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1. (3) Define and differentiate tokens, patterns and lexeme.

Solution:

A token 1s a sequence of characters categorized as a meaningful unit in a programming
language. such as keywords, operators, identifiers. and literals. For example, int, +, and identifier
are tohens.

A pattern is the rule that defines the structure of a token and is often specified using regular
expressions. For example. the pattern [a-zA-7][a-zA-Z0-9]* can be used to identify an identifier
token.

A lexeme is the actual sequence of characters in the source code that matches a pattern and is
classitied as a token. For instance, in the statement int x = 10;, the lexeme int matches the
keyword token, while X matches the identifier token. Thus, tokens categorize the input, patterns
detine the rules, and lexemes are the actual pieces of code being categorized.

(b) State whether the following statement is True or False. Give reason.

“The class of grammar that can be parsed using LR methods is proper subset of the class of
grammar that can be parsed by LL method.”

Solution: The statement is false.

The class of grammars that can be parsed using LR methods is broader than that of LL methods.
LR parsers, such as SLR, LALR, and CLR, can handle all context-free grammars, including
those with left recursion, which LL parsers cannot parse. LL parsers require the grammar to be
left-factored and free of left recursion, making them less powertul. Therefore, LR parsers are
capable of handling a wider range of grammars compared to LL parsers.

(c) Write a short note on Common sub expression and dead code elimination.

Solution:

Common subexpression elimination is an optimization technique that identifies expressions
evaluated multiple times with the same operands and avoids redundant computation by reusing
the previously computed result. For example, in the statement int a = (x +y) * (x + y);, the
subexpression (x + y) is computed twice. Optimization involves calculating it once, storing it in a
temporary variable, and reusing the result, making the code more etficient.

On the other hand, dead code elimination removes code that has no effect on the program's
output, such as unused variables or unreachable code. For instance, if a variable is declared and
assigned a value but never used, that code can be safely eliminated. Both techniques improve the

efficiency and performance of the program by reducing redundant operations and unnecessary
code.
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(d) Defined and differentiate S-Attribyte ang L-Attribute with suitable example

Solution: :
An S-a(tnhutt‘d grammar is a type of attribute grammar whe
Sy nthesized attributes qrc computed based on the values of -;:'m 2l
example. in an arithmetic expression like =SS i
F — El + 1. the value of E (E.valy is

S computed ac B r 5 5 oy 1
R, puted as El.val + [.val, where E1 and T are its

attributes are synthesized.
des in the syntax tree. For

In contrast, an L-attributed grammar alloyw
attributes are passed from parent or sibling

child nodes. For example, in type checkin i

: . ) / g. a production like T — ; . 3
e te)to L pe =T tv e int L. may pass the t £

(inherited attribute) to L as L.type type. The key difference is that S-attrigu?ed grarenn};gres?-ely

only on child nodes. while L-attribyteq ar
) . ammar ot :
for attribute computation. S can depend on parent, sibling, and child nodes

(e) Consider the following augmented ich i
The set of terminals is (a, b, ¢ 4 3 ?@ra}mmar, which is to be parsed with a SLR parser.
s)_.s 7y
S — SS/Aa/bAc/Bc¢/bBa A
— d#
B—-@

Let I, = closure ({S’ — « S}) Find the total number of items in the set GOTO(ly, S)?

Solution: Count the items:

S$—S-
$—-8+S
S—+SS
S—-+Aa
S—>+*bAc
S—+*Bc
S—+bBa
A—--d#
B—--@

oMo OGN =

There are 9 items in GOTO(l,, S).

Final Answer: The total number of items in the set GOTO(lg, S) is 9.
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2. (a) Draw the derivation tree for “AM ;
following natural language g::r:er:\atfnce .53 elephant is a big animal” by using the

<Sentence> — <Noun phrase> <Verp phrase> /
<Noun phrase> s <Article> <Noun> < [
il un> <Verp |
p €> — <Verb> <Noun phrase> !
<Article> s an/ a "‘
<Noun> — <Adjective> <Noun>
<Verb> — is / was [
<Noun> - Cat l‘gﬁephant ! Tiger /,'Ej_ephan_t /animal |
<Adjective> — small / big / dangerous /’

Solution

[

Article ‘(:r: —y
Nounphuu—< \ /"/f
Noun - elephant
Verb
Sentence Syntax Tree =——— Sentence A
Article + 3
Verb phrase
Noun phrase Adjective - big
Noun '<
Noun - ammal

Figure 1: Derivation Tree

(b) Remove the left-factoring from the following grammar.
S—-fgG/fG/hil/hijG/hikG

Solution:

SfX|hiY
X—>gG|G
Y 1]jG|kG

(c) Convert the following ambiguous grammar into equivalent unambiguous
grammar E — E+E/E'E/E/E/E-E/ETE/id

1 is having lowest priority and left to right associative.

* + is having next lower priority and right to left associative.
/ is having next lower priority and right to left associative.

- is having highest priority and left to right associative.

— -

Solution: B

Wo X[ X*W[X+W |

A-A-2|Z

Z—id E

(d)‘ o Cdﬁrstruct the AST, DAG, postfix notation and three-address code for the following
expression: x=((x+y) - ((x-y) * (x-y))) + ((x-y) * (x-Y))

Solution:



Figure 3: DAG Diagram
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Three-address code (unoptimized):

T1=x+
T2=x';
T3=T2+7T2
T4=T1-T3
T5=T4+73
X=T5
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Solution:

For G1:

‘ E'RST(Ah{b(}

' OLLOVV\A):’C

For G2: =3}
FIRST(A):{b}

> FOLLOW\A): b$
For G3: 526

- FIRST(A)=(b.c}
- FOLLOW(A)={b 3}

' —A, draw
Solutions:

DFA States:

" 10{A'>. A A=. bAc.A—. €}
- IT{A'SA 1 [Got by shifting on A from 10]

* 12{A—b "Ac, Ao "bAc, A—(e}[Got by shifting on b from 10]
- 13:{A—bA_c} [Got by shifting on A from 12]
* 14 {A—bAc} [Got by shifting on ¢ from 13]

Transitions:
From 10:
On A: Goto I1
On b: Goto 12
From 12:
On A: Goto I3
From 13:

Onc: Goto 14

3.
This gives the LR(0) DFA for G1. Similar constructions can be done for G2 and G
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Figure 4: LR(0) DFA




(b) What do you un . ;
and left rzcms'odnﬁf_;t:end by left recursion and left factoring? Eliminate the left factoring

Grammar. quired, then construct LL(1) parse table for the following

S - qABC A

—a/bbDB -
aleC—-ble
D--scle

Solution:

Final LL(1) Parse Table (Non-terminals as rows, terminals as columns):

qQ a b c $
S S—-gABC
A A -»a A-bbD
B B-—sa B¢ B—¢
C C—b C—¢
D D¢ D—& D-—cD—e

Note: For D — £, we have entries in M[D, a]. M[D. b], M[D, $].

4. (a) Write a Syntax Directed Translation for following two grammars G1 and G2, to convert ;
binary into equivalent decimal number i.e. the binary number 1001 equivalent to decima

number 9.
G, G,
L—LB S—-S1
L—B S—e€
B—0
B—1

Solution:

Syntax Directed Translation for G1:
Production: N—LN
Action: N.val=L.val

Production L—LB
Action L val=2xL1.val+B.val
(Here L1 is the left L in the production.)
Production LB
Action L val=B.val

Production B--0B



Action B val=0
Production B+1B

Action B val=1

Syntax Directed Translation for G2:
Production S—S0S
Action S val=2xS1 val+0=2xS1 val
Production' S—-S1S
Action S val=2xS1 val+1
Production: S—¢S

Action: S.val=0

(b) Consider the Given Grammar:

S - ABCT

{x=5><x+1}
T-a

{x=4xx+1}
C—bb {x=3xx—3}

B - Be {x=2xx+1}

Boe {X=x+ 1}
A — gBd x=5xx- 1}
updates the same global variable x. Assume
ue of x in top-down parse of following /p stri

Al semantic action
What is the final val

Ng “gedeebba” ?
Solution: The final value of x after parsing the

given input string gedeebba is 606.

5. Consider the given code segment and answer the following
Questions: if (((a + b) <

(c+d) ((e==f) &8& (g > h-k))) then
P=b(<) + b*(-d);
EISG

a=(-b)*(-b);
= (-h)*(-k);

(a) Write the Three-Address Code (TAC)
Solution:

X is initializeq before Parsing to zero.
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Figure 5: 3-Address Code

(b) Write procedure to select leaders for the construction of Basic Blocks

Solution: eaders are identified by the following rules:

1. The first instruction of the program is a leader.
2. The target of any conditional or unconditional jump is a leader.
3. Any instruction that immediately follows a conditional or unconditional jump is also a leader.

Applying these rules: As shown in Figure S.



control Flow Graph (CFG)

Figure 6:
gure 6: Control Flow Graph (CFG)



(d) Identity the basic blocks

Solution:

8, - 148 3
B,— 4-
Bi—=s

R4 =¢

B >7-§
Be =3
By—=>10h 16
Be> 17—

D T R e S

Figure 7: Basic Blocks
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