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Craaly La dae 4l A (Construct) Ame 4 i daa 5 e sl o
Al 55 )5 paally (a3 Y L A 5l O 5 Led dan ) () 58 aai AS il clli dala
Object ) —argll 3,85 ¥ 5 (Intermediate Code Generation) 4w ¢l 3 a4l
(Symbol Table) Jsall dsaa (M Cla slaa ddlia) 4o jill Gauali LS ¢ (Code
Aa g ddan e 3 lae S il Gl 1A A4S il Aala dplua Cillee s
Construct's ) 4uS il & 33 Jon Glaslaa Caviat Letaa 53 L8 (declarative)
4lea i g8 (Expression) _muad 4uS yill @ilS o1 Laiy el Jsan S8 (Type
)l @13 a3 508 o 63

( Syntax directed translation ) 4¢2>sall duas) 58 das 5l 7,2

«(expressions) ulaill Clus &1 L g daniall aa jiall Jal e s2a) 2
e llia sl ) saclE JSI o) s

ZUY) sac s izl 2c g8
L—En (E.val) gkl
E—E+T E.val := E,.val+T.val
E—-T E.val .= T.val
T—-T,*F T.val ;= T,.val*F.val
T—F T.val :=F.val
F—(E) F.val ;= E.val
F—digit F.val := digit.lexval
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(end marker) laall il Aadle i ) glé (Y LY sacld &
el ¢ manil) il delida 21 40MA (e o (dummy) s Ao i Y (L) 3ells
Ul 138 8 e i el M F—(E) zliy) sacld d ul 8Y)

JLEl A LS G gSiadlua e g 3%544n el Ll (S 51 17,100

(7.1)
L
E.val=19 ‘/\ n
E.val=15 + T.val=4
T.val=15 F.val=4
T.val=3 * F.val=5 digit.lexval=4
F.val=3 digit.lexval=5

}

digit.lexval=3

3%5+4=19 Luill Qs (7.1) S5
C oY U DY) e el 8 e i g el B yadil) oLy aay
P A0V 2o sl Ll S 117,20k
S—E$
E—E+E

E—E*E
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.

E—(E)
E—I
[—-I digit
[— digit
Dot LS o) gl elli ima i o5
ZUY) el 3 izl acl g8
S— E$ Print (E.val)
E — E,+E, E.val := E,.valtE,.val
E— E,*E, E.val := E,.val *E,.val
E— (E)) E.val := E;.val
E—1 E.val :=L.val
[—1, digit [.val .= 10*I,.val+digit.lexval
[—digit [.val := digit.lexval

(7.2) JSAN A LS (oS5 Al dlee (& 23#5+4F (U el L (S
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/\S

E.val=119

E.val=115 + E.val=4

VAN

E.val=23 * E.val=5 l.val=4

, , |

l.val=23 l.val=5 digit.lexval=4

N

l.val=2 digit.lexval=3

'

digit.lexval=2

digit.lexval=5

23%5+4=119 uxill s (7.2) JSi

LS oS alia dlee L ((125+5)%12) § (Al oail) Luad LS 13 Ll
(7.3) Jsadl
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E.val=1560 ‘/\

E.val=1560

/\

E.val=130 E.val-llz

/\ lval=12
E.val=130 /\

l.val=1
E.val=125 + E.val=5 l
l digit.lexval=1
_ v
|.va|l—12\5‘ l.val=5
v
l.val=12 digit.lexval=5 digit.lexval=5

l\‘ digit.lexval=2

l.val=1 digit.lexval=2

'

digit.lexval=1

((125+5)*12) =1560 sl Hloa (7.3) IS
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(Code Optimization) 84l (s’ 7.3

oad sl ) (Source program) el zelijll dea i dokee )
galiall ] Coan s r e ST lia Gl 6l ¢ (0ne to many) g 5 (e Gk
Aali (e o) el ) (e la pie (e Jaal Cangll zeal sl 038 (e and () 5 il
3,84l s | (execution speed) il Ae w5 (storage) oo Gl
(compiler) > el Leeaig Al sl ) 08y (code  optimization)
. el Jea¥) el jall il 80 LS (g Cangl) gmali gy iy LY

Calide ool g Al ae gl 5 i ll 3 e Julad 3l (s dlae (pania

e dasaidlee IS 8 Jailay o o 5830 Gaend dlae gy o685 Al <Dl gal

st ) 555 Al 5L 258 Y aa jiall Ol T ¢ (Semantics) gebiod) (Sixe
A e

(Machine independent) 5SWall e aaiad Y 38 3 080 Cpn Solee ()

Laay &l s WS (induction variable elimination) <eall paie cada Jia

ilee 9S85 O g Uil s (Machine dependent) 4aSlall e aaiad a8 g ¢

A flaad ¢ pyill paiadins ) ASLA) (e A8 pee Laads Ay e 5l (ppan

Ui o Aol 3L AL (registers) CoMlawse (s g i) Coagll 50 2l 53
AL e aaix 5t (e Alee e

( Eliminating Induction variables ) ) < jiia Cids 7.4

dal Ll iy Al elan) &lli Ll (loop) 5) sall Canll il yuaia o jas
o Y adiad o) i pe sbe CJl ol 7=74+C JSaN 2alig s ) sl
oA all Huaiae Cada g il dna )yl & s o) 3 eall JAla
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¢aall il pdia Cida g Laas dgalsd

1. Find all of the basic variables by scanning the statements of loop
L.

2. Find any additional induction variables, and for each additional
induction variable A, find the family of some basic induction B
to which A belongs. (If the value of A at the point of assignment
is expressed as C1B+C2, then A is said to belong to the family of
basic induction variable B). Specifically, we search for names A
with single assignments to A within loop L, and which have one
of the following forms:

A=B*C
A=C*B
A=B/C
A=B=xC
A=C=*B

Where C is a loop constant, and B is an induction variable,
basic or otherwise. If B is basic, then A is in family of B, If B is not
basic, let B be in the family of D, then the additional requirements
to be satisfied are :

a. There must be no assignment to D between the lone
point of assignment to B in L and the assignment to A.

b. There must be no definition of B outside of L
reaches A.

3. Consider each basic induction variable B in turn. For every
induction variable A in the family of B:

a. Create a new name, temp.
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. Replace the assignment to A in the loop with A =
temp.

. Set temp to C1B+C2 at the end of the preheader by
adding the statements:

temp=Cl * B
temp = temp + C2 /*omit if C2=0 */

. Immediately after assignment B=B+D, where D is a
loop invariant, append:

temp =temp + C1 * D

If D is a loop invariant name, and if C1#1, create a
new loop invariant name for C1* D, and add the
statements:

templ =CI1 * D
temp = temp + templ

. For each basic induction variable B whose only uses
are to compute other induction variables in its family
and in conditional branches, take some A in B's
family, preferably one whose function expresses its
value simply, and replace each test of the form B
reloop X goto Y by:

temp2 =CI1 * X
temp2 = temp2 + C2 /* omitif C2 =0 */
if temp reloop temp2 goto Y

Delete all assignments to B from the loop, as they
will now be useless.
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f. If there 1s no assignment to temp between the

introduced statement A = temp (step 1) and the only

use of A, then replace all uses of A by temp and delete

the statement A = temp.

> ol (flow graph) (Sl @8l aws ) Wal oS o1 JU Jus e
B2 Gl L ASE 5 sall 8 i ke ing [ el ) | (7.4) JS3

(1) PROD =0

@) 1=1

l

(3) TI=4*1
(4) T2=addr(A) - 4]

(5) T3=T2[T1]

(6) T4 =addr(B)—4

(7) T5=T4[T1]

(8) T6=T3 * T5

(9) PROD = PROD + T6
(10) I=T+1

(11) IfI<=20 goto 3

Bl

B2 (Loop)

AplY) S LIl GAl o (7.4) S

5) 53 4 el (e aaid dpnl) LS L bl (380l sy iy (7.4) JS

) i) Jiay 45 € Can paaia ey A [ 48 B2 sl 8 Alicia

Lani Al Hhail) [l Alle 8 s e Liagl iy T il 5 5,0 5l
an aey LS L) (880l sy Jiad (7.5) JSCE Lale (Candl yiaia Cada g
Cay iy (312 La s (PROD=0) Jie 50 sally s ¥ il Jaall 5 (1) ) il i
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.

sbowsl ijbels (T4 = addr(B) — 4) 5 (T2 = addr(A) — 4) <l siadl
(T1=4*T) DY) ddea A T1 siall (¥ 5 clarndi sale) aay LS Ll 3
— T1=4*T Ja) i odef da )3l (8 3b 5 pdadll Lida g T uaially | iy
O sl &y ey L () temp = 4 * Alia) s 3¢ 3 shall Wda s T1=temp
LS (10) Adasll 223 temp = temp + 4 Adeall 4dla) 23 & (preheader) (ot

(7.6)08 s

(1) PROD =0

B1
@ I=1

l

(3) T2 =addr(A) -4

B3

(4) T4 = addr(B) - 4

l

(5) T1=4*1
(6) T3 =T2[T1]
(7) T5=T4[T1]
B2
8) T6=T3* TS

(9) PROD = PROD + T6
(10) I=1+1

(11) If I <= 20 goto B2

Gal) Ol juaia paat aey SIS LI Skl dsq.d\ ) (7.5) I
(b W if [<= 20 goto B2 Alaall JSa) st dae )l 2l 4 3¢ 5 shadll Wl
templ = 80

if (temp <= temp1) goto B2
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28 55K gy ¢ (7.6) JSa) A LS Aagml) (<8 | = [+ ] Aleadl Calda oy oF

_SJ\}JMJ.A\JC)AA:\BLC‘;‘\MC)AJM\ paie (pe Lualds

Bl

T2 = addr(A) - 4

T4 = addr(B) - 4

B3

l

Temp=4*1

l

preheader

T1 = temp

T3 =T2[T1]

T5 =T4[T1]

T6=T3 * T5

PROD =PROD + T6
temp = temp +4
temp2 = 80

If temp <= temp2 goto B2

B2

L 33353 3ny ST ilal) 38l s (7.6) JS&
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( Intermediate Code Generation ) 4saw gll 3 )idll 355 7.5

* (Intermediate Code Generation ) 4wl 3,880 a3 dlee

il 2 il 3,k U lia of a5l 2 g5 s e G ) sl
[ Akl

e Postfix Notation
e Syntax Tree
e Three Address Code

Ml all ael) Laad S g ;181 A5y Ll e 7,306

(a-b)*(c+d)+(a-b)
;s Postfix Notation alaaiuls dolav sl 3 88l A o5 o4
ab-cd+*ab-+
‘Aabaall lleall Gl Glla o Eua
1. ()
2. N (oY)
3. *,1
4. +,-

Al s A Ul S ) A S L) e 7.4t
E > E+E | E*E |id

- 4000 Aleall Ll S
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=id+id *id §

77 M\@M(ParseTree)&_\\ﬁY\a‘);mwuum]}\uims

@@\

id+id*id 4aall (parse tree )< e Y 3l (7.7) JSi

Ga_uﬂ'é);_;;gr\cwu&@(E)é\s@mu\ﬂ\JFJ\umumuﬁ
us&mmzd,\\ﬁ):\ﬂ\jy}\kﬁé&a@ﬁﬁﬁﬁg&j(SyntaxTree)j;ﬂ\BJ.;.&

(7.8) Il s

id+id*id 4eall (Syntax tree) s>l 355 (7.8)

Three ) cstie SO @3 5,0 Lo ledle G el Axilill 2y Ll
a0 LaS OOlalae &35 e (g iy Sl JS U Ll (a5 ( Address Code
Nl Jaal 3

r Al laadl il Lal (S 6 27, 50U
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.

atb*c+d

1 op o2el il A48 ( Three Address Code) orsbie Ol cila s il ol

Tl=b*c
T2=a+TIl
T3=T2+d

Dbl o s S lae GBI (e 0 sS Jlag) JS Gl ode ] JE) (e al 5 58 LS
Al Zuailly 134 5 (T1, b, ¢) <laall (e oS0 J5Y)

:La ( Three Address Code) ossbie AN iy 3 a8l Jiail (i) Hla Sllia

(Triple Representation) G Jyiaill
(Quadruple Representation) =Ll Jiiaill o

o el Jiall dalal) daall o
Operation Operand] Operand2 Result

A0l Operation Al calS 13 128 bl &3 G & J5Y) Jaleal) 3 dalesd) (s
Unary ) Jeebaall dalal dlead) <uilS 13) Ll ((Binary Operation) J—beall
(o? o=l Jiiaill ddall dxpall b (Operation

Operation Operand1 Result

LUl 38 a8 Y dalaal) 3 dlasll (g
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O L | eS| RPN g L By Y 8
X = (atb)*-c/d

1 odel il A48 ( Three Address Code) onsbie SOl <ild 5 il ol

Tl=a+b
T2= -c¢
T3=T1*T2
T4=T3/d
X=T4
DA Jaaadl A LS Jiah Al e bl Jiadll o)
Llaall JY) Jalaall Sl Jaladll il
+ a b Tl
- C T2
* Tl T2 T3
/ T3 d T4
— T4 X
r AU Jgand) LS Jiay 4ild 4 DN Jiall Ll
i Alaall J oY) Jalaall L Jalzall
(1) - a b
2) - c
(3) * (1) (2)
4) / (3) d
(5) = X (4)

A 3al dalid) (e ) 3oa 32l ) (Pointers) <l dsall a5 s yeday Lia g
0S5k o s L1 (5Y i ai¥) Cida o &) Ay snamn ) Al
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St g Aa je 8 el (e sl 1A aladiad (i Y Gl il ydall

ERIR!

DY) lall jusill el (S 6l Jl

X = (A-C)*B+(A/(B+A)+HA-C)*B)

1 odkel juaill AWEd) ( Three Address Code) Geslie Bl culd 3 il ol

TI=A-C

T2=B+A

T3=A/T2

T4=T1*B

TS=T3+T4

T6=T1 *B

T7=T6+T5

X=T7
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s U Jsanll 3 LS Jiay 4l el Jaiadll ol

Alaall JY) Jaleall Sl Jaladll il
- A C T1
+ B A T2
/ A T2 T3
* T1 B T4
+ T3 T4 TS
* Tl B T6
+ T6 TS5 T7
= T7 X
r AU Jsandl 8 LS Jiay 4ils a1 DA Jiadll
e Aleal) s dalaall | D Jaladll
(0) - A C
(1) + B A
(2) / A (1)
(3) * 0) B
(4) * (2) 3)
(5) * (0) B
(6) + ) 4)
(7) = X (6)
Al J3aY) 3 ke Lpal culs 4l
X[i]=Y
L dle 5 Ll ‘";'SM\ Jaiall ol
e Llanl) sV Jaladdl | D Jalaall
0) [] X i
(1) = (0) Y
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Al JMaY) 5 e Lual cul& Jl

Y = X[i]
T odted 3Ll D) Jaal) ol
e Aleall JoY) Jalaall S el
0 [] X i
€)) = Y (0)
s AUl @l ) sl culS ) 7,706
A =X[i]
X[i] = X[i-1]
X[i-1]1=A
DR oJef 3 jlall ol il
e Llaall JoY Jaladll Sl Jeladll
0 [] X i
€)) = A 0)
2) - i 1
3) [] X (2)
4) = 0 3)
&) = 3) A
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M) DU AN 5 el oy ; 7,80k
If a=bthen x=1
(0) if a=b goto (2)
(1) goto (3)
(2) x=1
3)
) DU AN 5 el oy 7.9(a

fori=1to n

X=X+1
(1Hi=1
(2)ifi>n goto 6
B)x=x+1
4)i=i1+1
(5) goto 2
(6)
'C sl 4 il 400 e AN 5 a8l A 7.1 000
Main( )
{int1:=0;
int B[10];
while (i<10)
BJ1] =0;
}
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(1)1=0

(2) if 1 <10 goto (4)

(3) goto (8)

(4) t1 =1 * width

(5) t2 = addr(B) - width
(6) t2[t1] =0;

(7) goto (2)

A i) A3 5 ) o5 27,11
Main( )
{ inti=1;
int a[10];

While (i<10)

a[i] =1i;
}
(2 odled zeeliull 4530 5 aall
(1) i=1
(2) if i<10 goto (4)
(3) goto (8)

(4) T1 =1 * width

(5) T2 = addr (a) — width
(6) T2[T1] =1

(7) goto (2)

A8 ghad) jpalic e paie JS14 el i) axe Jias width of s
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I el all AN 5 a8 a5 17,120
While (a<c¢ AND b > d) do
I[fa=1
thenc=c+1
Else
while a<=d do

a=a+3
o odle] ali ull A3 5 2l o

(1) if a<c goto (3)
(2) goto (16)

(3) if b>d goto (5)

(4) goto (16)

(5) if a=1 goto (7)

(6) goto (10)

(7 Tl=c+1
®)c=T1

(9) goto (1)

(10) if a<=d goto (12)
(11) goto (1)

(12) T2=a+3

(13) a=T2

(14) goto (10)

(15) goto (1)
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