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18SUES i DESIGN of CODE GENERATOR

l. Input +o the code aenera\'ﬂ
quad , triple, indivedt tripleg

b\\o)moo\es, stack -machine code
pottfix
Syntax  tree, DAD

. Targei— progyram

3 Inghruchion  selechion

k. Ke@is{-er a\locatiom  and o«s:ignmen‘r
select set of vare to yeside in reaiﬂ-ers
pick  Specific reais{-er for  variable

€ tvaluahon evder



Code Generahom

wde aeneratim

IR + tymool +nlde target progsam (macwine code)
Primmb Yasks

I Inestruction SelecHm

. Repjster allocatin and acsiavxmcn’r

3. Instyuction m\en'na

1. 3AC ReFasewl'a'dms
quadruples , 4riples, indirect  (riples

2- M Remum\’dm
" loytewodes
stack -machine tode

3 Unear Represewtrahions
post #ix

k. tnva‘w\it_al lcfresu\kaHms
sani'ax Arees
[T 1°Y3

IR Pctsumphlms
I IR & low-\evel
2. No ervors

. R\SC
2. U¢c
3. Stack- based ardhitecture



R\SC Machines

Mm\g r%'\s-\'cm

2AL instruchiong

Simple Mclm:iya modes
Sim?\e 1$A

Ea: KRM, Alpha, ARC, MIPS, AVe, fn-Rite, Pie, SPARC

2. Csc  Mathines

few isters

LA inctructions

Various addressi modeg
Several vepjister (:éassec
Variable lewgth instruchions
Tathruchime  with  side  effecks

Eg-. Intel %86, Mmp, &y-\-em)sso, Vax, POP-1l, Mokerola 64000
#amila

3. Soc- Baged Avchitecture

Revived with 3IVM

20 PoP 20

7 ADD 21 foP 7

13 7 13 kOD  result, 20, 7
ts 4y PUSH fecult

72 2




Fixed locakxion in memery
Quite

Ao obyect module

Swoprogtawe  Lompiled  separatly

Object modules can  be linkea together and loaded for
exewhion by a \inlina loader

tompiler map wave o provide ecplicit relocatim infs
o twe \oader

Snm\oolic inShructivns  oc ouput
Ute ossembler 4o aev\em\-& wmadhine code

tom?\exi\“ depende

1. level of I

2. Noxure of TSA

3. Oesived quality of generated code

Hia\r\ level 1 — Me . eath R tharement tvawnclated +o
wmultiple  MC instructime tneede further optimizatim)
Low level R — Mc: wore efficient  tode



va'\-(:mn'\\'a omd  tompleteness
- Uv\ifrrmihd: all  dviple oddvesses etc.
- Clomplete: vse QW repisters Lov oy operakim

' E@icimc&, remove  fedundancy
tan design Skeletm o define torget code

e BRC of the fom  x=urz  ean be

LD Ro,
ADD RO, RO, Z
$T a, RO

Minimize no. of load|sture instruckions

ke@mr allocahon ond usslbnw\em—
N decide vare N spedfic  allocarions

Some opemdions require specific cepistere (mwd § div vesjsrer pairs)
Consider the two three-address code sequences in Fig. 8.2 in which the only

difference in (a) and (b) is the operator in the second statement. The shortest
assembly-code sequences for (a) and (b) are given in Fig. 8.3.

L Ri,a L RO, a

t=atbh t=a+bh A Ri,b A RO, D
t=1%t %x¢ =% +c M RO,c A RO, ¢
t=tjld t=t/d D RO,d SRDA RO, 32
ST Ri,t D RO, d

ST Ri, t

(a) (b)
(@ (b)

Figure 8.2: Two three-address code sequences Figure 8.3: Optimal machine-code sequences

Ri stands for register i. SRDA stands for Shift-Right-Double-Arithmetic and SRDA R0,32
shifts the dividend into R1 and clears RO so all bits equal its sign bit.



* Order con offect d‘—Ficim@

HYPOTHETICAL TARLET MACAINE  MODEL

0 Our target computer models a three-address machine with

1.
2.
3.
4.

Load and Store operations,
Computation operations,
Jump operations, and
Conditional jumps.

0 The underlying computer is a byte-addressable machine with n general-purpose

registers, RO, R1, ..., R,..

0 To avoid hiding the concepts in a myriad of details, we shall use a very limited set
of instructions and assume that all operands are integers.

0 Most instructions consists of an operator, followed by a target, followed by a

list of source operands.

LD dest Creg) , sre Cmew)
ST desk (mew) Sre (feay
MOV @) Cdest) | R2 Csre)
op , dest , Svel ,sec)
ADD
sue

MUL
DIV



BR L

Beond R, L
tond: U2
6T2
ez
LTez
GTez

Addvessinga  Modes

O

L R, o

xzali] —8— & = b+

-

12 = alt1]
x = &2

op dest srcl src2

LD R1 i

MUL R1 R1 #4

MoV R2 R1(a)

ST X R2

K= #p —— = *p



op dest srcl src2

LD R1 p
MoV R2 o(R1)
ST X R2
an = 100
op dest srcl src2
MOV R1 #100
ST a R1

8: Generate target code for the Pollowivg

(N

o)

(5]

L =|

MOV RO, #1
§T x, RO

L= 0+tb

L0 RO, o
b Rl b
k0D RY, A\, RO
T %, R

L= b¥L
3: [ ' A

LD 0,b
W R C
MuL  R), R1,RD J| % =bxec



LD R2, &
KD R2, R, /) yratx
ST 2, R
ST u, R2

) = ali) Rssme o, b army  with %-byre elements
Y= b(j)
ali)=y
o(yJ=

LD Ro, i
MuL Ro, R0 #4 / RO = G
MoV Ri, Ro(a) 7 Rz a+bsg

Lo Ry, §
MUL R2, R2, #4 Il R1= 4*)
MoV R ” R').Lb) ” Ry = b+t n-\s

8T -t,m
T v, R?

§T RO, R3
ST Rald, R)

B: Lenerote 2AC ond tayet  code fov

aCil= ¢

3AC Target
elz vk L0 RO, ¢
af611=¢ MUL RO, RO, #§

b Ry ¢
¢T  Rola), RI



Q: Lieverte tacpet  code fox

W ooy goto L

Ldb Ro, 2

L &,y M: equivalent mavwine instvucken v
U8 Ro, Ro, RI label L

BLZ RO, M

Need mevnanisme for
- Pacsi% uvhumud-s
= lowl stovoge

- ke\umiha negulite

- Lim:.iwtS tontvo|

runime Jeontvol thack stovin

activahon vecvd o Grome for
—_—— -1'- - === called funchon

activakion vecevds tock: antomahc
oot genecated free memsry date  objeuds
a\,urfvwé \vmwiurg _____ r

ealle dlav\o\mit. dato

- vorinble swze

Yobal data  Fixed
si3e

mathine code
of progawm




Whenever procedure call & made, ttore

of callee

* Then branth +o (ode oOvea of eallee

refurn  oddvest in

Once done with taflee funthion, branda +  address ttoved

AL of callee

Q- | wde | A
c(,) (o0 200
?O 200 264

Résume eath 3ZAC it 20 ‘uhes

c) ¢
6.hm
action
call P
ochm
hal¥

O i
F a chion
redurn

i

Mcuw\iv\a sraic  a\locotom | ?rov'\o\e farget

wde

"

AR



Code Area Static Area
(contains procedure code) (Contains Activation
Record)

//code for c()

100 : ACTION &, ¢
120 ACTION &

140 : ST 364, 160 _|return add:
152 : BR 200 #here + 20
160 : ACTION

180 : HALT

//procedure for p()

200 : ACTION

220 : BR *364

« Generz  farpet toge.
Lode fr p(> ot 100
tode kor g0) o+ 300
ae fre o) o 4OD
. b Q0 at 600

//Activation Record of c()
300 :

Assume,

Target code for action :
ACTION and it takes 20
bytes

//Activation Record of p()
364 : 160

Ascume M,n, 1 reprecent addresses

/ procedure ptd
mz-5g
Nz mse>
cal ¢
Walt

/ yroco.duu L

X=1lxx
retarn



tode Hrea Stobe hrea

/ code for pLd /e B PO
00: MoV R\, #5 400+
lo8: ST m, R
le: MUL &), &\,#z
14 : ST n, @l
1s2: & 600, #15%

t4: B8R 200
IS2:  HALT
Newode fsr gL / we A g0
%0: LD R{, « 600:
%08: MUL R),RI, #2
316 ST %, R)
24. BN ¥600

Fuwkion calls: stade of acHvation rewvde | frames
¢ pointer CsP) register pointc o top of oo

Frame pointer (FP) fepitter pointe to start of current acHvaHm
reuvd CAK)

stack stack stack
FP P

FP
AR 1 1 AR 1 AR'1

SP e Sp qp
l l AR 2 contral link

before procedure call alter procedure call return from procedure call




Activahon  Rewrd

Dot obouwt +he exetnbion of o procedure

Ufetime of an  ootivakion: +ime fw firsk and lack  cheps of o
proceduve

Root  wode: ackvaton of main procedure

Cath node: 1  adtivahion

L to riah\- W evder of cal.lina Cdepends o runtime and not
et dhe  compile  timed

Child muet £inish executing before exewhon +o it rib\\’r can  leepin
& Draw ackivahion +4vee

it mainO |
printf (" Enter Your name: ")-)
scanf( /8" | usernamed,
thow-dodw Lusername)
P!.'il\’(‘F (" Prest any ey 4o wntinue ... ");

[

int thow- data(char #user) {
printf C Your name i /ig\n’
return 0;

, user);,

|



// ~

prinké printé

seand

show-data

|

printt

Flow of contvol. DFS 4yavevtal
Sequemce of procedure eallt: presrder dvaverta)
Coguence  of returws: postrvder Avaversa)

Meto Laume (ML)

bener\ - parpose  fuikional  programming lawguage
- Dnly wwnstomis

: Suwwh N&\er seder  fuwihiovs

* Deduces Yypes o  Lowmpile Hme

val (name) = (evpfestion)



fan tname) ( (awmcw\s))

let Clict of defindimg) in

6: trovide ?05:“0\6 octivodions

= Lbody)

(stotementS) end

fun main() =
let .
fun s() = WLOLW
fun p() = / \
let
fun q() = P
in / \
-4 g’ d
end
n Activarims:
- P()
end - 5() - enter main
— entey P
[e\r\'\'?/\" °|/
!x.'l-l'q,
|:£r\+0r ¢
o g
- exit P
BANARY
[ exiy ¢
_ exit main




Atkivation Recsrd

Actual Parameters

Return values of called

>{procedure; preferably stored in
Returned values registers
. o Pointer to the activation record of
Control link or  Dynamic link |—>the caller
Access link or Static ||nk «.|[optional] Refers to non-local data
“|held in another activation record.
Saved machine status >{State of the machine just before

the call to the procedure.
Local data Example:
 Return address

) * Register contents as used by the
Temporarles calling procedures.

1. Calling sSequence

lode ot allocates adtivaon recsyd on stack

s+eps

1. Caller evoluotes aukwal ?o\mmmrc

2 Caller ttoree vetum oddrets, SP In ctallee's AR

3. Caller incremenys to point o c.orns?mhna point in
callees AR

b Callee Saves vegisters ond other info
tallee allocates and intializes local data
tallee begying execution

2. Return Sequence

* (ode Yot rettoves store of e wacthing o Hant  he
co\“iv\a procu\ure wn  tonhinue exembion



Steps

I. Callee places rcetum  volue in AR

2. Callee vestres od  volues of  SP and Jop-cp and otner vepters
onA Waem branthes ‘o return  addvess

Caller’s Activation Record

actual parameters
return value
control link
optional access link
saved machine status
local data
temporaries

actual parameters

return value Caller’s Responsibility
control link

N

optional access link
saved machine status| |
local data

Callee’s Responsibility
temporaries

top-cp: end of fixed Hielde

caller can be Actual Parameters
made
responsible for Returned values

setting top-sp
before control
is passed to the [ Accesslink or Static link
callee

Control link or  Dynamic link

Saved machine status

top_sp—>
Local data

Temporaries

SP—>



Activatim Reusrd

wain O {
FP
odd (3,4
st
add (o, ) |
it i)
!
ok
main () e
ff ’ - o:’é:.b'_q'- -
add )
S' L B -'\f-\"-“- 1]

stack

main ()

v

read ()
int n

v

contro] line

read() done execuhin 9

P

|

stack

v

man ()

¢

eontro| link

N

\\J




8: Show stack durh\& exe whon

main () {
PO ¥ —
int a;
q(){
int b P —
}...
q();
}
s(){
int c;
}
pQ);
s();
}
AL
2
«{
§ —

matnld

malnld

sO

in¥ C

malal)

PL)

inta

q(O

wr b

f® —

malnl)

clL



Function Yaok  defines  onother  fumcion 5 all localt of Ae@.‘nina
funtin  accesside o defined funcHm

level of nexﬁv\a of o rrocedure

main () { // ND(main) = 1
p(){ //ND(p)=2

int z, v = 2;
int q(int a){ //ND(q) =3

if (a=1)
return 1;
else
return(a + v + gq(a-1));
}
z = gq(3);
}
p();
}
Preet Kanwal
main D
p CL
Z,y:2
a:3
q(3) CL
Al uses y
a:2
q(2) CL
AL uses 'y
a:1
q(1) CL
AL uses y




© Prrroy of pointers Yo ARs — called displays
© Pvoid longy thaine of AL

dli): yointer 4o octivatim fewvd ot ND i

- if more Yhan one AR at ND i, pointer Yo other AR: obtained
m o linked ligr fachion from dG)

= highest AR on stack thived in dGi)

© (ongider #Hait peogrom:

main () //ND(main) = 1

{
int x;
p(a) {//¥p(p)= 2

q(){ //vp(q)= 2
s () { ¥CplY)
//ND(s)= 3
c.X.. }
p(s());
}
q():;

} caller neede +o Lmi
nccess vine fer + po me’rer



- Without o\i:p\aas:

- \M% displays

d[1]

 param a: s()

d[2]

d[3]

p CL
CL
S
N main
X
S
q
param a : s(
store previous d[2] CL
p
s CcL
(uses x)




(ODE GENERATION fw PROCEDVRES

: R&&IS{TX‘ sP : ‘\'of of staen
Sﬂ?s

wheve ctack

l- Intalize SP (shack area) S men dack
 §

2. Pweh AR for main  Cdone by 08

3. IF maind) § POy - aliveate R oy pL)

goo
main ()
Y
} grows down
P

- decrement SP by Size of ARLY)

4 Stive veturn address of Pn — wnext line ‘in wainl) Lm\\ino
funchion)

=~ textbool: siu\?\i%ﬁin{ﬁ assumption Yot cetarn  addr Stoved  or
lagt loc of AR



Actual params
Return value

¢ ——|eemrn addc

(0+8P) & an addresg

S Branwth to code aren of ?D

© Dedicared episters
rexwm values
passing  paramererg

. ‘Dn?vd-: basic block
ow\‘m’r: target wode

Rlgyrrithm. Leeps o of valug registere to avoid wanecessory.
loods ond thores

(ode generator tracs vegy and addvesses while genenating target code
* Dare  thruetures



Infrrm  Ch about v2fy availability

Reg descriptor leeps Avmck of varioble names whoie values are
in e registers  Chy eadn r%\s\-cr)

Astume all repister descriptors  ave emply initiall

Ae code generation propressec, each rvegister holds vaue of zero or
more names

For each prog varinble, addres deccriphw keepe track of locatims
where cunent value of wvaar var can e found

Could be vepy, mem , thack , combinatims

Tnfo can e thved in  symbol talde ety

4 Principod vses of Repittore

opevawnds
Tewnps
Globals

Runfime Stwoge

£ v P T

L*2RC — uy: 5ei—ke8(_x-_\ﬂn)
Selecks  vepister  for %, 9,2

Hac occecs to vepster deccriphrrs, address descriptvs, data flow
info Cvavt live n exit fam blok)



Tf o not in rey
Lo %,y
For %=y, do not meed + thve ¢ load y again
Update RD #ov &y o hold = fy
© AW Stves ok end

Q. (onsider batic bLlock . Show RD and AD ctontente while smem’dng
colke

tza-b kem‘a: t,uv
w= a-¢ var: &, by¢,d
Vae4Ww regs - A1, 02, R3
o=q
A=Vt
Tchruthm Qepyister  Desc Address  Dece
R @ fa Jv | c|d]|t[uw]y
- -] -]l |ec|d]|-|-
t<a-b
we,a |« | -|[-law|o|c|d]|-|-]-
LD R2, % | b | - |arifpe2| ¢ [ d |- |- |-
s R2 Rk [ &~ | b [ - |ae| b | | d |R
W= a-¢C
LD Ry, c o | & | ¢ |af| b |03 d || -~
SUBRLRLRZ [ W | & | ¢ | & | b |,R3| d | R R\ | -




Tveruthm Repister  Deic Address  Oece
R\ [ | & | & c d + w \J
v=kxwn
ADD R2, R, R\ | w | V e | & 3| 4 | - | R |2
o= ol
Lo R3, d w v |d | a& e |ars]| - [R\ | R
W |V A @ ¢ |dR| - | Rl |R2
A=VviWw
op L, R | d | v e | e e || = | - [R2
ST a,R2 d | v A |00 ¢ R\ | - | - | &
&1 d, e d ~ |60 L |\ | - | - R




