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Theory of Computation . 

N.B. i) Answer ANY THREE questions from each section in separate scripts. 
ii) Figures in the right margin indicate full marks. 

SECTION A 
(Answer ANY THREE questions from this section in Script A). 

1. a) Give a comparative discussion about alphabet, language, and power on alphabet. (09) 
b) Give the formal definition of Deterministic Finite Automata (DF A). Design a OF A that (14) 

accepts the· following language L over the alphabet { 0, I}. 
L::: { w I w has contains the symbol I at most three times} 
Also give the transition diagram of that OF A. 

c) Write down the properties ofNondeterministic Finite Automata (NFA). How can you test (12) 
the membership .of a string? Use example. 

2. a) Define €-NF A. Draw an €-NF A that searches KUET and STUDENT from a test (08) 
document. 

b) Convert the following NF A into OF A using subset construction method. ( 14) 

3. a) Let M be the DF A having alphabet { a, b} and the following transition diagram: (15) 

Fig. 2(b) 
c) Convert regular expression (a+b)b*(a+b)* to an €-NFA. Show the steps. Also Describe (13) 

the extended transition function J for €-NF� with suitable example .. 

. :. . . 

. -.-, 

Give a regular expression for L(M). Try to keep your expression simple. (Use any method 
you want) . · 

b) What is Kleene Closure of a language? Find L 2 and L3 of the language L= { 1, 01}. (08) 
c) Write regular expression/definition for the following languages: (12) 

(i) All strings containing no more than three a' s over alphabet { a, b, c} 
(ii) The set of strings of O's and l's whose number of O's is divisible by _three and . 

whose number of l's is odd. 
(iii)All string of digits with at most one repeated digit. 
(iv)All Strings which contain no runs of a's length greater-than two over alphabet 

{a, b, c} 

4. a) State pumping lemma. Using pumping lemma, show that the language of palindrome is (11) 
not regular. 

b) Design a Context Free Grammar (CFG) for the language { xaybzc I a=b or b#c, where a, (09) 
' b. c � 0} . 

c) Define ambiguous grammar. Use string aabbb to find out whether the following grammar (l 5) 
is ambiguous or' not. If yes, give an equivalent unambiguous grammar. 
S7 BS 1€ 
B7Bb I aBb I ab 
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(Answer ANY THREE questions from this section in Script B) 

5. a) Define Push Down Automata (PDA). Construct push down automata for the following (15) 
languages. Acceptance either by empty stack or by final state. 
(i) L={anbn [n > O} 
(ii) Equal number of O's and 1 's. 

b) For PDA, distinguish between acceptance by final state, and by empty tack. (08) 
c) Prove that "If L be L(PF) for some PDA PF where PF= (Q,l:,f,&F,qo,Zo,F) then there is a (12) 

PDA PN such that L = N(PN)". 

6. a) Define instantaneous description of a Turing Machine (TM). What is the role of checking (08) 
off symbols in TM? 

b) Design a Turing Machine (TM) M to implement the function "Subtraction". Simulate the (14) 
action for the input.00000100. 

c) Convert the follo"".ing-grammar to a PDA that accepts the same language by empty stack. (13) 
S7 OSl [A 
A�lAOISI€ 
Simulate the action for the input 0011 on the new PDA. 

7. a) Define Chomsky Normal Form (CNF). Find a grammar in CNF equivalent to (10) 
S�aAbB 
A7aA/a 
B7bB/b" 

b) Consider the following grammar (25) 
S7 alaAIBIC 
A7aB]€ 
B7Aa 
C�cCD 
D�ddd 
and simply safe order 

(i) Eliminate €-production. 
(ii) Eliminate Unit Productions. 
(iii)Eliminate Useless Symbols. 
(iv)Put the grammar into CNF. 

8. a) State Pumping lemma and its advantages? (06) 
b) Show that the following languages are not context-free: (10) 

(i) L={wE {a,b,c}*: w has equal numbers of a's'and b's qnd e's} 
(ii) L={ anbman : n� m } 

c) Prove that context free languages are closed under (i) Homomorphism (ii) Reversal (09) 
d) Define DPDA. Let L ={O, 1 }, consider the problem ot testing whether a PDA accepts (10) 

*. .· . . 
some string of the form { w E O I } . Is this problem decidable? Prove your answer. 
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N.B. i) Answer ANY THREE questions from each section in separate scripts. 
ii) Figures in the right margin indicate full marks. · 

SECTION A 
(Answer ANY THREE questions from this section in Script A) 

1. a) Define attribute and domain of attribute with example. (07) 
b) Consider the following two entity sets (18) 

Empfoyee(ssn, name, address)· 
Dependentstpname, age) 

The entity sets are related via a relation policy(amount). Employee is a strong entity set and 
Dependents is a weak entity set. 

(i) Define weak entity set and strong entity set. 
(ii) Draw the ER diagram and hence the schema diagram to represent the system. 
(iii) Create the system using DDL. 

What is the role of mapping cardinality for designing a good candidate key? Explain with (10) 
example> 

When do you prefer the secondary index insteadof primary index? (06) 
What are the characteristics of leaf nodes and non leaf nodes of a B+ tree index structure? (I 0) 
Explain with necessary figures. 
Give the formal definition of referential integrity. How does cascading implement the (09) 

referential integrity? · 
What is assertion? Create an assertion for the following statement- (I 0) 

"The sum of all loan amounts for each branch must be less than the sum of all account 
balances at the branch." 

3. a) Define trigger. Why do you need trigger? (15) 
"A banking system does not allow any negative balance .. Instead of negative balance, the 

system creates a new loan account with the loan amount and a loan number identical to the 
account number and sets the account balance to zero." Create a trigger after update on the 
account. ,._ ,. ... 

b) "Functional dependency is the generalization of the super key."-'Justify the statement. (10) 
c) What is the purpose of database normalization? Consider the schema R(� c, d) having (10) 

functional dependencies F={ ac -+bd, ad -b}. Determine whether R is in BCNF or NOT? 
Explain your answer. ./ 

4. a). When do you prefer- (06) 
(i) BCNF over 3NF 
(ii) 3NF over BCNF 

b) Consider ·the patient schema PDB(patno, pname, appno, time, doctor) and functional (10) 
dependencies F={patno -+pname, patno appno - time doctor, time- appno}. Find the 
super key of the schema. 

c) Define multivalued dependency and 4th normal form. (07) 
d) How can you specify the attributes in a DTD? Define a DTD for a Banking schema using. (12) 

account(account no, branch name, balance) and customer (Customer ID, customer name, 
customer city). 

SECTIONB 
(Answer ANY THREE questions from this section in Script B) 

5. a) Define different database users. Mention the purposes of using a database system. 
b) Conseder the following relational database where the primary keys are underlined. 

BRANCH(BRANCH NAME, BRANCH_CITY, ASSETS) 
CUSTOMER(CUSTOMER NAME, CUSTOMER_STREET, CUSTOMER_ CITY) 
LOAN(LOAN NUMBER, BRANCH_NAME, AMOUNT) 
BORROWER(CUSTOMER_NAME, LOAN_NUMBER) 
ACCOUNT(ACCOUNT NUMBER, BRANCH_NAME, BALANCE) 
DEPOSITOR(CUSTOMER_NAME, ACCOUNT_NUMBER) 

(07) 
(20) 
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