su khai bao do 13;
P—->D
D—>D;D|id: T|procid; D;S
Pé don gian chiing ta tao ra mot bang ky hiéu riéng cho mdi chwong trinh con.

Khi mét khai bao chuong trinh con D — proc id D1 ; S dugc tao ra va cac khai bao trong
D1 dugc luu trir trong bang ky hi¢u mai.

Vi du 8.5: Chuong trinh Sort c6 bén chwong trinh con 1ong nhau readarray, exchange,
quicksort va partition. Ta c6 ndm bang ky hi€u tuong tng.

\1/7 sort
quicksort nil header \l/
header a g readarray
k X header
v readarray id
partition exchange \l/
partition quicksort J exchange
header M /Q L/ header
i
]

Hinh 8:11= Nhitng bang ky hiéu ciia cdc chieong trinh con long nhau
Luat ngir nghia dwgc xac dinh béi cac thao tac sau

1. mktable (previous): Tao mot bang ky hiéu méi va con tro toi bang d6. Tham sb
previous la mot con tré tré téi bang ky hiéu cua chuong trinh con bao. Con trd
previous dugc luu trong header cua bang ky hiéu méi. Trong header con c6 thé co cac
thong tin khac nhu d6 sau 16ng ctia chwong trinh con.

2. enter (table, name, type, offset): Tao mot 6 moi trong bang ky hiéu duoc tré boi table.
3. addwidth (table, width): Ghi kich thudc tich liy cua tat ca cac 6 trong bang vao trong
header két hop vdi bang do.
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4. enterproc (table, name, newtable): Tao mot 6 mdi cho tén chuong trinh con vao trong
bang dugc trd boi table. newtable tro td1 bang ky hiéu ciia chuong trinh con nay.

Ta c6 luge d6 dich

P—->MD { addwidth(top(tblptr), top(offset));
pop(tbiptr); pop(offset) ;
M—e { t:=mbktable(nil); push(t, tbiptr) ; push(0,offset) }
D— D, ; D,
D— procid ;N D, ;S {t:= top(tblptr); addwidth(t, top(offset)); pop(tblptr,
pop(offset); enterproc(top(tblptr), id name,t) }
D—>id: T {enter(top(tblptr), id name, T.type, top(offset));
top(offset):= top(offset) + T.width }
N—> ¢ {t:=mktable(top(tblptr)); push(t, thiptr);
push(0,offset) }

Hinh 8.12 - X Iy cdc khai bdo trong nhitng chicong trinh con long nhau
Ta ding Stack tblptr dé giit cic con tré bang ky hiéu.

Chéng han, khi cac khai bao cua partition dugc khao st thi trong tblptr chira céc con tro
cua cac bang cua sort, quicksoft va partition. Con tro cua bang hi¢n hanh nam trén dinh Stack.

offset 13 mot Stack khac dé luu trir offset. Chu ¥ rang véi luoc dd A— BC {action A} thi
tat ca cac hanh vi cua céc cay con B va C dugc thuc hién trude A.

Do do hanh vi két hop véi M dugc thuc hién trudc. N6 khong tao ra bang ky hi¢u cho
tang ngoai cung (chuong trinh sort) bang cach dung mktable(nil), con tr6 t6i bang nay duoc
dua vao trong Stack tblptr dong thoi dugce dua vao Stack offset.

_ Ky hiéu chua két thiic N dong vai trd tuong ty nhu M khi mét khai bao chuong trinh con
xuat hién. N6 dung mktable(top(tblptr)) dé tao ra mot bang magi. Tham so top(tblptr) cho
gia tri con trd to1 bang lai dugce push vao dinh Stack tblptr va 0 dugc push vao Stack offset.

V6i mbi khai bao bién id:T; mot 6 méi duoc tao ra trong bang ky hiéu hién hanh. Gia trj
trong top(offset) dugc tang lén boi T.width.

Khi hanh vi vé phai P — proc id ; N D1 ; S dién ra, kich thudc cta tit ca cégc ddi tuong dir
liu khai bao trong DI s& nam trén dinh Stack offsert. N6 dugc luu trir bang cach dung
addwidth, cac Stack tblptr va offset bi pop va ching ta tr¢ vé dé thao tac trén cac khai bdo cua
chuong trinh con
3. Xt 1y ddi véi méau tin

Khai bao mdt mau tin duge cho boi luat sinh

T— record D end
Luat dich twong tng
T—>record LDend { T.type := record(top(tblptr));
T.width := top(offset); pop(tblptr) ; pop(offset) }
Lo>eg { t:= mktable(nil); push(t,tblptr) ; push(0,offset) }
Hinh 8.13 - Cai dat bang ky hiéu cho cdc tén triong trong mau tin
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Sau khi tir khoa record dugc tim thay thi hanh vi két hop véi L tao mot bang ky hiéu méi
cho céc tén truong. Cac hanh vi cia D — id : T dua thong tin vé tén truong id vao trong bang
ky hi¢u cho mau tin.

III. LENH GAN

1. Tén trong bang ky hiéu
Xét luge dd dich dé sinh ra ma 1énh 3 dja chi cho 1énh gan:

S—»id:=E {p:=lookup( id.name),
if p <> nil then emit(p ":='E.place) else error }

E—>E +E; { E.place := newtemp,
emit(E.place ":="E;.place '+’ E>.place) }

E—> E| *E, { E.place := newtemp,
emit(E.place ":="E;.place =’ E>.place) }

E— - E; { E.place := newtemp,

emit(E.place ':=' 'unimus' E;.place) }
E—> (E)) { E.place:=E,.place) }
E—id { p:=lookup( id.name);,

if p <> nil then E.place :=p else error}
Hinh 8.14 - Luoc do dich sinh md 1énh ba dia chi cho 1énh gan

Ham lookup tim trong bang ky hiéu xem c6 hay khéng mot tén duoc cho boi id.name. Néu
co thi tra v€ con tro cua 6, néu khong tra vé nil.

Xét luat sinh D — procid ; ND1 ; S

Nhu trén da néi, hanh vi két hop véi ky hiéu chua két thuc N cho phép con tro ctia bang ky
hiéu cho chuong trinh con dang nam trén dinh Stack tblptr.

Céc tén trong 1énh gan sinh ra bai ky hiéu chua két thiic S s& dugc khai bao trong chuong
trinh con nay hodc trong bao ciia nd. Khi tham khao t6i mot tén thi trude hét ham lookkup s&
tim xem c6 tén do trong bang ky hiéu hién hanh hay khong. (Bang danh biéu hién hanh duogc
tré boi top(tblptr)). Néu khong thi dung con tré & trong header cta bang dé tim bang ky hiéu
bao nd va tim tén trong do. Néu tén khong duoc tim thiy trong tat ca cac muc thi lookup tra
ve nil.

2. Dia chi hoa cac phan tir ciia mang

Céc phan tir ciia mang c6 thé truy xuit nhanh néu ching dugc lién trong mot khéi cac 6
nh¢ két ti€p nhau. Trong mang mot chiéu néu kich thudc ciia mét phan tir 1a w thi dia chi
tuong doi phan tir thir 1 cia mang A duogc tinh theo cong thirc

Dia chi twong dbi cua A[i] = base + (i-low) * w
Trong do
low: 1a can dudi tap chi $6
base: 1 dia chi trong d6i cua 6 nhé cip phat cho mang tirc 1a dia chi twong dbi cua

Allow]
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Bién ddi mét chit ta duoc
Dia chi twong dbi cua A[i]=1 * w + (base -low * w)

Trong do: c=base - low * w ¢ thé tinh duoc tai thoi gian dich va luu trong bang ky
hi€u. Do d6 dia chi tuong doi A[i] =1 * w +c.

Mang hai chiéu co ithé xem nhu 14 mot mang theo mot trong hai dang: theo dong
(row_major) hodc theo cft (colum_major)

a[1,1] > a[1,2] >a[1,3] — a[1,1] a[l,Z\L]/a[l,S\]L
\»a[z,l] —a[2,2] > a[2,3] a[2,1] a[2.2]  a[2,3]
a[1,1] a[1,1]
Cot 1
Dong 1 <| @[1,2] | af2.1]
1,3 1,2
! a[1,3] Cot 2 a[1,2]
a[2,1] a[2,2]
Dong 2 /1™ 21 Cot3 4| al3]
a[2,3] a[2,3]
Theo dong Theo cot

Hinh 8.15 - Nhitng cdch scp xép ciia mang hai chiéu

Trong truong hop luu trit theo dong, dia chi twong ddi cua phan tir a[il, j2] c6 thé tinh
theo cong thure

Dia chi twong dbi cua A[il, j2] = base + ((il- low1) * n, +js -low,) * w
Trong d6 low1 va low?2 1 can dudi cta hai tap chi sd.

n2 : 1a sb cac phan tir trong mot dong. Néu goi high2 1a can trén ctia tap chi sb thir 2 thin2 =
high2 -low2 +1

Trong d6 cong thuc trén chi c6 il, i2 1a chua biét tai thoi gian dich. Do do, néu bién ddi
cong thuc dé duogc :

Dia chi twong doi cia A[il, j2]= ((il * n2)+j2) * w +(base-((low;* nz)+lows) * w)
Trong do
C= (base- ((lowl * n2) + low2) * w) dugc tinh tai thoi gian dich va ghi vao trong bang
ky hi¢u.
Tdong quat hoa cho truong hop k chiéu, ta ¢6
Dia chi twong doi ciia Afil, i2, .. .. ik] la

((..((i;ny + i3) n3 +i3)...) mi+iy) wrbase-((...((lown, + low;) nz+lows)...)nx+ lowy) w

3. Bién d6i kiéu trong 1énh gin

Gia st chiing ta c6 2 kiéu 1a integer va real; integer phai d6i thanh real khi can thiét. Ta co,
cac hanh vi ngit nghia két hgp véi ludt sinh E — E; + E2 nhu sau:

E.place := newtemp
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if E,.type= integer and E,.type = integer then begin
emit(E.place ":='E;.place 'int + ' E;.place);
E.type:= integer,

end

else if £,.type=real and E,.type =real then begin
emit(E.place ":="E|.place 'real + ' Ej.place);
E.type:= real;

end

else if £,.type=integer and E>.type =real then begin
u:=newtemp; emit(u ":=" ‘intoreal' E;.place),
emit(E.place ":="u 'real +' E>.place);
E.type:= real;

end

else if E;.type=real and E,.type =integer then begin
u:=newtemp; emit(u ":=""intoreal' E,.place);
emit(E.place ":= " E.place 'real +'u);
E.type:= real;

end
else E.type := type_error,
end
Hinh 8.16 - Hanh vi ngit nghia cua E - E1 +E2

Vi du 8.5: Vi lénh gan x :=y +1 * j trong do6 x,y dugc khai bao la real; i, j duoc khai
bao la integer. Ma 1€nh 3 dia chi xuat ra la:

tl :=1int*j

t3 :=intoreal t1
t2 ==y real +t3
X =12

IV. BIEU THUC LOGIC

Biéu thtc logic dugc sinh ra boi van pham sau:

E—>FEorE|EandE | notE | (E)|idrelop id | true | false
Trong d6 or va and két hop trai; or co d6 wu tién thap nhat, ké tiép 1 and va sau cuing 1a not
Thong thuong c6 2 phuong phap chinh dé biéu dién gia tri logic.

Phwong phap 1: Ma hoa true va false bang cac sd va viéc danh gia biéu thirc duge thuc
hién tuong tu nhu doi véi biéu thire s6 hoc, cé thé bieu dién true boi 1, false boi 0; hodc céac
s0 khac khong biéu dién true, s6 khong biéu dién false...
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Phuong phap 2: Biéu dién gia tri cua biéu thuc logic boi mét vi tri dén trong chuong
trinh. Phuong phap nay rat thuan loi dé cai dat biéu thtc logic trong céc diéu khién.

1. Biéu dién s6

Str dung 1 dé biéu dién true va 0 dé biéu dién false. Biéu thirc duoc danh gia tir trai
sang phai theo cach tuong tu biéu thirc s6 hoc.

Vi du 8.6: Vi biéu thirc a or b and not ¢, ta c6 ddy 1énh 3 dia chi:

tl :=notc
t2 :=b and tl
t3:=aort2

Biéu thitc quan hé a<b tuong duong 1énh diéu kién if a<b then 1 else 0. ddy 1énh 3 dja chi
tuong tng la

100 : if a<b goto 103

101 :t:=0
102 : goto 104
103 : t:=1
104

Ta c6, lwoc @6 dich dé sinh ra mé 1énh 3 dja chi d6i v6i biéu thirc logic:
E—>E orE; {E.place:= newtemp,; emit(E.place ':='E .place 'or' E;.place) }
E—>E; and E, { Eplace:= newtemp; emit(E.place ':=' E;.place 'and’ E>.place)}
E — not E; {E.place:= newtemp; emit(E.place ':='"not' E;.place ) }
E — id; relop id, { E.place:= newtemp;
emit('if" id;.place relop.op ids.place 'goto’ nextstat +3);
emit(E.place :="'"0");  emit('goto’ nextstat +2);
emit(E.place ":=""l") }
E — true { E.place:= newtemp, emit(E.place ":=''l") }
E — false { E.place:= newtemp, emit(E.place ":="'"0'") }

Hinh 8.17 - Luoc dé dich sir dung biéu dién sé dé sinh ma lénh ba dia chi cho cdc biéu thirc
logic

Vidu 8.7: Véi biéu thitc a<b or ¢<d and e < f, n6 s sinh ra 1énh dia chi nhu sau:

100 :ifa<b goto 103

101 :tl:=0

102 : goto 104

103 :tl:=1

104 :if c<d goto 107
105 :t2:=0

106 : goto 108

107 :t2:=1

179



108 :ife<fgoto 111
109 :t3:=0

110 :goto 112

111 :t3:=1

112 :t4:=t2and t3
113 :tS:=tlort4

Hinh 8.18 - Su bién dich sang ma lénh ba dia chi cho a<b or c<d and e<f

1. Ma nhay

banh gia b~iéu thire logic ma khong sinh ra mé 1énh cho cac toan tu or, and va not. Ching
ta chi biéu dién gid tri mot bi€u thiec boi vi tri trong chudi ma. Vi duy, trong chuoi ma Iénh
trén, gia tri t1 s€ phu thudc vao viéc ching ta chon 1€nh 101 hay 1énh 103. Do d6 gia tri cua tl
la thira.
2. Cac 1énh diéu khién

if E then S
| if E then S; else S,
| while E do S,

V6i mbi biéu thire logic E, chung ta két hop voi 2 nhin

S—

E.true : Nhén cua dong diéu khién néu E 1a true.

E.false : Nhan cta dong diéu khién néu E 1a false.

S.code : Ma 1énh 3 dia chi duoc sinh ra boi S.

S.next : La nhan ma 1énh 3 dija chi dau tién s& thuc hién sau ma 1énh cua S.

S.begin : Nhan chi dinh 1énh d4u tién duoc sinh ra cho S.

—T—>to E.true
E.cod
E.true: o+ to E.false
Si.code
E.false:
(a) if -then
S.begin:
E.code — to E.true E.code —>to E.true
E.true: —> to E.false E.true: —to E.false
. ' Si.code Si.code
goto S.next goto S.begin
E.false: E.false:
S,.code
S.next:

(b) if -then-else

(c) while-do

Hinh 8.19 - Ma lénh cua cac Iénh if-then, if-then-else, va while-do
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Ta c6 dinh nghia truc tiép ct phap cho cac 1énh diéu khién

Ludt sinh Luit ngir nghia

S— if E then S E.true := newlabel;

E false := S.next;

Si.next := S.next;

S.code := E.code || gen(E.true ') || S;.code

S— if E then S; else S, E.true := newlabel;

E false := newlabel;

Si.next := S.next;

Sr.next := S.next;

S.code := E.code || gen(E.true ') || S;.code ||
gen('goto’ S.next) ||
gen(E.false ":') || S».code

S—> while Edo S; S.begin := newlabel;

E.true := newlabel;

E fasle := S.next;

S;.next := S.begin,

S.code:= gen(S.begin':') || E.code || gen(E.true ') ||
S.code || gen('goto’ S.begin)

Hinh 8.20 - Pinh nghia truc tiép cii phdp cia dong diéu khién

3. Dich biéu thirc logic trong cac 1énh diéu khién
e NéuEco dang a<b thi ma 1é€nh sinh ra c6 dang
if a<b goto E.true
goto E.false

e Né&uEco dang E; or E,. Néu E; 12 true thi E 1a true. Néu E; 1a flase thi phai danh gia
E,. Do d6 E,.false la nhan cua 1énh dau tién cua E,. E s€ true hay false phu thude vao
E, 1a true hay false.

e Tuong tu cho E; and E.
e NEuEco dang not E; thi E; 1a true thi E 1a false va nguoc lai.

Ta c6 dinh nghia truc tiép ct phap cho viée dich cac biéu thtrc logic thanh ma 1énh 3
dia chi. Chu y true va false la cac thudc tinh ké thira.

Luat sinh Luéat ngir nghia

E— E|orE, Ej.true := E.true;
E.false := newlabel;

Es>.true := E.true;
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E,.false := E.false;

E.code := E;.code || gen(E.false ":") || E>.code

E— E, and E; E.true := newlabel;

E.false := E.false;

Es.true := E.true;

E>.false := E.false;

E.code := E|.code || gen(E.true ":") || E>.code

E— not E, Ej.true := E.false;

E.false := E.true;

E.code := E;.code

E — (E)) E.true := E.true;

E.false := E.false;

E.code := E;.code

E — id; relop id; E.code := gen('if id;.place relop.op id>.place
'goto’ E.true) || gen('goto’ E.false)

E.code:= gen('goto' E.true)

E — true

E — false E.code:= gen('goto" E false)

Hinh 8.21 - Dijnh nghia truc tiép cii phdp sinh md lénh ba dia chi cho biéu thirc logic

4. Biéu thirc logic va biéu thirc sé hoc

Trong thuc té biéu thirc logic thuong chira nhimng bléu thire s6 hoc nhu (a+b) < c. Trong
cac ngdn ngr ma false co gia tri s6 1a 0 va true c6 gia tri s6 1a 1 thi (a<b) + (b<a) co thé duoc
xem nhu 12 mot biéu thire s6 hoc ¢6 gid tri 0 néu a =b va c6 gia tri 1 néua <> b.

Phuong phép biéu dién biéu thirc logic bang ma 1énh nhay c6 thé van con dugce st dung.
Xétvan pham £ - E+ E | Eand E | Erelop E | id

‘Trong do, E and E doi hoi hai dbi sb phai 1a logic. Trong khi + va relop c6 cac ddi sd 1a
bicu thtrc logic hoac/va so hoc.

Dé sinh ma 1énh trong truong hop nay, ching ta dung thudc tinh tong hop E.type co thé 1a
arith hodc bool. E s& c6 cac thudc tinh ké thira E.true va E.false ddi véi biéu thirc s6 hoc.

Ta c6 luat ngir nghia két hop v6i E — E1 + E2 nhu sau
E.type := arith;
if E,.type = arith and E,.type = arith then begin
/* phép cong s6 hoc binh thwong */
E.place := newtemp;
E.code := E|.code || E,.code || gen(E.place ':=' E;.place '+' E>.place)
end

else if £;.type = arith and E,.type = bool then begin

182



E.place := newtemp,
E>.true := newlabel;
E>.false := newlabel;
E.code := E|.code || E.code || gen(Ex.true ":" E.place ':= " E;.place +1) ||
gen('goto' nextstat +1) || gen(E>.false "' E.place ':= ' E;.place)
else if ...
Hinh 8.22 - Ludt ngir nghia cho ludt sinh E — EI +E2

Trong trudng hop néu c6 biéu thirc logic nao cé biéu thirc sé hoc, ching ta sinh mé 1énh
cho E1, E2 béi cac 1énh

E,.true : E.place :=E;.place +1
goto nextstat +1

E,.false : E.place := E;.place

V. LENH CASE
Lénh CASE hoac SWITCH thuong dugc st dung trong cac ngén ngir 1ap trinh.

1. Cu phap cia lénh SWITCH/ CASE

SWITCH E
begin

case Vi : S

case V2 : S,

case Vo1 : St
default: Sa
end

Hinh 8.23 - Cu phap cua cdau lénh switch

2. Dich tryec tiép ct phap 1énh Case
1. Panh gia biéu thirc.
2. Tuy mét gia tri trong danh sach cdc case bang gia tri cua biéu thirc. Néu khong tim
thay thi gié tri default cua biéu thirc dugce xac dinh.

3. Thuc hién cac 1énh két hop véi gid tri tim duoc dé cai dit.
Ta c¢6 phwong phap cai dat nhu sau

ma 1énh dé danh gia biéu thirc E vao t

goto test

L1: ma Iénh cua S1
goto next

L2: ma Iénh cua S2
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goto next

Ln-1: ma 1énh cua Sn-1
goto next

Ln: ma 1énh cua Sn
goto next

test : if t=V, goto L;

if t=V, goto L,

if t=V,.; goto L ;
else goto L,
next:
Hinh 8.24 - Dich cau lénh case
M6t phwong phap khac dé cai dit 1énh SWITCH la
ma 1énh dé danh gia biéu thirc E vao t
ift <> V1 goto L1

ma 1énh cua S1

goto next
L;: ift<> V2 goto L,
ma lénh cua S2
goto next
| 7 SO
Loo: ift <>V, goto L,
ma Iénh cua Sn-1
goto next
Ln-1: ma Iénh cua Sn
next:

Hinh 8.24 - Mot cach dich khac cua cau lénh case
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BAI TAP CHUONG VIII

8.1. Dich biéu thtic : a * - (b + ¢) thanh cac dang:
a) Cay cu phap.
b) Ky phap hau t6.
¢) Ma Iénh may 3 - dia chi.

8.2. Trinh bay cdu truc luu trit biéu thic - (a+b) * (c+d)+(a+b+c) & cac
dang:

a)Bo tr.
b) B) tam.

¢) Bo tam gian tiép.

8.3. Sinh m4 trung gian ( dang ma méy 3 - dia chi) cho céc biéu thirc C don gian sau:

a)x=1
b)x=y
c)x=x+1

dyx=a+b*c
e)x=a/(b+c)-d*(e+f)

8.4. Sinh m4 trung gian ( dang ma mdy 3 - dia chi) cho cac biéu thirc C sau:
a)x=ali]+ 11
b)afi]=b[c[j] ]
¢) a [i][j] = b [i][k] * ¢ [K][j]
d) a[i] = a[i] + b[j]
e) a[i] +=Db[j]

8.5. Dich 1énh gén sau thanh ma may 3 - dia chi:
Al ]=B[ij]+C[A[kI]+D[i+]]
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