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1. INTERMEDIATE CODE (GENERATION
1. Introduction :

The c.cmpil.e'r translates the source program (written in hiﬂh level la.nﬂua.ﬂe.)

into i:m-sd: program (machine code). The translation is done in several

Pho..ses .

Between the a.ml.ﬂsi.s of Source program and the se.namﬂon o:I:

‘I:a:rae.t code, an intermediate mpmsentation CIR) Df the 'P'roﬂ'm.rn is F\'oduced.
This intermediate code is easier to produce and to modetl than the

{:o.rse{‘. code .
2. What is Intermediate Code ?

Intermediate Code is a low level [a.nsucxﬂeulike reP-re.sen{:aiEon o:[ the source
program. It is machine F.nde];:e.nde.n{: ond is used as an EnPuJ: ts the code

cp’cimize.r ond code Senemtor.

3. Need /Impoﬂ'.a.rme O.F Intermediate Code Generation :

* Se.Pa.mi:es machine indepe;nd.e.n{: :::Pﬁnﬁzaiion fmm machine de.Pende.nl'. code f #* Ium-i:ani: Point :‘
Senemi:l.on. : ' ' The intermediote code
# Makes the compu.le.r Po'r'ba.bl.e to dtfferen{: machines . bl B easy b
*  Simplifies code generation. generate, easy to
#  Facilitates oP{imim{:ion cf code . mcmipula’ce and. easy
# Provides o convenient form for program  manipulation. to translate.
_ 4
4. Position of Intermediate Code in Compiler :
Intermediat
Source Lexical [ S\ljnl:ax s daaa [ Code Code Ta.rﬁe{
Prosram Aﬂal‘ljsis Amlﬁsis e s Opﬁmizoﬁon Generation P‘r‘oamm
el TALTLOM
Sﬂmbat
Table
5. General Structure OLF Intermediate Code Generation :
(7T e RS e e s e e e e e e =) Note :
:' InPu{'. Traversal APP"S ‘ Generate Tntermediate i Translation scheme
| S:jnto.x Tree —» (Usu.allb —» | Translation —*| Intermediate [—F Code I dinendst o the
E or Parse Tree Postorder) | Scheme ] Code (Outpuf) i fc:: Gf Inbsyrediate

Methods Of Intermediate Code Generation :

code wused.

Properties of Good Intermediote Code :

Us'u\la

Attribute

Gv‘a.mrnn:rs

Usins Translation Schemes

6
1. Sjrd:nx Directed Translatien (SDT)
2
3

8. EmmELa_ 3 Three Address Code (Intermediate Code) Quadruple Representation . 2
xam EE
Source Progmm 1. 1 =6 % d No. op argl arg2 result &
3 = i * d t1 ;
a=bhb+ cuwd; et b+ #1 2 E t 9 Know different
i e e : Ll ) fome of et
: 4, 3 = a-§ 2 - ; :‘ code and their
- a 3
¥ = - (=4 m Lt.i
5 e t3 / g 5 7 s < € xamp

Rk R ¥ |

Ensﬂ to Senem:te.
Enss to manipulate.
Ihdapﬂnder\t of b:mﬂe{‘. machine .

Should erve the meaning of the source pregram.
Should be suitable fcn' cade nl:d:irnimﬂon.
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_ 2. InterMepIaTE Cobe Forms

1. Introduction :
Mrea.remanﬂformofinhrmadiaﬁmdr.. T[uchobcaofa.]:n.rﬁ.culu.r ("
form. de.pend.s on the source lo.nﬁuq.sc., the {nrse.t machine and. the
optimization techniques to be used. Some forms are linear (List based)
while others are am.Pl'-.i.cal (tree or Sﬂ:LP]'L based).

~
# Important Point *

The intermediote code should
be easy to Se.n.emie, easy
to manipulote , machine

2. Need for Different Intermediate Code Forms : independent and suitable
* Di.ffqre.nl'. forms are suitable fm- clj.ﬂ-'eren{ comPa'.ler Flm&es. \-for OP&MH'D“' )
#* Some farm.r. are easy to Sene.mie. but hard to optimize. [
#* Some forms are compact and easy to optimize. i‘ 3. Classification of Intermediate Code Forms :
# The choice affects the szici.e.nc.ﬂ cf the canil.er. | Tk Gk sedi F - mn}ﬂ cla.saifie.d. S
#* No s'msl.e %rm is best ftrr all situations.
@ Linear (List based) fo-rms
4. Linear (List Based) Intermediote Code Forms : | @ Graphical (Tree / Graph based) farm
( Code Form ‘ Description
o i K, B, | Byseide gt Sl i, 5. Grophical (Tree Based) Intermediate Code Forms :
. Nol:n.i.nm) | Ne pnmnthe.u.s reclwvei ( R — 5
2. Those Addross: Cade: (TAC) | ok inalruckian: 'hoss ol nsat thoes cilivassas: | | i Hidn
Very popular and used in most compilers. | 1. Syntax Trees Show the syntactic structure of
3. de.nzpl.ts ' Rapruenh:d. ns_ (n; arsi, n.ra?., ruult)_ = | expm&sm and SM’
Cat | i - ._E‘wsj. to gmﬁs and m_ampulah 2. Expression Trees Represent expressions in tree -form l
4, Tri.]:l,es RgPrzunl:ul as (up, argd, -:.\'32) qu.-.l. fo'r optimization.
nu__ . ‘I l.[. sl . v H |
[ '—Rﬁ — a8 bﬂ e gviin () i | 3. Directed Ac:lr.lic Gm.rks A DAG represents expressions and
5. Tndirect Triples A toble of pointers to triples. ke i " o, ‘
: Fn.u.Ln.fu‘.‘.es code motion and thtm.:nhcm._/ =k J
6 Exo.m.pll:.ﬁ 0{‘ DLHPJ‘:N.JC Fm e
[[€0) Sorca: Expression. | ) Buskfior:  [14e) Tron:shblose. Gode (d) Guadruples | (&) Thiples () Tndiract Triples |
web)efe=d) | . & b = el __f'lo_.;_qt__;{a_itn_razuz:c:nlt_i" No.| op | argt [ arg2 | | [ Pr — Triple No.,
c W - S e FERN b i l|le|*| « b 0 = 0
2 = c d t2 ‘ ; | - c d 1 — i
" 13 = . t2 | . -
3|« | & tz‘ts ||zi- (@ | () ||| 2 = 2
*#. Comparison of Linear and Grophical Forms : | 8 Aledogun. ol Duduotinngs :

Bosis E _.ILT_F“TS ’ Grophicol Forms ] | [ Advm{naes Disad \m{nﬂes
_Raprtm\b:.lian. List of statements | Tree or Gm.Ph structure | | : =~ '_ _. == ] i :
Space Requirement | More space (linear) Less space (compact) | v 5 l.iOPhcnd.s ‘:L:a. ”&m’wwm‘
Optimization Some optimizations easy | Better for optimization i IMPJ% i:,l:of u;h_w Pl"_fm“ =8
Use Widely wsed in prockice | Used for advanced optmisatons | | ||| i O )
| — — 2 = —_—

9. Summary : m
— - /f Exam Tip <fe )

‘me&um&m&f&mwmhmwmpﬂs{fm Tl'uuﬁddmss(:odz Qun.dru.‘:lgs
TnfhsdeMlTnFlummtudeluusd Mwhmalfmmshhstjntax'ﬁtes ExpnmonTrusmdDAGs
lmuseﬂ.fnrndmmadop’:mml:wt Md\nmoqurmdtpendsmthzmgmmmbﬂfihsmmpkhr

Lem{'}w.emnpluof
un i

and tables are
important in exam.

|
—_ — S — e ————
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3. Three Aobress Cope (TAC) |

1. Introduction : B Exomple with Control Flow :
Three Address Code (TAC) is a linear intermediote code
fu'rm in which each instruction has ot most three
addresses. It is .si.mple, easy to generate and easy to
°P+'i'mi'“‘ TAC is mi.d.le used. bﬂ modern cm-nfui.l.crs.
2. Need of TAC :
#* Easy to generate from high level language. Three Address Code :
* Eo.su to convert to l:mrsel: code . No. TAC Instruction M&u.nm.s
* Faahtatescodtcphmmﬂm 1 i_fu.-ch Bu‘l:oLi If a<bis true, go to L1
.M&saam&bﬁl&mhﬁuﬂnwﬁn&lﬁsm&eﬁd&mﬂ, 2 el T Elsapm{(ﬁ:lsemse)
# Most machine independent intermediate code. 3 T ImhLz(M)
3. General Form of TAC : 4 Li: ¢ = ¢+ 4 True part (label L1)
A TAC instruction has one of the fnlei.nﬁ forms - 5 L2: End of if-else
Form Maaning 6. Advantages of TAC :
x = yopz Binary operation - . N -
= Y UWHopf.mﬁm IEuslose.mahmdbrmlah.
LR . Sopyl Shedvemiont # Focilitates optimization..
x = 3[1';] Array reference % C t and simple representation.
x=Li] =4 ﬂf_mgftamnﬁ S * SuPParh structured programming constructs .
=58 | B ST
x = sy | Tndireckion (value of address y) 7. Disadwandnoss of TAC :
{ = r:lgpsacltn L._E_ thl J“"‘P * an require more hmpamrﬂ variobles .
goto it 8 Do ik et T Lk aebioes Ay,
param x | wahf s
T P“'«“ﬁ — ﬂ&nwh%mmahlostdurhﬂtmhﬁm.
call s R : Prmdur: cnl'. (p name, n = no, vfp‘rwns)
| retum | - frcm procedure 8. Common Operators in TAC :
4. Exomple : Operator Category Examples
Source Expression =(b+c) s (d-e/§ | Abietic Ko <o ®p A B
RS (G o <, <o, 5, on, e, b
- ti = b + ¢ Logical && (and), Il Cor), ! (not)
2. t2 = d - e S N0 e e " Reea & 1 ol B
3. 15, = 4 @ 8 hmparw'a variables s by TG f 5
4. th = &3 "f introduced, Lﬂ the Ass.,anmgrd: =, +=, -=, %= [=
5. a = t4 compiler.
- — MH-
9. Complete Example (Expression + If Statement) : Toopevkant Ploike ‘\
§ N Three Address Code :
. # Each TAC instruction has at
Sowrce Cods ¢ No. |  TAC Instruchion Meaning e g mest
i’f (e > b) 1 lf a>b goto L1 If a>b is true, g0 to L1 TACumuba?hmm
=(C*:|-)'¢; . M - s-d EL"'P'”"' It is the wost widely used
3 £2 = t1 /e | Else part intermediote code form.
else [
4 x = &2 4 Else part TAC con .'m dwe::’d.a mapped.
x = (e~-d) /!} / 5_ =1L 3gt_p .L2 i | :.r"wnp to end —/
) ¢ | Ll v s ewd | True part
7 | & = 43 e ‘.Tmpart
] x = t&4 True Po:{
s | L2: WE“d or stotements ints TAC step by
sbsp. Show all intermedicte
I, e v
R o RGPV Notes Hub [EE) o .
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4. BooLEAN EXPRESSIONS
1. Tnbroduckion : s Tt Pds 7
Bonlauue:pnﬁstmsmexpusstmsthdnmlthmojﬂu
two boolean values - True (1) or False (0). They are used in # Boolean expression — Expression evaluoted to True or False.
decision making stotements such as if , while, for etc. #* They are evaluated using relational and logical ecperators.
mmrmdim:odasmmﬁonforboohmexprmmls #  Short-circuit evaluation can be opplied for cptimization.
L quaswru. )

Need fo'r Boolean Expressi.ons :

Ussful fm‘ representing conditions in control fl.n-w.
Helps in generating eff'sc.i.eni: intermediate code.
Facilitates the evaluation of c.cm]:lex conditions .
Used in various constructs like i.f, while , do-while , fo'r

LR R

4, Rapreseninii.mm c.F Boolean Expressions :

A boolean expression can be represented in different forms
sk mE =

@ Infix form (normal mathematical form)

D. Prefix form

®. Postfix form

@®. Syntox tree / Expression tree

i Exnrnple oF Boolean Expﬂ.ssi.ons:

a<b &% b l=c || d>= e

Consider expression. !

(a) Infi.x fm—m a<b && bl=c || d>=e
(b) Pcsifix j:ofm tab< bel= && de > ||
() Prefi.: fm‘m : |l && < ab = b e >= de

(d) Expmslm Tree

7. Intermediate Code Generation for Boolean Expressions :

3. Tﬂpes oj Operuh'rs in Bool.em Exprgssi.ons ?

Categeny Opteiees Mg i
Relokional | <, <=, >, >=, ==, 1= | Compare bwo cperands | @ < b
Logical &%, 11, ! AND, OR, NOT a k&b
Avithmetic |+, -, *, /, % | Arithmetic operations | @ + b
[T Change precedence | (avb) && (b>c)

6. Evaluation D-F Boolean Expressi.ons -

*Boqbnnuprﬁslansuragmlmiﬂlfrvm[&wufamﬂ{:hﬂm

e.':Prr.s.un'r\. tree.
#* Result is either True (1) or False (0).

Example : Evaluate a <b && b != ¢
a b c a<h blec |(a<h)&&(b!=c)
3 5 5 T FE | F
5| & 5 T i T
6 4 3 F G F
—’? 8 2 T T | T
T — True (1), F — False (0)

8. Exam!:ie with. Trtermediate Code :

Boolean expmsalon.s are u.suo].l:l transloted into conditional jumPﬁ Source Code : Intermediate Code (Usa'.nﬂ Lobels) :
General form : i <b goto Li /i ach Ty
if (a<b&&blixc) ¥ @ J Y ok s
. ; ; gote L2 /' a<b False
tf (E) goto L1 i l.f E is True, g0 to 1 5 W i o B i e
goto L2 // f E is False, go to L2 1: § blec gobo L3 § bivc T
else au’w L2 I i.f bl=c False
Where , [”_Eo;_; _________ x=0; L3: =4 ! True port
E = Boolean expression | Shork-civeuit evaluation goto L4
Li—OLabglforTru.r.Pnrt | can be applied to avoid L2 : x =0 //Fﬁlﬂpart
L2 = Label _far False part | r.vnlunl:b'\.a unnecessary L4 -
\ expressions. J /I End

9 2 Suﬂlm?g 1

* Boul.z:.m. ¢_x|:vrtxs'mn4 are wused in decision run.lu.ns statements .
#* Tius are evaluated using velational and loﬁwol operators .
* Expmssi.m trees ore used to represent and evaluate expressions.

% Short-circuit evoluotion improves t.ffmwms ﬁ
* Iﬂiﬂﬁnﬂﬂm:nd:fvrbootmupmﬁimsmcmﬁﬁannljmps.

EMc:mﬂiﬂu&mfmﬂmﬂcnﬁdhmﬁmLﬁowofamrm,

]

o RGPV Notes Hub o
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5. CASE STATEMENTS

1. Inbroduction :
A case statement ollows the execution of one block of
s’:nhmnhf?wnmuoﬂzmnimdcpcn&nﬂmunz
Tt is similar to switch statement

volue oforl expression .

in C/ Cer.
General Form :
am £ @
Ly 8 E — expression
Le ¢ Sy L; — lobels (constant wvalues)
5 -— sequence of statements
. . _fErlmid\.csLi,ﬂ'\.ensii.s
L 2 B executed .
endcase
2. Need for Case Statement :
#  Provides deii-mH branch .
* More efficient than multiple if-else statements.
*

Tntermediate Code Generation for Case Statement :
Case stabements are transloted usi.nﬂ conditional ju.mps.
General Idea :

s

@ Evoluate the expression E.
©) If makch fou.n.::l, jumF to r.ofru]:ondma stabement S;.
@ If no match | J“m'P to default (Lf Pmsanl’.) else to next
statement after case.
4. Example :
Source Code QHEH Level) :
case x of
1: a=5ha+c¢ Assume, expression x
2': omb-=-¢ is nlmcl:j evaluated
T3 a = h & ¢ § and stored in Esmp
4 : a=b /e ; vartable 'ti'.
Bt 5 & o0
L endcase
[ Step Three Address Code
1 I-f il = 1 saln L1
2 | i 4 =2 gote L2 = 1§
3 nf tli = 3 goto L3
4 55 t1 = 4 goto L&
5 goto Ld /f default part
Ly: a=b+e
sato Lend
L2: a=hb-c¢
| gota Land /I Case parts
L3: a=hbeec f e
aato Lend
Ly a=5b /e
sn‘bn Lend
Ld: a=0
Lgrwl,: J’f rnext sbnl.:msnt

o ¢ RGPV Notes Hub ®

& Flas Diasios :

7. Eswngls with Flow Tobls :

TR [ ey e
1 @ & i goto LI | a=h+c
2 1= i soh: 2 | a=ies
3 TN goto L3 [ 2 =5h &
L= = | e bl | e~ bS
Others No maich gotoe Ld | a0

Example :
case x
1..40 ¢ 51
14..20 : 52
defalt © 53 Check if x in 11..20
endcase else S3
9. Advantoges :

# More efficient than nested if-else.

* Ea.ss te read and understand.

10. Disadvantages :
'-Oniﬂmhnlhhhallout&hxmlm%mau(qu}.
ﬂIfM\berufmuislnrs:,chniﬂnfmpﬂrhommnﬁ

* Nn’:sulhhlafarmnﬁechuksinmanglﬂnsuﬂﬂo&.

‘ Case statements provide multi-way branching depending on the
vu]ueofmuprmmn 'n'us are hmslubdhtnnmqmof
is fouml, contral goes to chfuu.l.t Pm-*. or next statement.

°
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_6. BACKPATCHING

Introduction :

2.

In code 3enernhon, the Larse.l: address nf some  jump
statements may not be known ab the time uf generating
the code. Such Jumps are recorded with o placeholder
(blonk) and later their torget oddress is f'dled (patched ).

This br.c.hnictu.e is called Ba.ckm’u:higg .

Need for Beckiobehing :

*

Target address of jump may not be available during
one pass compilabion .

Used in translation of control flow constructs
(if, while, do-while, for).

Iumve.s e.ﬁ:i.d.enc& |::—3 n.vo'u:l.i.n.ﬂ m;.d.’ci.':la passes .
Facilitates incremental code generakion .

Basic Idea :

Whenever o Jump {nrse.t is not known, 'Pu.{'. a blank

(Pln.ce. holder ) in the h:u'ﬂeL fw].ci. and. store the address

of that instruction in o list.

When the target address becomes known, go back to

thot list and fdl (Pni.ch) the in.rsei fugl.d.

Pointer List List bf addresses cﬁ instructions whese
Ecu:ﬂd: fuld..'. are to be Pahr-l'\ad

Mokelist (4.) Crlt.\hs o list with s.u-uﬂh. element i.

| Merge Cpi, pZ)
Backpatch (p, )

Mers:s bwo lists pi and. P 2 l
Fills ic-v'ﬁd. fi.d.i of all instruckions in
List P with h:rael: address t.

@ Merge (py, p2) :

5. Operokions on Pointer Lists :
@ Makelist (1) : Ex List - |
Creote o list with o 5i.nslz element i

List p ‘

o fa] [

Combine bwo lists into a si.nslr. List .

6 . Empl& H
Source Code :

(Tvanslabion. of if Stabement)

i (a < b)
x = ¢+ d;
else

®x = ¢c-d;

No. |  Instruction Target Comment

L | ifach gt A Branch to be patched

2 | goto - = Skip then-part
3 [ x=cvd 2 Thi-part

b | gohe = = Tump: 6a.and

5 | x=c-d - Else - part

6 Next statement

Backpotching  Steps :

After generating instruction 1, create list p1 = {1},

A}ie.r anmmti.ng instruction. 2, create list pZ = {2}.

After then-part (instruction 3), create list p3 = {4}.
Bockpatch(py, 3) // Target of if-true = 3

Bmkpa.tchfp,_, 5) v Tarse.t of gote = 5

Backpotch(py, 6)  // Target of gote ofter then-part = &

Final Intermediate Code after Backpatching :

GECRCHCNONS)

No. TInstruction Tq.rst.’r. Comment

i.fn.d!:sol:o?: 3 True — thm~rx:u'|‘.

sc'hn 5 b False — ehc;—}xu—t

x = c + d Tlmn—quJ:_

6

301:06

c - d

Jump to end
Else-part

x =

G || F || b e

Next skotement

7. Flow D-'.nqra.m -For Ba.ckpatchinq:

[ Generote. Instruckion J

@ Backpatch(p, t) : Each node contoins oddress of | |
Replace all blanks in the target fields of | oy instruction to be potched.
instructions in list p with oddress b. @
i . with Tarse.t
8. Example : ( Translation of while Loop)
Intermedioke Code using Backpalching :  Backpatching : |
: Tnabruckion Tt | 4 pt - 1) ‘ When Tn.rse.t ‘
Li:.}u::hﬂa_ __| o gd = 42} ﬁud.clmul.skmun.
:_;*1 — | Bockpatch(py, 3) |
gobo LL ) * Backpakch(p,, 5)
S e T
|5 | | # Backpatching is widely ® Budpebing s o tachnique sl to handla forvosnd Junps.
| = || used i brensbobion of 1| 4 Blank targets are filled laker when the borget address is known.
| L | f’i_ i:“;l:“" ""‘”“‘f‘-i * It uses pointer lists and operabions (mokelisk, merge, backpabch).
—~.,,r:—-=-_.~—~;.,— - # Efficient in one poss code generation .
Erz;_j * Essentiol for trandlation of control flow stabements

and,

lagroams  in  exom,

T
for Makelist , )
jer i.f and  whi

——

M&rsa and Bu-k?d:ch
statemants .

i s Ty N Dt

P
-8
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_7. PROCEDURE CALLS

1. Tntreduction :
A procedure call is o request to execute o procedure (function).
WI\znnProudurai.smlhd,mnimlLs{mmfcrﬂdtuﬂu
called procedure and after its completion, control is reburned
to the calling point.

Need for Procedure Calls :

Supports modular programeming .

Reduces code size and rr.Ple.i.i:.Lon.
Tinprionis: osabitiby wnd, onbarabiliby.
Allows recursion .

r =y

ffnallpme&mtpuﬁhr\nrsmnts

L B I

w

---------------

6. Activation Record (Sl:a.;k Frame) :
During o procedure call, an activabion record is created on

the run-time stack.

Field Description ]
Achual Posumeters Valuss of arguments passad lo procadure.
ikt Allinns Bilihar i5F) o sl e fencln

after retuen.
Conbrel. Link (Stobic Link) | Poinker to activabion vecord of calling
procedure .

Local Variables

Poinker to activakion record o:r coller .
procedure .

S'Pa.zz te store the return value.

Tempmrs Variables
Return Value

7. Exm'nl:_iz a_F Stack During Procedure Call :

............... o e " -
P <Procadum bodH:- TOP (Bfers ) it )
return Local Variables Called Procedure
............... Temp Variables LmL\Eﬁﬁgj_
Return Valie Temp Variables
4 Phoses in Procedure Call Execubion : Access Link Return Value
@ Evoluate actusl parameters. Coatval Link: . Access Link
@ Sowe rebirm oddress Coddress of nast instrucion). s Ay || ek 1|
e Return Address
O] Transfer control o the colled procedure. bl B e
(@ Execute the called procedure . Actual Parameters
5. EmmEl.e :
( Sourea Code Three Address Code ]
int add (int a, ink b) % == 10
{ 2. y=20
int e; 3. param x // pass first argumant
e = a +b; &, param y I/ pass second arqument
return ¢ 5. call add,2 // call add with 2 args
} 6. z = veturn // get return value Fitins Reskens
Execution Caller
7. gote L1 & e ;
void main () add x T Environment
{ 8. #hsasb
int x, y, 23 9. vk A 9. Nested and Recursive Calls :
* 20 Lt # Nested Calls : When procedure P calls @ and @ calls R.
y = 20; . i :
z-add.(x.s); B0 cowcesmumamees ‘Rw;rsmﬁnlls.wwaprocdurtmushkf.
int fact (ink n)
Izﬁm\i Poinks {

% 'parom’' is used lo pass arguments.
# ‘call P, n' calls procedure P with n arguments.
# ‘reburn’ brings result back to calling point.
# The reburn address is outomabically saved.
iﬁhnkhusadhmﬂnnearmdmcnﬂs.

i.f (n <= 1)
return 1
else
reburn n # fack(n-1);

iO.Sm:
#* Procedure colls ollow moduler and reusable code .

% Poramelers are passed using ‘param’ instruction.
#* ‘eall P, n’ ’:mnsfars conkrol ond soves veturn address.

# Activotion records ore creoted on stack.
#* Return volue is brought back using ‘return’ .
*  Stack helps in supporting nested and recursive calls.

e RGPV Notes Hub
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BLocks

8. Basic
1. Introduction : "

A basic block is a sequence a:f consecutive statements
in which control enters ob the beginning and leaves
at the end without stopping or branching except at
the last stotement.

It s o moximol sequence of statements with

mdﬁmwmpubxtw\clomex&[wh«i{

2. Prcpe.rﬂe.s o{ Basic Blocks :

# The :Fl'.rst statement has onl‘uj one z.n.l:ru (no jum.l::s to it ).
ﬂmmtshhmnihmmlswui(JmPMfﬂllhmsﬂh)-
All  other statements have e.m.:.'u.ﬂ one e.ni.rtl and.

one exit .

* Cm-d:ml j'.ams !:]-waush the block in o si.rm‘.s"\k—l.i.ne
manner .

#* No ]:wwmc.kmﬂ inside the bleck u:ct.':ht ot the Llast
statement .

5. Impm-’mn:.e. [/ Need :

* Si.m.P!.i.fi.e.s the flou of contral .

* Us:fu.]. in code opti-miznhnu.

* Hel.Fs in ﬂ:si.sbar allocation .

# Forms the basis ;I'.or flaw SmPI\. and. oPl:i.mi.mii.on
te;hm'\.qus,

@ Portition the program into basic blocks.

(@ Each block l:esi.ns with o leader.

@anlcblockmdsai:ﬂmlnstshhmd:lnfmcﬂunuthnda.

@“\eﬂi&mhmmhor‘]mpmdctheblock
except lost stotement.

5. Exn.mELe. 1

Consider the fau.nui.nﬂ three oaddress code :

Na. Three Address Instructions
Leaders are :
1. x =a +bhb Leagers ore :
Py | [PThme
3. E arget of golo from
J Sﬂ'ﬁrsdnfsnbf-emfﬂj
b gt (62 6 — Stotement following goto (4)
R | sy 7 = Statemen following previcus
i Heim b % bader. 66 s Dadirs, nascki a7
?. rul:u.r'n.u. -
Ti'\.erefo-m, basic blocks are :
B ¢ f 1,23 /7 from leader 1
B2 { 3, %1} I from loader 3
B3 {5} / from loader 5
B4 {6171} I from leader 6

Im‘pgto.n’c Points
First stolement s o leader.

Tq.rset v_f any jump is & Leader.
Statement fuuau'mﬂ o Jump is also o leader.
Emrﬂ basic bleck has mlﬂ ore m*-r:l and exit.

W

*® ¥ # »

¢

G.Represenln:l'.i.on‘.
Bukhlmksmb:npmaantadh\ﬁpmsmmufnuows:

Bi :
Stakement 1
Stotement 2
Eoch block has
B2 : a w\.iu'u.e F.l\i-'l'H
U-I'U-ql-l-ﬁ
Stokement q i
Bn :
Stakement x

e

V. Flow Gragh of Busie Blaks (Ensagle) :
From the above zxc:.mFlz, flu..: amp’n_ is

Exit
8. Choracteristics crf Bosic Blocks :
( Feature Dt.s:.ri.pﬂon. |
Erd.r:.! Point Q\Lﬁ the fi.rsl‘. staterment af the block
can be the l:orﬂet af o ,]n“"“-P
Exit Point 0n|.H the lost stotement may have
=" o jump or branch.
Internal Flow AlL other statements inside the block
o —T A R Bl e U
Sbmiaht Line Control fl.r.ms n o se.n’uzn}.i.nl manner
inside the block.
Maximal The block is maximal, t.e., it cannot
I:t. t;:‘l:t.ru:lui furl'j’\.!.r.
# Basic blocks are 5+.roiﬁ|nl—linz sequences with 5u13|.¢ ""i"}j
and s?.nﬁlg exik.
% Leaders help in finding basic blocks.

* Busix.hlncksmmfdlnupﬁmlznﬂnnw\dmdasnmmﬁnn.

* Flnuam.PhL&huLu.usi.nﬁﬂtmlum'manks.

Aluaas i.d.an.ﬂfs leaders fi.rst.
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_ 9. Leapers IN Basic Blocks

1. Tatroduction :

# Leaders are statements that can besin basic blocks.

* Idmti..fﬂins leaders helps in constructing basic blocks from
a given sequence of statements.

# Once leaders are known, we can partition the program
into basic blocks.

2. Definition of Leader :

A statement S is a leader if any of the following is true :

@ S is the first stotement of the program.

@ S is the torget of a jump.

@ The statement immediately follows o jump (conditional or
unconditional ).

B N:aori.thm :

Input : Sequence of statements S, S;, ..., S,

Output : Set of leaders L

1. L« {5} // first statement is o leader

2. For each statement S; in the sequence do
3. If S. is the target of any Jump, then add S; to L
4. If S is a conditional or unconditional Jump, then

f i+1 € n, add S;+1 to L

5. Remove duplicates from L and sort in order

6. End

%

b ExamEie :
Consider the fuuoui.ns intermediate code :

1. = =a=+b Tu.rsets vj:‘ju.mps:
2. if x <y goto 4 4, 7, 2
3. 30!‘.0 ¥ Leaders :
4,y = x%2 1 (first statement)
5. goto 8 2 (target of ?,2
& & - g & i 4 {:.Lurget of 2}
4 a-al 7 (target of 6)
i 9 (fellows Jump at 8)
8 fa>h so’cu 2 .
a Basic Blecks :
B ik ), (2,3), @&,5), (D),
0 o ¥ (8,9), (10)
5. Important Points :
#* Leaders heli: n bu.lld.ms basic blocks.
# Basic blocks are the fowda.ﬂon jor flou SW-PL" construction .
# Correct l'.denhlfi.gg_l.ﬁgh o_f leaders ensures accurate control ﬂw
mqlﬂsls.
( &5 Points ﬁ )

v Leader = First statement / Jump target / Follows jump
V' Leaders divide program into basic blocks

v Basic blocks have single entry and single exit

V' Used in flow graph construetion and optimization

A

®

6. Graphical Raprese.ni:a.ti.on :

Consider the same code as in e:wu-niale..

1. Summo.rs :
# Leaders are essential _fur identi.fainﬁ basic blocks.

* -ri'le:j hel.P in control jLow nnalbtsi.s and opﬁmimﬂon.
# We use leaders to construct bosic blocks fmm a sequence
a_'F intermediate code.

Quick Check
Find leaders in the fouowins code :
1. a=b+ ¢
2. fa>b goto 4
3 gote 6
4, d = a-b
5 gote 7
6, e =d+1
7 f =g * 2
8. if _f = 0 goto 2
9 Pr'm.t f J
Answer : Leaders are 1, 2, 4, 6, 8
8. ﬁppl.i.cn.ﬁons:

e RGPV Notes Hub -

% Used in basic block formation

% Used in flow graph construction

# Used in data flow analysis and optimization

# Used in register ollocation and code generation

the :

Correct Ldenﬁfimti.cn o;f leaders is the fl'.rst step 'ﬁ
towards construction of basic blocks and _f|.ou srqph

L ]
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. 10. DAG (DrrecTep AcycLic GRAPH).

1. Introduction :
o 6. Example 2 :
A DAG (Directed Aa\.}cl.u:. Grnfvh} is o directed 3\‘Q.P|'I.
with no csc.lcs. It is used in compiler to represent Expnssmn: % & tar+b) ® (¢ + b) »(a+b)
expressions in an affmhn.l’. Lo Step 1 : 5u.h—exPressi.on.s Stap 2 : DAG
It l’\&LP& in el..mmnﬂnﬂ comman aub—axpm.r.aiom. and
improves the a‘:b'.ma'.znii.m o:f code . L.as+h
2. (o +b) = (a+b)
2. Need for DAG : 3 ¥
3. (a+b) s (a+h) +(a+h) 2 3
# Eliminotes common 5ub—exprusian5.
4 x = (above result)
# Reduces the number nf :om.;Puto.ﬂons. L
#¥ Saves time and storage .
* He.LPfu.l. in  optimization af code .
#* Used far eﬁi.c.lmt code Sgrwruhi.m\..
3. Basic Termirwloﬁl.j :
Term Meaning
Luf Node Rgpvﬂ.senbs an operand {idenﬁfur or constant) .
_Ink.erim' % R:Pr:un.ts on aremh:lr. DAG Table
| B | Belel bw fron opbitor % B, Splnands . Node No. | Label | Left Child | Right Child
. Construction Rules of DAG : N . T | ¢ Subwipransion. (b
@Cr‘ﬂnﬁ.ﬁn.lzﬂ.fnﬂdnjorauhw. 5 + 2 3
@Cr:nhmmterwrnodgfmem:knpemtnr 4 i 3
3 Connect operotor node to its operand nodes.
® If a node with same label and same childesn esists, ALt % & =
reuse it (common suh-exprtssi.nn elimination)) . 6 b = =
&) The DAG must be au::.jc.u:.
Coru;i.clert}mexprassi.mz: a=b+ced +bec ‘El.iminntucomnmsuh-upuuimu.
T — R w—— # Reduces number of computations .
Shpizld.er\hf:jSub4upmsm4_ Step 2 : DAG Construckion % T TS opbiminablon
Sub-uprusiansm: 'Sm.stia—rman&.nwmrﬂ.
f. ¢ = d *

Leads to L‘f‘fici.enl. intermediate code .

b+ (e d

Complc: to construct j'ar L:rsc expressions .
Requi.m more storage for very Lnrae programs .
Not suitable i._f expression has sH.e-r._ffad:s g

Appliaaﬂan.s o-F DAG :

2
3.0b e

b, (b+cwd)+(bee)
5. a = (cbove result) |

e g

% % % |0 » % % |0

DAG Table Represeribabion Used in optimizotion phose nj: compiler .
[ 5ice e [ Labok | hafh BhBa | Right G| -——————————s WA O (empeuint el
1 I | = & Note - : Used in  common sub—upmsaion eliminakion .
1= & ] - 4 : * N b b ; Used in code generation for better tj}ms
3 | s I _1 e :_ _5 _] : shared in multiple | 10. s ;
R 1| s 1= T [ B s dedted wegic used to ;
z ] W s | THe reduces . Gy desagd gagade Tk T s
| I i lundonk | # It removes redundant mmru.ta.ﬁam Bs al.mu.rmhns camman.
[ = = | ) ! sub-expressions .
L E—_ === __ T _' | : f $ | # It consists u-j nodes, (opern}.ﬂrs./apamd.s) and  directed edau
=T ) * It improves the eﬂma c.f Smmhd. code
# It is an important tool in mmpilm‘ optimization .
e s S PR e 3
I * Ah.mas list all sul:-aufruasi.ﬂm Bﬂ.‘fm con.skru.:uﬂT-—E :
| ﬁ # Draw DAG cnrefuJ.Lt’ and reuse common nodes . :
i # Make DAG table for full marks. v
I\ # Show xl\nrms o;f nodes c.].mrl:j A ‘.l

. B o . . . . . e . e o e e . T — ——— — —————— —— — {—— — — {— — — — — — — ————— . {1




RGPV Notes Hub Compi.].er

Desi.gn. (cS603) Unit - TV

34 SyMBOL TABLE MANAGEMENT .

A Symbol Toble is o dato structure used by o compiler
to store information obout identifiers (variobles, constants, Stores
functions, arveys, strucures, etc.) appearing in o program. | V' Name
v T
It is used in oll phases of compilation. o Si';
v Volue
v Address
2. Need for Symbol Table : L
*  Stores information about identifiers.
# Helps in semantic analysis.
# Supports bype checking.
# Used for memory allocakion.
# Detects multiple declarations .
# Helps in code optimization.
3. Informakion Stored in Symbel Toble
Field Description
MName Name of the Ldml:i.fi:r
Type Doto type (int, floot, chor, etc.)
Seipn Lawil Bospa w5 cbich b e dadlowail
Skorvﬂq Class auto , static, nai.ate.r, extern , ektc,
Volue Value (for constants)
rrrem oty s
Other Info Array info, function params, ete.
4, Operakions on Symbol Table :
@ TInsert(id, info) - Insert o new idantifier.
@ Lookup(id) — Search information about an identifier.
@ Updatelid, info) = Update information.
@ Delete (id) = Delete identifier (when scope ends).
3 EnterScope() - Create o new scope.
® E:iJ.Sc-:rPG() - Remove symbols o_f current  scope

5. Structure o{ Sthul. Toble Entries :

Each nni.ra aj'. the sﬂmbal. toble contains all the i.n.fmﬂm
about an d.-nl:t_fur

Name | Type | Scope Level | Storage Class | Volue | Address OHurInfa}
6. Exomple :
CDH.SLCL‘T ﬁh-‘ fl)u.allliﬂﬁ P'rvsmm:
int a, b; |
Yo . [ Name | Type | Scope Level | Strage Class | Address
{ ko | 1000
ko | o | 4093
a = 10; | ousko 1004
Rk g ks 2000
} 25 e

e ————

~Nobe § ==
* The second o’ has diffrcnt scope lowel (2) from fist & (). |

# Both con exist simulbaneswsly. |

| # b ot 2 e, oy 3 e il 2 et i

L J

Igﬁrtw»t. Points
Symbol table is central to semantic analysis.
I ’ulp( in maintaining scopes
It supports memory allocation .
It is used in inkermediate code gemeralion and optimizabion.
Efficient aymbol table management improves compiler perfarmance,

® ¢ RGPV Notes
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7. Implementation of Symbol Table -

D Linear List

@ Binary Search Tree

@ Hash Table

@ Trie (Pr:.fur. Tm)
Method Insertion | Search |D¢Laki.m Space Remarks
Linsar List | 0C) | Ot l Bl | i | Sl b i

ey, Seanet v | g o) | Oblgsd | Otognd | o || Effities, ordivmd
Hash Table 0(1) avg O(i)iwg; 0(4) ovg Mere Best fer larsn data

Trie OCm) OCm) ] Olm) Maore Good fur 1trinas

8. Hask Tobls Teplemestabion :

Trdex = hiid) = id % TableSize

E:nmn]:tc :
Let TobleSize = 7 Hash Table (Size = 7)
|| Ldentifier | ASCII Sum | Index (mod#) | 0 —| b, sum
| a 93 4 {1 —=| =
b 98 0 2 2 I
! | % gl
x | 120 1
| ¥ —w —
Swm 115+117+109- 351 o] =
wor | 118+97+114-329 6 f —» o, var

I;f two ud.anhfm map o same index, we handle collisions
using dwinins or open od.eirus{nﬂ.

9. Scope Management :

Scopes re menaged uiing & chask of symbel tables.

When entering & new scope —> Push new table.

Whit dniling acipe: <3 Pop. Gl ol Ui M e

Stack
|———a| Current Scope Oikines
(Level 2) EntarSeopal) : Push
— P"E"l::l‘?;"?‘ \ Exul'-Scope() : Pop
10. SumrrmrH -

Sa-mbcL table stores all srﬂforbu\.t mfo’rmnl‘-wn, about idutﬁ.furs.

It supports wvarious compiler phases.

It handl and  deteck mupfl.; declarakions .

It s implemented using different data structures.

E_ffm.r.n!. symbel table management is crusial j‘nr compiler design,
Exam LE ﬁ

[ * .Mmaup, mention information stored in ;sn\lanl. table

i lthmerfaﬁnudmnanuﬁaﬂa.

#* & ® & *

———— —

ilDinsrmsufhnn&hH.gu—umPnnmbmnumh.

Hub# &
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. 12. Error HanDLING IN CoOMPILERS X

1. Introduction :

A compiler must detect, report and (if possible) recover | v Lexicol Errors I
|
fmemmememdemiJWEms I
|
|

errors con be found in o single run. I/SemmdicEm
| v Run-time Errors |
2. Need Ifor Error Ho.r\d.lu\ﬂ z e el

# Improves reliability of compiler.

# Helps programmer to debug the program easily.

# Detects moximum number of errors in o single compilation.
KPrev:nl;mmPiJ.tr_fmcmana
K%vﬂumﬂnﬁdmmguhﬂ\emr.

5. Sm.u*r.es O:f ET“I’OI‘S .

Error Type Description

Lexical Errors Error in spelling, invalid tokens, ilegal characters, ekc.
Syntax Errors Vislotion of grommor rules .

Semantic Errors Logically incorrect stotements even if syntax is correct.
Run-time Errors | Errors detected during tion (e.g., divide by zerc).

4, Phoses Where Errors Occur :

§. Ponts Mode Eror Buosvery (Esple) :

If an evor is found, skip symbols unbl o synchronizing token
(ke 5", 'Y, or '§) is found.
Example : Consider input —»

Skip Symbols
(=, )

n=b+'c;d=s§

Error
Detected

Mokebcalmﬂcﬂu\bamﬂmpursinﬂ.
Exn.m.l:u!a:IrnPuk—-}u.-ln+"ci
Mpwsarnmﬁnssummmh\supmw\d'x'
Correcl:edinpu}.—*n=b+gg"¢;

10. Error Productions :

Add error productions in grammar to handle commeon mistakes .

Example. :
stmt — i.f { E ) skmt
| i.‘f ( E ) stmt else stmt

Cmnpi.hr Phase Errors Detected | error ) stmt / to handle missing ¢

Syntax Analysis Missing symbols, unmatched parentheses, ebc. 11. Semantic Errors (Empies) : e —————— e

Semantic Analysis Tww.mum;m.ﬁ. . U of . Iﬂ 'ii?}

Runkime (Execubion) Mmbﬁm,amﬁeuiefm,ak. T',ﬂ’"— . L I:nin'r I

a = “hello”
: . W number o uments in | : |
5. Error Hm’\AJ.u‘Lﬁ S{‘.m.l:eﬂms § * fmﬂ ¥ bype of arg I Erver Tﬂ'[u i I
tecki Tdenti . int = string)

@ Eeror D = .f'.‘l Whe v #  Reburn kype mismakch !L___“_(_H_d_l_‘h_n:_e _____ J
@ Error Repor{'.mﬁ - Ir\_form user with mnninsful message .

@ Frne R 4 = Famis Shmprlan b i 12. Run-time Errors (Exunmp‘.es} t R e e i "

@ Errer Terminabion = S’cnr_r enmi:l].nﬂnn i.f recovery ot Pasmhl.g E Ex_nm.& ﬂ? |

® Pedeg b ) r int 10, b = 0 ; |

6. Error Detection & Repor{umq ] # Array index oub of bound I' Sk q} £ 5 - !

W Dl iprvas ol gl WL s | & Shidion, i i

* Explq.u\. the error :.Lwl.‘\! * Fils not ;Fau.nd ____________ 4

# Show the line number and ikion "

&> T 13. Good Error Messoge Guidelines -

# Example of error message : X - !

: | s Missn '

e e e e e e e e e e e P @ Be precise and understandable . ‘ﬂ? |

IE,W S S % | © o ks el oad el | Eror ¢ Undefined Voricble I

Nt T L T e il @ Tilkiks bl of o | Line 5, Couma 12 |

L L ariable 'x' is declared |

7. Error Recow;-.rH Tec}mques $ 0 Mok posally’ g I o e |

® Suﬁau.t Pusmh'.‘ correckion (Lf Pns.:..l:h) !k Did you mean Y jl

Guol&l\h:mﬂ%uj&rddh&kmsmcw

program..

Teihvia Description 14, Summary :
Panic Mode SkLPWSsmhuthniydvmhhg&mh‘fwnd lErrorhnndlmaummenhanarl.af:mn?dgr i:—s—y
Hlmchanttnmu Memﬂchﬂummwbmmm ‘Emmmhhﬁml,sﬂnh:,umkmdrm—unupl\am
* Compdnr rrust dah.c{,repnrtmdrm j'rum errors |
*

Good  error handling makes compiler uw-fnt.ndls and robust .

Exam Tip 'ii? -
Mmﬁldulmsuuhhhummdﬂkuﬁmt,rﬂpﬂhﬂsmdmrs

Learn poanic mode and phrase level recovery with examples.

Wrike l:.nm.PLu of lexical , synkax , semantic and run-time errors

¢ ¢ RGPV Notes Hub [EE] $
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13. Cope OPTIMIZATION

1. In.l'-‘ro&uctiﬂn. 3

Code optimization is the process of improving the
intermediate code to make the larsni‘. code more
zfj‘i.cler\i in terms e;r Lime and spoce .
Ild.oesmtchonsnﬂumﬁnsofﬂurxosmn.

2.

Need far Code Op{muznhon
Reduces execution time .

# Reduces memary  usage .

* Im.Prum program njj‘iﬁhﬂ:ﬂ =

# Essentiol for resource constrained. sssbams.
#  Bebler Perfmnmu with same fm:howthH

3 Prope.rﬁzs c{ Upﬂmi.znlions ;

 Sials T | D e, ki N ety o Ok, s,

| s ] Mok ok dltar progrosm. Sllioior, |
Prnﬁhn.l:ln OP{.\rmzn.hnn cast < Benzf'd:. Smngd.
Torgel Machine Dependent | Some optimizations depend on targel machine.
Local /' Global Can be applied on small part or whole cade.

4. Levels of Opl‘.l.mj:zn.hor\
# Machine Indaperu:lsnl. OPEmLm.I'.Lon (Middle-End)
# Machine Dependent Optimization (Back-End)

| ¥

Evaluate constant expressions at -:prnpcl: time , i{-___B_u.n:;___\]
Example :  x = 3«4 +2 b g ‘1“ |
Ooliminnd : == 42 2 A e |
= = 14 | |
| v Smaller code siza |
(b) Constant Pmpaanl.l.m: I"’E sagliber I
E‘:,nm&: o = 10 R e b e -
b=a+5
galim.izud.; o = 10
b = 15
(c)ConunmSubexpms{onElimir\oﬁnn'
rnpﬂnhimnp&hiwnw_fmufm e — 5
E"=°.‘“l';'.|é. b = a + b | Note : I
::i’;"h IR&: A same I
1 e | i wastes
w\-
Dgh.rmzul i = a2+ b Ihm-.mui I
t2 = iy ey J
k3 =« L = &
(d) Dead Code Eliminokion :
Runmnnd.nu]\ick&nnsno{nﬁce:lﬁmnnlput_
Em: o = 10 (never used)
b = 20 (mever used)
f-'h+b
PMC
Optinised -« = + b
Pri.nl:.l:
T i T T T e B b -
| Impartant Points iﬁfl
| % Write definiti il 1 |
:*D‘wojlowdw.snamwrwurewhh :
| * List eptimization btechniques with examples. |
| |

#  Write nd.m\lusu;’buu_fu-u d.m.rlu

| 6. Machine Dependent Optimizotions :

Examples : Gcnl._. ——.

@ Rcﬂiut-er ollocation and assignment | = ‘i::r!
Goarote <ffcen

@ Instruction scheduling ! |

@ Exploiting addressing modes i s |

@ LWF on'.mizo.lion. /

7. Peephole Oplimization :

Orﬂi.mi.zﬂ. code hﬂ i.ool:mﬂ ints o smoll window (PGGPI\G[B) B‘f

Evdenghe
< | e T e =
; |
x = x* 2 x = x * x ]l affscﬁv: I
= n x=0 Ne opemtmn. | o?ﬁ.mi.thhm }l
3&& gL Rumm'ud
8. Leop Optimization :
Imprms fo'u:iﬂﬂﬁg nj' lmlu AR W eSS H\!
g } Example : ‘ﬁ? '
_‘.M“"‘._.L I G i - A |
| fcr L ow ; L SE pT I
- Ln-op Invariant Code Motion | b, s |
sl u ! [ = =x » 0 useless |
W ? b Bie 84 e '
# Strength Reduction e T ]

9. Code Motion :
Move code to o better Pﬂsil‘.inn without rJ\nnan.n.ﬂ semantics
# loop Invariant Code Motion : Move code ocutside locp if it

# Weite definitions with examplas
# Draw fl.nu tl.unarnm whearever P-us.e-l:lg
# List optimizations techniques with esamples.

o RGPV Nebes Hb

# Code Hoisting : Move computations upward.
# Code S‘u\k;na : Mave M\Fulnhm densruvard .
10. Instruction Schgdulmq : 11 Bc.m._ﬁLs °f Cids Diaiaakian s
Reorder instructions to reduce stalls and # Faster execubion
improve pipeline # Reduced memary  usage
per fermancs % Betler CPU performance
Gool : Bebter utilizobion of CPU resources # Smoller code size
#  Lower power WPIM
P Op{.mumh.on Process :
Intermediate A o,,zm.a Twa;t c.a. L. Mashine
Code 0 .‘ | Cad
£ Bk Siye ] | SR Seely
: # Anolyze the code | * C“"-‘“Pﬁnimu-ﬂﬂiﬂkprﬂmrrfnrm.
| ® Apply suitable optimization | # It s semantics preserving .
|| % Check: :eorrssbsss | # Applied ob different levels.
{‘G o-»hefl" ptr I ﬂUusvorinuhc}mul'm{ortdu:-
\— __________ _J l‘.u'ﬂ& M.d .?m
* Essmhnl part n:f c,un\fulgr d'-‘“ﬁ“

._
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14 Cope (GENERATION

9, Eﬁelg :

1. Introduction :
Code Generation is the ?I'IMG n‘f :amfn.l.r_l‘ that

cqu.ivnlt-nb bw'ﬂ:ﬁ code in the ‘:@rset Lt.msmsl.

1. M =a*h -
2. 42 = M = e i |
3, d =12 -e T N g Y N )

2. Need for Code Generction : Raﬁ‘hs )
# Converts intermediate code into lnrﬁu.t Lnnﬂu.n.ss -r
a R1
W Milis pragrom veadky b sumeii -on- bargel wonehine.. ¥ Generated Target Code (Assembly)
* Uu].i.ua rtsl.ﬁ".u's u.nd. mcrm:rs ;ff-.:iudlﬂ. b = Rz S':-l.P Ir\ltrl.u:l'.wn E:!‘.le'ntm
. e — R3
% Tupioii o it t ADD RS, Ri, R2 M woneb
# Reduces code size. e - R4
2 MUL Ré, R5, R3 2 =t * ¢
3. Input to Code Generaler : H .= RS
e < 12 - Ré 3 SUB R?, Ré, R4 d =12 -«
# Intermediate Code (Three Address Code) 5
| Output : | 4 MOV d, R7 P
* Sﬂmhoi Table | Torgek Codda | L 2
*  Mochine Description I il |[
¥ bebasl Tk | Mo Coda | 10. Code Opl'.'u-niznﬁon Techm.cl,uz.s in Code Generation :
A% ]
ﬁﬁﬁﬁﬁﬁ #  Peophole Opbimizaki p———— ——— e e
4. St&Ps in Code Generalion : & e SMP"“LM Eliminoki | Emmpi.e (Paq:hulg) ﬁ
# Deod Code Eliminakion MOV Ri, R1
o g | ([ ¥ Costont Foding ADD R2, R, #0
Code ﬂ"a thm * Si:run.sii\ Reduckion | = Removes useless

5. Tssues in Code Generolion :
Te :
o 5 i g e §, Tins of Toesak Cidi
* Mooy kol Assembly Cods Hiamas readable:cods using mnsmeniss
‘ E\I'U—Lllﬂh‘,ﬂ. ord.er Bf BKF‘“;W. “'_'—- R e s _ - —
Relocatable Code Code thot can be loaded obf any memory lacation .
§i Db Simidion Abachube: Codi Conti it Jld srayoey lincsibitn
Select o sequence ef hcu-sai instructions  that 'Pf_rform the same
sperabion as intermedicle code. 12, Foctors Affe:.tinﬂ Code Generakion :
Tntermediote Code Possible Instruckion Sequences Chaice & il ol If ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ WI
R = e — v *
fggﬂx, Y, = ADD #  Instruclion set : A T I
x = g o, x, 4y, = A Code aenuﬂ.l'.m n s hi
MUL =, y, = L Aﬂdre.-snnﬂ modes | d‘PEI‘\AﬁnE en hardware |
x =y *z LOAD «, MUL =, y, = & Miroe ok | architecture . |
e ML &, i ¥ Y, Srgemikalion I B S J
= MOV x, MOV x,
olh | e e 13, Code Generobion Process Flow :

1. Raﬁi.ster Allocation & Assqn.men!‘. :

Assign variables to machine registers to reduce memory access . ‘Mm IM R-au‘w f Twaﬂl&ﬁ OPMM*J
[ Variabla Locaion Notes. Lorgh Sode
a R1 In ftalnhf R1
b R2 In register R2 14. Sumamory :
i = Mem;rﬂ SPM to mwﬂ — #* Code swrb.hﬂn converts intermediole code into Eﬁrsﬁl code
# It selects ijm instruction se i
. Memory Management :
8 * Rgsi,algrq are allscated ko reduce memory access .
o f . h""P“ #  Various afhmmnhm l.enknu'uga improve the I?un.l.d::j uj' code .
* YRl ey locabions when volues are neo hﬁﬂw needed . # Good code ssnﬂhm results in fa.ll and e‘f_fmnl Progroams .
* HG.LPI n rud.un.nﬂ memory  usage . N N 5
e e e e e e e e S~ e N s
o Topetrt ot % | - % |
I v Eﬁ‘wwni rw.ﬁi,slgr e y ] I | # List n{nPs and l.uchnutu.es with A:M\.P!rua. i
| ¥ Instruction selection and orﬁn\izelion reduce code size . | | #*  Draw .ch""" "j code scmml:m |t |
| v Code Smrnbor uses machine J.ucn.fkan _fnr ta.rﬂcl‘. code . ] l #  Write ’J“‘“"‘l‘“ﬂ“ Qf code smc.ruhor\ ‘i“m’"‘;j |
e N N e e e L N T —————— A
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15. BootstrAP COMPILER

1 TIntroduction :

. Booish'up Con‘\.PLLohm\ Process Dmﬁmm

A Bootstrop Compiler is o compiler written in e

the igh level language for which it #

T hui ™ § 5 ; Y Indepandent Write Bootstrap Compile Torget Compile Compilar Optimized
- e 1 s el Comtac LMy [ | Comiplar sk Teaelf | eopite
used to build o compiler fur o new Lnnsunﬂ: o Parkakle \ J

v Reusable
v Eﬂi.-.:.m’;

Legend :
L - Tn.rsc". LWW

# Portability across different machines. 10. Self Compilakion Example L Cnmpd:.r) :
3 Eﬂol‘-ﬂ‘-mg Carn.fd.:r Conczp‘.: S il L e==F J
Hlah Level
L‘”‘ﬂ’*"'ﬂ‘ ilaki 3 The sencrubt.d. cnmPnJ.cr oom.Fil.na d'.u-lj'
{Foa)
4 A rnew unFruch. M\fﬁhr [ aunara.hd.
IALH.H!.LH, a small c-n-mpiiar (bﬂe‘hhﬁp wnp..l.cr) is writken in oncther
longuage (Bar). This compiler generates o full compiler for language Foo. 3 This procass repeats Gll finol optimized compiler is resdy.
4. Chorocteristics :
T ™ Be-ahlruf Code (Pseuds) Generaked Campqler ([ Same Lmsu.aaa)
# Writken in high Llevel lan I E le : |
hiy R | Smmeler | 5
# Used to smrah ﬁampn.lnr fer same Lunﬁuaﬁn. | Cwlﬂ_ b | vl main ) £ void main(J{
* Afhr feu ah.ses, it can ommpih Lt.n.eLj'. || | f : read _source( ) ; - read _source{ ) ;
# No need ef mﬂml:lﬂ Lewel Prosrunrnu\ﬂ A o R e @ ""“lﬂu()! L m“d'tl“();
aemrah_cmh': 3; Itul_j' oyjtinﬁt-{ );
5. Phases in Bootstrap Compilakion : write _target(); generate _code( )
1 wribe_target();
@Wr&asmﬁﬂhek&érﬁpmﬂarlnhnﬂuﬂﬁnL.uﬁns Lﬁa\auﬂﬁa M. )| j
@thsmmh&mﬂnrhmﬂni@f.
® Final compiler is completely weitten in L. #  Conabruckion of compilers for new high level languages
e e e e e S ey - # Used in system softwore development
E Note . L Language fu— which compiler is writken ! #®  Used in crosas compilers and Perhﬂe um.P‘lnH
Lt SRR O e e e R Ee e
6. Exn.m.P].z - Bq.l.n.l:.l.mﬂ a C comP'LLLI’ Usincl BooLeru.P: 12 Cnrni)aﬂ.son Table -
; Sl:a.se | Cem.Pi.bl.- Used | Df.u:r?bc\ | I Feabure | Bcu-i.nl-.rn.P CnrnFILl-r Traditional CnmPlLl-r |
{ Srnal . (C inA bly) & il .fuu. C il Lnnsunﬁ_‘ Used _I H:sh Lewvel. Lmﬁunﬁ\o Amm.bh‘.’ /' Machine Level I
= s LR i = aeaaie s e ] Portabilik | Hiah Low
2 Ganarated € alie: Compiles  ikael I s lincrne - [ | Rl i H - |
1 m,,:: [ Mors nﬂ‘-ci.-ni oy  Bnglpranti Wi | Wehidaky | bae Gebas 0 |
T et e | Tl i i | | [T Fasy Dyt
Reodability | FHygh | . .
7. Advantages : = e 4 Self Compilakion | Possible Not Possible
# FEasy to implement | " s [ 3 8
W Eantir mistnbuanis il moifioaicn th:'ﬁc b = ol e TmAT
#® Portability to other machines. i g i I #  Boskabrap compilar iauwiblan tn sama: high el langusize *
#  Betler umini:illl:ﬂ and  reliabiliby . | } igques [ # Ik is used to generate fu.I.L compiler far that language
’mwhmml’tﬁwm\ ——————————— / ‘IL;Lm\mnlqu&um&mu;m&lﬁLu\suﬁﬂ;
£ bk w* It improves portability, maintainebility end reliability .
T : ; ’ # Modern compilers are builk using bootstrap technique
: :Ll:ml. h:nl..u{rn-nl:u cu::::lar st I:w_ m—d:.ll:gfl- in zome other l.n.nau.n.ag. B e . PL i mfuu A
e :mfllﬂ-b-ﬂl— E a5 ore I‘Oql-lﬂd- wuu
* Pu—fmmﬂbnbmuhinﬂ.iniahﬂu _______________________________
# Needs more bime ond resources in dcu"i'u'\a. ir Exam TLE: \:
,“________________.P__CI_—__________“\ | - Dgfuus l:ou’l-.nl.rnF c.mnPi.!..r.r- with o neat f_'m.rn?“ sﬁr |
[ Lmportant Points: | | # Draw bookstr ilakion g |
| ¥ Bosketrap compiler reduces dependancy on machine specific code 'i\f | | i P, (SempY s, dingrm |
| v Self-hoeks i e reilar e ful. i i # Write advantages and limitabions clearly. l
I v Tt improves portsbility ond maintoinebility I | ™ Sef compilation sloges are importont |
v A S
\..

Modern compilars are mainly buillt using bootstrap techmique. | N

A
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Compiler Desisn (CS603)

Unit - TV

1. Introduckion :

Compiler construction toscls are snftum
packages which help in the outematic

[

16. Compiter CoNSTRUCTION TOOLS.

andmpdumbuﬁhpnukmmuﬂ

Code Tn.rsd. Code
Generator (Oubput)

*
» D‘j‘f“’“u" e b s ek 2. Tokens are sent to YACC
# Tools sml.e code m;l.ama:ht.d.l.:' 3. YACC checks synbox using grammar rules .
3. Commonly Used Compiler Construction Tools :
Todl 8. Campa.rsi.on o'r LEX and YACC ;
Pnrpeau
YACC / B Parser genarabor (sun.kaz mmlﬁ )
b 3 . koo Purpose Lezical Analyzer Generator Pnrser Gengrulur
LESP: Tools For LISP language compiler comsbruckion. Output € Program (yglex()) C Program (yyparse())
Handles Tokens (Lexemas) S?’Lkﬂ-i. (Skructure)
4. LEX / Flex (Lexical Analyzer Generolor) : Language R‘ijm- r—— Coik Pk .
- Uudbaqwmhhnmlnmlﬂwfmm?inrw Sﬁnﬁs . 2 .ﬁrlo.lﬂs\.s Sv:lr\b;\;ﬁ\ E
#  Inpul : Specificabion of lokens using regular expressions.
» Outpul il program {lexical ﬂ.rld.sw} e L
# Generotes jmdaml $ H‘.‘IL"‘()I ﬁuurup(). q. Ol Mikics Tods I Note ﬁ}
e R T 3 e e
| digit [0-9] | # LLVM : Il\‘fm.slnuhrc j-cr modern carnfu]u J.t.ysn I = |
I v kol b o EOROL Toudui: Uinak Jle OO cvppidie dilogurat, | LN Jor I
s |
| {digiths [ printf("NUMAN®); ) | # LISP Tools - Used for LISP compiler development. b'““wa : |
| {id) { printf("ID\n"); } | | MPIJ.IH ﬁw.d-d.ﬂ |
| [ stwnle | # IR Tools : Generate and opimize intermediate code | efiiad |
I . { Pri.ntf':"ol.hsr\n‘)i } I \ uﬂ J
S o . e 'kl B RS e NN Em R R
e e Tl e
# lsed to generate parser (syntax analycer) from contexk free grammar. # Sove development time i R f{"
- In.Fm.l . Grammar rules with  achions # Reduce human errors. | e
E ] Oulfn.k G program, (pn.rnr) % ‘Porkabls acrses Pufm ! U.una LEX and YACC,
#  Genaroles funcfm 5 mﬂnrufl. HUL‘“()' - Ecuﬂ B ki and mnd";f.‘,l : we can build a
l” Example CYAGE Spacchiabion) -; YACC Tnpud & Sigpert puisrful Fadtueis | complete compiler front
| %{ #include <stdic.h> %} (Grammar Rules * Better reliakility | and in less bime
| %token ID NUM * Actions) N L
| %% G i
| E:E+ T {printft’E -» E + TAn"); } _nl-ﬂ
| |0 {printf("E => Thwa"); 1 ; g
| T:T* F  (pickftT = T s Fadz ) . Tf"‘ legmage Mpaient
| I F {prinkfC"T =3 FAn®); ) ; #  Limited :fnr complex  lanquage Iniurm.
| FeCED | ED | NUM; &Ncndkmnl.néﬁquf#ml-pc:;fmuhm.
[ %% Genersted code not be optimized .
e ol Nl W D Bl o u L i
6., ANTLR (Another Tool jur La.n.ﬂu.u.ﬁs szﬂru.l:mn) 2 12 Smﬂ =
#  Generobes Luw-,parurwdhuwcuar. | _E_____'I - &whrmhmhmbdlmhpmafmw
#  Supperts mulbiple programming languages | AN:;L,R ;M—uud s | # LEX i.n- used fer- Lesieal ana].snr generation
#  Works with LL(=) parsing bechniques . TDEs and. I - :ACC s used fev porser gensration
&Uu&j‘whnﬂnmmﬁm llnnl-nl.ﬂulnlnllﬂ, I - Ogﬂ-u\ﬂ'khﬂsjmkhfrm{‘.miaf compiler
| El:lLPu,-{'.: | .OﬂmlnuhPmAgsu?FurLfo-mndammmFulud.gulnwml
% - - 4 #  These tools improve frb&ushmb_.] and reduce wrrors
p——— I = ; -
P Rt s m..alI.j‘j‘a.:M i f‘f I { Exam Tip 1
¥ LEX handles | : | | #® lrike about LEX, YACC with examples ‘}ﬁ’ j
¥ YACC handles syntae amalysis | | o= Drow role of LEX and YACC lasuuv\-r. |
¥ Tegether thay buld cempiler frent end. | | % List aduanbages and Limibaki |
\_,.r_ Ed_'m__k:h_w_"_d._fnih __ sompilar e P:"L _______ | | # Wrike applicati of piler comstruction tools /!
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