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 Passes.
Introduction to 8 and P *

rocess of compilation. IHustrate

—éue 1.1. ! Explain in detail the P
the output of cach phase of compilation of the input
“«qg=(+c)d+ c)*' 2",

Answer ] - - N
A compiler contains 6 phases which are as follows -
i. Phasel (Lexical analyzer) :

o The lexical analyzer is also called sce

b. ‘Thelexical analyzer phase take sou
separates characters of so 1
called token.

These tokens may be keywo

@gram as an input and
‘into groups of strings

a. Thesyntax analy
b. The syntax anal

structures. o
c. The output of t

Y ut of this phase is parse tree.
ARE Phase 3 {Sem ' ff"c analyzer) :
a2

The semantic anal
' ; yzer phase chei the
semantic eyrors and ‘ ReCxs the source program for

Vo A f i gathexs t 5 o
generation phase. TR ype rmatwn for subsequent code

£y
¥

se tree and ;y b L 4 |
ram) ‘symbol table |
Tho o) semanticallymffé‘isté‘%em{}zlf };ck hether the given

¢. The output of this phase is‘q nno tfg friage deinti R

Phase . ated synt
ase 4 (Intermediate code géneratién;rn e

a.. The intermedi
2dlate code .
from semanti generation takes :
It ntic phase and generates int Syntax tree as an input
generates variety o ermediate code.

triple f code such as three
' addr
v. Phase 5 (Code o ess code, quadruple,

iv.

b.
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. g0 6 (Code generation) ; —
v phas

o Itis the final phase for compilor,

p, 1t generates the assembly code an targol Inngunge,

In this phase, the address in the binary code is translated frorm
logical address.

[\

Source program

i

Lexical analyzer

Y

Syntax analyzer

I i
J
'
,
% »
¥ [
SR T
*
s ¥
o
Rt

Semantic analyzer

Symbol table Iqﬁéfmediate'éode
manager - | generator

Error handler

N

Code optimizer

l

Code generator

Target program

Fig. 1.1.1,

Symbol table / table management : A symbol table i:s a data .strucf:tt‘:re?
¢ontaining a record that allows us to find the record for each identitier

quickly and $ store or. retrieve data from that record quickly. |
Error handler : The error handler is invoked when a flaw in the source
Program is detected. '
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1-4C ((‘S-Sem-ﬂ) I
Compilation of “a = b+ r')"'(b +o)*2"
lnput pmmunmg in ﬂﬂmp!]f_f .,,M,‘.,__,._.,_.‘,.,‘,2‘,';‘1?;'111 et i i
| u“.-(/)l()l(hlfH/
'TA,‘xi(:nl ‘;':;I"/‘ﬂ
| Token stream

Y
id, = (idy + idg) * iy idy) # 2

Y

Syntax analyzer

id; >\ Parse tree

id; / '
\ Annotated syntax tree

/\ 1nttoreal
><l 2

Y

Intermediate code

generation
t,=b x
1=0+¢C _
ty= bty wt Intermediate code
t, = int_to_real (2)
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‘Code optimization

v

tl'—-'b +C

Optimized code
t2= tl % t]

A
Machine code

| v ' Machine code
MOV R,, b .
ADD R]) Rl’ C ‘A ’ f:”:’__%
MUL R,, R, R, # By
MULR,, R,, #2.0 | _;:"%;,,,,4/ B
ST id,, R, . /

B .
7 Vi %, 7 s
7 4 £

o //1, v %
. g 3 y

the process of compilation for the

.--6“9 1.2. ] Explain in detail/

7

o s w o
W bl
L 7 7 5

ﬁ ; al analy “ il -
7 7% e, Y . )
2 7 ’ §

P

Parse tree
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Annotated syntax tree
Intermediate code generation 4
t, = int_to_real (70) Intermediate code
idl = t3
Code opti
ode op'. imizat

Machine code

o

s of Paﬁses .

L. i
Smgle-pass compiler :
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g Multi-pass compiler : In multi-pagg com il
once and produces first modified form, tﬁé:::ﬁ:i?]the P IIEe
and produce a second modified form and g on, until t}? modified form
produced. il the object form is

Que 1.4. I Discuss the role of compiler ertmg tools.

Describe
various compiler writing tools.

Answer |

Role of compiler writing tools : !_ e

1. Compiler writing tools are used for autontét;c (Ié sigh of compiler
component. g .

9. Every tool uses specialized language.ﬂ-»
3. Writing tools are used as debuggers, vemmn manager
Various compiler constructlonlwnting tools are :

1. Parsergenerator:The procedure produces syntax analyzer, normally

from input that is based on context free grammar.

2. Scanner generator : It automatlcally generates 1ex1cai analyzer
normally from spemﬁcatlon based on regular expressnms )

3. Syntax du'ected translatlon engine : ."r', I v 4 e*‘

se tree

a It produees col}eetlon of routines that are use;; m

LR

b. ‘These traﬂslatmns are associated with: each nade/of parse tree,
 and each translation is defined in terms of translations at its

nelghbour nodes in the tree. A

4. Automatw Me generator't ‘These. todls take a collection of rules
that define translation of ea(zil operaty.)n oftfle intermediate language

into the machine language faf 8’917 mac

3. Data flow engine : The data ﬂow engme is use to optimize the code
involved and gathersthe :nformation about how values are transmitted
from one part of the program to another.

Que 1.5, _ ‘ Discuss about cross compiler.

Answer ]

L Across- compiler is a compiler that runs on one mac
object code for another machine.

2. The cross-compiler is used to implement the c
characterized by three languages :

hine and produces

ompiler, which 1is
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a. The source language,
b. The object language, and »
it is written.
c. Thelanguage in which i
3. Ifacompiler has been 1mplemented in its own 1811;1guage , then thiy
' arrangement 18 called a “bootstrap” arrangemen
PART-2
Bootstrapping.

Que 16. | Define bootstrapping with the hggi‘;sf an example.

OR

What is a cross compiler ? How is bootstrappmg of a compiler dope

to a second machme ?

_code for a platform other than the on& on whch the compiler is runmng

L Bootstrappmg is the; pmcess of wntmg a compiler (or assemhler) m the
source programmmg language that it intends to compile ‘
2. Bootstrappmg f“"“f‘ ta&aself-hostmg compller '
3. An initial n : "'versmn of the compﬂer is generated in a different
4 .»A compllens charactenzed by three languages
a Source 1anguage (S) Y
b. Targetlanguage (1) &
] Implementatmn language (1)
.
% TIC;Z ;j;)resents a compiler for Soume S, Target T, implemented in /-
1agram show
compileh, n in ?\g 1.6.1 is also used to depict the sameé
S T
I
Fx 1.6.
6. b L

To create a new language L, for machme A:

a. Create Cia compiler for a subset, S, of the desired language, L

using language A, which
assembly | anguage.) ch runs on machme A. (Language A may be
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S A
A
: Fig. 162,
b. Create . Cg , a compiler for language L written in a subset of L.
L A
S
Fig. 16.3.

¢ Compile XC2 using °Cj to obtain Les
L, which runs-on machine A andﬁpﬂf& es
LCA SCA gA

.m"*

&

The process illustrated by the T—diagraiﬁﬁﬁtalled bootstrapping and
can be summarized by the eguatlon . i

LA+ SA=Lt

L S, A
. sl
it ?;‘\\ v
o 3 \s ‘"t{: 4
S
2 S esszons and thezr f
' ] nd Regular Expr ]
State Machmes a e DFA :
h:;t;hcatwn to Lexic al Analysis, Optzmzzatw f 4
Based Pattern Matchers ST
? Write the

Que 1 7 I What do you mean by re
formal recursive definition

gular expressnm

of a regular expresswn-

.41 language that 1s used for
1 Reg'ul expreSSmn is a formulain @ special | e :
. ar
specifying simple classes of Strmlfsf r the purpose of most text-based
bols; 70 ric characters
2. A string is a sequence of sym of alphanume
search techniques, & string ::;sn );nd punctuatlog).

(letters, numbers, Spaces.
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Formal recursive definition

Formally, a regular ex

of regulal‘ expl'eSSion .

pression is an algebraic notation for characterizing ,

get of strings. |

1. Any terminals, i.e., the symbols belong to S are regulal: expression
Null string (A, €)and null set (¢) are also regular expression.

2. If P and Q are two regular expressions then the union of the tw,
regular expressions, denoted by P + Q 8 also a regular expression.

3 IfPand Q are two regular expressions then their concatenation denoteq
by PQ is also a regular expression. | |

4 If P is a regular expression then the iteration (repetition or closure)
denoted by P* is also a regular expression.

5 If Pis a regular expression then P,is are lar expregﬁbn.

gu i gular expres
6. The expressions got by repeated applicatié:ﬁ,.of th&rules from (1) to (5)

over ¥ are also regular expression.

&
3

NFA :
1.

A finite antomata is sai
one possible tra:sliifgd totbe non-dqtermi“iStiC, if we have more than
on the same input symbol from some state.

A non-deterministi i

- ic finite automata is set of five tuples and represented
M= (Q, Z, 8, qO,F‘)

@ = A set of non-empty finite states

Z=A
ST !?e-t of non-empty finite input symbols
9, = Initial state of NFA and member of @

where,
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F = A non-em : ==

pty fi .
RS ot o Inite set of fingl states and

" —"'""‘"_—q()
b(q) a) i ql
~

S
\q'}g
~

Fig. 1.8.1. n

d = It is transition function that takes a state from

Q and an input symbol from ¥ and returns a
subset of Q. The & is represented as

d=Q*Z ule) 529 &
Difference between DFA and NFA : O, !

&

A

1. |Itstands for determlmstlc ﬁnii;e' It \atamis for non- determu:ustlc
automata. o N :ﬁmte automata.

2. | Only one transition 1is. ;)osSIble ‘More than one transition is
from one state to anather on | possible from one, ﬁ:hte to

same input symbel A \g‘ “ | another on same mpnt symbol.

3. Transition fanctlon 8 §§=\wntten

5. |DFA cénnotf.be converted into @ \Ecan he converted into

, + a

ExamPle H DF A for the language that contams the strmgs ending with
Oover X = {0, 1}. Sy _ \ ‘

Start —

Fi‘ 1.8-2- :
| the strings in W
(a, b}

hich the third”
NFA for the language L which accept al
symbol from right end is always a OVer L=

a,b

a, b
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%;e 1.9. | Explain Thompson’s const

;_\Answerj

Thompson’s construction | |

1. Itisan algorithm for transforming a regular expression to equivalep;
NFA. - ' | -

9. Following rules are defined for a regular expression as a basis for th,
construction : e
i The NFA representing the empty string1s:

Boit

E - ;
i. Iftheregular expressionisjust a character,thus a'can be represented
as : Lo g N

o
S

sented by a choice of transitions from

a node thus a | b cani'be represénted as :

V. . The Kleene closure my

For example ;

Construct NFA for , — (a|b)*q
For r,=a,

| start -
' a
For r =b, g \“@‘ —’@

2
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The NFA for r, = (ry)*

i hodology.
by using Thompson’s construction met
'.A,.nsw'gi —I

*h+
i ; g b+a
Given regular expression : a + ab

Steph . Oql a + abb + a*b .
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Que 1.1 ]T] Describe the relationship between finite state machines Conetru

and regular expressions. Discuss how regular expressions are used For
in lexical analysis and pattern q;atching.

AKTU 2023-24, Marks 10

For

1. Finite state machines (FSMs) and regular expressions are closely related
in formal language'theory. - o o

2. Begular expressions provide a way to describe patterns in strings, while op
Binite state machines are used to recognize these patterns.

An FSM canbe constructed to match any patterndescribed by a regular

expression, demonstrating their equivalence in expressive power.

Regular expressions are extensively used in lexical analysis

and pattern matching in the following ways :

L Lexical analysis ; -
a

For r

| The N}
Regular expressions define the patterns of tokens in the inpu!

stream of a programming language or any textual data.

b.  Tokenizers or lexical analyzers use regular expressions to recogniz
and extract tokens such as keywords, identifiers, literals, and
symbols.

€. By defining regular expressions for
analyzers can efficient)
units.

2. Pattern matching ;

a.  Regular expressions
and matching patter

each token type, lgxicﬂl
y segment the input stream into meanin

& . ) " ’ h
provide a powerful mechanism for searchifé Finally
ns within strings or documents.

i
|
i
|
i
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—
b. -App lications like text editors, search engines, and data validation
tools use regular expressions to locate ] ‘
pecific substrings ¢
¥ fana ngr or patterns

¢. Regular expressions are used in pattern matching operations such
as finding all occurrences of a pattern, searching for patterns with
variations, and extracting specific portions of text that match a
pattern.

E“el 12‘.1 Given a regular expression a(b|c)*, construct the

corresponding Non-deterministic Finite Automaton (NF A) that
recognizes the language described by the regular expressmn

AKTU 2023-_24, Marks 10

Construct NFA for r =a(b/c)*

Forr, =a, F N 4 ‘ '
Start :

Forr,=b, T4 W

F_ﬁr rg=

Forr, = fbfc;"

The NFA for r, = ()

_ ”
Finally, NFA forrg=ryo- re= a(blc)
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&

—

sed in this conversion.

Answer |

Conversion from
Suppose there is an
Then the DFA D < @', Z, ¢
Step 1 : Initially Q' =9
Step2:Addg,to @'

Step 3 : For each state in
symbol using transition fun
itto@". : - N
1%&3)4 : Final state of DFA will be all states which contain ¥ (final states:

Que '1"_14?;_":_ Constr

NFA to DFA : My 4
NFAN <@, %, G 5, F > which recognizes a language|

5/, F* > can be constructed for language Ls:

@', find tl:;\e‘ po§SiBle set of states for each inp:
ction of NFA. If this set of states is not in @ adi

ctthe minimized DFA for the regular expressi”

Answer

Given regular e rqg@’sion: (0 + 1)*(0 + 1)10'~-- “ Vel

NFA for given regular expression :

[+ & can be neglected s0 €1 5
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Now, we.convert above NFA int, DFA -
Transition table for NFA . ‘
SR R e
T —————— e
—>q, q,9, 9,4,
" : 3
e 9 b
9 ¢ b
- Tranmsition table for DFA .
Sz 0 i Let
4 9193 9,95 g asA
9,93 9,95 9,944, 9,9,asB
*q1q3q4 91939 N:% | . 9,9;9,asC
9,939 993 | q1q3q4 - q91939;as D
Transition diagram for DFA:. .

.? ; - A 3 BV\- \\: : .‘g.:-.;%:::ﬁé;\'— B \
B CRN'E
T
C n
 Set-2: It consists of final state rows.
| *D B
No two rows are similar.

So, the DFA isalready minimized,

©0+1)*©00+11)(0+ 1)*

Que 1.15. Construct the NFA and DFA for the following regular
expression.
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Now, we convert aho

[ﬂtr()dla( tion‘to Compil,,

e

3 _:.?an :1:

. [-*. ¥€can be neglected, so, 9'4 =gy =qy= G5l

NFA;to DFA

'l‘ransltmn table fo
8T 0 1 ]
| 3 >qy ; Qs Qs
Y AN A
Transition table for DFA; * g@ '
vt o AP ST
(e 99 9149y qq asA
9y Qg S P, - — |
~ ; | 90 9 4 9 9 q,9¢ 88 B
19 I | ' |
e Y4 4 4. Qg 4y 9,9585C
: 1) 6 ik -
| ! 91 49 q 4 94 q as D
g, qs’q — f Q]_l QG’ Qf L
o 9196, 7 91 929 r E
1" 98 9 dy> 9g» Qfaf_/J
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Que 1.16. l How does finite automata useful for lexical analysis ?

~ Answer ] |
= . - Lo i 5 J
1. Lexical analysisis the process of reading the source text of a program
and converting it into a sequence of tokens. Y
9. The lexical structure of every p:qgrg;ﬁming‘léhgﬁ’age can be specified
Pyta regular language, a common way to implement a lexical analyzer
isto: : PN S
a. Specify regular expre“ssions for all of the kinds of tokens in the
language. i 9 gt '
b. The disjunction of all of the regular expressions thus déscribes
any possible token in the language. N e
c. Convert the overall regular expression specifying"éll.pbs'sible
tokens into a Deterministic Finite Automaton ( DFA).
d .Tré,nslate the DFA into a program that simulates the DFA. This
~ programis the Jexical analyzer. : J
3. This approabh is so useful that programs called Jexical analyzer
generators exist to automate the-entire process.

Que 1.17. | Write down the regular ‘
1. The set of all string over {a, b} such that

is a. -
9. The set of all string over {0, 1} such that eze
consecutive symbol contain at Jeast two zero-

e@réééion for
fifth symbol from right

ry block of four

Answer . R
1. DFA for lall strings over (@, b} such that fifth symbol from rlbg)ht isa:
Regular expression ! (a+b)a (@ +b)la+t b) (@ +b)(a+

1)0 + (0 +1) 000 +1)

2. -Regular expression :
| 1) (O +
0+1)+0(0+ 1)0+(0+1)(0+1)00]

(0060 + 1) (0 + 1) 00 + DO +(0+1)0(0+
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alent DFA and hence

ing NFA to eaui¥
tes in the DFA.

Que 1.18. ] Convert follow

minimize the number of sta

a.c

Fig. 1.18.1,

Answer
Transition table for e-NFA :

- 3B
g

1 gy g,

Transition table for |

{qoa QP Qz} {qﬂ’ ql’ q2} .

[ ——
k]z} ¢

oa9) =4 T
{ql’ Q2] =B f
{Q:zl =C

e for Ny ,
T} A e _
TR
N TN

lq;, a) | [‘10» 945 |

Transition tab]

.
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T,-ansmtm table fm- DFA :

- ok . b g 0
A A T‘L“T
e A C A
C N n .

Q0. DFA is given by

i ,:\, \ \
m\\i& “Q&\\\\XB\ :
oL

- [

Regular expressmm w1th odd number of a an\ :
ER'.E = (aa + N (ab;\% b ) ((% bb)*

P
e )

- Implementation of Lexical Analyzers, Lexzcal Analyzer Generator,
LEX Compder. b1 ‘

Que 1.20, | Explain the implementation of lexical analyzer.

Lemcal analyzer can be implemented in f'ollowmg step:
L Inputto the lexical analyzer is a source program.




Introduction to Con, bile,
1-22C (CS—Sem-f;l—-’/ B
it scans the source program,

| t buffering gcheme, ‘ |
e d to represent the input patterns.

rted into NFA by using finite automat;,

-

3. Regular expressions are use
4. Now thisinput pattern is conve
machine. - _—

i ‘ are ; ,
This NFA are then converted into DFA and by ting

different method of minimiz_ation.

6. The minimized DFA are used to recognize the pattern and broken intg

lexemes. ‘
Each minimized DFA is associated with a phase in a Programming

/2
language which will evaluate the lexemes t?at r.nabch.t.he regular
expression. ' & “ln,

Regular exp;resswﬁ . _#
Finite automata |
Input program «—| L 1 aﬂalyzer _yp-\Nokenized
4 . { . ’ output file
| Symbol table

gn of compiler

Phasesg of Compiler, The lexical

’ Vmus tool
bool called LEX 8 are used to automate the

analysig phage can be automated using 2

generat :
4, iy ated with the help of regular expressions
X program in C nding the tokens ag
5. LEX Scansr . Compared to handwritte?
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programming language. nalyzer is done using LEX

The LEX specification file can be denoted usin

pronounced as dot L). g the extension .1 (often

For example, let us consider specification file as x_|.

This x.1 file is then glven to LEX

compil
in Fig. 1.22.1. This lex. yy.cisa C p,.g;f;ffvfl‘;"‘??ﬁe I""X Yy cas shown
analyzer program. |

Lex specification
. file

x.1.

and the lex.yy.c file’ comusfs' of the tabular representa i
transition dlagrams constructed for the regular expr&ss: n.

expressmn.,, .

These actlons are Blmply the pieces of C code i;at a}fg-.&iiectly carried
over to the lex yy- c.

Finally, the C compller compl.leé this éeneréted ~féx.yy.c-and produces
an object pmgram a.out as shown in Fig. 1. 22 2.

1ven ‘to a out then sequence of tokens

When some input stream is g

gets generated. The described scenarm is shown in Fig. 1.22.2.
lex.yy.c‘. C' aout
compiler | gyecutable program]
Input Stream of
= a.out
strings from tokens

source program ' '
Fig. 1.22.2. Generation of lexical analyzer using LEX.
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poqcSSem®

ey | arts
Aﬁl EX prni‘mm consists of three pa
%

Declaration section

% )

% %

Rule section f

% %

: Auxiliary procedure sgct.ioﬁ
L Decla;iﬁon section : F;
a. Inthedeclaration section, kd;,;_et_::iér\ati_on of variable constants can be
done. P T |

b. Some regular deﬁm

¢. The regular defii
expressions. &

2 Rule sections

s can-also be written in this section.

re basically component&f of 'regular

i

a The ruh;gctltéé‘i:bnsists of regular expres: ansthh associated
actions. Thy 8¢ translation rules can be given in the form as :

R, laction } . P, :

L
Whereeach R gy 0
| | 18 8 regular ey .
fragment dos i BUAT eXpression
: scrib .o8810n and eac ion. is‘a
régular ex . ,Lr‘l.blng What action ig to pe h action, isa progra®
Pressiop. taken for corresponding

b.\ Theg ;
Thege actiong cap be speci

3 Auxili flﬁd b i
a “;nmry Procedurg sectio 7 Pieee of C cay.
bythe g mn:‘HUthep oc \
b, oy actions in the rule ::tlg,? are defined which are required
Sﬁction C - . .
; | Onsistg of two funct; i

g

N
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-6“9 1.24. l Write a LEX program to identify few reserved words of C
language.

Answer |

%|

int count;

/*program to recognize the keywords*/

%)
%%

[%\t] + /* “4+” indicates zero or more

auto | double | if| static | break] else |’ int | struct | case |
enum | long.| switch | char | extern | near | typedef | const | float |

register| union | unsigned | void- fIA_:'f;‘vhirlé | default
printf(“C keyword(%d) :\t %s’.";éi_)u_rlt,Yytékt);

[a-zA-Z]+ { printf(“%s: is 0 he keyword\n”, yytext);

%% BE '1,,\ -P‘E f,‘ 5
S ' =T X e
. y e ?’*\ ; .,7. A
main() F A Y g ..
yylex(); S
' ; &2 g
o S :

Que 1.25, l What are the vaﬁ(;.'qs:]';EX- agtions that are used in LEX

Programming ?

ewer l ; mmin
There are following LEX actions that can be used for ease of progra g
using LEX tool : s
1. BEGIN: Itindicates the start gtate. The lexical analyzer starts at s
0.
2. ECHO: It emits the input as it is.
3. yytext():

a. yytext is a null terminated string that stores the lexemes when
lexer recognizes the token from input token.




Introduction to Cg mpi,
. jr

Wﬂuﬂd the c()nt;(}fltﬂ of yyte)(t are replach by
R 1 S

b. When new token i
: new token. | | ) -
() : This 18 AN important function. The function yylex() i5 call
4 yylex(): IhE

o program.
‘g the source prog
starts scanmng
when scanner

5 yywrap(): |
The function yywrap() i8 called when scanner encounter end

file.
b. If yywrap() returns 0 then scanner continues scanning.

a.

¢ Ifyywrap() returns 1 that means end of file is encountered.
6 yyin:Itisthe standard input file that Stores_,(jgxput source program,
7. yyleng:yyleng stores the length or numbea' o_f cl}ar%gtérs 1n the input

.
@ b
o

Que 1.26. ] Explain the term token{lexemeand pattern.

o DR LR s
. N
Y % Z
R E 2
Answer Y Y
' i Gl
= " Vg L (5
74 ”
254
Token : g »
/’ r“,,' (i 7 /
h:///"'k, 47 A

L A token is a pair consisting of at

4%
/,:/

| oken name and an optional attribute
value. 7 %

7 oy
- The token name is an &k
. o, . VII?;S’::z /a,,.
Ilnlt. A G i

2.

27 ‘ K
3. Tokens can c;e ' C R N, |

Ppunctuation syrabol 1ers, keywords, constants, operators and
. ymbols such as commas and parenthesis

&

f I%g ,"’ ;";’f\/ v;jg’

o
ol
i3

£

acters in tha ng‘ce program that matches

te Hentified by the bxiea} ang yzer as an instance of that toke?

s .A Pattern i n
1B a Yiry 4
oy deﬁu.nptwn of the form that the léxemes of a token may
2.  Reg ‘
gular €Xpressig
s ns play an Important role f; ng pattern
iy € tor specifying patterns
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—
¥ | PART-5 [, | 1 O
Formal Grammars and their Application to Syntax Analysis,
i BNF Notation. |

Que 1.27. I Describe grammar.

Answer ]

A grammar or phrase structured grammar is combin

ation of four tuples and
can be represented as G (V, T, P, S). Where, _ W

£

1. Vs finite non-empty set of v_ariables/non-terminéls.; Generally non-
terminals are represented by capital letters like A, B, C, ...... X, Y, Z.

2. Tisfinite non-empty set of terminals, sometimes also represented by X

- or V. Generally terminals are represented by a, b, ¢, x, y, z, a, B, yetc.

3. Pisfinite set whose elements are in the form a — . Where a and p are
strings, made up by combination of Vand Ti.e., (VU T). a has at least
onesymbol from V. Elements of P are called productions or production
rule or rewriting rules.’ ’

4,

S is special variable/non-terminal known as starting symbdl.
While writing a grarnniar, it should be noted that VAT = ¢,i.e., no terminal

can belong to set of non-terminals and no non-terminal can belong to set of
termingl’*siies, L : ;

QueA 1.28. Wl;at is Context Free Grammar (CFG) ? Explain.

‘Answer

Context free grammar :
i

2.

A CFG describes a lang'ué,ge by recursive rules called productions. -

A CFG can be described aga combination of four tuples and represented
by G(V, T, P, S).

where,

V- set of variables or non-terminal represented by A, B, ...., Y, Z.

T— set of terminals represented by a, b, c,
=% ,(,) etc.

S — gtarting symbol.
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P - set ofpt'm'luctw"‘s CFG must be in ‘;‘qirom of A &> a, WhemAlt
’ m:hr&d :nc:l‘ ?nnn: ::::13 of symbols (V'
4 vP'I‘hm:emllmple of CFG is:

G=(V,T.PS

where V = (ELT = (+,%,6) id)

- (E) and production P is given as :

E->E+E
E->E x E

E - (E)
E >5>id

Que 1.29. | Explain formal
analyzer.

Answer ‘
1.

A

Formal grammar rep DI
with the use of prog

.

The syntax analyzer has

them in such a way that so

After groupmg the tokens
n syntagtic error will be

This overg]) Process i 15 calle
This syntay

oSe: ts& #pecxﬁcataon of
-uctlm{xuies

\\»

ally checks the sy m\\ of ﬁm imlgaag‘e
A syntax ana.lyzer takes the tokens from the le
me progr mmmng

In CMQ

am&i& apphcatmn to syntax
-

*

pms:r‘mmxmg M"&‘

‘mh% smm and groups
s&mctm\*e &\ be reeogmn‘i

if at al) any wym
generated\ W

d

&

&& mumot be remgm“d'

syntax ¢ &.heg.kmg of the language.
in the compiley b\'

writi g the s \;xmﬁcam“h'g

ntax of the progn\mmm‘

T

i ¥ ‘«W‘\\.‘\‘ww \t\k\\\w\%\\\\

Ly &Y s W

e il e il ;\NM&@WW i
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L= {akbnlk?2n 1)
CFG1s given by
‘«q -3 4481
S‘l“—’ ﬂGS']hl.r;
A aAla
Que 1.31. ! Write short note on BNF notation.

BNF notation :

1 'The BNF lBac}(uS-N aur Form) is'a notation technique for context free
grammar. This notation ig useful for specifying the syntax of the
language. w

2. The BNF specification is as :
<symbol> : = Expl| Exp2| Exps3...

Where <symbol> is a non terminal, and Expl1, Exp2 is a sequence of

svmbols. These symbols can be combination of terminal or non

3. Forexample : | e X\\
<Address> : = <fullname> : “” <street> “” <zip code> 7 -\
<fullmeme> : = <firstname> “~” <middle name> “*:

5y

urname>

.

<street> : =<street name> “,” <city> . . &

We can specify first name, middle name, ghrnam9
and zip code by valid strings.. ¥ A

& The BNF notation is more often 'iii’Jn-fol‘miéi and in human readable
form. But commonly used notationsin BNF are :

a2  Optional symbols are written with square brackets.

P

, Street name, city

b. For repeating the symbol for 0 or more number of times asterisk
can be used.

For example : {name}*

. For repeating the symbols for at least one or more number of
times + is used. -

For example : {name)*
d  Thealternative rules are separated by vertical bar.

e. The group of items must be enclosed within brackets.




grammar is ambignous
be moved to the next line, ¢€

Answer ]

A-WSpaM

s at least one string1n L(G) having

Proof : Let production rule is given as:

E > EE+
E — E(E)

Parsetmeeforid(@d)id‘g-is

ar: Acontextfreegrammﬂl' '

& -
g o
N
o
Vs ;_..
/.“ﬁw
L
k-
.
= 4
S
=
-

Only one pal‘se m

50, theglvengranlmar

munambm S
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e

B-ob

Let us generate string aab from the given grammar. Parse tree for generating
string aab are as follows : ,

\B A/S\B-
AN

a

Here for the same string, we are getting more t
grammar is an ambiguous grammar; .

The grammar

1s an unambiguous gras
one parse tree for strin

Que 134'] Check whether given grammar is_ambig'uoﬁs or not. If
ambiguous then convert it into unambiguous
E—-)E-l-EIE"'EIid. 20~

OR
- Check whether given grammar is ambiguous or not. If ambiguous
then convert it into unambiguous grammar :

E-SE+E | E*E|id.
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Introduction to Compﬂer

Answer
E->E +E|E*E|rd

For string id*id + td -

PERN

E + E E
1IN |
ST

id 1d

id g

—

/\\
/I\

f l

. 10

Here for the same string, we are gettmg more than one parse tree,

Hence, grammar is an ambiguous grammar

For unamblg'uous grammar apply nght recul‘anm as:

ESE+T

E->T

T->T*F

T->F &
F-id e

Now, this grammar has only one parse tree for string id*id + id

E
&
a2
T 1 F
\ e
F id

|
id

Quel.35.1 Write short note on 3
L Context free grammar
ii. YACC parser generator

OR
Write a short note on YACC parser generator
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Anﬁver 1
i. Context free grammar : Refer Q. 1.28, Page 1-27C, Unit-1.
ii. YACC parser generator :

1.  YACC (Yet Another Compller Compiler) is the standard parser
generator for the Unix operating system.

2. An open source program, YACC generates code for the parser in
the C programming language.
3. ItisaLook Ahead Left-to-Right(LALR) parser generator, generating

a parser, the part of acompilerthat tries to make syntactlc sense of
the source code. N ;

| PART-7 |
The Syntactic Speczﬁcatwn of Programming Languages Context

Free Grammar (CFQG), Derivation and Parse Trees, :
Capabdmes of CFG

Que 1.36. I Defme parse tree What are the condltions for

constructing a pam treefroma CFG? = ¢
Answe:_ I f' _ 7 by MR
Parsetree: . . g - . ' }& . ,v 7

1 Aparse tree is ap ordered tree in which’ han& mde of a production
represents. @ went node ang,&’lnldre;;
pr OdMﬁnght hand 31de, i,

2. Parse tree is the tree represen bation o a Context Free. Language
(CFL) from a given Context Free Gra.l:[nnar (CFQG). These types of trees
are sometimes called derivation trees.

Conditions for constructing a parse tree from a CFG :

i  Each vertex of the tree must have a label. The label is a non-terminal or
terminal or null (g).

The root of the tree is the start symbol, i.e., S.
i The label of the internal vertices is non-terminal symbols e V.

iv. Ifthere is-a production A — X, X, ... Xy . Then for a vertex, label A, the
children of that node, will be X X Xy

B2




i
]
]

A vertex 7t i

V.
symbol € y or null (6).
¥ : F G ?
Eue 1.37. l How derivation is defmed in CF
Answer I
1. A derivation 18 & gequence of tokens that 1s used to find out whether a
| sequence of string 18 generating valid statement or not.
9. We can define the notations to represent a derivatiqn.
3. First, we define two notations = and -—C:; :
4 Ifa—>pisa production of P in CFGlan'-
(Vn N Vt)*’ then ’ . “Q \
ook = apb. Be, o
5
: v
are string i
. s rmgm(Vn th)*’ m > Jand
1 m =79
7. Then

ves by

Replace £, g 4 B
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—>id * E + E (Replace E — id)
—id * id+ E (Replace E — id)
—>1d % id +id (Replace E — id)

Right most dgrivation :Aderivation S — s is called a right most derivation
if production is applied only to the right most variable (non-terminal) at

every step.

Example : Let us consider a grammar G haviﬁg production.

E>E+E|E % E | id.

A

Start with production
E-SE x E

(Replace E — id)
(Repl'ac'e E —id)

Context free grammar is useful to de

Ianguaggis% i

s 7

2. If the gramxﬁar 18 propei'l
constructed automatically.

3. Using the features of associatively
grammars for expressions can be constructed.

e of describing nested structures like :
-end, corresponding if-then-else’s

“and precedence information,

4. Context free grammar is capabl
balanced parenthesis, matching begin

and so on.
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‘ FRY [MPORTANT QUES’HONS |
-Fn?;;u:;n;;;;rmm are very impaﬂaﬂt These guestwn 5 |
may be asked in your QESSIONALS as well as
o :mvm *mf EXAMINA TION

Q.1. Explain in detail the process of compilation. Illustrate th,
output of each phase of compilation of the input
“a=(b+c)*b+c)*2". |

- Amx Refer Q. 11.

Q.2. What do you mean by regular expressmn ? erte the formal
recursive definition of f reg'ular expressmn.
AEE Refer Q. 1.7. 2 :

example.
. Refer Q. 1.8.

MQiu

Q'G Ik‘cﬂbe mmmar,

Q 7. Wnu ﬁhort
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A%SE Refer Q. 1.33.

Q.9. Write short note on :

i. Context free grammar
ii. YACC parser generator
OR
Write a short note on YACC parser generator.

Asg Refer Q. 1.35.
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PART- 1

Basic Parsing Techniques : Parsers, Shift Reduce Parsing.

Que 2.1. 1l What is parser ? Write the role of parser. What are the

most popular parsing techniques ?
OR

Explain about basic parsing techniques. What is top-down parsing ?
Explain in detail. v N

Answer ‘ | " ?*:., '

A parser for any grammar is a program that”*takes as mput string w and
produces as output a parse tree for w. N

Role of parser:

1. The role of parsing is to determme the sy'ntactlc validity of a source
string. /f N ‘5-.”\7J

ﬂ.\ Lt

2. Parserhelps to report any syntax e;n:ors and recover from those errors.
3 Parser helps to constr t p&x‘se tree and passes it to rest of phases of

w, , that start from the root (or start symbol), and
& create the nodes in pre-defined order

i In top-d -ﬂ OW parsing, the input strmg w 1s scanned by the parser

T AT

from ’, t to right, one $Ymb°1/t°ke*-“;

c. The left-most denvatlon generates the leaves of parse tree in left
to right order, which matches to fzhe input scan order.

\’:} —,w-'r,,_,..

d In the top-down parsing, par 'mg decisions are based on the
lookahead symbol (or sequence of symbols).

2. Bottom-up parsing :

a. Bottom-up parsing can be defined as an attempt to reduce the input
string w to the start symbol of a grammar by finding out the nght-
most derivation of w in reverse.

b.  Parsinginvolves searching for the substring that matches the right
side of any of the productions of the grammar.

¢.  This substring is replaced by the left hand side non-terminal of the
production.
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Compiler Dein g prodocionty BEIET
1

d. Process of replacing th“ riigl?:? "
non-terminal i8 called "T€
| reing. What are bottom-up
Qnezzq PDiscuss bottom-up pa
. ques 7

parsing techni

Answer ]
Bottom-up pa
Bottom-up parsin

L Shift-reduce parser: ¢
a  Shift-reduce parser attempts to construct pal’s

to root and uses a stack to hold grammar sym OIS
ng the input sy f)ols ntothe stack until a

p of the stack.

it-2.
rsing : Refer Q. 2.1, Page 2—?0, Uni

g techniques are : )

1‘:

e tree from leaves

b. A parser goeson shifti
handle comes on the to

c. (When a handle appears ¢
reduction.

on stack

. top

4 LN
¥ i3t
&

| er performs following bagic operati
10NS :

L Shift
i Reduce
w.  Accept
9 W.. Error
LR parser

. i e 1
& Lstands for gy " C2lled LR(k)'pa arge class of context free
b. R stands f, eft toright scanning rsing, Here
or rlght_ .
C. most
k is number of iInput sym:o‘:r“’atlon In reverse
8.
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Basic Parsing Techniques

Que 2.3. | What are the common conflicts that can be encountered
in shift-reduce parser ?

Answer I

There are two most common conflict encountered in shift-reduce parser :

L

2.

Shift-reduce conflict :

a. The shift-reduce conflict is the most common type of conflict found
in grammars.

b.  This conflict occurs because some production rule in the grammar
is shifted and reduced for the particular tokej:é at the same time.

c. Thiserror is often caused by recursive grarm’ﬁar definitions where
‘ the system cannot determine when Qf é rule 18 .complete and
another 1s just started. '

Reduce-reduce conflict :
a A reduce-reduce conflict i 1s gaug’

b. When this happens, ,tﬁe
program can be 1nter1ﬁteted ngm'e than one Way A

W

[ PART-2 |
Operator Precedence Parsing. .

3
#:-.‘*-’

Que 2.4. I Exp"iam operatov

Answer .

1

A grammar G is said to be operdtor precedence if it posses following

' properties :

a. No productionon the right side is &. o |
b. There should not be any production rule possessing two adjacent
non-terminals at the right hand side.

fine precedence relations
nce parsing, we will first de
I<n OP:;ZW: Il;:ifwe;i:n paﬁ' of terminals. The meanings of these relations

are.:
p<-q p gives more precedence than g.
p=q p has same precedence as q.

edence over q.
p>q p takes prec
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) Compilor Desigh -
TN A ——
For example : .
gsions

Consider the grammar

for arithmetic expre

E — EA | (B) | -FE | id

Ao+ |-
1
2.

| x 1/ 0°
Now consider the string id + id * id
We willinsert $ symbols at the start and end o
also insert precedence operator by referring
table.
$<~id->+<-id->*<id->$
We will follow following steps to p
4 Scan the input from left to right until firs

b.  Scan backwards over = until < - 1s encounl

.

f the input string. We will
the precedence relation

arse the given string
. > is encountered.

red

ninals.

i d at the
sprecedence
—— operators.” . .
T
£ T atgi@ s surrounded by

S ..>_ R
| reduce

L
dicates that * becomes
- At means, we have to
* E operation first.

o .
- es handle. He

Ean

uate £ + E, =
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a| (|)] ;1%
A > > >
(<<=<
) >| > >
il <] < > >
$| <! <

Answer l
Algorithm for computing precedence function :
Input : An operator precedence matrix.

Qutput : Precedence functions representing the mpl.ﬁ mm ofan mdwanon

that none exist.

Method :

L
9

3

Create symbols f_and g_ foreachat&tls a"mmal or $.

Partition the created symbols into as m: ““‘“_* rgroups as possible, in such a
way thatif ab, then f, andgb are mthe same group

Create a directed graph whwe ﬁﬁes are the groups found in step 2. For
any a and b, if a <. b, place ge from the group of g, tothe group

g8

of f.Ifa .> b, placeanedgéﬁnmthegmupoff tothatofgb

‘upofg,letg(b)bemelength'
Th&ﬂ there exists apreceden ion.

From the precedence graph, the precedence function using
algorithm calculated as follows :
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arsing algorithm. Considey

perator precedence par

Que '2.‘6. ‘- Give 0

the following grammar and bunld.up oper
parse the input string (id + (id * ld)c;
E->E+T|T, T > T*F|F, F-(E|i

ator precedence table. Also

Answer ‘] L Pl
orl Rah "
Operator precedence parsmg alg
Let the input string be al, a2,....., an $. Imtlally, the stack contains §. .
1. Set p topoint to the first symbol of w$. N
9. Repeat: Let a be the topmost termmaisymbol on the stack and let b be

the current input symbol. - .

i, If only $ is on the stack and only $ lS tbe input then accept and
break. . .
else
begin . . ,

i Ifas>borazb then slnft a onto the stack and 1ncmment p to next
input symbai* & v | -

iii. else 1f < b t\h%n reduce b from the stack

N ‘_)
-‘\‘N ¥

g o« pop the S%ack
v, ~ Until the top stack termma_l is relamd by > tothe terminal most
recently p@g@ed 2, .,
else
vi. Call the error correctingf'ﬂ_j_
end '
Operator precedence table :

* ) id o
+ 1> < < o AR
*lo o 2 o
[ & e s o
N PR
id|> > . X
$|< < < &
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Parsing :
$(<-id>+(<-id->*<-id - >))$ Handle id is obtained between < - -
Reduce this by F — jd
F+(<-id->*<-id- >))$ Handle id is obtained between < -
Reduce this by F - id
(F+(F*<-id: >)$ Handle id is obtained between < - -
Reduce this by F - id
(F+F*F) Remove all the non-terminals.
(+(*))

Insert § at the begimming and at the
end. -

Also insert thef precedence operators:

$l<-+->(< *-5) 8

The * operator ig surt‘ounded by < : 4>,
This mdicates that * becomes handle.
| ;That n eans re'have to reduce T*F

:Now + becomes handle. Hence we
‘ievaluate E+T.

Parsmg is done.

Given grammar :
P> SR|S

R - bSR|bS

S - WbS | W
WoL*¥W|L
L—id

The given grammar is not a operator grammar. So, first we convert the
given grammar into operator grammar.

P> SbSbS|S
R > bSbS|bS
S WbS|W

WoL*W|L
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L —id .
Operator precedence table :
b « id $

b - o> < >

dle o - <
$le <« < -

dence function table : To construct the table, we first have to create
edenc |
g:::dence graph for operator precedence table.

Precedence graph :

Function table :

* |id

bi*|id|$
fl2 210
3 0

 [rarTa

 Top-down Parsing, Predictive Parsers.

)

Quez.é, ]

What are the prolil;g:ﬁs Wlth top-down parsing ?

What is top down parsing ? What are the problems in top down
parsing ? Explain each with suitable example.

Top-down parsing : Refer Q, 2.1, Page 2-2C, Unit-2.
op-down parsing are :
Backtracking -

- ®
a. Backtrackingisa techniq

ue in which for expansion of non-terminal
symbol, we choosge alter

i native and if some mismatch occurs then
we try another alternative if any. ~
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b. If-for a non-terminal, there are multiple
with the same input symbol then to get
need to try all these alternativeg.

Basic Parsing Techniques

production rules beginning
the correct derivation, we

c. Secondly, in backtracking, we need to move some levels upward in

order to chec.k the possibilities. Thig increases lot of overhead in
implementation of parsing,

& Henf:e,. it becomes necessary to eliminate the backtracking by
modifying the grammar. |

2. Left recursion :
a. The left recursive grammar is represented as :
i .
A= Aa

+

b. Here = means deriving the input in one or more steps.
c.. Here, A is anon-terminal and o denbte“s‘ﬁsomq:ihput string.

d Ifleft recursion is present in thegrammar then T T —
can enter into infinite loop. =~ . | -

Ty

ursion. . o
down parsing and therefore

a

- | Fig. 28.1. Left re

e. This causes major problem in tep-
elimination of left recursion‘is mu

3. Left factoring : N

S

a. Left factoring is occurr"& When itis not clear thlat which of the two
alternatives is used to expaxgd tya non-terminal.  aes
b. Ifthe grammar is not left factored then it becomes difficult for the

parser to make decisions.
Que 2.9, I What do you understand by

recursion and how it is eliminated ?

Answer ]

left factoring and left

Refer Q. 2.8, Page 2-9C, Unit-2.

Left factorin d left recursion : _
e e ROV ing scheme :
Lth factoﬁng can be eliminated by the following
2. In general if .
general 1 .Iaﬁnlyll...l‘}'m

A—-)aﬁllaﬁz l"
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T~
ger to take adecision whethe,

is a production then it is not possible for par

to choose first rule or second.
b. Insuch situation, the given grammar can be
Ao ad 1]l
A > [31|[32|...|[5n
an be eliminated by following scheme :

left factored as

Left recursion ¢

a. Ingeneralif '
A > Aa,|Aay |- |Ac, | By 1By 1By

where no p, begin with an A.

b. In such situation we replace the A-productions by
] [ / A
’ ’ ' ' // g
Que 2.10. | Eliminate | By D
ue 2.10. | Eliminate left rsi 1/%@ pHowi
4 . recursion fro %élfo%lng grammar
oW //’? i
%

SB|bB

'/’:/.- / e
D Pl e
R B— ABAla . ", ~
B> BABBA|bBAL
Q‘,—/A&!;b. BA;;‘Q
s,
B > bBAR' |
B’ > ABBA B’ | €
A - BS |la '
A - SAS|aS|a
A AB :
ﬁAA_B | az[;&B |§
i 2

A aABA' |aA’
A'—> BAABA' | ¢
. €
The production after left recursion is
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S > aSB S |bBS'
S'> ASB & | &

A - aABA’ |aA’

A" BAABA' | &

B > bBA B |aB’

B'— ABBA B’ |

wQue 2.11. ] Write short notes on top-down parsing. What are top-
down parsing techniques ? -

Answer ] ;
Top-down parsing : Refer Q. 2.1, Page 2—-2C Umt~2
Top-down parsing techniques are : :

1. Recursive-descent parsing :.

L

2 Pred1ct1ve parsmg

L

a
iii. The stack contains a sequence of gr

A top-down parser that executes a-set ef recursive procedures to

_ process the input without backtr_acklng is called recursive-descent

parser and parsingis c cursive-descent parsing.

The recursive proced res can be easy to write and fairly efficient
if written in a languag’”gthat implements the pro' dure call
efficiently. = .

Predictive|
han parsing [ Output

program

Stack

bt Ol ad e

Parsing
Table

Fig. 2.11.1. Model of 8 predictive parser. |
mmar symbols with $
k. Initially, the stack contains the

indicating button of the stac eded by $.

start symbol of the grammar prec
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table is a two-dimensional.array M [A, a] where ‘A’ig
land ‘@’ is a terminal or the symbol $.
rogram that behaves as follows -

bol on top of the stack, and ‘a’ the
rmine the action of

iv. The parsing
a non-termina

The parser is controlled by a p

The program determines X sym
current input symbol. These two symbols dete

the parser.
vi. Following are the possibilities :

a. If X = a= $§, the parser halts and announces successfu]
completion of parsing.

b, IfX=ax$,the parser pops X off the stack and advances the
input pointer to the next input symbol. - -

c. _IfXis a non-terminal, the program consults entry M[X, a] of
the parsing table M. This entry will be either an X-production
of the grammar or an error entry. T

Que 2.12. Diffg_arentiate betweei}i;tgi;FﬁQWn and bottom-up parser.

Under which conditions predic_t;ivé parsmg can be constructed for a

P N (‘ ‘
Answer | s U £
R A % R “_.l e
=SS AR L/ Y

S. No. Top-downpmer ok Bottom-up parser

AR |

L In top-down parser lef .Iﬁ--‘b():.tt(.)ijilp .pa;fsei‘ right-most

re ion i e o ) g
— cursmn;s done derivation is done.
3 B Aeivier ia ; — e
3 acktracking is possible. Backtracking is not possible
- | Inthis, input token ar — I
» BAPUL X € po RS it ;
\ joff the,sta,gk. P pped glxe St?;i?@f token are pushed on
4. |First and foll ~—
ow are defined in | First an, 4
| top-down parser. % o g;it?ﬁasspfollow are used in
5. Predichive ‘ o arser.
descent p;);r::r;r;dt!:;lgswg Shift-reduce parser, operator
parsing techniques, precedence parser, and LR parser
ques, are bo_ttom-up parsing tech?lzil(;lsle-
Predictive parsing can b o
holds Tt be constructed if the f
X e following condition

Every gram :
mar must be re .
Eac cursive in nat
h grammar must be left factored Y

Que 2.13. | What are the

e —



BT o e W P P AT | = S

2-14 C (CS-Sem-6)

Basic Parsing Techniques

Answer

Problems with top-down parsing : Refer Q. 2.8, Page 2-9C, Unit-2.
Algorithm for FIRST and FOLLOW ;
1. FIRST function :

1.

FIRST (X) is a set of terminal symbols that are first symbols
appearing at R.H.S. in derivation of X.

Following are the rules used to compute the FIRST functions.
a. IfX'determines terminal symbol ‘a’ then the FIRST(X) = {a}.
b. Iftihere is a rule X ¢ then FIRST(X) contain {e}.

c. IfXisnon-terminal and X—» Y, Y,Y,.. Y, is aproduction and
if eisin all of FIRST Yy .. FIRST (Y ) then

FIRST(X) ={FIRST(Y,) U FIRST(Yz) U FIRST(Y3) . WFIRST(Y,)}.

2. FOLLOW function :

L

FOLLOW(A) is defined as the set of ternunal symbols that appear
immediately to the nght of A :

FOLLOWA)={a | S = Q.Aa B whe}e a and B are some grammar
symbols may be termmal or non-terminal}.

The rules for computmg FOLLOW function are as foﬂows

a. - For the start symbol S place $ in FOLLOW(S)

b. Ifthereisa productlonA — o B B then everythmg in FIRST(B)
without € is to be placed in FOLLOW(B) ‘

c. Ifthereis aproductionA —» a B or A —> o B and FIRST(B)

contain ¢ then FOLLOW(B) = FOLLOW(A) That means
everythlng in FOLLOW(A) is m FOLLOW(B)

Que 2.14. l leferentlate between recurswe descent parsing and

predictive pa:rsmg
Answer l
S. No, | Recursive ' descent parsing | Predictive parsing
1. |'CFG isused to build recursive | Recursive routine is not build.
b routine.
2, RHS of pr-oduction rule is | Production rule is not converted
- converted into program. into program.
3.0 | Parsing table is not |Parsingtableis constructed.
| constructed. . o '
4, First and follow is not used. | First and follow is used to

construct parsing table.




' 2-15 C (US-Bem-4
Compiler Design S e

parse table for thé following

Que 2.15. |Construct predictive

grammar.
E->E+TT

T > T*FF

AKTU 2021-22, Marks 10

F - F/ab

Answer I
E->E+TT
T > T*F/F
F— F/ahb

First we remove left recursion

B PEF

E->TE
E'-> TE/e
T*F/F

T 4%,
p A a P

- T FT.

= FIRST (T) =F
FIRST (E) = (4, ¢) IRST (F)= {a, b} -

{FIRST (F)ue) = {a, b, ¢)
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FIRST (F) = {a, b}
FOLLOW (E) = ($)
FOLLOW (E" = FOLLOW (E) = ($}

FOLLOW (T) = FIRST(E') = {+, $)
FOLLOW (T") = FOLLOW (T) = {+, $)

FOLLOW (F) = FIRST (T = (*,+,$, a,b)

FOLLOW (F) = FIRST (F) = {*,+,a,b,$)
Predictive parsing table : ’

Input symbol
Non-terminal |  + * a $
E
E’ E'—¢
T

parsing table for

A T Rl L
ErN s G REEAEN

, _‘\»\'\}.

Answer 1 4

Given grammar :

A 1AC/OC :

B — 0S

C-1 |
FIRST(S) = {1, €} FOLLOW (S) = {$}
FIRST(A) = (1, 0} FOLLOW (A) = {1, 0}
FIRST(B) = {0) FOLLOW (B) = ($)

FIRST(C) = {1) FOLLOW (C) = {0, 1)
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Parsing ;ib’k_“’_’,,,,- [nput BY mbol |
Nt)n-']‘ermi“ﬂl L—""//l/_—/T_‘
0 /

| g — 1AB , S—>eE

-
— | A-—1AC

A~ 0C
AT L
B — 0S8

Cc—1 7
e. So the given grammar is LI(1)

i

Since, no column has more than one valu

grammar .

[PART-4 |

Automatic Generation of Efﬁczent Pdrsers : LR Parsers, The
| ~ Canonical Collections of LR(0) Items

K 7 "-,/'/.
)

Que 2.17. | Discuss Woaifking of]/LR parser with its block diagram.

Why it is most commonly used parser ?

: " /'7;/":( '/"
Answer y , :
’ o, %‘2, d 7

Working of LR parser : % AN

1. The working of LR parser can be understood iyvusing block diagram as

shown in Fig, 2.17.1.
‘ 2 o AP W A
r’; ar{qJ_ag\'. % | Input tape
5 | | :
m LR parsing
Stack X, | programg ,__.. Output

Sm—l | |

x’“‘l Action | goto

S,

Fig, 2.17.1, quel of an LR parser, '

2. 1 i |
n LR parser, it hag input buffer for stor

storing the

Brammar g
two ymbols, o
barts, namely action ang 8011:1: o

anu(;g the il?put string, a stack for
a parsing table comprised of
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3.

4.
5

L

2.

3.
4.

b. Reduce:If actiohm[Sm’:kcrzi] =reduce 4 - B the

There is adriver program and
the input buffer. This progra
It reads the input string one
The stack always maintainsg

SeX; S X, Sy, X1 S X, S .

where X is a grammar symbol, each S";is the state and S_ state is top
of the stack. "
The action of the driver pro

the current input symbol.
Following action are possible for input a;a,  wwss a,:

a. Shift: [faction [S, , a ) =shift S, the parser shift t'he input syﬁlbol,

a; onto the stack and then stack state S. Now current input symbol
becomes a,, .. & i

Stack  Input
SoX; S, XN X .S X

Am 7.-\‘\ Smai\S, at‘;:l, al+2 ------------ an$

rgads the input symbol one at a time from
M 1s same for all LR parser.

symbol at a time and maintains a stack.
the following form -

gram depends on action (8., a,] where a, is

1 e parser executes a
reduce move using the 4 —» p production of the grammar, If A —
B has7 grammar symbols, first 2r symbols are popped off the stack
(r'state symbol and r grammar symbol). So, the top of the stack
now becomes S _then A is pushed on the stack, and then state
goto [S, A]is pushed on the stack. The current input symbol is

stilla.. __#
Stack & Y Input b
SeX1 8 Xpeooin X, S, FAS CTAPE R I

URNE S 3 S

where, S f'ﬂoto IS, Al - W AN
L Ifaction [S,_, a] = accept, parsing is completed.

i Ifaction [S,, a] = error, the parser has discovered a syntax
' error. . .

LR parser is widely used for following reasons :

LR parsers ean be constructed to recognize most of the programming
language for which context free grammar can be written.

The class of grammar that can be parsed by LR parser is a superset of
class of grammars that can be parsed using predictive parsers.

LR parser works using non-backtracking shift-reduce technique.

LR parser is an efficient parser asit detects syntactic error very quickly.

Qué 2.18, Write' short note on the following :

L LR (0) items

2. Augmented grammar

3. Kernel and non-kernel items
4. Functions closure and goto

;AQBWGI' ]

L LR(g) items : The LR (0) item for grammar G is production rule in

which symbol ¢ is inserted at some position in R.H.S. of the rule. For
example
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S —» *ABC
S > A*BC
S —» AB*C

S > ABC*
enerates only one item S e,

The pfoduction S—eg
2 Augmented grammar If a grammar G is having start symbol S thep
“augmented grammar & in which 8’ is a new start symbol such that

g’ _ S. The purpose of this grammar is to indicate the acceptance of

input. That 1s when parser. is about to reduce S’ —-—>»_‘_S, it reaches tq

acceptance state. Fin,
3 Kernelitems:Itis collection of items S’ — @ S ai all th&iﬂtmns whose
dots are not at the left most end of R.H.S. oftherule.. =

Non-kernel items : The collection of all the ites
left end of RH.S. of the rule. e

4 Functions closure and goto

Pes

: 11@

sin which ® are at the

jwo important functions
etof LR (0) items. |

)

Construction of canonical set of items

Y

Construction of SLR parsing table

'

Parsing of input'string Input
‘ : string

~ Output
Fig. 2.19.1. Working of SLR pars
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Algorithm for construction of an SLR parsing table :

Input : C the canonical collection of sets of items for an‘augmented grammar
G - e

Output : If possible, an LR parsing tab]
ACTION and a goto function GOTO.
Method :

Let C = [Io»  J——
constructed from / "

The parsing action for state is determined as follows :

1. If[A > aeap] is in I, and GOTO (I, @) = I. then set ACTION [i, a] to
“shift /7. Here a is a terminal, ’ b

2. If[A—ae]isin/ the set ACTION [;, a] to “reducesd — o* for all ‘@’ in

3. If[S"— Se]isinl; then set ACTION [;, §} to “actept”.
The goto transitions for state lare c_ons\trﬁ@tad_tiéing the rule.

4. IfGOTO;, A) =, then GOTO li, A] =j.

All entries not defined by rules (1) through rule (4) are made “error”.

6. The initial state of the parger is the one constructed from the set of
items containing [S' — ¢ §]. e m

The parsing table consisting of the parsing ACTION and GQTO function
determined by this algorithm is called the SLR parsing table for G. An
LR parser using the SLR parsing table for G is called the SLR parser
for G and a grammar having an SLR parsing table is said to be SLR(1).

"Que' 2.20. ] Chack ‘whet-lxxerv the given g'rammur ié LR(_VO)’(;r not :

e consisting of parsing action function

» I ]. The states of the parser are 0, 1....n state ibeing

o

S > PQy, P > 8y|x, Q »S.

Answer 1 &
The augmented grammar is‘: —
S—>S

S — PQy ‘~:~ *
P— Sy|x
Q—yS ._
‘ . are
The ca;mgf:—al-) c:)léectlon of LR(0) items e coroxGr
’ S5 e PQ). i ) ‘
P> eSy|ex
I, = G;QO—T)()'(?SS) I, = GOTO (I, S)
11 &+ 8% ls‘g-*gsl.
1 P Sey N :
I, =GOTO (I, P)
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I2: S - Pe Qy
Q- yS

- 1,=GOTO (I, %),

I,, Po>«x?*
I, = GOTO (I, y)

I, = GOTO d,y)
5. P> Sy

I,=GOTO (,, @
I: S>PQey

DFA for set of items :

I,

2.
3.
4

19= GOTO (I4,P)=I2
1,42 GOTO (14,::)-.-13
qu GOTO (I, y)
Iyq: S — PQye

I, = GOTO (g, y) =1,

Let us number the production rules in the grammar as.

S — PQy
PS8y
S—ox
Q- yS <
x y QR | S
v 33 S* 1
& Sy |
Ia r3 raj. : :o r3
I Sy 2 8
IB r2 ' r2 r2 e
16 : Sn -
Iy ry Sfry Ts -
I 1 ry ry Fy : ]
In the parsing table th i ift- \J “J
facesol L RO ere is Shift-Reduce conflict inZ,. So the given gram

mar
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Q\N\ 2&11
Grammar
E'—-E
E~E+E
E— E'E

E—>id

e

The augmented grammar is‘ :
E-E+E

E - E*E
E—id
The canonical collection of sets o LR(0) items»%féir gr

Construct the SLR parse table for the following

AKTU 2021-33, Marks 10

¥

miar are as follows :

14=GOTO(11,"‘)
IE>E*eE

E_,oEal-E

E»>eE"E

E— eid

1, = GOTO (I )
IE:E—aE"‘E'

E—-)E""E

E_’,EO*E



I = GOTO (I, E) | o
I,:E~E b R
Eo>Ee+E
| Es>E**E
Let us numberéd the production rules is the grammar as
1 E->E+E
2. E->E*E
3. E—id

FIRST(E)= {id) | |
FOLLOW (E) = (§, +, *)
SLR Parsing table :

Action
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Que 2.22. I Construct the SLR parsing table for the following
gramma!‘.

S - 080

S - 181

S 510

AKTU 2023-33, Marks 10

Answer '
The augmented grammar will be :
S—>S
S — 0S0
S - 181
S — 10
The set of LR (0) items are as follows -
I,:8 > 8
S— ¢0S0
S ¢ 181
S—>e10
I, = GOTO I, S)
1:8 > Se
1,=GOTO (I, 0)
IS 080
8§ 080
| S — e 181
 L,=GOTOW,, 1)
» F o IS:S—>1'81»‘-:~
S— 0S80
'S— 151
S—>10
I, = GOTO (1, 5)
I;:S—>0S°0
Iy, = GOTO,, S) |
15:S—>IS'1
Is = GOTO 3, 0)
I;S—> 0S50
S ¢ 181
S — 0S50




. ‘ 2-25C (C S'Sem-e)
Compiler Design - —
S—> 10
S—»>10°
I.=GOTO I, 0)
I8 0S0 ¢
1, =GOTO 1y, 1)
{y: 3~ 1S1
Let us numbered the production rules i
1. S — 0S0
2. S— 1851
3. ~ S—> 10 s |
Q& | Addon ||  Gote

n the grammar as

~
iy

v & q m ol w]lw| lmol=|lol:
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F - (E)
F—id
_S.No.| Stack Action

1L |$ shift id

2. $id reduce F - id

3. $F reduce T » F

4 |ST shift *

5 |§T shift (

6. $T * ( shift id

1. $T * (id reduce F - id

8. $T *(F ‘reduce T > F

9. $T * (T reduce E > T
10. |$T*(E ‘shift +
11. [$ST*(E+ . shift id
12. $T*(E +id | reduce F - id
13. $ST*(E+F “| reduce T — F
4. |$T*(E+T shift )
15. $ST*(E+LT) reduceE 5 E+ T
16. $T * (E) reduce F — (E)
17. | $T>F reduce T > T *F
18. $T reduce E o
1o J&E 4

Que 2.24, ] Consuler the feﬂowmg grammar E’ —>E '

,}'

Constraet the SLR parsmg table and suggq;ijt y
table,

Answer . 4 P
'lheamentedgrammarmas y ol
E'-> E .
E>E*E %//
E - (E)
E—>.id
The set of LR(0) items is as follows :
I(}: E'— oF
E-—> eE+E
E— esE*E
E — o(E)
E - eid
I, = GOTO (I, E)
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Iy: E' > E°
E->Ee+E
| E - E**E
I,=GOTO (I, ()
ly: E - (*F)
E->°*E+E
Eo> *E*E
E > *(E)
E - eid
Iy = GOTO (, id)

1,=GOTO (L, ¥) <t
' R
15 = GOTO (Il’ L) I -
sl Sy
5 . U as %\\\\\ 9
L
¥

E—>Ee*E
I, = GOTO (I, ))
Iy: E > (E)e
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B e A eV Action " Qoto
_State d | bl { ‘ ‘ B
0 |5 S, 1

using the grammar S - L) |d"

i Aa, (a, a))

S

_ Ma " Reduce S 5 a
’ $(8 and . Reduce L > S
&L ,(a, a))$ Shift )
$(L, “(a,a))$ Shift (
$(L, ( a;a)$ Shift a
$(L, (a ,a))$ Reduce S - a
$(L,(S a)$ Reduce L - S
$(L, (L a)$ Shift,
$(L, (L, a))$ Shift a
$(L, (L, a NS Reduce S - a
$(L, (L, S N$ Reduce L - L, S
$(L (L )$ Shift )
$(L, (L) )$ Reduce S — (L)
$L,S )$ Reduce L L, S
$(L )$ Shift )
$(L) ¥ Reduce S — (L)
____ $S $ Accept
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ions
: k contents [ Input string Ny, AS(:::;I: .
tack con 1t !
- : 5 a)? Shift a
i 3 a)$ Reduce S —> a
s 08 Reduce L — S
%) ’a)$ Shift ,
. ’a>$ ‘ Shift a
. ‘;$ Reduce S —> a
LS )% Reduce L — L,S
$(L,S 8 oL
$$k([I:) $ Yy Keduce 8y
x $ fi o Acgept

/("’
Z /
4_5,‘

)’5“

Que 2.26. ’ Construct LR(0) parsmg table for the fﬁ]lowxng grammar
. 2 | //” A 4

II&S"-‘)SQ
I2= GOTO (I ,C')
‘ | A ceA

| B——) cechB
| A ecA|eq
‘. B eccB| b
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-

=GOTO(IO,a)
I,;:A > qoe

I4=GOTO(IO, b)
I,:B—>pbe

Iy = GOTO (1,, B)
I.:S—> cB e

I, = GOTO (I,, A)
I,:A 5 cA e

I = GOTO (I, ¢)

I,:S>cceA
B eccoB

A>ce A

' Bce cB
A ecAleg
B —>.eccB/ e b 5
I,=GOTO WU, 4) o
| I;:S—> ccA‘ *
A o cA . ’

I,j=GOTO(I,,B)

¥ _.‘.

- Gotod, o)

110 B-—)cc°B
Ao ceA
B>cecB -

&
5 b
P Ve
o P g
£ AT

=i i

. / A e
I,,=GOTO (1,5, A)

I,,:A—>cA e

DFA for set of items :

s I B — ccB .

Fig. 2.26.1.
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T

Let us numbered the production rules in

I R R

S —»cB
S - ccA
A-cA
A—a
B - ccB
B-b

the gramrmar as

Action

Statea} a b

Parsing table,

27, Give the al

gori

ith
m for construction of canonical
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Answer

Algorithm for construction of canonical LR parsing table :
Input : An augmented grammar G

Output : The canonical parsing table function ACTION and GOTO for (7.

Methed : Construct C' = {1, 1,,...., I ) the collection of sets of LR (1)items of
G'. State i of the parser is Lonstructed from I,.

1. The parsing actions for state i are determined as follows -

a. If[A - aeaf, b] is in I, and GOTO (I, a) = I then set
ACTION [i, a] to “shift j”. Here ais requlred tobeatermmal

b. If[A — ae, a] is.in I, A =S then set ACTION [z a] to “reduce

A - a”.

c. If[S’—> Se;$}isinI, then set ACTION [L $] to“ accept
The goto transitions for state i are determmed as foHOWs
2. IfGOTO(I; A) =1, then GOTO [L A] j
3. All entries not deﬁned by rules (1) and (2) are made “error”.

4. Theinitial state of parser is the one constructed from the set contammg
items [S" — o8, $]. K

If the parsing actlon functmn has no multiple entrles then grammar is
said to be LR (1) or LR & . mw

PART-7 9

Constructmg LALR Parsmg Tables Usmg Ambzguous Grammars, An
Automattc Parser Generator, I mplementatwn of LR Parsmg Tables

,.,,v’

Que 2.28, ! lee the algorlthm for constructmn of LALR parsing
: table | g, ._-j:_‘f"*‘

Answer
The algomthm for construction of LALR parsing table 18 as .

Input:Ana G
. ugmented grammar | ’
Output : The LALR parsing table function ACTION and GOTO for G". |

Method :
1 Construct C= (I, L;,..oooo-

2. For each core present among th
core, and replace these sets by their union.

) the collection of sets of LR (1) items.
e LR (1) items, find all sets having that
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————

3.

ing sets of LR (1) items. The

ultin
Let C' = {Jg Jpreeeer J,) be the res T om i IF vhore is. pemging

te
parsing actions for state { are construc

n conflicts, the algorithms
::talr?xmar is said not to be LALR (1). | T
The goto table constructed as follows. If /18 the ul;uox:’ 12 s ?:;e
sets of LR (1) items, i.e., J=I,vl, U S ul,t t;ln e = of the
GOTO (1,, X), GOTO Iy, X)yeeevns GOTO (I,, X) are the same. Since I,
- I all have the same core Let % be the union of all sets of the

items havmg the same core-as GOTO (I, X). Then GOTO (J, X) = k.

The table produced by this algorithm is called LALR parsing table for
grammar G. If there are no parsing action confhct,s, then the given
grammar is said to be LALR(1) grammar.

The collection of sets of items constructed in st p ‘3’ Of th:ls algonthm is
called LALR(1) collectlons e

Que 2.29. ! Construct the CLR(l) parsmg le for the following

grammar S — AA, A—>aA|b

Answer_ ] .

The given grammar is :

The augmented grammar

The LR{1) itemd wﬂﬁ)e

S 5 AA
A—dA|b

,-.

e
% ,./’
7

Py ._95
S-44 /

Asealp

IO:S' ~—> oS, $' » _
S5 oAA,$
A > %A app g
I, = GOTO (1, 5) A ob ab

I 185 Se . $
2"G0TO([ A)
I2:S")A.A’$

A cang
4>, 4

fails to produce 2 parser and the

e e o e
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2-34C

L= _ GOTO U,, a)
I £% - A — a®A,alb

A — *aA,alb
A — ¢b,alb

I,= - GOTO U, b)
I A — be,alb

I - GOTO ,, A)
I .S—> AAe, $

I;= - GOTOd,,a) \
I:A—a° oA $

A->%aA,$ ‘
A—> *b,$ e

I, = GOTO (,, b) A
I:A—>be,$

I, = GOTO (I, A) e
i d AP0

I,= GOTO (I, A) F .«
Iy Aw-)a.AO $

' Table2.29.1. .
lsme — Thction ] 7 Oof

-
A

4 <3
4
s
i
oo
¥
%

Ty Ty

Ty

Since table does not contain any conflict. So it 18 LR(D).
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1 nion

The goto table will be for LA.LR 1, aqd I, will be u

be unioned, and Ig and I, will be unioned.

l: A asA,al/b/$

A-—)'aA,a/b/$
A-—sebalbl$

d, I, and [, will -

So,

InzA——)b-,a/b/&; |
I, A —>aAe, «/b/$and LALR table will be :
Table 2.29.2.
State | Action g _Gdt?'.’
w jorRl s EL A
-
1
g
36
- 47
5]
89

Since, LALR table doesnot contain any co nﬂlc Sﬂ n:
DFAL . % 5 O _ \

Fig.2.209,1.

| Construct ¢ i
he LALR parsing table for the given grammar

S > BB
B - aBpp

AKTU 2021:22, Marks 10
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Answer |
lven graminar is :
The ¥ S - BB
B —»aB|b
The augmented grammar will be -
S-S
S - BB
B - aB|b ;
The LR (1) items will be :
I,:S" > 8 § R
S— BB $
B> 'aB,a/?)
B eb,alb
I, = GOTO (I, S)
1:8 > S¢,$
I, = GOTO (,, B) |
1S BeB,$
B %aB,$
B b, $

' L.-GOTO (. a)
Rl 1B a*B, alb
" B->aB,ab. |
"‘i-“\'" % ~  Bo .b"_gfb P T
I, =GOTO (I, b) o QA
= GOTO (I, B) A
" 1::s-+ BBe,$
= GOTO ,, a)
f \ I:: B a*B,$
B > *aB,$
B> b $
=GOTO (I, b)
=R I:!: B b, $
= ., B)
I, = GOTO 13:3—) .
® Igz GOTO (16’ B)
IQ: B —> aB., $
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Compiler Design -
Table 2.30.1
Action Goto
& 8 A
ate | a| 6 | 9 ;
0 S‘q S,g - ]

I accept
5
8
9

Y ¢ conflict. SoitisLR(1).
3 and I will be unlonedr I, a_mi I wﬂl

aeB, a/b/$
; °aB,a/b/$
B—)*b,a/b/$
4 U 1,:B-be,albl$

I,: B—>aBe®,a/b/ f-B;-tablewillbe:

R

89 r2 Iy ry
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e '-“"-'W——:M

— i

Since, LALR table does not contain any conflict. So, it is.alao LALR(1).
DFA:

Flg 2 30.

Que 2.31.l Construct the CLR parse table for the following

A «) BB
5

B -~> cB

' AKTU 2022-23, Marks 10

"

Answer !

The glven gramma: is S5
A BB <
B — éB’jd :

The augmented grammar will be

B —cB|d
The LR (1) items will be :
I,;A'— A, $
A *BB,$
B > *cB,c/d
B ed,c/d
=GOTO (I, A)

I;A > A
I, = GOTO (,, B)
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—

I;A>B¢*B,$
B> e*cB$
B->e*d$ ‘ '
I, = GOTO Iy, ©)
I4B—c*B,c/d
B > ¢ ¢B,c/d
B ed,cld
I, = GOTO (I, ¢)
I;B>de,cld A
I, = GOTO (,, B)
. I;A->BBe$ i,
I, = GOTO (I, ¢)
[cB—>c*B,$
B> *cB,$
B>ed,$
I.=GOTO (I, d)
I.7:B—>‘d ."§’f.ﬁ:‘
I,=GOTOU,B) ' = =
IgB>cBecid .

ol ol ]| w0 =
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et

e

Since table does not contain any conflict. So it ig LR(1).

The goto table will be for LALR I, and I, will be unioned, 7, and J. wj
be unioned, and /,; and I, will be umuned 4 7 will

So,

I:B>ce*B,c/d/$
B—>ecB,c/d/$
Boedc/d/$
I,:B—>de,cld/$
Ig: B—>cB e c/d/$andLALRtablew1llbe

Table 2.31.2. :
State ~ ' Action : ‘Goto
0 B Agg Ay > A o 2
1 | éccep%
2 Ay |88y 19 5
Y 7 s
89 l r 2 T2
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Compiler Design

Que 132] For the grammar

S - aAd |bBd nBelhAe,Aaf.B—a)f | |
Constrm‘et LR!I) Parsing table. Also draw the LALR table.

ARTU 202324, Marks 10]

Augmented grammar :
S-S
S_saAd|bBd| aBe|bAe
A-f |
Canonical collection of LR(1) grammar : T

B of ¢
I,: = GOTOU,, b)

I S beBd,$

e i
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2-42C sy | Bﬂ!ﬂ(‘ Paming Tﬂfhﬂiqug
2 ! - 9 St . . ‘ . : ﬂ

S I).Ap. %

A5 uf d
Bosofe
= GOTOU,, A)
: S > aded, $
I, : = GOTOU,, B)
Iy: S > aBed, $

s

I,
{

o

Iﬁ'zGOTO(Ig’f)
Iy A fe d
B fe,e

I7: == GOTO(I3, B)
y:

12° S —» bBde ,$
13t = GOTOUg, ) |
S —» bAe* , $

NN

| 13 ;
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State Action Goto

~
7,

Py

et

accept

11

E“*;:“*gh"d‘*'o?“ba!"m“*”"w”*r

T onn
s . I:\

-
£

. VERY IMPORTANT QUESTIONS = -

Following questions are very important. These questions

| ™maybeasked in your SESSIONALS as well as
. UNIVERSITY EXAMINATION,

S

1
v g 3
&

R

Q1. What is parser ? Write the role of parser. What are the

most popular parsing techni
I ReferQ 21 £ techniques ?



Basi Parsing
-‘—;—; Construct predictiv c Tecmm
€ parse table .
E - E+T/T for the following gram
T - T*F/F
F - F/ab
ass Refer Q. 2.15.
.4. Construct the SLR parse tab]
Q E & E e for the fo]]{,w—lng Gfammar
E-E+E ~
E - E*E
E-id
Asg Refer Q. 2.21.
Q.5. Construct the LALR parsing table for the glven grammar
S - BB
B - aB/b
Aig. Refer Q. 2.30.
Q.6. Construct the CLR parse table for the followmg Grammar:
A- BB
B — cB
B->d

. Refer Q. 2.31.

©00O



Syntax-Directed
Translations

2

Part?-l X .Syntax-Dxrected Translatmn ............ 3-—2C to 3-60
‘ Syntax-Dlrected Translation Scheme, RS,
;Implementatmn of Syntax Directed
i Translators - -
Part-2 : --Intermedlate Code Post Fix..........ad)..... 3-6C to 3-9C
~ Notation, Parse Trees and ' o AR
Syntax Trees NG
Part-3 - % -Three Address Code e 3-100 to 3—17C
‘Quadruple and Trlples *
- Part-4 : Transiatmn of Assxgnment....;:..L;,...; ...... 3—170 to 3—22C
,Statements i TR e e |
Part-5 : Boolean Expressmns ..... ...... 3-—220 to 3—260
 Statements that Alter - ‘ -
the Flow of Control |
- Part-6 Poétﬁx Translation : 'Arrey Rty 3-26C to 3-29C
~ Reference in Arlthmetm
Expressions s
Part-7 . Procedures Call e B-29C to 3-32C
Part 8-' Declaratmns Statemeuts...'....‘ ............... 3-—320 to My




3.2 C (CS-Sem-6) .

a0 08 ynt.ax-Directed Trang lationg
— - A
PART-1 |

e

T-1

Svntm-Dimcfed Translation :

: )’ntm-:nf)ire odd T ,
Schemes, Implementation of Syntax. Dir-ectcjgijvzn n.;lag-mn
T rransiators,

*—-__‘\ﬂ-

m Define syntax directed translation Construct
‘ uct an

annotated parse tree for the expression (4 * 7,
simple desk calculator grammar.

1) g 2, Ilsin' thﬁ

==

L

@

n

Syntax directe_d deﬁnition/translation is a generalization of context
fr'ee grammar in whl-ch each grammar production X — a is associated
with a set of semantic rules of the form a := f(b,, b,, .... b,), where a is
an attribute obtained from the function f.

Syntax directed translation is a kind of abstract specification.

It is'done for static analy$i$l'6f'thg language.

It allows subroutines _oi'_‘:_se:mantic actions to be attached to the
productions of a context free grammar. These subroutines generate
intermediate code when'called at appropriate time by a parser for that
The syntax directed translation is partitioned into two subsets called
the synthesized and inherited attributes of grammar.
e Lexical analysis

Token stream

Syntax analysis |

Parse tree
i .
[ Semantic analysis ’

Syntax directed rder for semantt

translation { Evaluation 0

- wopstructs
Translation of constru

Fig’ 3, l.l ®
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e
i“ﬁﬂﬁ*‘1ln’r3""‘*-ﬁm s T

| X * A\
asion (4* 7+ 1)
or the expreas
Annotated tree for I,.val = 58 @
T

T.val = 4 | ;
@ 5 - : '.'j,:;’/' ’
1d Jexval = 4 id.lexval = 7 g

P
8

Fig. -3.1.2_._, 4 4

Que 3.2.1 What is syntax dirédéd ti‘a’nélation ? How are semantic
actions attached to the produ

ct_ioxi 7 ﬁxplain with an examplg.

Answer 1 S U i,
Syvutax directed translation : Refer Q. 3.1, Page 3-2C, Unit-3.
bementic actions are atta

ched with every node of annotated parse tree.
Exumple : A parge tree alon

. g with the values of the attributes at nodes
GG 1L “unnotated parse tree”) for an expression 2 + 3*5 with synthesized
aliria ser s shown in the Fig.3.2.1, |
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Attributes:

1.

1)

-

R, tated informat;
Attributes are associa 100 with lang
attaching them to grammar symbols representing fh:f sozi;?:ttcr::d b
Attributes are associated with the grammar Symbols that are ¢},
of parse tree node. " b
An attribute can represent anything (reasonable) guch a4 stri
number, a type, a memory locatlon a code fragment etc. e

The value of an attribute at parse tree node is deﬁned by & semanti
associated with the production uised at that nod 1¢ rule

Synthesized attribute :

1

Ao

)
=

An attribute at a nodéissaid to be synthesxzed 1f its value is computed
from the attributed values of the chﬂdren of that node in the parse tree.

A syntax directed definition that uses the synthesized attributes is

exclusively said to be S- attrlbuted deﬁmtlon

Thus, a parse tree for S- attrlbuted definition can always be annotated
_ by evaluating the semantlc rules for the attributes at each node from

leavesto root. T PR\

If the translations are speczﬁed usmg S-attributed deﬁmtwns then the

semantic rules can be C{mvemently evaluated by the parser 1tsekf during

the parsing. 5 '

For example A parse tree along with the val es,af the attnbutes at

nodes (called an “annotated parse tree”) for ¢ an expressmn 2 +3*5with

eynthesized attributes is shown in the F1g 3.3.L

9 E. V?!f17 -55' 

digit. lexval=g digit.lexval=3

3 5
f’ig 3.3.1. An annotated parse tree for efoess“m 4t

l'lted attl'lb " tree 18
ute : - a parse

‘3: erited attribute is one whose value at ;n:fszll?ng zf that node-

fineq din tel‘ms of attributes at the pare ent and/o
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Compiler Design pressing the dependence of

nient for ex
Inherited attributes are conve
2 e

uct. inherited attribut
gramming languag%?or:igl definitions that uses inherite ute
Pro ire

For gxampslt-a : Syntax 1 type : = T'Type
are given as : D> TL T type : = integer
Py T type : = real
Ty reAL L,.type:=L.type
L Ly, enter (id.prt, L.type)
L id enter (id.prt, L.type)
¢

Th tre \' ‘ { , for an
parse al ng with the attribute values at the palz'se tr_eie nodes
o : e
' t:at string i:l,t id,;idyand id; 1s shown in the Flg.\_ 37_ &
inp 3 idg 1t ‘ 3

2 ’
3

f L.type=int

- Fig. 332 Parse tiee with inherited -
i ;itttibu}te_s__fo_: thestnng int id,, idyid,

Que3d. | What i the

difference between S attributed and
L'attribm‘g‘l@?ﬁnitions ? % L hae '
Answey 1 " Y
2No| Sattributed SsOnition: | Toatbrihmred donmdes
It ges synthesized attributes. | It uges Synthesized and inherited
| | attributes, ,
2 \\\\-_ ]
?iemfntlcs actions are pPlaced at Semanticg actions are placed at
ght end of Production_ '
\‘\ anywhere on RHS R
3. S-aiftributes can be evaluateq P
during Parsing,

L-attributes are evaluated by
traversing the parse tree in depth
\ first, left to right.

4_'-‘J
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syntax directed definition.
E-SE+T|T, T— T*F|F, F- num,

Answer 1

Production :
E-SE+T
E->T
T>TxF
T—> F
Fo
F— num

Syntax directed definition 4

E.code = E code || T code s

E code = T.code -
T code = T code || F.code || ‘x’

T.code = F.code

F.code = E.code

F.code = num.code
where ||’ sign is used for concatenatijon
Annotated parse tree :

S Tval=27

N
. R
o
X 35
24 @

num.lexval = 7

- 'Fig. 3.5.1.
num lexval = 4 Fig. 3.5.1. R\
\ , | RT-2 | i | eeS-\‘
Inten : e PA i e Trees and Sy ntax Tr ’
WE, Postfix Notatzo"qu-'? i
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- tion and dis
- ce 3 diate code genera Cuss
l What 18 interme
Que 3.6.

benefits of intermedi

ate code ?

Answer i e fourth phase of compiler which takeg

: , ration is th

nediate code gene . i :
Inte!(‘:t ‘« as an input from semantic phase and generates an intermediate
parse tres

code as output.

The benefits of intermediate code are: | |

1 Intermediate code is-machine independent, wl'uch' makes it easy to
' retarget the compiler to generate code for newer and different processors.

Intermediate code is nearer to the target machine as compared to the

2. ‘
source language so it is easier to generatg{the object code.
3 Theintermediate code allows the machine independent optimization of

the code by using specialized techniques.

4 Syntax directed translation implements the intermediate code
generation, thus by augmenting the parser, it can be-folded into the
parsing. Finh, W

Que 3.7. | What is posj:fi}i‘ tifhng\!ﬁtibn ? Explain it with suitable

example.
Az;_swer ' 1

g _(rqverseijo}i sh) translation : It is the type of transiztion in which
the operator symbol is placed after its two operands.
For example: . . St
Considgr the exp;‘éssi'on»; (20 + (=5) * 6 + 15 i
Postfix for above expression can be calculated A
S 2045%6412) g =5-

=

048,412 < - " =1,6¢
t+12° £,=20¢,+
NO’W puttmg Value_s Oft‘p ta, t2, tl 4 x‘ 5 t4 2= t3 12 +
20 t2 + 12 +

20t16*+12+

1 ! ; pal'se tree. g .
possible for CFG 2 Why parse tree construction is only
:A,_ngi_wer ’
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i, ity _ S\T\f’}? ‘}”p(‘tﬁd Trqn.%l»!tiﬂn%
. Condltmne for (‘nnetr-urtmg R pArse tree f iy
1. Each vertex of the tree musat have g 1. ahe] f'}‘ml“ lﬂ f‘m e
1€ 1ahe

termnal or null (),
ii. Theroot of the tree is the of

'*anon-terminal or

art symhol jo g

iii. The label of the internal vertices is nomn. e p—
a Ymhoig = V
".,f'

iv. Ifthere iz a production A - X, X, X,
Sddionn node. Wl s ¥ \2 )‘ ’ X e . Then for a vertex, lahel A the

Sees

v. A vertex n is called a leaf of the par
symbol € T or null (¢g).

Parse tree construction is only possible for CF
of a tree match with the properties of CFG.

se tree if its label ig a terminal

G. This is because the properties

Que 3.9. 1 What is syntax tree ? What are the rules to construct
syntax tree for an expression ?

Answer I
1. Asyntaxtreeis atree that shows the syntactlc structure of a program
while omitting irrelevant detalls present 1n a parse tree.
2. Syntax tree is condensed form of the parse tree.

3.. The operator and keyword rm;ies of a parse tree are moved to their
parent and a cham of smgle pi‘oductlon is replaced by single link.

Rules for constructmg a syntax tree for an qxpresslon ,
L Eachnodein a synt % tree can be 1mplemented as a record with several

2. 1In the node for an operator one field 1dent1fies the operator and the
remaining field eontams pointer to the nbdes for the operands.

3. The operatar aften is called pl‘ie I’ﬁbel of the nade .
4. The following furictions are nsed to create the nodes of syntax tf;f; t;
- expressions with binary operators Eaeh function returns a po

newly created node.

a. Mknode(op, left, right) : It cre ¥
ointers to left and rig
e P identifier node with label id and

b. Mkleaf(id, entry) : It creates an Sapceir-s
the field Lontau;’x:g entry, a pmnter to the symbol table
theidentifier.

a number node

¢. Mkleaf(num, val) : It creates ber.
a field containing val, the value of the num

For example : Construct a sy ntax tr::?n
are
thig 8equence, p,, Pgy «veererere %ol tall))lﬁ entries fort

€ntry c are pointers to the sym
res ‘
Pectively, _ mkleaf (id, entry a);

ates an opel ator node with label op

with label numand

~4%c. In
an expressmn a-=
:::'s to nodes, and entry a 3:1;1
i dentifier ‘g’ an

P
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Design //f' -
er o

Qorhpiler D72 —
Py = mk]eaf (nu,m, ’
P2 = mknode (', Py P2”
P3 - mkleaf (id, entry ¢/
4 iyt i
oo mkn0d9(+!p3’p‘4’ i
trucﬁ;ﬁe;i in bottom-upP fashion. The function calls mkleaf
The tree 18 (;m;\sd mk]eaf (num, 4) construct the leaves for a and 4. The
(id., entry @} & T nodes are saved using P and p,. Call mknode
' rior node with the leaves for a and 4

inters to thes ;
o nstructs the inter1
ax tree will be .

+

P
! pp Py then co

as children. The synt

id |

to entry for a

The syntax tree fora—4 +¢..

Que _3.10.] Draw syntqg:lt"i-e Qrﬁj:he arithmetic expres__sibhs :

a* (b+c)-df2.Also Wi:itethe given expression in postfix notation
Syntax tree for gwen oxt

’ sion:a * (b +c¢)-d/f2

a
2
b ¢ B
; F s WP d
P Ostftix nztation fora * (b + ¢) --:1’3/23 e
t: " acf* (@*¢t,~df2)
t,sd 2!/ Etg“dlz)
, t4=t21, - t‘l”ta)
Put value ofdtl, ot (t,)

t4=t2t3_
=t2d2/_.
=atl*d2/_
=abc+*d2/-
/
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PART-3

- Three Address Code, Quadruples and Triples,

Que 3.1 11 Explain three address code with examples,

Answer I
1.

Three address code is an abstract form o

f mtermed:late code that can be
implemented as a record with the address ﬁelds

2. The general form of three address code representatlon is :

a:=bopc -

where a, b and ¢ are operands that can be names constants and op
represents the operator. {‘:“ v W

3.  The operator can be fixed or ﬂoat g pomt arlthmetlc operator or logical
operators or boolean valued data, Only single operation at right side of
the expression is allowed at a tlm

There are at most three addresses ar

e allowed (two for op‘efandsxand
one for result). Hence the name of thi

s representatlon is three: address
code. F

For example The three address code for th

e xpres
't1:=b+c
ty:=t, +d
a:=

Here £, and t, are the temporary names generated by the compiler.

Que 3,121 What are differeﬁt:ﬁv}'ays t write three address code ?
Answer 1

leferent ways to write three address code are :

L Quadruple representation :

a. The quadruple is a structure with at most four fields such as op,

argl, arg2, result.

The op field is used to represent the internal code for operator, tae
argl and arg2 represent the two operands used and result field is
used to store the result of an expression. )

For example : Consider the input statement x :=—a *b +—a * b

The three address code is

b.
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Op |Argl{Arg2]Result|
t, ;= uminus a “uminus | @ d
tyi=ty*h , e 2
ty=—a uminus | @ fy
ty =13 *b * £y b Z
tg=1lg+ 14 o # ta | L ts
= tﬁ | V:-"'-' , tr' %
Triples representation : In the triple representation, the use of
es y inters j
* tem‘:wrary variables is avoided by referring the pointers in the symbq|
table. |
Forexample:x:=~a*b+-a*b
The triple representation is
Number_ 7
Indi | triples e t atlon +In the lnderCt tnpie representatlom
the listing ofmples 5 done and listing pomters are used instead of using
statement. LN
Forexampie.x——a*b+ a+b
The mdmect mples representatlon is "
Nmnber- ' | ; o
| (0) uminus | . ar s (0) | (11)
(1) * an | pef (1) (12)
(2) uminus a | (2) (13) |
(3) S a3 b i (3) (14)
@ + | az Tag @ (15)
_<5> = x (15) &) | ae
Three address code of given statement is;
1. IfA>CandB<Dgoto2
2. IfA=1gotog
3. If A<=D gato 6
4. =A+2
5.

A-tl
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6. t2=C+1
7..C=t,

ﬁue 3.13.' Write the quadruples,

following expression :

‘Answer |

The three address code for given expression : . -

(x +y)*

Wted Translations

triple and indirect triple for the

(y+z)+(x+y_,_z)

AKTU 2021-22, Marks 10 ;

lii=x+y

Ly =y +2z Y

t4 — t1
t5 e t3

N
+i, T

i  The quadruple representation < .

Locatlon

 Operator

‘Operand 1

(1)
(2)
(3)
FON

N
AR

The triple @Hg@sentatlon:

_Location |

_ Operator -

(1)
(2)
(3)
(4)
(5)

£

+ + %+

e S

. The indirect triple representation i

NSRRI A o 1
nd H e raiiss

(1)

(2)
(3)
(4)
(5)

+ + x4+ +
-
:‘<




i e e B e e

case2:Y =
case3:2=12

default:c=¢C~ 1

}

'Answer i

108

110

111
112

117

1y =t 4
ift= 3 goto 113

:_.goto 115 |
113 :
114 :
115:
116 ;

101:{ -—a+bg0t0 103

102 :
103:
104 :
105:
106 :
107:
: goto 111
109:

goto 115

t =1goto 105
goto 107

to =X+ 1

x=t, |

ift = 2 goto 109

ta=y+2

: Next statement '

Que 3.15:]

quadr}xples and triples ;

li- a'-.b*(c,"'d)-{-b

Answer ]

code for the following code :

“AKTU 2020-21, Marks 10
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Ly=tg+t,
X = t
Quadruples l‘epresentatlon

_Operator | Operand 1 | Operand2 | Result

(1) Uminus
(2)
(3) *
(4) +
(5) . =

%
e N
|
~
B s, ;

ST =2
N
o
(<]

o
-

[ ]
g Ne_'_
=

s

Triples representation :

il Locatiqn Opetl'ator‘ ,Operand 1 | Operand?2

(1) Uminus o . _
(2) Y Vs . 4 ()
(4)
(5)

n + =
P
wse
p —
o~
(&)
p—

More address code for ngen expresswn N
. t=-b NP o
Fo Y t2— c+d
Ltg=t *t, A N
.‘.‘;,t—t+b 2 -
. o g = t
Quadruple representatlon : sy :
| Location berator Operand 1 | Operand2 Result

1 | bfa

(2) 10

(3)

(4)
(5)

e ———

AR
o
B
\
Q.

o \
Lys
. A
t4

[~ TRl ~ T
os"‘-

i+ % 4

Triples representation :
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de for the following code

ee address €O

Que 3.1-8_.] Gen

erate the thr

t.
fragmen while(@>b)

{
if(c<d)

x=y+2
else
X=y-2

Answer Ai

S R A el A o

Three address code for the given code :
If (a > b) goto (3)
goto

If (c < d) goto
goto (7)
t,=y+z
x=1

|

The three address code
L, = ummus g;
L=t*b
ty=1t, +t,
a=t,

Quadruple representation :
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2. Triples representation :

el I s T
(0) uminus ¢ |
(1) * £ b
(2) + (1) (1)
3 C 4 (2) < ban
3. Indirect triples representation : & “‘ 4
Number| op Argl Arg?2 _lgdcatic-).n.;taft:ément
(0) uminus c ‘ ’ | (0)0" (11) -
(1) * (11) b ey (12)
(2) + . (12) #1, \(-1,_\2)_}'?’; (2) (13)
@) - RPN Ny 3) a9
A . )

Que 3.18.—| Explg.if:'_:‘thaj}‘,ﬁéepts of quadruples and tnplés in the

context of m@-diw@ﬁ'trmslation. Discués how ﬁl}gyii‘épresent

mtermedigte cotle @H"support optimization.

023-24, Marks 10

o 3 3

X R .

oo 'f?‘ & 0 N )
| 3 [} A b '_,1 A
{ B AN S AW
Answer a6 i AN, Ay o A
’ g - - A

) . X

Quadruples and triples ‘Refef%%‘ﬁpage 3-10C, Unit-3.
Representation of intermediate O\_‘Sjae :

Both quadruples and triples serve as intermediate representations of
code generated during compilation or translation.

They abstract away from the source language's syntax and semantics,
providing a platform-independent representation that can be optimized
and translated into target machine code.

Support for optimization :

Optimizations are performed on intermediate code before trans!ating it
into machine code, leading to improved performance and efficiency of
the resulting executable.

Quadruples and triples play a crucial role in supporting optimization

techniques during compilation. Some ways they facilitate optimization
Include




Compiler Design
a. Common sub exprfassion elimi{lation : De(’;gctmg (;md eliminating
tations by analyzing interme jate code.

redundant compu

b. Dead code elimination Identi

contribute to the final output.
c. Code motion : Moving computations outside of loops or repetitive

structures to reduce re'dundant calculations.
d. Register allocation : Optimizing the usage of processor registers to

minimize memory access operations.
3 Quadruples and triples provide a structured representation of code that

facilitates the implementation of optimization techniques..

fying and removing code that does not

A R T i
W D s 7

D et

| PART-4 | _
Translation of Assignment, Statements. :

“ Assignment statements
ii. Case statements

i Assignment state:
L Iy { Ld."(?ntry := look, up
-;"f 4 i opend (Ld
} elg‘e_ error; /* 1d
+E, ( E.place :=geWwtemp();
append o
! (E.place .=’ E .place ‘+’ E,.place)
E->E *E ’ —
17 % { E.place := newtemp(); T
append 6 Frag?
E : } (E.place .=’ E .place sz.place)
—-FK l
1 ]
{ E.place = newtemp()-
append (E.place “:=' ‘minus’ E.place)
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E - (E) R e Qe

———

—» id e=k
E { E. place: = E place )
{ id..*gntry: = lrmk_up(id.name)'
if 1.d_ent-ry # nil then |
append (id_entry .=’ place)
else error; /* id not declared*/

)

1. The look_up returns the entry for id.name in the symbol table if it exists
there.

9  The function append is used for appending the three éddiess code to the

&
g
g
5-
s
B
e
=)
B
:
==
\:’1

_E.place is used to hold the value_,/%;é/:_;;
Example : x := (a + b)*(c +g) B W

We will assume all theseide Eltit‘fé;‘%are of the same type. Let us have

meth d:
/V’//f/@ 7 /
i

A
///f
25 -

7

7

bottom-up parsing

A, 7
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T
ii. Case statements*®:
—

Semantlc actwn

switch expression

{

J

Example;

case value : statéinenﬁ
case value stateméﬂt

pmductitm rule

R AR

S

a.._—-ﬂﬂ-‘—w-_

Switch £
{
' case Uy : sl
case v, : 8,

casev, ,'8, ;
default : s,

_ Evaluate E into t such that t=FE o

goto check

L,: code for s,
goto last

Ly code for s,
goto last

L, : code fors,
gotolast

check : if ¢ = v; gﬂ% L,

1f t= ”z goto L

aAme

mse value atatement
default : statement

switach(ch)"

{

}

case l:e=q + b;
break;
cage2:c=q-b;
break;

"I‘he three address code can be
ifch =1 goto L,
ifch=2goto L,

L

1-

Ly'=a+b
c:=t1

— e e, 4.
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goto last
L2: t2 =a-b

c:=t2

goto last
last :

Que 3 201 Write down the translation procedure for control
statement and switch statement

Answer »
1. Boolean expression are used along with: 1f-then If-

then-
while-do, do-while statement constructs Hiusle,

7:

All these statements ‘E’ correspond te a boolean expressmn evaluatlon
This expression E should be converted to i ""-"iee address code.

This is then mtegrated 1n the conte-‘"ik’_fr of coﬁtrol statement.

Iranslation procedure for ﬁ-then and 1f-then-else statement
1. Consider a grammar for if-else . e

2.

2 Allthese statemaSt B rorracrrnd s b o 2 P
-

5

S—) 1fEtheriS |1fEthenS elseS

2.
S —if E then S
= true '— new_label()
E false := S.next
S pnext := = S. next ’ ;
"'S.code := E. code |[ gen code(E;true 7y || S, .code
3. Inthe gwen ‘translation scheme || is U %ed to concatenate the strings.
4. The function gen_code is used to evaluate the non-quoted arguments
passed to it and to concatenate cemplete string.
0.

The S.code is the important rule which ultimately generates the three
address code.

S —if E then S, else S,

E.true := new_label()

E false := new_label() |

S,.next := S.next

S,.next := S.next

S.code := E.code || gen_ code(E.true ‘) ||
S,.code := gen_code(’ goto’, S. next) ||
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T de
de(E false ") || S,.co |
ien-(:;ample . Consider the statement if @ < b then a = a + 5 g)g,
or :
a=a+"7

ifa<b > E.true

E.true: | a:=a+b 4—» g
Efalse: | a:=a+7

The three address code for if-else is

100 : if a < b goto 102 Na U
101 : goto 103 . U 4
102 : L1l a :=a+5 /*E . true*/ A &
103: L2a = a+7 SR W W

Hence, E.code is “if a < b” L1 denotes E.true and L2 denotes E.false is
shown by jumping to line 103 (i.e;, S.next).

Translation procedure f fi"“*"WIiiJﬁg-;_;(iO:Pétatement g

Production Semantic rules’

S.begin : = new]ab]e s
E.true:=newlable .~
Efalse:=S.pext © &
Sl.next : .-:Sbegul S

S.code = gen(S.begin ) ||

ECOde 1l ;
i gen(E.true %) || S1.code |
i .1.~‘igen(s§_g6to’S.being)

. Semantic rules
S -> do STwhile X |

~ S.begin : = newlable

Etrue . = S.begin

E falge ; = S.next
S.code = S1.code || E.code ||
gen(E.true ) ||
gen(‘goto’S.being)
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E > (E)
E->id
- AKTU 202133, 2028-24; Maris 16

The syntax directed definition of 8iven grammar s -

p= look_up(id.name): i

Ifp#nilthen 7
'Emit (p=E.place)

Else /& .

2.
3.
S. {p= look_up{dnam )

If p # nil ¢

[ PART-5

] Boolean Expressions, Statements '_z‘hat:'qlte?_‘_the Flow of Control.

Q;_ile 3229 I Define backpatching and semantic rules for boolean
exPressidh-' Derive the three address code for the following

expression:P<QorR<SandT;;;‘U-

Write short notes on backpatching.
Answer

1. Backpéféhing is the activity 0
using appropriate semantic ac

f filling up unspecified information of labels

tions during the code generation process.
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—_— f resolving forward branches that
the value of the target becomeg

‘ to the process 0

~ Backpatching refers
’ have been used in the code, when
known.

3 Backpatching 18 done to overc
incomplete information in one pass.

ome the problem of processing the

4 Backpatching can be used to generate code for boolean expressions and

flow of control statements in one pass.
To generate code using backpatching following functions are used ;

1. Makelist(i) : « Makelist is a function which creates a new list from one
item where i is an index into the array of instructions. .

2. Merge(p,, p,) : Mergeisa function which concatenates the Ilsts pointed
by p, and p,, and returns a pointer to the concatenated list.

3. Backpatch(p,i): Insertsi as the target label. for each of the instructions
on the list pointed by p.

e
5 -“}

Backpatching in boolean expressmns A

1. The solution is to generate a sequence of b anchmg statements where
the addresses of the ) Jumps_gare temporarlly left unspec1ﬁed

2. For each boolean expressmnE we mamtam two lists :

a. E.truelist whichisthe lis ef the (addresses of the) jump statements
appearmg m the t.' ] “tmn of E and forwardmg to E true ’

When the Iabel E true (resp E false)is ev entuaﬂ& ,d': g
d@wn the hst, patchlng in the value of its ad"’" ?{ess

a __ er to generate cﬂde that contams Iace h
. olders to be filled
in 1ate;‘ by the backpatc proced L ’p
b.  The attributes E.truelist. . falsehst are synthesized.
:Z}tlehz zl:i‘ J:::rfl?; Ei lcsi %elneratetli yaddresses of jumps corresponding
and false are left unspecified he lists
2 E. truelist and E falselist, respectively. i
A marker non-t
ctatomt). erminal M is used to capture the numerical address of a

- 6. nextinstrisa global

tobe generated. variable that stores the number of the next statement

The grammar is ag follows :

Mo ¢ 2|!B I(BI)IE rel E, | True | False

The translation scheme is gg follows :

i B
— B, || MB,{backpatch (B, falselist, M instr);
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B truelist = merge (B,.truelist,
B, truelist);

'B.falselist = B, falselist;)

i B-B,ANDMB,

(backpatch (B, .truelist, M.instr);
B.truelist = B, truelist;

B falselist = merge (B, .falselist,
B, falselist);}

iii. B - !B,{B.truelist = B, falselist;

iv. B-(B)IB. truelist = B truelist;

W..

102 ifR »’< S goto 104
103 : goto_ .
104 :if T < U goto_

B falselist = B, truehsl;} o v

B falselist = B;.

i -

tr);
N

105 : goto_

Answer

A

‘ be
T'ranslatlon scheme for boolean expression cgn
example.
. db
Consider the boolean expression generate
E — E AND E

Explain translation scheme for boolean expression.

understand by following

y the following grammar :
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E > NOTE

E > (E)

E - id relop id
E > TRUE

E - FALSE

\

Here the relop is denoted by <, 2, #, <, >. The OR and AND are left associate

The highest precedence is NOT then AND and lastly OR.

The translation scheme for boolean expressions havmg numericg] -

representation is as given below :

next_state + 3} 4
append(,plaece
append(‘goto’ next state +2);
;append(E' .place :=‘1")

E - TRUE

{

E place := newtemp();
?ppend(E .place “="‘1’)

E < FALSE

R .
E.place := newtemp()
append(X.place “=’ 0)
}
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Que 3.24. ] Write SDD to Produce thy

. i o €e-addregq code for Boolean
::?::;s;r;: .an obtain the three addresq code for the statement
While a < p 44
ifc <d then

X=yt,
else
X=y4p2 AKTU 2022-23, Marks 10
Answer l
SDD for Boolean expression : Refer Q. 3.23, Page 3-24C, Unit-3.
Three address code : B
1. 1if(a<b)goto(3)
2. goto (9)
3. if(c<d)goto(7)
4. goto (5) .
5. t;=y+z F
6. x=¢
1.
8.
9.

Back patchmg : Refer Q. 3. 22 Page, 3—ch Umt 3.
Numerical :

Three address code

100:if a < b goto_

101 : goto 102

102 if ¢ < d goto 104

103 : goto_ |

104 ife<f goto

105 : goto

——

—

: ; PA RTS B thmetic Expmsamns.' :
P G Translation : Array References i1 AR
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Que 3.26. I Write a short note on postfix translation.

Answerj
1. Ina production A > a, the translation rule of A. CODE. consists of the
concatenation of the CODE translations of the non-terminals in « i the

_terminals appear in .
hieve postfix form.

same order as the non-
9  Production can be factored to ac
Postfix translation of while statement : ’
Production : S - while M1 E do M2 S1 & //

Can be factored as :
1. S-CS1

2. C>WEdo

3. W - while

A suitable transition scheme is given

W while
C->WEdo

Postfix notatlon : Refer Q. 3.7, Page 3—7C Unit-3.

Numerical : Syntax directed t
P ranslation scheme to specif’ ion of
an expression into postfix notation are as follow : o

Production :
E—->E +T
E,->T
T->T,xF
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‘Tl SF
F > (E)
F 5 id

Schemes :

where ‘||’ sign is used for concatenation

E.code = E,.code || T';code || ‘+
E,.code = T.code

T.code = T .code || F.code || ‘x’

T,.code = F.code .
F.code = E.code d -
F.code = id.code |

f..f*
i

Que 3.281 What do you mean by«attrlbuted grammars ? Discuss
the translation scheme for convertmg an infix expression to its
equivalent postfix form. ° |

 AKTU 2022-23, Marks 10

Answer |

iv,

its non-terminals in order to provide con.text

“ By

1
Attnbuted g‘ramm ;

some adﬂatwnal mermatlon (attributes) are "'”‘pendf d to one or more of
1t1ve information.

Each attribute has well-defined: domam_of-values such as integer, float,
Chﬁramer m'lng, and expressions.

Attnbute grammar is a medmmto prov:lde semantlcs to the context-free.

grammar and it can help spec1fy the syntax and semantics of a
Programming language. "%

Attribute grammar can pass values or information among the nodes of
atree,

Infix expression to its equivalent postfix form Following is the
grammar :

E->E+T{Eval =Elval + T.val; E.code =El.code || T. code || “ADD\n”;}
| E~T{E.val = E1val - T.val: E.code = El.code || T.code || “SUB\n";}
| T ({E.val = T.val; E.code = T.code;} \

T->T*F (T.val = T1.val * F.val; T.code =T1.code || F.code || “MULAn")
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| T/F {T.val =VT1.val/ F.val; T.code = T1l.code || F.code || “DIV\p”;)
| F {T.val= F.val; T.code = F.code;}
F ->(E){F.val = E.val; F.code = E.code;}

| num {F.val = num.val; F.code =“PUSH” || num.val || “\n”;)

1. Here, the attribute ‘val’ represents the value of the expression, ang
‘code’ represents the three-address code that produces the value of the
expression.

2.  We use synthesized attributes to propagate the values and code from
the right-hand side of a production rule to the left-hand side.

3.

To convert an infix expression to postfix form;:’;wé can use a stack to
store the operators and operands as we scan the input from left to right
4. We can use the following algorithm : - L

rd-

Initialize an empty stack.

For each token in the 1nput

a.- Ifthetokenisa number output 1t 5
b

If the token is an. opel ater, pop all operators with hlgher or equal

precedence from the stack and output them. Then push the current
operator onto the stack ‘

If the toLen is aleftparenthes1s push 1t onto the stack

0

- Ithe fwken 15 3 rlght parenthesis, pop all o;erators from the stack

until the matehing left parenthesis is found Output each operator
asitis pgpped from the stack. g

ii. ‘Pop any re.mammg opera,tors from the sta.ck and output them.

mg———

PART-7
Procedures Call,

' Que 3.29, Explain procedure call with example;
:, Answer'v 1

Procedures call :
1.

Procedure is an important and frequently used programming construct
for a compiler.

2. Itisused to generate code for procedure calls and returns.
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3.\ Queue is used to store the list of parameters in the procedure call.

4 The translation for a call includes a sequence of
and exit from each procedure., Following

actions taken on entry
actions take place in a calling

sequence :

a.

When a procedure call occurs then space is allocated for activation
record.

Evaluate the argument of the called procedure.

Establish the environment pointers to enable the called procedure
to access data in enclosing blocks.

Save the state of the calling procedure so that 1t can resume executlon
after the call. “

Also save the return address. It is the address of the location to
which the called routine must transfer afl:er it is finished.

Finally generate ajump to the begmmng of the code for the called
procedure. - ,

For example Let us con31de:r a grammar for a simple procedure call
statement : y . ‘ A,

1. .S —callid(Elist)
2. Elst— Eh'st E
3. Elst—>E .°

A sultable trtlon sck eme for procedure callﬁwo d be

Produotwn rule r Semantm actmn . l.
S -5 eall Ld(Ehst) for each item p on QUEUE do
GEN (param p)
“ GEN (ca]l id. PLACE)
Elist — Elist, E appénd E.PLACE to the end of QUEUE
i Elist - E initialize QUEUE to contain only
E.PLACE

Que 3 -30. | Explain the concept of array referenc

es in arithmetic

expreasmns
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Answer l

1.

; fsimilar data type. Here, we assum,
' lection of elements 0 '

Ahn airi}{rcl:ﬁs:;t?on of array, whose subscripts ranges from one to some

the sta orar

limit known at compile time.

If width of each array element is ‘w’ then the ith element of array A
begins in location,

base + (i — low) * d

where low is the lower bound on the subscript and base is the relative

address of the storage allocated for an array i.e., base i8 the relative
address of Allow]. ‘ N

i .
7

rd

’f“-; % § .
A two dimensional array is normally storedln Oneof; two forms, either
row-major (row by row) or column-major (columrf/ by column).

The Fig.3.30.1 for row-major anc ma}jm‘ are given as

Incase of a tw ‘ 41 row-mgjor form, the relative

" (base + (i} - law,)

Mo tig = lowy)* w

%

where low, and low, are low;%bb

18 the number of value |

'll‘hat is,uif high, is the upper bound on the value of i; then n, = [high, -
ow, + 1]

unds on the values of i, and i, and n,
8 that i, can take.

Assuming that ;

. 1 8nd i, are onl
time, we can re

: y V;alues that are not known at compile
write above ex '

pression as :
@ *ny) + i)*w + (base — ((low,*ny) + low,) *

w)
The generalize form of row-major will be

((...((i1n2 + lz) ng + 13)) n, + Il)*w + base — ((((

low, ny +lowy)ng +low,)...) n, +low,) * w



3-8 w-mrected Translations
'é ue 8.31. l Explain how Syntax-directed ¢

ranslation handles array
references within arithmetic expressions,

| |AKTU 2023-24, Marks 10

grammar productions to translate high-level language constructs into
intermediate code.

b - . ;f
2. For array references within arithmetjc expressxons SDT’ Taanages the
translation by associating attributes with non-t
grammar.

3. These attributes typically include :

i Index computation : When an array element is referenced the
index expression is evaluat

bed first. ‘Semantic rules compute the
index’s value, ensurmg 1t 18 within bounds.

Address calculatlon : The base address of the array is combined

with the computed 1ndex 0 de’rlve the effective memory a@d__;:\ess of
the array elemen o

i, Intermedlate c

;neratlon - SDT genera' es 1 teréalate

_ Declardtiqris Statements.

P—

Que 3...32:—] Explain declarative statements with example

Answer '

| ir data types are
In the declaratlve statements the data items along with their ypP
declared.
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For example : |
S-D {offset:= () I

Doid:T

— ]

{enter_tab(id. name, T'.type,offs

et);
offset:= offset + T.width))
T’ - integer {T type:= 1nteger, s
T.Width:z 8}
T — real | {T.type:= real; g
| T.width:= 8} _f"?f

T — array[num] of T, | {T.type:= array(num, Val T type)

T. W1dth = num. Val x T *mdth}

T'—-*K {T. type pomter(T type)

5.

Initially, the value of oﬁ'seﬁ: 1s,set to Z€To0. The computation of offset can
be done by using the foxmula;’oﬁ'set offset + width. ¢ |

In the above transl%,/lo}:'ﬁ“ cheme, T. type, T.width are the synthesxzed
attributes. The type indic %és the data type of corresponding identifier
and width is used te uﬁfcate the memory units associated with an

";:, }ﬁ., d
identifier of corresponding type. For mstance mt ger has width 4 an
realhas8, N

/ &)
The rule D - Ld Tisa declaratlve stat,emonts for zd declarat;ftf;y o
enter_tab is 4 function used for, creatmg the symbol table e
identifier along with its type and offset !

. o ; lement
The width of array is obtamed_by multlplymg the width of each e
by number of elements in the array.

The width of pointer types of supposed to be 4.
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p—

\\Syntax-Directed Translations

/—_

VERY IMPORTANT QUES'I‘IONS .

Faliawmg questzons are very

important. / §
may be asked in your SESSIONALS agizzltlzt:‘?tmns

UNIVERS EMQMINATI ON

Q. 1.

Q.2.

Define syntax directed translatlon.
parse tree for the expression (4 *
desk calculator grammar.

Refer Q. 3.1.

Construct an annotated
7+1) * 2, using the simple

Explain attributes. What are synthesmed and 1nher1ted
attribute ? 5 _

i&. Refer Q. 3.3.

Q. 4.

Q. 6.

Q.17.

i.
Anis;
Q.8.

BeferQ 311,

. Consider the follewmg grammar and give the syntax

directed definition to construct parse tree for the input
expression 4*7 + 3*9 Also construct an annotated parse
tree according to your syntax directed defimtlon )
E->E+T|T, T——~)T* '|F, F— num.

ReferQ 3 5 -

Deflne parse tree Why parse tree constmctmn is only

posmble for CFG Fi

Refer Q 3.8

l)
What are different ways to write three address code !

. Refer Q. 3.12.

Translate the following arithmetic expression into

quadruples and triples:

x=y*z +y*'-2z
=-b*(c+d)+b

Refer Q. 3.15.

' for boolean

d semantic rules
Sy badl{)l::::: tll:eg tﬁ:'lee address code for the following
expression.

U.
eXpressmn .P<QorRc< Sand T <
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Q.9. Explain translation scheme for boolean expression,
Amk Refer Q. 3.23.

—_—

Q.10. Write SDD to produce three-address code for Boole
expressions and obtain the three-address code for t:n
statement given below : d
while a <bdo

if ¢ <d then

s=y*e
else
x=y+2

amE Refer Q. 3.24.

aes

"‘ \‘ﬁﬁa

>
%

o
&
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Implementation of Slmple Stack
Allocatmn Scheme it

Storage Allocatlon m 4-170 to 4—-180
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| 4-240
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_

Lexical Phase Errors .
Syntactic Phase Errors
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......... et 4-100 toA—l‘?C |
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. Data Structure for Symbol Tables.

Sym-bol Tables

h its capabilities 7

Que 4,1.41 Discuss symbol table wit

—Answr l

1 Asymbol table is a data
scope, life and binding in .

2 These information are used in the
program elements, like variables,
of statements. Sl

SN \\‘l~ N

3. Asymboltable must have the following capabilities :

Lookup : To determine whathera é‘iygﬁ\name is in the table.

b.  Insert: To add a new name (a new: entry) to the table. |

c. Access:To access th informati il o .

4 ] e i fOIjmgt__;on related with the given name.

e.

structure used by a compiler to keep track of

formation about names.
source program to identify the various
cOnstants,"’p;'oceddres, and the labels

3

I\Dfloldjfy : To addﬁ_\ng%-i‘r;i.forn‘iati\on about a known name.
elete : To deleteanameor group of names from the. table

Q N
ad [N

. \
& \ ‘
i I What are the svmhb.
N i N R
o AR 4 N
3 “\‘}‘\E‘S."‘}.\

possib] [ ;
e, 3 e Sngd Ofthe SearCh ShOLlld

3. Effici
ent utilizat;
BTOW or shpinj ation of g
d Pace : ThL
4 Ability tohandimammauy for eﬁiecliymb‘)l table must be able t
alanguage such y langlmge characte .nt usage of space ’
ristics :

1 - . rm styy
u;‘;eur;f(,r tructyr cture of Symbol tq),
r e a
If the le(::;:h 1 it or c:;lhneof‘i }} ndle a namle ) h
fana leld € whose |
me jg ength exce
Q‘ue 4.3. HOW Smalls then the T -
Nameg can be | k ®Maining space is wasted
00 aste
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Answer.

1. | r'I‘l‘he sﬁnb& table is searched (looked . -
u
encountered in the source text. p) every time a name is

void scopes ()
{
int a, b, c;
o
int a, b;

}
{
)

The syfnbbl't;ﬂié;gould be fepresgntedby a.n upwards growing stack as :

9. When a new name or new information about an existing name is
discovered, the content of the symbol table changes.

3. The}'efore, a symbol ta}ble must have an efficient mechanism for accessing
the information held in the table as well as for adding new entries to the
symbol table.

‘4. Inanycase, the symbol table is a useful abstraction te aid the compiler
to ascertain and verify the semantics, or meaning of a piece of code.

B.

It makes the compiler more efficient, since the file does not need to be
re-parsed to discover previously processed information. -
For example : Consider the following o

i Initially the symbol tableis empty.

i, After the first three declarations, the symbol table will be

¢ | int
\b int

aint_

iii. After the second de;:laration of Level 2.

b

oo P

int
int
int
int
int

4-3 C (CS-Sem-6)

utline of a C function :

It level 2 */

/* level 3%/

/% level 4 ¥/
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| " Wb,
v.  As the control come out from Lovel 9. ~
e int
b | i
A Lot
V.  When control will enter into Lovel 3,
d | Nont
¢ | font
¢ lint
b |int
a |int
vi. After entering into Lovel 4,
m fint |
.i )

yeontrol from Level 3.
c |int| *
b | int [&*

a}: (.;:

gl int |» &7 57 - ty.
VKIY the Bynibgilj%gble will be again empt.

A

! :
l.“-o w !

%, ; - il dats
t is the role of syﬁﬁiﬁl table ? Discuss diffe
f | What is
Que 44. .
structures used for symbo . - - -
. rious data gtructures use

Discuss the va
suitable example.
Define symbol table 7 E
symbol table.

1
What is symbol tab




Compiler Design

P

4-5 C (CS-Sem-6)

‘Answer
Role of symbol table :
1. It keeps the track of semantics of variables.
2. It stores information about scope.
3. Ithelps to achieve compile time efficiency.
Different data structures used in implementing symbol table are :
1. Unordered list:
a. Simple to implement symbol table.
b. Itisimplemented as an array or alinked liat'- _
¢. Linked list.can grow dynamically that ehmmate ﬂie problem of a
fixed size array. y
d. Insertion of variable take 0(1) tu'ng but logkup is slow for large
tablesi.e., O(n). e v
2. Orderedlist:
a - If an array is sorted, it
O(log , n).
b. Insertionintoa:
C.
a 4 Search tree eration and lookup is doﬂe_mlog rithmi
b, balanced by usmg a,lg rithm ﬁfAVL and Red-black
; -,,, A sh 3
4 Hash tabi;s sind hash factions :

. a. Hash table translate the aleents m the ﬁxed range of value called

hash value and this value i8 usedby hash function.
b. Hash table can be used to mmimlze the movement of elements 1n

the symbol table.
¢. Thehash function helps in uniform distribution of names in symbol

table.

For example : Consider a part of C program

int x, y;
msg ();
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1.." Unordered list :
S.No. | Name | Type
1 X int
2 msg |function
3 y int
2. Ordered list :
Id | Name | Type 4 -
Id1 X int Idl 4“_
d2 |y = - e
‘1d3

o

3. Search tree:

4. Hashtable:

" Name 1
- Data 1

Linkl

Name2
: - | Name3 «

: < s :Storage table

Que 4.5.

s 1 Describe symbol tablé a;j:i:l its entries. Also, discuss
various data structure used for symbol table. |

—.

Symbol table : Refer Q. 4.1, Page 4-2C, Unit-4,

Entries in the symbol table are as follows :
L Variables: |

a.

Varlab.les are identifiers whose val
€xecutions and during a single executi

b.  They represent the contents of some memory location.

¢. Thesymbol table needs t i
; orecord both the variable name as well as
1ts allocated storage space at riintirma )

ue may change between
on of a program.
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2. Constants :

a. - Constants are identify

be changed ersthat represent a fixed value that can never
b. Unlike variables or :

procedures, n -y
stored for constants. 0 runtime location needs to be
These are typically placed right ;
ght into the code st . :

at compilation time. ® stream by the sompiler

Types (user defined) :

a. A userdefined type 1s combination of one or more emstmg types.

b. Types are accessed by name and reference a type definition
structure.

Classes : . N

a. Classes are abstract data types which restrlct access to its members
and provide convenient language level pol yIx orphism.

b. Thisincludesthe location of the default censtructor and destructor
and the address of the v1rtua1 functlon table.

Records: o

a. Records represent a collectmn ef pOSS1b1y heterogeneous members

- which can be accessed by 1 name.

b. The symbol table probably needs to record each%of the record’

members.

Unit-4.

Various data stmctﬁre used for symbol table Refsr Q 4 4, Page 4-4C,

s eiag:

- [ PART-Z
Répqre's.enting Scope 1 nformation. .

Que 4.6. l Discuss how the sedbe information is represented in a
symbol table. "

Answer 1 | |

1 Scope information characterizes the declaration of 1dent'1ﬁers. and the
portions of the program where it is allowed to use each identifier:.

declarations. For example,

2. Diffi languages have different scopes for ) .
in Fe(;;l’lli‘:RAN :ﬁe scope of a name is a single subroutine, whereas in
ALGOL, the scope of a name is the section or procedure in which it is
declared.

3.

lared several times as dlstmct
Thus, the same identifier may be dec

names, with different attributes, and with different intended storage
1ocations. : :
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Th bol table.is thus responsible for keeping different declaratiop
4. e sym _ 5B
of the same identifier distinct. | | !
ke distinction among the declarations, a unique nulpber is
§ gsgzeg to each program element that in return may have its owp
local data. | |
6. Semantic rules associated with productions that can recognize the

beginning and ending of a subprogram are used to compute the number
of currently active subprograms.

7. There are mainly two semantic rules regarding the scope of an
identifier : 8 _ ¥ ‘
a. Each identifier can only be used WlthlIlltSSﬁOpf}
b. Two or more identifiers with same nai:;é and are of same kind
~ cannot be declared within the same lexical scope.

8. The scope declaration of variables, fuhctlons,
a program is shown below : %r Va W
Scope of variables in statemer

{intx; .

_ els and objects within

X

Sy

EL
“ ok >
A
% DY
ocks:
= [ ]

k3

#

&

i g
N e .

e

S

4 & . ;t\\! e ~ ‘-.‘-‘ & ¥ . v,-'._,‘;
»++goto gim; '
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- ic scoping : Static scoping i

- : ping is also called lexi i :
scoping a variable always refers to its top le-v:iuecal e Ehe
b. nvironment.

. . . plng, a lObal d 1

Que 4.5. | Differentiate between lexical. (or static) scope and

dynamic scope.
An'swerj
S. No. , Lexical scope - Dynamic scope
1. The binding of name | The binding-of name occurrences

occurrences to declarations
is done statistically at
compile time. -

to declarations is done dynamically
at run-time. '

The structure of the |

The bindiﬁg of variables is defined

procedure gets its value
from the environment in
which the procedure is

2.
program defines the | by the flow of control at the run
binding of variables. time.

5. A free variable in -a|Afree variable gets its value from

‘where the procedure is called.

defined..

Que 4.9. ] Dis'i:ing}lish between. s
cess to non-local

Briefly explain acce

Answer ‘

Difference:
~ Access to non-local names 1 st

tatic scope and dynamic scope.
names in static scope.
AKTU 2021-22, Marks 10

Refer Q. 4.8, Page 4-9C, Uniﬁ-4.
atic scope :

Jement non-local names (variable)

1. Staticchainis the mechanism to 1mp
access in static scope. ' L ol
2. ' A static chain is a chain of gtatic links that connects certain activation
record instances in the stack. e _ '
b e %1 static Scope pointer, in an activation recprd instance fo’x
' e static linX, 8 f the activation record instances of A’s

subprogram A points to one O
static parent.
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e A T —
: ; ] j ference to.an.object decla

a subroutine at nesting level_( has are 7 red

4. When ic parent at the gurrounding scope nested at level &, then j.p,

ic chain that 18 traversed to get to the frame

4-10C (CS-Sem-6)

in a stat
static hinks forms a stat

containing the object.
= The compiler generates code to make these traversals over frames to

reach non-local names. | | |
For example : Subroutine A is at nesting level 1 and C at nesting level

3 When C accesses an object of A, 2 static links are traversed to get to

A's frame that contains that object r
ot
. Static frames
A
B
C C
f, —p] statie link =
— | static link ==
D in, Mee—Y
Lo B
L " Pstatic link-
 Calls e
E Al B | E
. E]sB | static linl‘;-
PART-3

Run-Time Administration : Implementation of Simple Stack =
Allocation Scheme.

: Draw the format of act,ivatii‘m! reéord in stack allocation
and explain each field in it.

record and & lain n record ? Draw diagram of general activation
xplain the purpose of different fields of an activation

| r¢ f i % 1@

Activation record is used : 2
execution of a proceduré_m manage the information needed by a single

and it li:atmn r:cor d is pushed into the stack when a procedure is called
popped when the control returns to the caller function.
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Format of activation records in stack allocatio
n

Return \raIUe

Actual parameters

Control link

Access link

Saved machine status

Local data

Temporaries

Fields of activation record are:

)

B e e

1.

Return value : It is used by callmg procedure to return a value to
calling procedure.

Actual parameter : It 1s used by calhng procedures to supply
parameters to the called procedures.

 Control link : It points to activation record of the caller:

Access link : It is used to refer to non-local data held in other actlvatlon

records.
Saved machine status : It holds the information about status of

" machine before the procedure is called.

Local data : It holds the data that is local to-the executlon of the
procedure.
Temporaries : It store:
ex;ressm ,

S the value that arises m the evaluatlon of an

Que4 111 How to sub-dlwde a run-time memory mto eode and

data areas ? Explain. i,
. g OR
Discuss the stack allocation and heap allocatlon strategies of the
runtime environment with an examﬂe AKT U 2022-23, Marks 10
Ansv, er -l | |
S“b'lelsmu of run-time memory into codes and data areas 18 shown 1n
Fig. 4.11.1.
Code
Static
. Heap
v
Free Memory
| :
~ Stack
L

Fig. 441.1-
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of fixed size and do

Static allocation :

ti a objects at compile time.
The static allocall

on is for all the dat

| ' v ympile time.
Y The size of the data objects 18 known at compl t .
h. The names of these objects are bou'nd to s(;zzzﬁ ita comﬁc a%;atm
. nnl‘:- and such an allocation of data objects 18 | calles
In ;stah'c allocation, the compiler can detern:lmseim;: pg;b : ;jgz
¢ ; nred bv each data object. Thereforet it becomes easy f
:?;ﬁler to find the address of these data in the activation record.
e At compile time, compiler can fill the addresses at which the target

code can find the data on which it operates.

Heap alocation : There are two methods used for heap management
a Garbage collection method : ' '

2

estroyed but dataobject

i When all access path to a‘ébjeCf ared
continue to exist, such type of bbjects are said to be garbaged.
i.. - The garbage collection is a technique which is used to reuse
that object space.
.

In garbage collectidh'? a]] the elements whose garbage collection
bit is ‘on’ are garbaged and returned
b. Reference counter:

L to the free space list.

i Referenpe counter attempt to reclaim ea ch element of heap
slorage immediately after it can no longer be accessed. ‘
tﬂ‘a‘&gh.imemor_:rhg:l:ho? the heap hag a'réference counter
asgociated with it tha ; it o o
Sy | "‘contalins’.a cognt of numbgr of values
The count is incre
cell and decre
4 Stack allocation :
o Btack allocatiog

B

mented each time
Eidoks 4 new value point to the
mented each tigme e point to the

a value ceases to point to it.

Ll . . .
X ;:irrd. ture called activation
- aclivation rec,
0 records are pyg)
y ;aj “ule Tenpectively, pushed and Pupped as activations bogins
the activag i, B0 each cal) of y)
o . eHn record f " ' provedure is contained i
Mirage in vach di:tivati(::; t:‘-f‘i_cull. Thus, loculy a:-“, l{: ("‘mmm?d N
Y UOLo Lhe stack wiy,, call ’i..m““lm 4 NOw nctjyy iu,-:'m m‘";‘.‘ 3 tr:m’:;
These vaduas 1 # mude O record is pushec
Ny / Mes of Loes '
Gus 4,1ﬂ Wh OCals are deleted whap the
. Lo Y run-tim, Sorgg, “Hlvation onda
simple stack jmeple Y Manayg,
tation j, implen, Pt required ? How
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nger

Run-time storage management is required because ;

1. A program needs memory resources to execute instructions.

o Thestorage management must connect to the datg ohjects of programs,

3. It takes care of memory allocation and deallocation wh
being executed. ile the program is

Simple stack implementation is implemented as :

1. Instack allocation strategy, the storage is orgamaed as gtack. This stack
is also called control stack.

2. As activation beginsthe activation records are pushed ,onto the stack

and on completion of this activation the oorrespondmg activation records
can be popped.

3. The locals are stored in the each activation re'cord. Hence, locals are
bound tocorresponding activation record on each fresh activation.

4. The data structures can be created dynamically for stack allocation.

Que 4.13. | Discuss the follo.win‘g' parameter passing teehniques
with suitable example. 7

i.. Call by name

ii. Call by reference
OR

Explain the various parameter passing mechamsms of a high level
language ]

Answer l _ ‘

1 In call by name, the actual parameters are substxt(tilted for formals
in all the places where formals occur in the procedure

2. ltis also referred as lazy evaluation because evaluation is done on
parameters only when needed.

For example :

main. (){

int n1 = 10; n2 = 20;

printf(“nl: %d, n2: 9%d\n”, nl, n2);
swap(nl,n2),

printf(“nl: %d, n2: %d\n”, nl, n2); !
swap(int c ,int d){

int t;

t=c
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c=d;
d=t;
printfi“nl: ad, n2: %d\n”, nl, n2),
)
Output: 10 20
20 10
20 10

ii. Call by reference:

1. In call by reference, the location (address) of acttlai arguments is
passed to formal arguments of the called fxmctlon This means by
accessing the addresses of actual ar ents we ¢an alter them
within the called function.

2. 'In call by reference, alteration to actual arguments is possible within
called function; therefore the coeféf ust handle arguments carefully
else we get unexpected resui'!"'-{"_‘,._ iy
For example:

#include <stdio. h> )

int 1 =10; n2=20; Ry N

& ac!:nal argu ents will be altered */ - =

: SwapByReference(&nl &nz) B 4.:,‘?,::--_,_‘:':\.,L .w
printfi“n1: %d/n2: %d\n”,n1,n2)f .~ "

‘{'Oid swaPByRBference(mt *a, int *b)

t=*a; %g = *h ¥p o ¢

}

‘ Output : n1: 20, n2; 10
Que 4.14,

allocation,

D
ifferentiate between stack allocation and heap
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Answer 1

Stai;ic allocation.

Heap allocation

1.

Static allocation allocates

memory on the basis of size of
data objects.

Heap allocation makes use of heap

for managing the allocation of

memory at run time,

In static allocation, there is no
possibility of creation of

dynamic data structures and
objects.

In heap allocation, dynamic data
structures and objects are created.

In static allocation, the names
of the data objects are fixed
with storage for addressing.

Heap allocation allocates

contiguous 'b'lo‘ck of memory to
data objects. .~

Static allocation is simple, but
not efficient memory
management technique. .

Heap allocation does memory
management in efficient way.

Static allocation strategy is "_i._H‘eap allocation is slow in accessing

faster in accesg,;in,ga_‘d‘atefg_@s
compared to heap allocation.

as there is chance of creation of
holes in reusing the free space.

It is easy tq—‘iple?gif

It is comparatively expensive to

implement.

o

Que 4.15. | Deseribe a simple

memory during lii'bgram execu . 1h
local variables and managlng-ful}qtmn f:alls.

Answer |
Stack allocation scheme :

stack #llépa@ioh s@héme for managing
u,tlonExplaln how it is used for storing

"AKTU 2028-24, Marks 10

1.« Asimple stack allocation scheme for managing memory duri:;% p;lolgr:zz
. execution involves using a stack data structure to allocate and dealloc

memory dynamically.

2. In this scheme, memory is allocated from the top of the

stack, and

deallocated by simply adjusting the stack pointer.
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Stack allocation scheme can be used for:

1. Storing local variables:

a. When a function is called, space for ite local variables iz allocated op
the stack.

b Each local variable is assigned a memory location within this
allocated stack frame.

¢ As the function executeg, it accesses its local variables relative tg
the base pointer of stack frame or stack pointer.

d  When the functionexits, the stack frame is deallocated by adjusting
the stack pointer, freeing up memory for reuse.

2 Managing function calls :

& When a function is called, its parameters return address, and
sometimes other information are pushed onto the stack.

b.”" This information forms the function’s activation record or stack
frame. :

c. The function’s code then executes using the allocated stack frame
for accessing parameters and storing local variables.

d

Upon function completion, the stack frame is deallocated by popping
the stack, restoring the previeus stack state.

Que 1.18.1 How do we represent the scope information ? Explain

scope by number and scope by location.

Representation of scope information : Refer Q.4.6, Page +-7C.

Unit-4
Bcope by number :

1. It stores all values in one Symbol Table.

2. The game name can be declared many times as a distinct name in

| different blocks or procedures.

3. . We can recognize the particular identifier in a procedure by matching
not only the name of the identifier but also match the pmcedure number
to which it belongs.

4. Each block or procedure will be assngned a number.

Scope by location :
1

It creates a separate table for each scope block or procedure
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9 Multiple identifiers with the same name can easily be inserted because
the same name variable will be shared in a separate block.

g, We cannot have two variables with a similar name in the same block or
procedure.

| PART-2
Storage Allocation in Block Structured Language.

Que 4.17. l Explain symbol table organizatlon using hash tables.

with an example show the symbol table orgamzatwn for block
structured language.

Answer l

1. Hashingisanimportant technique used to search the records of symbol
table. This method is superlor to list Orgamzatlon

2. Inhashing scheme, a hash table aﬂd symbol table are maintained.

3. . The hash table consists of k enmqs from 0, 1to & — 1. These enfries are
basically pointers to symbal tabI"'"“pomtmg to the names of symbol table.

4 To determine Whether the "Name is in symbol table, we used a hash
function ‘h’ such that hé/name) will result any integer between 0 to
k—1. We can search any name by pos1t1on h(name)

3. Usmg this pﬂsﬁmﬁ;we can obtain the exact Locatlons of name in symbol
table. e ;

6. Thehash tab’le m&d symbol tabl,e/a,re shnwn‘ in Flg 4.17.1.

Symbol table
ha.sh table Name It;fo hash link

Sum|— — | Sum

i

|

ave

: Fig‘ 4!1’701‘
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7. The hash function should result in uniform distribution of names i
‘symbol table.

8. The hash function should have minimum number of collision.

T

PART-5 |
Error Detection and Recovery : Lexical Phase Errors, Syntactzc
| ~ Phase Errors, Semantic Errors.

Que 4.18. ] Define error recovery What are. the pmpertles of error
message ? Discuss the goals of error handlmg

| Answer ]

2
-l: - \ e

Error recovery : Error recovery is. ‘an—?unportant feature of any compiler,

through which compiler can read and execute the complete program even it
have some errors. '

than in terms of some t '7

2. Error message s 1

4. '_There shou% be 1o duplicacy of error messages
not be repor ‘ :

orte d'again and again.. &
Goals of eﬂ'ﬂrﬂandhng are p,s follows N d
1. Detect the presence of errors and prod_uce ‘meaningful” diagnostics
2. To recover quickly enough to be‘able to detect subsequent errors
3.

Error. hax’ 1dling components should not significantly slow down the
compilation of syntactically correct programs.

Que 4.19. | What are lexical phase errors, syntactic phase errors

and semantic phase errors ? Explain with suitable example

OR !
Explain lexical, syntax, semantic phase errors in detail

031, 1 farks 1‘6]

OR
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o
What do you understand by lexical

Also suggest methods for recovery of errors,

4-19 C (CS-Sem-6)

| AKTU 2021-22, Marks 10
OR I—

Explain the lexical analysis and syntax anal
compiler with a suitable example. E

ysis phases of the
Xplam the reportmg errors in

these two phases as well.

Answer: ‘

1. Lexical phase error :

a. Alexical phaseerrorisa sequence of character that does not match
the pattern of token i.e., while scanmng the source program; the
compller may not generate a vahd token ﬁ'om the source program.

b.

1 In ?ascal program, the charagﬁé o &z'and @ if occurred is a
lemcalmor ey “:&

1, 3 .,v.? .-*"i
’!s

2 Syntaetic phase errors (qgntax @rror)

a. Syntactlc errors are those erTOrsS whlch occur due to the mistake
done by the programmer dur;ng Qﬁdlng process.

b. Reasons due to which errors are found in syntactic phase are :
i Missing of semicolon
ii. Unbalanced parenthesis and punctuation

For example - Let us consider the following piece of code :
int x;

L3

int y //Syntax error |
In example, syntactic error occurred because of absence of semlcolon.
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3 Semantic phase errors:

a  Semantic phase errors are thos
and scope in a program.
rrors are found :

e errors which occur in declaratiop

b. Rea,son due to whiche
i Undeclared names
. Type incompatibilities
i, Mismatching of actual arguments with the formal arguments.

For example : Let us consider the following piece of code E

scanfl“%f%{”, a, b);
In example, a 'and b are semantic error because scanf uses address of
the variables as &a and &b. -

4. Logical errors:

a. o Logical errors are the loglcal mlstakes founded in the, program
which is not handled by the compller

b. In these types of errors, program is syntactically correct but does
not operate as desued

For example L. 5
Let consider followmg plece of code :
s=dal, 7 e
‘y'=5' kg . {-:f?f‘_‘é’ ¥ N
average = x.+ y/2;

B

The given code do not gnte the average ofx and y becaus o BODMAS
property is not used prgperly LN

Que 4,20.—] What do you understja_md, b‘y lexical error and syntactic
error ? Also, suggest methods for recovery of errors.

OR
Explain logical phase error and tacti est
- $0F Pocovery of eeror, yntactic phase error. Also sugg

Asnswer 1

Lexical and syntactic error : Refer Q. 4.19, Page 4——180 Unit-4.
Various error recovery methods are :
1. Panic mode recovery:

a. This.is the simplest method to implement and used by most of the
parsing methods.
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b.

When pars
parser detect an error, the parser discards the input symbols

one at a time until one of th :
< found. e designated set of synchronizing token

Panic mo ; ;
de correction often skips a considerable amount of input

without checking it for additional
o & . al errors. It oi
go in infinite loop. ors. It gives guarantee not to

For example :
Let consider a piece of code :
a=5b+c;

d=e+f;

~ By using panic mode it skips a = b + ¢ without checking the errorin

the code.

2. Phrase-level recovery :

a.

When parser detects an error thgbarser may perform local
correction on remaining input.

It may replace a prefix of the remaining input by some string that
allows parser to cgqtinué. v - - \ -

A typical local c':brré“étib‘nﬁm‘rould replace a comma by a semicolon,
delete an extraneous semicolon or insert a missing semicolon.

For example: -

Let qbnsi'der'g piece of code

while (x>0) y=a+ b;

i

In this 'Eo de local co rrect_iﬂﬁ“.is d(%he::t-‘))} phr‘ése-level recovery by
adding ‘do’ and parsing is continued. <

3. Error production : If error p;{oducﬁiq_xi is used by the parser, we can

generate appropriate error

message and parsing is continued.

For example:

Let consider a grammar
E > +E|-E| *A|/A
Ao E

When error production é
to the user asking o use

ncounters * A, it sends an error message
«#? gg unary or not.

4. Global correction :

a.

b.

LY

Global correctionis a theoretical concept.

This method increases time and space requirement during parsing.
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Que 421 ] Explain in detail the error recovery process in operator

precedence parsing method.
‘Answer l ‘
Error recovery in operator precedence parsing : |
1 There are two points in the-parsing process at which an operator-
precedence parser can discover syntactic error :
a. Ifno precedence relation holds between the te,rmmal on top of the
stack and the current input. . .
b. If a handle has been found, but there is. no productlon with this
handle as a right side. &
2.

-

a _‘Missing operand |
b.- Missing operator

The tasks of the error handli

it to the user, and the ng process are to detect each error, report
them to handle the errl:;;n ake some recovery strategy and implement

An error is the blank entries in the syn;bol table

Errors
'S in the program should be detected and reported by the parser
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Functions of error handler :
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1. Error detection :

o Viable-prefix is the property of a parser that allows early detection of
“syntax errors.

b Detection of an érror as soon as possible without further consuming
unnecessary mput.

c. Detect anerror as soon as the prefix of the input does not match a prefix
of any string in the language.

For example : for(;), this will report an error. as fer havmg two
semicolons inside braces. N

Error recovery : Refer Q. 4.20, Page 4_190 .

' meaning ‘ Théfizlvolve
incorrect ng or itk b4 de_cla.red
variables, and mcorrect functmn calls. L N

Challenges assoclated with detectlng and handlmg semantic

L CWW ﬁf detectlon : Semantlc errors mvolve logic and meaning,
making them harder to 1dent1fy than syntax errors.

2 Context dependency : Errors depend on specific application context
and data, requiring deep. understandmg of the domain.

3. Testing limitations : Traditional testing may miss logical flaws that
only occur in specific scenarios.

4. Dynamic behavior : Errors may emerge during runtime, complicating
detectiorf and debugging.

3. Data quality : Inconsistent or incorrect data can lead to semantic
errors.
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Example to illustrate semantic issue :

1. In apayroll system, mistakenly using gross salary instead of net Salary
| for tax calculations is a semantic error.

2. The code runs without errors, but the logic is flawed,

uires thorough domajy
3. Detecting and handling such errors req
’ ‘knowledgi, comprehensive testmg, and rigorous vahdatlon techniqueg

DlSCllSS symbol table Wlth 1ts capablhtles ?
Refer Q. 4.1. lN

Q.2. What are the symbol table requirements ? What are the
demerits in the

@ umform structure of symbol table 7
ReferQ 42 L S

Q.3. What. i 1s the role of S
& structures used for s

ymbol table ? stcuss dlﬂ"erent data
Refer Q. 44.

ymbol table

Q4.

Describﬁ symbol table and its entrles. Aiso, discuss various
- data atructure used for symbol table.
g Refer Q. 4.5, ; .

Q.5. Draw the form

. Ation record in stack allocation
and explain each field in it.
Ang, Refer Q. 4.10,

Q. 6. How to sub-divide

areas ? EXPlaln
AXis. Refer Q. 4.11

Q.7. Howdo wer

by number ang scope by 1 i
e tion.
AHE, Refer Q. 4.16. o i
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‘ rganization using hash tab] ’
an example show the symbol table organizatio:: f: S.b‘:m:
structured language. | o

as& Refer Q. 4.17.

Q.9. What are lexical phase errors, syntactic phase errors and

semantic phase errors ? Explain with suitable example.
AsE Refer Q. 4.19.

Q.10. What do you understand by lexical error and syntactic

error ? Also, suggest methods for recovery of errors.
&#i5. Refer Q. 4.20.

©00
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Code Generation °
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PART-1

Code Generation - Design Issyes.

Qﬁé 51 ] What is code generat
code generation. |

ion ? Discuss the design issues of

Answer |

2.

1. Code generation is the final Phase of compiler. e

It takes as input the Intermediate Representation (IR) produced by the
front end of the compiler, along with relev

- and produces as output a semanticall
shown in Fig.5.1.1.

ant symbol table information,
y equivalent‘target program as

Sal

T S Al '
Front | Intermediate 1 (4o '|Intermedxate> Code Target
End Code ’: Optimiier: (.'Code Generator | program
: T Ll

Fig. 5.1.1. Position of code generator.

Design issues of codé generator are :

L Input to the code gépprator .

a.

e 2

The inkut t5 thegode generatoris the ihte;rhediat.é representation

“of ’th‘ié‘}'?“sk}furc_éfﬁrogram produced by_thé frdn'ty'iq}:rid, along with

b

2 The tafget program {

a.

informationin the symbol table. = .
IR i;xéludes three address rgpi‘_égeni:ﬁibns and graphical

The instruction set archiféctu?g of the target machine hasda
significant-impact on the difficulty of cons.tructmg a good code
generator that produces high quality machine code. S
i hitectures are
t common target machine arc .
’(I‘I;l:d:;(e)g Instruction Set Computer), CISC (Complex Instruction
Set Computer), and stack based.

3. Imstruction selection :

a.

b.

The code generator must map the IR program into a code sequence
that can be executed by the target machine.

translate each IR
is hi 1, the code generator maytr ‘
g;f:;gnf ;ﬁih;e::quence of machine instructions using code

templates.
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4. Register allocation :

5. Evaluation order :

a  Theorder in which computations are

b.. Some computation ordérs re.

oblem in code generation is deci'dlngd wl:la(t)t; V}il;:zs etg hold
a. ﬁlk‘:;nill; registers on the target machine do enough
‘ lues.
space to hold all va o o
b, Values that are not held in registers need to Fe‘sllcieiaallr)ll m:ﬁn::y_
| Instructions involving register operands are inva y shorter

and faster than those involving opers.mds in memory, so efficient
utilization of registers is particularly important.

c. The use of registers is often subdivided into two subproblems :

i, Register allocation, during which we selgqftﬁéisgt of variables
that will reside(in registers at each pomti%nthe pregram.

ii. Register assignment, during which weplck tha&pemﬁc register
that a variable will reside in. L

,;,;,Jf

efficiency of the target cod"g;ﬁ :

intermediate results than&the;s

Que 51‘1 Explain the role of ade generator in a comp
its .mponsibﬂiﬁeg and ho

wiﬁ"%ranslates intermedis

target code. | -
Answer | & |
Role of code generator in a compiler: ..« . |
1. R translates the intermediate code into & low. 1ae .1 -
| e code into a low-le :
that cam be directly J t,? yowgiev 1 machine language

2. It must ens
and com

executgd by the ni

ure th@t the generated code is ¢
patible with the target architgctur

ne.

orrect, efficient, optimised

3. It alsom Tehit e of the machine. '
. - anages Bystem resources guch as memory and registers.
1. Szmmm““ of code generator are ; |
target manhj:fewdei . translation : Tranglate intermediate code into
2 Opﬁmiiatinn Aeiructions or another form of executable code.
and Pérformar.w?pgxzﬁué?iaetmn techniques to improve code efficiency
Tearranging instructiong. moving redundant computations and
3. Register al
] m B *
Rl rogisrs o o et aribles nd intermedit
4 Instruction e 10ns efficiently
selection ;: M 1 .
code to suitable machine instap high-level operations from intermediate
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1.

2.

Code Generation

IR analysis : The compiler
: ! pPiler parses source code.
intermediate representation (Ig), § source code and generates an

Target architecture consider
hardware are accounted for.,

Instruction selection :
machine instructions.

Register allocation :
for speed.

ations : Characteristics of the target
High-level language constructs are mapped to
Efficient usage of processor registers is ensured

Memory management : Memory allocation and usage are managed

| for variables and data.

Control flow handling : Constructs l,ike“_loo"'ps and conditionals are
translated into machine instructions. .

Error handling : Detection and rel?o}ting of code generation errors
are facilitated. o

Code emission : Translated tai‘éet code, typically machine code or

_ assembly, is produced.

| Aol PART-2 e e o
The Target f‘ahguage, Address in Target Code.

Que 5.3. 1 Diécnss addresses in“the ta_yget rgo'de.

Ansyiver l

1

Addresses in the target code show hownames in the IR can be converted

into addresses in the target code by looking at code generation for

simple procedure calls and returns using static and stack allocation.

i 2 1 t executing program runs in its
ﬁgrl?)’::ii;llﬂgfezzrsg])e:c‘;oﬁa:?;: ‘:)Zl:'titioned into four co_de and datg, .
areas
a. A statically determined

code. The size of the tar
time.
b. A statically determin

and other data genera
constants and compiler

area code that holds the executable tmget
get code can be determined at compile

' i tants
ta area static for holdmg‘global cons
edtgg by the compiler. The size of thfa glf)ba]
data can also be determined at compile time.
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Comp 1 gres heaD for holding data objects that

: 5 ‘ .
- dﬁlam;f:cil;’nmd??:egd during program execution. The size of the
c L -
ﬁlt;eap c:nnot be determined at compile time.

holding activation records

-' ianaged area stack for ho

d A d{ﬁl:m;:llc); ::atedgan d destroyed during procedurg Icalls and
::tumls, Like the heap, the size of the stack cannot be determined

at compile time.

R RT3 [0 . o
Basic Blocks and Flow Graphs, Optimization of Basic
iR locks, Code Geperafoli [ i &0

Que 54] Write an algorithm to partltr : :-"éequence of three

address statements into basic bloc
Answer i
The algorithm for constructio

&

4

f Bas;g:;blg;ﬁk is as follows :

Input : A sequence of three a\sﬂtvk'atements_

Output : A list of basic blocks with each three address state
one block. 4 :
Method :

,)The rules we use are given as :

2 The first statement is a leader.

[

‘?12}" p:
VA A

b.  Any stateément which is the t I al
S Shetarget ofa conditional or unconditi
goto is aleader. o’ —_— g Honator uncon o

lea)(;-e,.! ment which lmmediateéy follows a conditional goto is a

| Explain flow graph with example,.

Answer ﬂl
1L A ﬂd“‘} ‘;Si'aph isadi
Irected : .
2 added to the basjc blocks. sréphin which the flow ¢ontrol information is
. The nodes to the f1
' , Ow graph
3. The block whose Jeag P are represented by basic blocks
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e ——

4. There is a directed ed

Code Generation

ge from block B

follows B, _ ; Inthe given Sequence. We :3_&111 g;; L?ncalt g:_lf g‘;rg;:ggézszg
of B..

For example : Consider the three address code ag -

1. prod:=0 2.i:=1

3. t;:=4 ) ; 4. ty = a[tl] /* computation of a/j) */

5. tgi=4*1 6.1, := blt,] /+ Computation of b[;] */

T to=ty*t, 8. tg = prod + te

9. prod:=¢, 10. ¢, =i+l

1. i:=t, 12. if i <= 10 goto (3)

The flow graph for the given code can be drawr;;géifollows -

pI'Od =0

5

A V‘Blloc Bl : the

" initial block

- | A
ific =10 goto (3) N

Fig. 5.5.1. Flow graph.

; : uch that :
Loop is acollection of nodes in the flow graph st

. ' ath from
des are strongly connectedi.e., there is always ap
: All such no ed

any node to any other node within that loop.

ollection o que y ere is only one
The c llect 1 entry. That means th
1 f nodes has uniq FTRE |
ath from a node outside the lOOp to the node inside the loo
P P

) i loop.
The loop that contains no other loop is called inner loop
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iy,

‘ raph :
Following term constitute a loop 1n flow grap

1. Dominators :

a.

tes a node n if every path
raphs, & node d domina
go:il;tlfd) lefdf:; ?mdlz, to n must go through d. This is denoted as d

dom n. _
By definition, every node dominates itself.

A node d strictly dominates a node n if d dominates n and d is not
equal to n.

The immediate dominator (or idom) of a node n is the unique node
that strictly dominates n but does not strictly dominate any other

node that strictly dominates n. Every node except the entry node,
has an immediate dominator.

A dominator tree is a tree where each node’s chlldren are those
podes it immediately dominates. Because the immediate dominator
is unique, it is a tree. Thel,staxjt_,,no‘de is the root of the tree.

2. _Natural loops :

a.

d,#

The natural loop can be deﬁned by a back edge n — d such that
there exists a collectlon of all the nodes that can reach to n

without going through d and at the same time d can also be
added to this collectlon

Loopina ﬂow graph can ‘be denoted byn->d such that d dom n.

These edges are. called back edges and for a loop there can be

more than one back edge.

zflhere is p -->g ‘then gisa head and p 1s a tall and head dominates

3. Pre-header:

a,

b.

The Pre-header isa new block cre;,téd | h
block is the header block. . suc that successor of this

All the computations that can b
e mad b
can be made before ‘the pre- hea B ore the header Uspia

der block.

\/
\/ ¢ I

header

header

B,

‘Fig. 5.6.1. Pre_haadar
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4. - Reducible flow graph :

a. A flow graph G is reducible
: L graph if a
the edges into two disjointed groupsi.e, f(:‘r:;:z ;ilwe car(; partition
edges. ges and backward

b. These edges have following properties -
i.  The forward edge forms an acyclic graph.

1. The backward edges are such edges whose heads dominate
their tails.
¢. The program structure in which there is exclusive use of if-then,

while-do or goto statements generates a flow graph which is
always reducible.

Que 5. 7 1 Discuss in detail the process of optlmlzatlon of basic

blocks. Give an example. i
"OR ,' . 4
What are deferent issues in code optmuzatlon ? Explain it with
proper example.

Answer l

Different issues in code optmnzatlon are:
1. Function presemx;g transformatlon The 0! prem

transformatmns are basu:ally divided into followmg types

a. Common sub-expressmn ellmmatlon :
2 ‘A commcm sub expression is nothmg but the expressmn which
: is already computed and the same» expresmon is used again
and ain in the program. .= "
i If thzesult of the sxpresswn not chenged thex} we eliminate
tation of saime expressmn again and again.

.+ gompu

“For example : : , o

Before common sub-expression elimination :
a=t*4—b+a '

pppppppppppppppppppppppp

sp e
--------------------

3
ooooooooooooooooooooooo

aes
---------------------

n=t*4-b+6C expression elimination :

snp®
--------------------

e
----------------
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-----------------------

n = temp; ' . . )
i Ingivenexample, the equationa =t *4—b +c 1s occurred most

of the times. So it is eliminated by storing the equation into
temp variable.

b. Dead code elimination @

i  Dead code means the code which can be emitted from program
and still there will be no change in result.

i. Avariableis liveonly whenit is used in theprngram again and
again. Otherwise, it is declared as dead, because we cannot
use that variable in the program so.it is useless.

“

1L The de:ad code occurred during thépmgramxs not introduced
intentionally by the programmer...

For example :
# Define False = 0 e
False = 1
If{(!False)
L ro, 1s guaranteed then code in ‘T]
. will neve then code in TF°
il (eir be executed. So, there is.no need to statement
W Wg"beﬁ 00 efor this statement, - lsd d IS ERIT SR T
i In this techni efo?E-,si"n 5 3 use it in the program
que t e val
computation of % MO of variable is repl
F an expression is done at th placed ¥
or example ; e compilation time
pL = 314,
rs 5;
Area = pj * y .
Here at the co ,
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a constant.

For example :a = 3.14157/2 can be r
thereby eliminating a lelSl(m operation

g Algebraic simplification :

eplaced by a = 1.570785

a. Peephole optimization is an effective techni
- simplification. ique for algebraic

b. The statements such as

x:=x+0

Transformatlon :

L “be applied to basm bloek without

pu?ed by the block.

P%ge 5-8C, Unit-5. N 4

d code ehmnation Refer Q 5. 7 Page 5-8C, Unit-5.

iil. Interchange of atatement :+ Suppose we have a block with
‘the two adjacent st;a,l;ements,

templ=a+b

temp2 =m + n

“Then we can interchange the
the value of the block if an

two statements without affecting
d only if neither ‘m’ nor ‘n’ is

temporary variable templ and neither ‘a’ nor ‘’is temporary

lude
variable temp2. From the given statements we can conc
that a normafl) form basic block allow us for interchanging all

the statements if they are possible.

b. . Ajgebl‘mc transformation : - Refer Q. 5.7, Page 5-8C, Unit-5.
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PA RT-4

Machine Independent Optimizations, Lonp Optimization.

Que 59 ﬂ\ What is code optimiz
code optimization.

Answer A“

Code optimization :

1. The code optimization refers to the techniques used by the compiler to
improve the execution efficiency of generated object eode.
It involves a ¢omplex analysis of intermediate code and performs various

transformations but every optlmlzmg transformatlon must also
preserve the semantic of the program

Classification of code optlmlzatibn -

ation 7 Discuss the classification of

2.

Sig .‘,5.
X TN

Cg&e op

S8 . .
Akts ,zatlon

RS ~.§§~:~g’-s.<‘-

Machine depénden

Machme mdependent J

Fig. 5.9.1. CIasslﬁcatlon ef code eptmnzatmn
L Machine depends

nt The machine dependent apmzauon can be
achieved using followmg criteria :

2.  Allocation of sufficient number of ):é
efﬁcwmf the prograg

‘es 'ﬁnprove the execution

b. Using immediate mstractmns wherever necessa.ry
c.

The use of intermix instructions gnng with the data increases the
speed of execution. : j

2 Machine imlependent t The machme inde
pendent optimization can
. be achieved using following criteria :

a: The. code should be analyzed completely and use alternative

equivalent sequence of source code that will produce a minimum
amount of target code.

Use appropriate program structure in order to improve the
efficiency of target code.

o

5 By eliminating the unreachable code from the source program.

Move two or more identical computations at one place and make
use of the result instead of each time computing the expressions.
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a“? 5.10. \ Explain local optimization.

Answer ‘

1. Local optimizationis a kind of optimization in whi :
. ich both
and the transformations are localized to a basic block.0 the analysis

2. The transformations in local optimization are called as local
transformations. ' |

3. The name of transformation is usually prefixed with 9local’ .while
referring to the local transformation. .

4.

There are “local” transformations that can be applied',to‘,program to
attempt an improvement. N

For example : The elimination of comn;pri‘S?'-f'ff'_i,exﬁx;eséion, provided A -
is not an alias for B or C, the assignments: ~
A=B+C+D . = ..

might be evaluated as . .

‘ Tl = B :"C %, ‘ \\_‘ l\

A := A s 7.—) ’ =
In the given examplé, B +Cis'stored in T, which act aslecal aphml , ization
of common sub-expression. . i 5 W

LRI

Que 5.11. ‘ Expl what constitute a loop in a flov

x R
i g

graph and how

Wlllyou do looi)-ﬁpizatidns in code optumZa

: X A».of- a compiler.

Write a short note on loop optimization. = - -
s 'y wEFOR . '
Explain in detail about loop optimization. | 27" =

Answer ‘ 4

Following term constitute a lo'oii in flow graph : Refer Q. 5.6,
Page 5-6C, Unit-5. | | o |
ij’l) optimization is a process of increasing execution time and reducing
the overhead associated with loops.

The loop optimization is carried out by following methods :

1. . tion : )
SOdZ:; ::otion is a technique which moves the code outside the
b 11:0::,}119 expfession in the loop whose result remains unchanged

i then such an
.o the loop for several times, .
'evel;;gi; :ﬁﬁilllslgg placed just before the loop (i.e., outside the
exp .

]nt\'\\
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2.

3.

——-——-\
Code motion is done to reduce the execution time of the prograp,
Induction variables :

a. Avariable x is called an induction variable of loop L if the value of
variable gets changed every time.
b.

It is either decremented or incremented by some constant
Reduction in strength :

a.

In strength reduction technique the higher strength operators
can be replaced by lower strength operators

b. ' The strength of certain operator is higher th
C.

other

FEH
l.

The strength reduction is not applied to’ the ﬂeatmg point
expressions because it may yield deferent results

Loop invariant method : In loop mvanant method, the computation
inside the loop is avoided and thereby th
compiler is avoided.

comptitatlon overhead on

Loop unrolling : In this me
be reduced by writing the code

“’the nber of yjumps and tests can
For example :

inti=1; : inti=1; - |
while(i<=100). : , Whlle(1<—136ii;’ﬁf -
‘be written as { 5 4
- g aE:} b{l]

\:.",‘ 1 + +

"-fah]-bﬁ] 4

-----

6. lmp fusioamr loop Jamglﬂg In __.op fusmn method several loops
. are merged to one loop. '

.’_?L;G"
a0
| P

For example .

.
3 e
S v

E: 4
By
.

for i:=1 to n-do

for 3:=1 to m do

alij}:=10

PROD

:=0

1. I:=1

2. T1:=4*l

3. T2:=addr(A)-4
4. T3:=T2|(T1]

5.

TA:=addr(B)-4

Can be wﬁtten as

=i

for :=1 ton*m do
ali]:=10

Que 5 12 ] Consider the following three address code segments
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jlliapiieg
ﬁ::TMTI}

7. T6:=T3*T5

g PROD:=PROD +Té

g [I:=1+1

10. If I <=20 goto (3)

a2 Find the basic blocks and flow
graph of above sequence.
b Opum mize the code sequence by applying function preservin
ation optimization technique. ¢

. OR
Consider the following sequence of three address codes:

Code Generation

N
5

T‘:—T *T

pmrlﬁP‘PP’Nr‘
H

11 If I <= 20 goto 3)
Perform loop optimization.

Mer !

a. Basic blocks and ﬂow graph .
1 Asfirst statement of program1s leader statement
PROD =0 is a leader.
2. Fragmented code represented by two. blocks is shown below :

PROD—O
J = 1

1

T, =4%1

T, = addr(A) - 4
Ty = Ty Ty
T,= addr(B) - 4
Ty = T4 Ty

Te =Ty* Tg
PROD = PROD + Tg | B2

1=1+1
If 1 <= 20 goto B,

B,

|
F:,g 5.12.1.
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b. Function preserving transformation :

1. Common sub-expression elimination : No any block has any sy}
expression which is used two times. So, no change in flow graphs.

2, Copy propagatlon No any instruction in the block B, is direct
assignment i.e., in the form of x =y. So, no change in flow graph and
basic block.

3. Dead code elimination : No any instruction in the block B, is dead So,
no change in flow graph and basic block.

4. Constant folding : No any constant expression is present in basic
block. So, no change in flow graph and basic block,.

Loop optimization : |

1. Code motion :Inblock B, we can see that value of T, ami T, is calculated
every time whenloop is executed So, we can move the se two instructions

~ outside the loop and put in block B a8 shown in Flg 5.12.2.
PROD - o e
2-" addr(A) 4 B1 ’
- # PROD = PROD + T f’";
11 <=20.goto Bz
Fig 8., 12 2.

2. Induction variable : Avanablel and. ‘T are called an induction variable
of loop L because every time the vamable I change the value of T, is also
change. To remove these variables we use other method that 1S called
reduction in strength,

3.

Reduetmn in strength : The values of I varies from 1 to 20 and value
Tl varies from (4’ 8! ser g 80)-

Block B, is now given as

T, =4*I« Inblock B,

- T,=T, +4 B,
Now final flow graph is given as
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Code Generation

PROD = ¢
Tl =4%7
T, =addr(A)—4 | DB1
T,=addr(B) - 4
¥y

Tl = Tl + 4
T3=T, [T,
Tgs=TyIT,l.
Tg=Ty* T, B, |
PROD = PROD + Tg ’

if Tl < = 80 goto B2
)

Fig. 5.12.3.

Que 5.13. l Write short notes on the following with the help of
example :

i. Loop unrolling

ii.  Loop jamming

iii. Dominators

iv. Viable prefix

*

i-AnsI::; unrolling : Refer' Q. 5.11, Page 5-12C, Urfit-5.
ii. Loopjamming : Refer Q. 5.11, Page 5—12(?, Unit-5. ,.
" iii. Dominators : Refer Q. 5.6, Page 5-6C, Unit-5.

For example : In the flow graph, :
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FISSEEES S
e e g e e
i

Initial Node, Node1 dominates every Node.
Node 2 dominates itsel(. Node 3 dominates all but 1 and 2, Node 4 dominates

alibut 1,2 and 3.
Node 5 and 6 dominates only themselves, since flow of control can skip
around either by go in through the other. Node 7 dominates 7, 8, 9 and 10,

Node 8 dominates 8, 9 and 10.
Node 9 and 10 dominates only themselves.

iv. Viable prefix: Viable prefixes are the prefixes of right sentential forms
that can appear on the stack of a shift-reduce parser,

For example : ¥,
I.fl— i S —&xlxzx'zx‘ ;‘ Tr
A - Xy Xy j o
Let w =x.x5x, o . ﬁr
SLR parse trace : A A Y
STACK | INPUT

P =y,
% i %
5, s

P
B, s 7
ey
7%, / ) , B
& Z",

2 7 -‘/‘..‘Y" - i?/
2k.“§0, it is not a viable
G

%
i

]
A

PN

G A

4
e

%

T8

M"Vﬁr y

In : . .
; :he given waftmn, there is no induction variable.
€ replace j with i. then the block B2 becomes
B2:i=i4+1
t,=4%j
t, = alt,]
ift, < 10 goto B2

In the above block B
ek B2 value of i is incremented e &
and value of t, is incremented 4 times the valulzyoef\;ery i
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So, in the given block i and t, are two induction variables
[ this case, if we want to remove the induction variables we use reductijon
is strength technique.

In this technique, we remove same line of code out of the block or
modify the computation code in the block.

Modification :
Bl:t;=4%i
B2:t,=t;+4
t, = alt,]
if t, < 10 goto B2" :

Consider a basic block Wlﬂlthe following three

.'\.
EY

i
';'."

after optimization
& x=a+b

Construet th;ﬂbw”ﬁg’mph for the following code

Segment ; S’

int fe1;
for(i=2;i< n;i++)
f=f*i

return f;
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Answer l

‘ fqlse‘cf‘

Que 5.17. | Discuss the f

Basicblock
ii. Next use information

i

iii. Flow graph

L

liowing terms :

- [AKTU 2021.22, Marks 10

Baﬂlcblock - i, s

a.

b.

":\ .

A basic block is a sequence of congecutlve instructions with exactly
one entry point and one exit point.

The exit points may be more than one if we consider branch
‘instructions,

ii. ‘Next use information :

iii,

a.

b.
c.

Next-use information is needed for dead-code elimination and
register allocation.

Next-use is computed by a backward scan of a basic block.

The next-use information will indicate the statement number at

which a particular variable that is defined in the current position
will be reused.

Flow graph : Refer Q.5.5, Page 5-5C, Unit-5.
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PART-5
DAG Representation of Basic Blocks,
e

aue 5.18. | What is DAG ? What are its advantages in

context of
optimization 7 '
OR
Write a short note on direct acyelic graph.
‘Answer
DAG:

1 The abbreviation DAG stands for Direcﬁé& Acycthraph

9. DAGs are useful data structure for impleinéig;tihg transformations on
basic blocks. | W o

3. ADAGgives picture of how the value c_oinputed by each statement in
the basic block is used in the subsequent statement of the block.

4. . Constructing a DAG _,frbm three address statement is agoad way of
determining common,sub-eXpressions within a block.‘ g T

A DAG for a basié ‘bloc'kfh_a‘s following propertcies : | | \.‘ 5
a. Leaves a}é"lﬁbe_ié;d‘i)y unique identifier, eithera ?gri:gﬁle name or
‘constants. 3 e

b Interior ﬁda’éé are labeled by an o;r)gfatér)wsymbol.

¢ Nodesare also optionally given asequenéeof identifiers for labels.

F . SN O Le e imization .
6. Since, DAG fs used in code optimization and gutput ofode 0P

' ~ ' e variable used
is machine code and machine code uses register to stor
in the source program. =~ -~ ¢

r

ol DAG ' . ns with the help of
! We automatically detect common sub-expressions
DAG algorithm e
. : g used 1n the
2 We can determine which identifiers have their value
"y, lues which could be
3. .

ute va
We can determine which statements comp
used outside the block.
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Que 5.19. | What is DAG ? How DAG is created from three addres

code ? Write algorithm for it and explain it with a relevant exampl]e,

OR
Explain in the DAG representation of the basic block with exampl]e,

Answer
DAG : Refer Q. 5.18, Page 5-20C, Unit-5. |

Algorithm :
Input : A basic block.

1.

2
3.
4

tg?(b-—ﬂ)td




Code Generation

tg=ax*(b-c)

. the
3 sformatlons on
DAG vl,a- Synw% tree ta struCture or tran sentation of the
Directed Acyclic Graphiis a da is an :abstract opre
L e tree '

tax | - -:-\-‘"' ]
. basic bloc%f Wh11etSSYn N WA 1t while syntax tree1s
angegegnatfeh R g
| tructed from th B |
2. DAGisconstrue

Je expression.
he expressi
constructed directly from the &7

z is:
DAG for the given code -
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s b + ¢c compute the same value,

1. The two occurrences of sub-expression

9" Value computed by a and e are same.

Applications of DAG: | |
1. Scheduling: Directed acyclic graphs representations of partial orderings

have many applications in scheduling for systems of tasks.
Data processing networks : A directed acyclic graph may be used to
represent a network of processing elements.

3. Data compression :Directed acyclic graphs may also be used as a
compact representation of a collection of sequences. In this type of

application, one finds a DAG in which the pat@lﬁ form the sequences.

4. It helpsin finding statement that can be reeorded |

2.

z,),,/,

Que 5.21..1 Construct a Directed Acychc Graph(DAG) to represent

y 7
A E

the following basic block :
L x=a+b
2. y=c-~-d

3 z=x*y
,Answer1

AKTU 2023-24, Marks 10

|AKTU 2020-21, Marks 10°

T;nswm' 1

D{\G i Refer Q. 5.18, Page 9-20C, Unit-5
Given expression P+ . (q.
Step1:;

%
tLiy=q—r

‘1*(¢I--r)+(qq.,-)*s



Code Generation

]

tg =P*_(q -r)

Que 5.23. i Give thgf::ﬂgorithm for the elmgm_atlon. of local and glob

\\\\\

ri ith the r example.
common sub-expressions algonthm thhthehelp of examp

S, "I i 4 - R W csion: DAG
Algoi'i'thiﬁ fdi'ﬂelimination Of 19"’@ comllll‘: I;x?,l::s-:iiﬁ.r
algorithm is used to eliminate local. °°m‘?‘3n g
DAG: Page 5-20C, Unit-b6¢ e o
AG : Refer Q. 5.18, Pag glolﬁﬂ common sub-expressions

¥

[

Algorithm for elimination of

1. An expression is defined at tge gogu
killed when one of its operands 1

: 0

2. Anexpression is available at ZZ’f?ﬁifio
leading to p contains a prior
subsequently killed.

nt where it is assigned a valu:il and
bsequently assigned a new value.

int p in a flow graph if every path
ln of that expression which is not

. d:
Following expresalons are use ilable on entry to block B

' ' jons ava
a. avail[B] = set of expression
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b, exit[B] = set of expressions available on exit from B

c. killed[B] = set of expressions killed in B

d defined[B] = set of expressions defined in B

e. exit[B] = avail[B] - killed[B] + defined(B]
Algorithm :
1. First, compute defined and killed sets for each basic block

9. Iteratively compute the avail and exit sets for each block by runmng the
following algorithm until we get a fixed point:

a. Identify each statement s of the form a = & op ¢ in some block B
such that b op c is available at the entry tn B and nelther b norcis
redefined in B prior to s. 0

@g“c identified in'step 2(a), add

@gghere t is a new temp d)\

N b

Emh;;ftzl;'iﬁlggm?tls g trfe Of Ceﬁe Optlmlzatlon performed on a
e.lt1s pe ormed on th
in a segment of code. b e very small set of instructions
2. 1 ‘-

1: ?:;i:zgg ;v or}lis on the theory of replacement in which a part of code
; y shorter and faster code without change in output

Peephole is the machine dependent optimization.

V F’A RT- 6 ; ,
o alue anbgrs an.d Algebraw Laws, Global D@ta Flow Analysts- :

gt
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e
R

Que

5.25 Write a short note on data flow analysis,

OR
What is data flow analysis ? How does it use in code optimization ?

Answer l ‘ )

1. Data flow analysis is a process in which the values are c
" data flow properties.

omputed using

2 In this analysis, the analysis is made on data flow.

d to é ote
am'’s Control Flow Graph (CFG) is used ‘
> ?fir;igram to which a particular value assighed to a vatiable might

propagate

5. Reachmg deﬁmtlons is use¢ |

SR

R &

1. A deﬁmtlon D reachesia
~ which D is not kﬂléd § oy

s a redefinition
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d1 is said to & reaching definition Bfgrbl‘)alé):}:sfi llzlll{tﬂ tlhs
§ rcIl‘hi('e diﬁ?llfil inlls not a reaching definition in block e
efinitio

by definition 42 in block B2.

Que 5.26. Write short notes (any two) :

i Global data flow analysis
ii. Loop unrolling

jammin |
iii. Loop) g o
Write short note on global data analysis.

Answer
i. Global data flow analysm

1. Global data flow analysis collects the mformatlon about the entire
program and distributed 1t to each block in the flow graph.

9. Dataflow can be collected i m varlous bleck by setting up and solving
a system of equation. B

4"- ”‘-\

S S
\.\ T A

3. Adataflow equatmn 1s glven as
OUT(s).: ‘{IN(s) KILL(s)} W GEN(s)
OUT(s) : Deﬁmtlon"{ that reach exist of block B.

GEN(s) : Defimtl_f' ‘_ within block B that reach the end ofB
IN(s): Deﬁmtmns that reaches entry of bleck B ) nyr

’ KILL{B) Dﬂﬁmtlons that never reac_.:z"‘es the end of block B.

iii. Loop fusion or loop Jamming Refer Q 5. 11 Page 5-12C, Unit-5.

Que 5.217. | Dlscuss the role of maeroa in programmlng language.

Fepgr

Role of macros in Programming language are :

1 0 Iti
18 use to define word that are used most of the time in program.
2. It automates complex task.
3. Ithelpstored
uce the
3 use of complex statement in a program.

It makes the program run faster,
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‘ WM asked in yo "Y important, 1
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ur SESSIONALS

Bonesass
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Q.1. What is code generation ? Discus f o &
code generation. S the design issues of

ang& Refer Q. 5.1.

Q.2. Explain flow graph with example.
Aag Refer Q. 5:5. 5 *

Q.3. What is loop ? Explain
graph.
55 Refer Q. 5.6.

n w t ; consﬁtﬁfe a loop in a flow

4

e proce of optimization of basic blocks.

Q.4. Discuss in detail
- Give an example.
A#E. Refer Q. 5.7.

Q.5. Explain what constitute a loop in & flow graph and how

will you do loop optimizations in ¢ode opti,mizﬂtion of a

£

- . . - code segments :
Consider the followlnﬂg;_kthreq address
d1 = 1
T1: = 4%l
T2 : = addr(A) - 4
T3:=T2I[T1]
T4 : = addr(B) - 4
T5 : = T4(T1)
T6:=T3*Tb
PROD : -PROD + 76
l:=l+1 .
hof 8 ving
g’::l :1?3 g::?c(:iocks and ﬂowagrﬂl;ing gunction prese
l i =
Optimize the es
transformation o
Refer Q. 5.12.

‘ A
f ceBopnpmaner & K
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ey,

Q.7. Discuss how induction variables can be detected and
eliminated from the given intermediate code
| B2:i: = i+l
te=4%
Oty = alf,] '
if t, < 10 goto B2
AEE Refer Q. 5.14.

Q.8. What is DAG ? What are its advantages in context of
 optimization ? | |
Refer Q. 5.18.

Q.9. What isDAG ? How DAG is created fro
Write algorithm for it and ekplainﬁit:
Refer Q. 5.19. .
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Introductioﬁ to
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(2 Marks Ques b er

QuestiOns)

State any two reasons as a why phase

be grouped.

Two reasons for phases of compiler't

It helps in producing compiler for differ

Front end phases of many compi}gxéwar
4

i £

< P

[ R T

c@mll)i'i esign.

Discuss the challenges in ¢
Challenges in compiler dés\i‘; are :

The compiler should be error free.”"

It must generate correct machine code which should rua fast.
Compiler itself must run fast i.e., compilation tin st be
proportional to program size. | G
It must be portable (i.e., modular, supporting sep
It should give diagnostic and error messages.

ok written in‘as
gl APEEE in target. age as output.

- :l\:::'?h
AR
X T

ifferentiate betweenff"t:omplzlg%

i

kS 1
H

S.No[  Compiler L g
1[It converts high level Itcg;li::e language-
language into machine m
| language. : t
2 3,7 . SN Debugginé = ] age-
< | Debugging is slow. - 1t is used bY assembly 1an8Y
el Itisusedby C,C++ | g .
expressio describe
L5. What do you mean by reghulr;’;l:;ltical gy "EHQ R nient
ARE, Regular ex pressions are nfx_z;tl a‘; quag It proviae J
i

the set of strings of sPe‘:se
useful notation for repr ’ .
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1.6. Differentiate between compilers and interpreters.

e

“Compiler Interpreter

S

1. It scans all the lines of source
| program and list out all
syntax errors at a time.

2 | Object produced by compiler | Machine code produced by
gets saved in a file, Hence, interpreter is not saved in any file,
file does not need to complle Hence, we need to interpret the

again and again. file each tlmea

It scans one line at a time, if there
is any syntax error, the execution
of program terminates immediately.

3. It takes less time to execute. | It takes mere tm:te to execute.

. What is cross compiler ?

m A cross compiler is a compﬂer--c a] able of creatmg executable code

for a platform other than the one on which the compiler is running.

1.8. How YACC can be
1.
2

19. Write
g stnngs madﬂ‘of even number a and o
W Lme of DFA which accept even number ofa and b is givenby :

Ei& 'gﬂalu
Regular expression for above DFA :
(aa + bb + (ab + aa)aa + bb)* (ab + ba))*

1.10. :v,e?tﬁ a CF grammar to represent palindrome.
. A¥E; e grammar G= lV", , P, S} and the tuples are :

u = {S)
= {0, 1}
S = start symbol
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Ccompiler

112,

[

-
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._p-_wg-uap:

L14,

Design

5Q-3 C (CS-Sem.)
Pis defined as :
S—0.]1]0S0 |1S1}{e

List the features of good compiler.,
Features of good compiler are :
It compiles the large amount of code in less time.

It requires less amount of memory space to compile the source
language. |

It can compile only the modified code segment if frequent
modifications are required in the source program.

While handling the hardware mterrupts good compilers interact
closely with operating system. .

What are the two parts of a compilation ? Explain briefly.

Two parts of a compilation are:

Analysis part : It breaks up the source program into constituent
pieces and creates ah "intermediate representation of source
program. - Q)
Synthesis part : It constructs the desire target program ﬁ-om the
intermediate representatlon ANy

What are the classﬂ'icatlons of a compller ? end

“Classification of a compiler :

Single pass compiler
Two pass compiler
Multiple pass compiler

DeSlgn a DFA for the follomng‘"i'egular expression :
(x +y)*xyy t TAKTU 2020-21, Marks 02
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R

1.15. What is YACC 2 Discuss about it. | K

ARK nerator :
- i gﬁgg (l;’:l;bﬁogtﬁer Compiler - Compller) is the standard parser
generator for the Unx operating system.
2. An open source program, YACC generates code for the parser in
the C programming language.
3. ItisaLook Ahead Left-to-Right (LALR) parser generator, generating

a parser, the part of a compiler that tries to make syntdctic sense of
the source code.

1.16. Define the terms Language Translator and compller.

2.21-22 Marks 02
‘ Language translator : Language translater is a program which
is used to translate instructions that are written in the source code

to object code'i.e., from h1gh-leve1 language or assembly language
into machine language " %

Compller A compller is a translator used to convert high-level

1L.17. How will you

the phases of compller 48

AKTU 2022~23 Marks 02

Phases | ﬂf compller can be grouped into tvgo a.rts:f‘? e
}_,’.’Front end phase It consists of Lexical:

A alys1s Syntactlc
Analysis, Semantic analysis and Interedlate

yde generation.
Back end phase : It consists of cade optumzatmn and code
. genera;aon,;f , -
Ly w »f,./" /« o & s: ¥
1-18.‘ ' i f:.;? '\ Fon ¥

Wha; are the vanouspartsinLEXprogram ?

503338, Marks 02

Ang& Various partl in LEX rogram
.i. Declaration sectlgn A

1. Rulesection
Auxiliary procedure section

Which phase of comliiler is optional and ’why 's

the performance and efﬁp imal phase because itis used to unprove

ciency of the generated code but does not
affect the correctness of the program.



compiler DeSign

: ure of .
. Easy to read and understand. - Programming languages
. Can generate infinite number of s

. Can be parsed efficiently,

A Capabilities of CFG:
1
2
i entences,

121. What is an ambiguous grammar ? Gjye example,

| ‘ AKTU 2021-22, Marks 02
Ans Ambiguous grammar: A context free Y amb

grammar G i'S"ambiguous

geg'}ils:’:i(l)i "ﬁ‘.;z‘t“s‘: one string in L(G).:hawm_g t\‘Wﬁ;"gr"more distinct
Example : '
Given: oy "

S— AB|aaB

A—>allda

Bsb

Let us generate stringNa'ab from the given grammar. Parse tree for
generating string gab are as follows :

X A
Fig. L2L1. - -
122, Define bootstrapping‘in' the cgﬁhtext of compllersf e
| ‘. [AKTU 2028-24, Marks 02

1 BOOtstrapping is the process of writ
In the source prograniming languag .
2, Bootstrapping leads to a self-hosting compllff- : rated in &
3. An initial minimal core vegsion of the compiler 15 ger
different language.

ing a compiler (or asseml.)ler)
e that it intends to compile.

©O00




al.

.. @ string from that same lan

State the problems associated with the top-down

N parsing,
OR |
Explain the problems associated with top-down Parser,
 |AKTU 2021-22, Marks 03
Problems associated with top-down parsing are :
Left recursion |
Left factoring
Ambiguity

What is the role of left recursion ? _
Left recursion is a special case of recursion where a string is
recognized as part of a language by the fact that it decomposes into

guage (on the left) and a suffix (on the

2

Name the data structures used by LL(1) parser.
Data stractures used by LL(1) parser are :
Stack

Parsing table
Give the data structures for shift reduce parser.

Data structures for shift reduce parser are :

The mput buffer storing the input string.

A stack for storing and access sing the L.H.8S and R.H'S of rules.

What are various types of LR parser ?
Various types of LR parser are ;

SLR parser
LALR parser

Whydnwenoedl.ﬂpmingtahle?

T e XUESlong

Basic Parsing
Techniqueg
(2 Marks Questiong)

R i s ddsoain i
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= We need LR parsing tables to parse the i .
e reduce method. parse the input string using shift

97, State limitation of SLR parser.
ARE Limitations of SLR parser are :

i SLR 1s less powerful than LR parser sin
constitute a small subset of CFG. ce SLR grammars

i Problem of multiple entries arises when reduction may not lead
to the generation of previous rightmost derivations.

28. Define left factoring. di
OR ..

What is do you mean by left facto’rixig‘ﬁie ..éi;mmars ?
Explain. ; AKTU 2021-22, Marks 02

s Agrammar G is said to be left factored if any production of it is in
the form.of : f g F &
A O.B | ay

2.9, Define left recursion.
Ak A grammar G(V, T, P,8)is s
production in the form of: o
. A>Ao]|P

md to be left recursivg.;if' it has a

'
¢

2.10. Consider'i‘:h\e‘fbﬁ;w‘\;ing grammar : S —;_BISﬁBS, B—+ bB |
- Compute FOLLOW(B). AKTU 2020-21, Marks 02

R S—>B¥sabs,3_>b3|e

ollow (B) = (Follow (S)}
. = {$y a}’ »_,

211. Discuss about shift-fedugé par sing: __

. OR
Explain the concept of shi

rﬂf Shift-reduce parsing
. Shift-reduce parser attemp
to root and uses a stack t0 ho
2. A parser goes on shifting the
handle comes on the toP of the
3. When a handle appears o7 th
reduction.

of the stac
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.ﬁ-—-_"'-

2.12. Define left recursion. Is the following grammar Jefy

recursive ?

E->E+E|E*E|la|lb AKTU 2021-22, Marks 02]
Left recursion : Refer Q. 2.9, Page SQ-7C, Unit- 2 Two Marks
Questions.

Numerical :

E->E+E | E*E|a] b

if we compare above grammar with
A—>Aa|P
E E+E

- —> T""’_‘
A o

%
R

LR Parser R\

I from
| Scans ‘ Scans t,h,e input sequence
ﬁwmpu‘; Bequencefmm left to ‘right and constructs

parsmg

leﬁwnghtandconstruct;sa_l | M
| Jeftmost derivation. G E&tmost deriv
| & ing s bottom-up
- arsing | Uses a
- Es‘lalii?lu?p el | technique. )
ec .

©O0©
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Syntax Directeq

Translatic
f n
(2 Marks Question;

-——-'__——\—h__

3.1. What do you mean by Syntax Directed Definition (SDD) ?

ass. SDDis ageneralization of CFG in which each grammar product:
X — a is associated with a set oﬁ.isemantismles 0 l;%eu(f:grﬁxl
a = fiby, by e b,) where a is an attribute obtained from the
function f. was _

32. Define intermediate coc e | ;

&BE Intermediate code is e odewhlchls very close to machine code
generated by intermediate code generator during compilation.

33. What are t e ya;r”'qiis types of interm,edjate code
representation 7. . e N/
AEE Different forms of intermediate codeare: -

i % &

i Polish (prefix/postfix) notation
#L. Three address code

34, Define three address code.

F & . te code that
RS Three address code is an abst(i‘a‘{iﬁ(’trg :g&f;:; If?gcills?t'ghceogeneral
can be implemented as arecord with =" :
form of three address code repre??mauon o
a = b opc.

55 What is peyphix notatico® tation in which oper

o nd B, we
Amg - Postfix notation is the type of n - example, toadd Aand
at the right end of the expression: Vet

can write as AB+ or BA+. b a8 optimiZing
3.8. Why are quadrUPles preferred gver triples it
hdrup s
- optimizing compiler

. Quadruples are preferred O(‘IK:O e
instructions are after foun



SQ-10C (CS-Sem-6) 2 Marks Questiong
2. Inthe triples notation, the result of any given operations is referreq
by its position and therefore if one instruction is moved then it ig
required to make changes in all the references that lead to that
result.

3.7. Give syntax directed translation for case statement.
ANE Syntax directed translation scheme for case statement :

Productionrule | - Semantic action 1
Switch £ Evaluate E into t Wh,tha ¥ =E e
{ | goto check
Case {51 L, : code farsl .
casev,:s,
casev, ;: sn-‘1_4
default:s
= code for s
. goto last
1 v 3 jgf f: UV, 1 goto Ln—— 1
/ . gotoL .
| Tast »
3.8. What is a syntax tree ? Draw the syntax tree for the

following statement tcbcba- % +-%=

. A syntax tree is a tree that shows the syntactic structure of a
program while omitting irrelevant details present in a parse tree.

‘9. Syntax tree is condensed form of the parse tree.

Syntaxtreeofcbcba-*-l-_-*-:

" In the given statement, number o.f alph
So,'the syntax tree drawn will be incomplete.

abets is less than symbols.




Compiler Design

S SQ-11C (CS-Sem-6)

N

N\

b /\
N\,
2 %

l_ Fig. 3.8.1,

3.9. Define backpatchlng

ABS  Backpatching is an activity of filling up unspeciﬁed infermation of
labels using appropriate semantic actions du’rmg the cocfe generation
process. Backpatching is done for :

1. Boolean expressions
1. Flow of control statements

. Give advantages of SDD

-

error messages.

3.11. What are qua

AfE Quadruples az_'est
aIg2 result

3.12. | leferentxate between quadruple&d trlples'.

| 8.No. Qu‘aﬂmple’s TN L Trlples

1 Quadruple represent three Tl’lplﬁs represent threle(ai address
| address code by using four ‘code by using tcl}u‘;e fields :
fields : OP, ARG, AR

OP, ARG1; ARGZ, RESULT.
2. Quadruple can perform code

immovability during
optimization.

Triple faces the problem of code
jmmovability during optimization.

3.13. Find the postfix notation for the tollowing expreaaton

(a+b+c)"‘(c+q) )
L

. Given expression : (@ + b +Cc) +(f: +q
(@+b+c)*ty ;1:a%+
(t,+c)* 4y 3 .
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2 Marks Questiong
—-‘\-.
A N ty= tye
£ t = t t
Now putting values of bi5 t

ty=1tat,*
=t3cq+*
=t,c+eq+*
=ab+c+eq+*

3.14. What is the difference between parse tree and abstract

syntax tree ?

OR “
Differentiate Parse tree and Syntax tree Wlth an example

, AKTU 2022-23, 2923-24 Marks 02

S.No.| :

L An ordered rooted tree t‘f"'

at Aitree representation of the
represents. the syntactic]abstract syntactic structure of
structure of string according | source code . written in
to some centl’"xt free | programming language .

.‘:1 )

2. * | It contains records of the rules | It contams records of the syntax of
.;((tokens) to match input texts. programmg language

'_;f-* e  [ARTU 2@21-22, 2023.24; Marks 02

Asg. Two types of attributes that are assoc1ated with a grammar symbol
are : -

a. Synthesized attributes
b. Inherited attributes

3.16. Mention the role of semantic analysis.

AKTU 2022-23, Marks 02 |

d
A& Role of semantic analysis is to ensure that the tdeclaratmns an
statements of a program are semantlcally correc

3.17. Define syntax-directed translatlon schemes.

TAKTU 2028-24  Marks 02]
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m Syntax directed definition/translation is a generalization of context
free grammar in which each grammar production X — « is
associated with a set of se

mantic rules of the form a := f (by, by,
b,), where a 1s an attribute obtained from the function f.

3.18. Discuss about non-linear type intermediate code.

N

Syntax tree is a non-linear type intermediate code.
Syntax tree:
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2 Marks Questiong

Symbol Tables
(2 Marks Questions)

‘What is mean by activation record ?,

statements.

Describe data structux

Data structures for symbol tab!
Unordered list _

Ordered list y
Search tree & p |
Hash tables and hash £
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Afis.
1.

Ll

& table,: )l ‘ AKTU 2023-24, Marks 02

4.11.

e

Error recovery strategies are :
Panic mode recovery

Phrase level recovery
Error production
Global correction

What are different storage allocation strategies ?

Different storage allocation strategies are :

Static allocation 1. Stack allocation
Heap allocation

What do you mean by stack allocation ? y
Stack allocation is a strategy in which the: stor: ge is or amzed as
stack. This stack is also called control stack. This stack helps to

manage the storage space of local varlable by using push and pop
operation. : o

Discuss heap allocatlon strategy.

The heap allocation allocates and deallocates the continuous block
of memory when requu'ed fer\ torage data obJect at run tlme

Discuss demerit nf heap allocatlon

Demerit of heap all@cat'on is that it introduces holes in the memory
during allocatlon 4

stcuss how mpe information is represented ina symbol

Scope mﬁ)rm,atlon in a symbol table is typically represented using a
hlerarehmai structure or t,_;, g;.pugh nmque ldentlﬁers |

4'& *

Discuss about hash table, " AKTU 303&-31, Markﬁ%

Hashmg is an important technique used to search the records of

-s8ymbol table. This method is superior to list organization.

In hashing scheme, a hash table and symbol table are maintained.
The hash table consists of k entries from 0, 1to & — 1. These entries
are basically pointers to symbol table pointing to the names of

~..8ymbol table.

4.12,

What are the various errors that may appear in compilation

process ? AK’I‘U&@mm, Mm‘ka%

ABE Types of errors that may appear in compilation process are:

1
1,

Lexical phase error ii. Syntactic phase error
Semantic phase error



SQ-16 C(CS-Sem-6) | 2 Marks Questions

4.13. What is hashing ? Explain.
s the process of transformmg any given key or a string of

ABE Hashingis
characters into another value.

T

o
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LUUNIT

Code Generation

(2 Marks Questions)

"B

1v.

5.6.

What do you mean by code optimization ?

Code optimization refers to the techniqué used by the compller to
improve the execution efficiency of the generated object code.

. Y 4
Define code generation.

Code generation is a process of creatmg assembly language/machine
language statements which will perform the operatlons specified

by.source program when: h y r‘f_; n. Code generation is the final

activity of compiler.

What are the varlous lo __ps in flow graph ?

Various loops m ﬂewg;:g‘ra h are :

Dominators -~ . .~ il Naturalloops

Inner loops .~ iv. Pre-header

Reducﬂsle ﬂow graph

Deﬁne BAG G s

The abﬁrmatlon DAG stands for Du'ected Acychc Graph.

DAGs are useful data structure for lmplementmg transformations
on basic blocks. :

A DAG gives p1cture of how the value computed by each statement

in the basic block is used 11; the subsequent statement of the
block. -

Write applications of DAG.,
The DAG is used in :
Determining the common sub-expressions.

Determining which names are used inside the block and computed
outside the block.

Determining which statements of block could have their computed
value outside the block.

Simplifying the list of quadruples by eliminating the common sub-
expressions,

What is loop optimization ? What are its methods ?



| 2 Marks Quest;j
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539. |

, jﬁﬁ'

o Nt"‘!g ﬁ=ﬂﬁf.-a

———

h code optimization ig
Lo timization is a technique in whic
pe?t%,-(;ﬁeld on inner loops. Thecioop optimization is carried out by

following methods :
Code motion

Induction variable and strength reduction
Loop invariant method

. Loop unrolling
. Loop fusion

. What are various issues in design of code generation ?

OR
Discuss about designing issues of code generator.

OR

Various issues in design of bode'“géneration are :
Input to the code generafax) . Target programs
Memory management’ . - _iv. Instruction selection
Register allocation *

~vi. Choice of eva.luatwn order
Approaches to eeée generatlon '

A .

f’l

List out the cntena for code improving transformatlons
Criteria for eade improving transformatlons -are :
sformation must preserve meamng of a program.

A transformation must 1 1mprove progr by a measurable amount
on average.

ﬁ

A transformatmn must worth the ef’fart

present the follovnng in ﬂow graph i =1; sum = 0;
wh1]e(z< 10) {sum-l--l,l-H- }

Flow graph is given as: -

i=0
_sum:O

No Sum_ =sum +1
: 1=1+1;

e (Stop e

Fig.5.9.1,
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5.10.

Ans.

5.11.

o N

5.12.

5.13.

5.14.

5.15.
Ans.

5«160

. Loop jamming is a

What is the use of al
basic blocks ?

Uses of algebraic identities jn o
are :

The algebraic transformation can b
reduction technique.

The cor‘lstant folding technique can be applied to achieve the
algebraic transformations.

The use of common sub-expression elimination, use of associativity

Eld commutativity is to apply algebraic transformations on basic
ocks. g

gebraic identities in optimization of

pPtimization of basic blocks

e obtained using the strength

Discuss the subset construction algorithm.

Subset construction algorithm is the algorithm in which algorithms
are partitioned into subset by finding the leader in the algorithm.
‘The target element of conditional or unconditional goto is a leader.
The basic block is formed by starting at the leader and ending just

before the leader statement. : :

How to perform register assignment for outer loops ?
Global register allocation allocates registers for variables in inner
loops first, since that is generally where a program gggnds alot of
its time and the same register is used for the variables if it also
appears in‘an outer loop. " o ol

What 1s “mean;t\by viable prefixes ? - =~ |

Viable prefixes are the prefixes of right sentential forms that can
appear on the stack of a shift-reduce parser. -

Define peephole optimization. L -
Peephole optimization isa type of code optimization performed on Etl‘
small part of the code. It is performed on the very small set o

#

. ; f instructions or
; i a seement of code. The small se? of ; )
BRI LA T o hole optimization 1s performed is

small part of code on which peep
known as peephole.

? . "

lem is which compiler always

ely preceding ‘if which causes
thed if statement, where

f else clause.

What is dangling else problemb
Dangling else problem 1s t.he prol
assogiates an ‘else’ with the immediat

ambiguity. This problem arises in-al; ne(s;
number of if’s is more than the number

FTU 2022-28, Marks 02
e jamn}mg. “ prove the performance of

. : .
tﬁc?ﬁggglbl::d mt:rlging two or more loops with

loops in a flow grap



2 Marks Questigpg
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similar characteristics into a single loop to reduce the number of
iterations and improve cache performance.

5.17. What is induction variable ? | AKTU 2022-23, Marks@
pr— duction variables : _ ; ;
K“? }\nva‘ll'? all)?e x is called an induction variable of loop L if the valye of

variable gets changed every time.
2 1t is either decremented or incremented by some constant,

5.18. Give the properties of intermediate representation.

An& Properties of intermediate representation:
1 Itisplatformor machine independent. . -~
i It is used to re-target the compiler to g
Processor. AT £, & ’

A88. Constant folding (
1. Constant foldmg;.;.;,ié’

by equivalent constant value at

_operation are constant.
result which is also a

~ For example : o = 3.14157/2 can be replaced by a = 1.570785

thereby eliminating a division operation. =

7

520, Explam the concept{jf 'El'obali data-ﬂow analysis.

TU 2033-24, Marks 02

Global data flow analyéié : 4 ‘
1. Globaldata ﬂow.zv analysig colleets the information about the entire
Program and distributed it to each block in the flow graph.

2. Data flow can be collected in various block by setting up and solving
a system of equation, '

©O0©
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(SEM. V) O B. Tech, '
DD SEMESTER THEORY
EXAMINATION, 2020.21

COMPILER DESIGN

Time : 3 Hours Max. Marke - 105

Note: Attempt all sections. If require any missing data; then choose
suitably. L

SECTION-A =~ -
1. Attempt all questionsin brief. . % " (2x10=20)

a. What is YACC ? Discuss’ about it.
ABS. Refer Q. 1.15, Page SQ—4C Umt«l Two Marks Questions.

b. Desxgn a DFA for the follovwng regular expression:

(x +y)*xyy. |
AnS Refer Q. 1.14, Page SQ—SC Unit-1, Two Marks Questmns

c. Consider the follow1ng grammar : S - B |SabS B- 3 bB|e
Compute FOLLOW(B).
@8, Refer Q 2. 10 Page SQ-7C, Unit- 2, ’I\vo Marks Questmns

d. Dlscuss about shlft-reduce parsmg
Ans. Refer Q 2 11, Page SQ—7C Umt 2 Two Marks Questlons
e.

Find the postflx notatlon for the followmg expression :

(@+b+c)c+q). k
. Refer Q. 3.13, Page SQ—llC Un1t-3 Two Marks Questions.

f. Discuss about non-linear type intermediate code..
Aung Refer Q. 3:18, Page SQ-13C, Unit-3, Two Marks Questions.

¢ Record”.
. Write short note on ‘Activation
Mz Refer Q. 4.3, Page SQ-14C, Unit-4, Two Marks Questions.

h. Discuss about hash table. |
ANs. Refer Q. 4.11, Page SQ-15C, Unit-4, Two

Marks Questions.

1. Di t constant folding. "y
Dl st omt A, 1 s i
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j-

o

ﬁ\
Discuss about designing issues of code generator,

Refer Q. 5.7, Page SQ-18C, Unit-6, Two Marks Questions,

SECTION-B

Attempt any three of the following :

Explain in detail the process of compilation for the statemen
a=b+c*70.

Refer Q. 1.2, Page 1-5C, Unit-1.

Construct the CLR(1) parsing table for the following
grammar S > AA,” A 5> aA|b.

Refer Q. 2.29, Page 2-33C, Unit-2. . .

Consider the following grammar and ,giir'e the syntax

directed definition to construct parse tree for the input
expression 4*7 + 3*9. Also con ‘an annotated parse
tree according to your syn ted definition.

xplain lexical, synt
Refer Q. 4.19, Page 4

_semantic phase errors mdetall
, Unit-4. "

SECTION-C

Attempt any one part of the following : (1x10=10)

Write a regular expression to ‘re_;f)i"'esent a language

consisting of strings made up of odd number of a and odd
number of b, . e .

Refer Q. 1.19, Page 1-21C, Unit-1.

Write a CFG to represent fﬁhe language
L={a"*"b"|\m,n 21).

Refer Q. 1.30, Page 1-28C, Unit-1.

Check whether given grammar is ambiguous or not. If

ambiguous then convert it into unambiguous grammar :
E > E+E|\E*E|id.

Refer Q. 1.34, Page 1-31C, Unit-1.

Discuss about cross compiler.
Refer Q. 1.5, Page 1-7C, Unit-1.
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4. Attempt any one part of the fol
a.

b.

7.
a.

Refer Q. 4.4, Page 4-4C, Unit-4. B

lowing :
Check whether the given grammar is LE(0) or ot s -

S—)PQy,P—>Sy|x,Q—+yS. ot
Refer Q. 2.20, Page 2-20C, Unit-2.

Find the preceflence and function table of the following
grammar by using operator precedence technique.

P> SR|S,R > bSR|bS, S - WobS|W, W > L*W|L, L id.
Refer Q. 2.7, Page 2-8C, Unit-2. ,

Attempt any one part of the following : -7 (1x10=10)
Translate the following arithmetic expression into
quadruples and triples: P i

x=y*z + y*-2z
a=-b*(c+d)+b \
Refer Q. 3.15, Page 3-13C, Unit-3. ~ . .

o {@E

Generate three address ‘:a'l)dtﬁa_;forf_he f&ﬂowing code :
Switchp + q Bi -
{ P

casel:x=x+ 1 ko g
case2:y=y+2 =
case3:z2=2z+3
default:c=c-1
Refer Q; 3.14, Page 3-13C, Unit-3. :
:Attéinpt any 6i1e part of the following : »‘ | (1x10=10)
What is symbol table ? Explain various data structures

used for symbol table. .

Explmn the function oferror bhandling phase of a compiler.
Refer Q. 4.22, Page 4-22C, Umt-4

Write short note on scoping.
Refer Q. 4.7, Page 4-8C, Unit-4.

Attempt any one part of the following : (1x10=10)

Construct the flow graph for the following code segment:
fact(n) |
{
intf=1; .
for(i=2;is n; i++)
f=f*%
return f;
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AWS. Refer Q. 5.16, Page 5-18C, Unit-5.

b. Define a DAG. Construct a DAG for the expression:
p+p*(@-r+(@-r*s
RS Refer Q. 5.22, Page 5-23C, Unit-5.
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B. Tech.

(SEM. V) ODD SEMESTER THEORY

EXAMINATION, 2021-22
COMPILER DESIGN

Time : 3 Hours Max. Marks : 100

Note:

3

‘ReferQ 315, Page SQ—

4 E ® En ’Es EP‘E o E?E B

Attempt all sections. If require any mlssmg data then choose
suitably. ;

SECTION-A
Attempt all questions in brief. - W (2 x 10 =20)
What is the difference: between parse tree and abstract

syntax tree ?
Refer Q. 3.14, Page SQ—12C Umt-3 ‘Two Marks Questions.

Explain the problems assoclated with top-down Parser
Refer Q. 2.1, Page SQ—GC Unit-2, Two Marks Questmns

What are the various errors that may appear m eompllatmn
process TN

.-Refer Q 4 12 i’age SQ—15C Unit-4, Two Marks Questlons

What are the two types of attrlbutes that are associated

with a: grammar symbol 7
12C; Umt-3 ’I\No Marks Questions.

Deﬁne the terms Langu “ Translator and compiler.
( ‘Two Marks Questions.

Refer Q. 1.16, Page sQ-4C, Umt 1,

What is hashing ? Explal

Refer Q. 4.13, Page SQ-16C, Unit-4, ‘Two Marks Questions.

y left factoring the grammars ?

What is do you mean b
Exmam. Q1C, Unit-2, Two Marks Questions.

Refer Q. 2.8, Page S N
the following grammar 1€

Defme left recursion. Is

recursive 7

Refer Q. 2.12, Page
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)
—
What is an ambiguous grammar ? Give example,

Refer Q. 1.21, Page SQ-5C, Unit-1, Two Marks Questions,

1.
Ans,

j. List down the conflicts during shift-reduce parsing,
AW& Refer Q. 2.13, Page SQ-8C, Unit-2, Two Marks Questions.

SECTION-B

Attempt any three of the following :

(10x 3= 30)
Construct the LALR parsing table for the given grammar
S - BB | ot

B - aB/b
Refer Q. 2.30, Page 2-35C, Unit-2.

P po

&SE Activation record : Refer Q. 4
Relation with runtime :

Page 4-11C, Unit-4.
c. Write the quadrupl riple, indirect triple for the following
expression (x +Y)¥(y +2) +x+y+2) >
REE Refer Q.3.13, Page3-12C, Unit-3,
d ' ’
i | b g
ii, Mext use information
BE  Refer Q. 5.17, Page 5-19C, Unit-5.. 0w
e. Constz ipredictive parse table for t\_;hé"' i’o‘llowing grammar.
E - E +I/T N
T - T*F/F :
AmE. Refer Q. 2.15, Page 2-15C, Ungit-2.
SECTION-C
3. (Attempt any one part of the following : (10x 1=10)
a. Construct the SLR parse table for the following Grammar
E S E ‘
E-SE+E
- E-SE*E
E-id

Ang. Refer Q. 2.21, Page 2-22C, Unit-2.
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b.
Ans.

4.
a.

&

P

b.

Refer Q:6.14, Page5-17C

Differentiate between stack allocation and heap allocation.
Refer Q. 4.14, Page 4-14C, Unit-4.
Attempt any one part of the following : (10x1=10)

Write syntax directed definition for a given assignment
statement :

S—>id=E

E-oE+E

E—->E*E

E->E

E - E)

E->id ,
Refer Q. 3.21, Page 3-21C, Unit-3.

What are the advantages of DAG ? Ex;)laln the peephole
optimization. '

Refer Q. 5.24, Page 5-25C, Unit

Attempt any one part of th (10x1=10)
What do you under_:':

lf t, < 10 goto B2

,, Umt-5§¢,4' L 4
7 i”/» % dr \: » -“.}'-y

Attempt any one part of tha follo';f}i' -ng (10x 1= mz

Test whether the grammar is ,LL (1) or not, and construc

parsing table for it. |

S —» 1AB/e

A - 1AC/0C

B —» 0S

C-1
Refer Q. 2.16, Page 2-16C, Unit-2.

n static scope and dynamic scope. Briefly
in static scope.

Distinguish betwee
explain access to non local names

Refer Q. 4.9, Page 4-9C, Unit-4.



art of the following : (10x1=10)

7. Attempt any one p
pt any design of code generator

a. What are the various issues in
and code loop optimization ?
A®WS Various issues of code generator : Refer Q. 5.1, Page 5-2C,

Unit-5.
Various issue of code loop optimization : Refer Q. 5.11,

Page 5-12C, Unit-5.

b. Generate the three address code for the following code
fragment. i
- while(a>b)
{
if(c<d)
X=y+2z;
else
/ X=y-z;
} -
Ang: Refer Q. 3.16, Page 3-15C, Unit-3.

00
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B. Tech.

(SEM. V) ODD SEMESTER THEORY
EXAMINATION, 2022-23

COMPILER DESIGN

Time : 3 Hours Max. Marks : 100

Note: 1. Atfempt all sections. If require any m1ss1ng data; then choose
suitably. , _

Section-A

1. Attempt all questionsin brief. W, (2x10=20)
a. How will you group the phases of compller ?
ASS Refer Q. 1.17, Page SQ—4C Umt-l ’I‘wo Marks Questions.

b. Mention the role of semantlc analy81s
ARE Refer Q. 3.16, Page SQ~—12C Umt 3, Two Marks Questmns

c. What are the vanous parts in LEX program ?- o, s
A& Refer Q. 1. 18 Page SQ—40 Unit-1, Two Marks Questlons

d. leferentlate parse tree and syntax tree mth an example
ABE  Refer Q 3 15, Page $Q-12C, Unit-3, ’I\vo Marks Questlons

e. Give the p):opertles of mtermedfate representatxon
Ang; Refer Q. 5.18, Page SQ—2 0C, Unit-5, Two Marks Questions.

f. Dlﬂ'erentlate between LB udLL parsers
ADE Refer Q. 2.14, Page SQ-8C, Umt 2 Two Marks Questions.

g. What is phrase level error recovery 7
ABE, Refer Q. 4.4, Page SQ-14C, Unit-4, Two Marks Questions.

G.
h. Discuss the capabilities of CF
AME Refer Q. 1.20, Page SQ-5C, Unit-1, Two Marks Questions.

i. Define loop jamming.

' & Refer Q.5.16, Page SQ-19C, Unit-5, Two Marks Questions.

iable ?

j. What is indiickion BEE C, Unit-5, Two Marks Questions.

Ank Refer Q. 5.17, Page SQ-20
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e,

Section-B

2. Attempt any three of the following : (10 x 3 = 30)
a. Write SDD to produce three-address code for Boolean
expressxons and obtain the three-address code for the
statement given below :
whilea < b do
if ¢ <d then
x=y*z
else
x=y+z
ASE Refer Q. 3.24, Page 3-26C, Unit-3.

b. Discuss the stack allocation and hqap allocatmn strategies
of the runtime environment with an example.

&S ReferQ.4.11, Page 4-11C, Umt-4 2

c. What do you mean by
translation scheme for on

the GOmpller with a suitable exampﬁe.f__
~ errors in these two phases as; We[L o
Ans. Refe:Q..Av 19, Page 4-—1§ﬂ ﬁmt-

;‘h}

tigm-(}
3. Attempt any one part of the fgliﬁwmg : (10x 1=10)
a. Construct the CLR parse table for the following Grammar:
A - BB
B - cB
B-d

Ang Refer Q. 2.31, Page 2-38C, Unit-2.

b. Construct the SLR parsing table for the following grammal'
88— 0S0

S 5181
S-> 10

AngE Refer Q. 2.22, Page 2-24C, Unit-2.
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4.

Copy propagatlon
'Dead-Code elimi

L. Refer Q 5 7 Page 5—80 Umt B

Attempt any one part of the following : (10x1=10)

. What is back patching. Generate three address code for the

following Boolean expression using backpatching :
a<borc>dandec<f

Refer Q. 3.25, Page 3-26C, Unit-3.

What is top down parsing ? What are the problems in top
down parsing ? Explain each with suitable example.

Refer Q. 2.8, Page 2-9C, Unit-2.

Attempt any one part of the following : P (10x 1=10)
What is an activation record ? Draw diagram of general
activation record and explain the purpolle Of different fields
of an activation record. %

Refer Q. 4.10, Page 4-10C, Unit-4.

I
i

&

by number and scope bylacatmn.
Refer Q. 4.16, Page 4—160 Unf'

Attempt any one part’ of the followmg (10x1= . 10)
Define symbol table 7' Explam about the data structures
used for symbol tahle

Refer Q. 4.4, Page,_‘jf : ,‘ &

Explain the follong

Reductmn m strength b

Refer Q. 5.7, Page 5-8C, Umt~5
Refer Q. 5.11, Page 5-12C, Unit- 5
Refer Q. 5.11, Page 5-12C, Umt~5

i i (10 x1l= 10)
Attempt any one part of the following: . sy
Expirt;ll)n inythe DAG representation of the basic block wit
example.
Refer Q. 5.19, Page 5-21C, Unit-5.

i wing
Write quadruple, triples and indirect triples for follo

expression :
a=b*-c+b*-c.

Refer Q. 3.17, Page 3-15C, Unit-3.
NCHE)
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B. Tech.
(SEM. V) ODD SEMESTER THEORY
EXAMINATION, 2023-24
COMPILER DESIGN

Time : 3 Hours

Max. Marks : 1&

Note:

Ans,

i

1. Attempt all sections. If require any mlssmg data then choose
suitably.
Section-A ;
Attempt all questions in brief. N U / (2x10= 20)
Define bootstrapping i in the mmtext af compllers.
Refer Q. 1.22, Page SQ-5C; Unit-1, Two
Which phase of compil
Refer Q. 1.19, Page S
Explain the cﬂncept of hlft-reduce parsing. o
Refer Q. 2. 11 Pagfe 7C, Unit-2, 'I\;vo Marks Q’uestlons
‘leferentlate Parse tree and Syntax tree Wlth an example.
Refer Q 3_14 i’age SQ-12C, Unit-3, Two Mar .,ﬁf‘sr.Questlons
Define syntax-dlrected translatmn schemes

Refer Q 3 1’7 Page SQ—lZQ, Umta-3 'I‘wo Marks Questions.

’What are the two types of attmbutes that are associated
with a grammar symbol ?

Refer Q. 3.15, Page SQ—12C Urut 3 Two Marks Questions.

muas how scope mformation is represented in a symbol

Refer Q, 4.10, Page 8Q-15C, Unit-4, Two Marks Questions.

What is mean by activation record ?
Refer Q. 4.3, Page 8Q-14C, Unit-4, Two Marks Questions.

Discuss two design issues in code generation.
Refer Q. 5.7, Page SQ—ISC Unit-5, Two Marks Questions.

K Explain the concept of global data-flow analysis.

Refer Q. 5.20, Page SQ-20C, Unit-5, Two Marks Questions.
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a.

Section-B

Attempt any three of the following : (10 x 3 =30)
Describe the relationship between finite state machines
and regular expressions. Discuss how regular expressions
are used in lexical analysis and pattern matching.

Refer Q. 1.11, Page 1-14C, Unit-1.

For the grammar

S - aAd|bBd|aBe|bAe,A>f,B>f

Construct LR(1) Parsing table. Also draw the LALR table.
Refer Q. 2.32, Page 2—41C, Unit-2.

Explain the concepts of quadruples and triples in the
context of syntax-directed translation. Discuss how they
represent intermediate code and support optimization.
Refer Q. 3.18, Page 3-16C, Unit-3. =

Describe a simple stack -*allpcatibﬁ'scheme for managing
memory during prog;mm execution. Explain how it is used
for storing local variables and managing function calls.

Refer Q. 4.15, Page 4-15C, Unit-4.

Explain the role of a pdde generator in a comf)iIér. Discuss
its responsibilities and how it translates intermediate code

into tl}g,target_-céd'e. oy N

‘Refer Q. 5.2, Page 5-3C, Unit-5.

Section-C. . -~
o4

Attemﬁi; at]y one of the following: * =~ ‘ (10x 1=10)

‘Given a regular expression a‘.("?i)"ic)*, construct the

corresponding Non-deterministic Finite Automaton (NF A)
that recognizes the langpagg'described by the regular

expression. 5
Refer Q. 1.12, Page 1-15C, Unit-1.

Check whether given grammar is ambig'uous or not. If
ambiguous then convert it into unambiguous grammar :

E->E+E|E*E|id.
Refer Q. 1.34, Page 1-31C, Unit-1,

Attempt any one of the following : (10x1=10)
Check whether the given grammar is LR(0) or not :

S -+ PQy,P— Sy |x, Q= ¥S.

Refer Q. 2.20, Page 9-20C, Unit-2.
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b. Consider the following grammar for a simple expression

language :

E->E+T|T

T>T*F|F

F-o(E)]id

Consider expression id * (id + id). Apply shift reduce parsing
to construct parse tree.

ABE Refer Q. 2.23, Page 2-26C, Unit-2.

5. Attempt any one of the following : (10x1=10)

a. Write syntax directed definition for a glven assignment
statement :

SHoid=E
E->E+E
E->E*E
E—->-E
E— (E)
E—id
ASE Refer Q. 3.21, Page 3-21C, Unit.

6 Attempt any one of the following : (10 x 1= 10)
-

mbol: tab’ie ? Explain about the data st.rﬂctures
used for symbol table.

L Be ,IQ 44, Page 4-4C, Unit-4.

Deﬁne semantlc errorsina compller Dlscuss the challenges
associated, with detectmg anﬁ s

B %
B TG
:‘ 1 EC ;

dllng’ semantic errors.
itrate semantle issues.

Ans. 6. 4.23, Page 432 8C, Umt-4 :
; A Atbempt any one of the fgllﬂwwg (10x1=10)
a. Consider a basicblock with th@ following three instructions:
1. x=a+b 2 ymx*c Jozmy- -d _
Apply common sub axpreeaion elimination to optimize the
basic block.

a8g Refer Q. 5.15, Page 5-18C, Unit-b.
b

. Construct a Directed Aecyclic Graph (DAG) to represent the
following basic block :
1. x=a+b
2 y=c-d
3 z=x*y .
xaE Refer Q. 5.21, Page 5-23C, Unit-5.
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