
 

 

PAL-ADD wala kaafi easy hy woh yaad kareyn, LSPACE wala easy hy woh kareyn, NEAR-TAUT TRUE-SAT, 

DOBLE-SAT, 3SAT bilkul ready kar lyn in k aaney ki probability ziyaada hy as compared to others 

Sehrish Aqeel 15/8/2017 8:00 am 

Q:1 Show that, if P = NP, then every language A  P, except A = Ф and A = Σ*, is 

NP-complete. 

Q:2 Let ALBA = {<M,w> | M is an LBA (Linear Bounded Automaton) that 

accepts input w}. Show that ALBA is PSPACE-complete. 

Q:3 Consider the following generalized geography game wherein the start node is the 

one with the arrow pointing in form nowhere. Does Player I have a winning 

strategy? Does Player II? Give reasons for your answers. 

.   

Q4 A subset of nodes of a graph G is dominating set if every other node of G is 

adjacent to some node in the subset.Let DOMINATING-SET={<G,k>| G has a 

dominating set with k nodes}. 

Show that it is NP Complete by giving a reduction from VERTEX-COVER. 

Shahzaib, [12.08.17 17:43] 

A set X of vertices in an undirected graph G is called a dominating set if every vertex of G is 

either in X or at distance one from a vertex in X. The DOMINATING-SET problem is the 

decision problem for the language {(G,k): G is an undirected graph that has a dominating set of 

size k}. Prove that DOMINATING-SET is NP-complete. (Hint: Reduce from VERTEX-

COVER.) 

Q2 Let CNFk = {<φ>|φ is a satisfiable CNF formula where each variable appears in at most k 

places }. Show that CNF3 is NP-complete. 

Let CNFk = {<ᵩ> | ᵩ is satisfiable cnf-formula where each variable appears in at most k places}. 

Show that CNF3 is NP-Complete. 

Let CNFk = {<ϕ> | ϕ is a satisfiable cnf-formula where each variable appears in at most k 

places}. Geography game 

 

Another: 

Geography game, LPATH, DEAR TAUT, TRUE SAT 

 

Another: 3COLOR, 3CNF, NESTED PARANTHESIS, Geography game 

Another: 3CNF, 2CNF, Add in LSpace, LBA 

Another, M, x #, t wala, multi sat, 3 color, geography game 



 

 

 

 

 

Show that A is NP Complete. 

2. Show that Hamiltonin is np complete wala tha. 

3. Aik Alba is Pspace complete wala. 

4. Aik k tape to single tape turing machine wala. 

 Prove that Cycle-Length is NL-complete. 

 

2. Let CNFk = {<ᵩ> | ᵩ is satisfiablecnf-formula where each variable appears in at most k 

places}. Show that CNF3 is NP-Complete. 

Let CNFk = {<ϕ> | ϕ is a satisfiable cnf-formula where each variable appears in at most k 

places}. 

(a) Show that CNF2 ∈ P. 

(b) Show that CNF3 is NP-complete. 

 

3. Let CONNECTED={<G>|G is connected undirected graph} show that it is in P. 
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Let DOUBLE-SAT = { hφi | φ is a Boolean formula with two satisfying assignments }.  

 

1 Show that DOUBLE-SAT is NP-Complete. (Hint: Reduce 3SAT.)  

 

Answer: 

 (1) DOUBLE-SAT ∈ NP: Simply guess two different assignments to all variables and verify 

that each clause is satisfied in both cases. 

 (2) Reduction of 3SAT to DOUBLE-SAT: Given a 3cnf-function ψ, create a new Boolean 

function ψ 0 by adding a new clause (x ∪ x) to ψ, where x is a new variable not in ψ. Then check 

if hψ 0 i ∈ DOUBLE-SAT.  

(3) This reduction clearly works in polynomial time.  

(4) We now prove that the original 3cnf-function hψi ∈ 3SAT iff the new Boolean function hψ 0 

i ∈ DOUBLE-SAT. If the original 3cnf-function ψ is unsatisfiable, then the new function ψ 0 is 

also unsatisfiable; i.e., hψi 6∈ 3SAT implies hψ 0 i 6∈ DOUBLE-SAT. If hψi ∈ 3SAT, then use 

the same assignment of variables that are in ψ, and we also have both x = 0 and x = 1 are valid 

assignments. Thus, there are at least two satisfying assignments of the augmented 3cnf-formula 

ψ 0 , so hψ 0 i ∈ DOUBLE-SAT. 

 

1. Show that A is NP-Complete. 

Answer: To show that any problem A is NP-Complete, we need to show four things: (1) 

there is a non-deterministic polynomial-time algorithm that solves A, i.e., A ∈ NP, (2) any 

NP-Complete problem B can be reduced to A, (3) the reduction of B to A works in 

polynomial time, (4) the original problem A has a solution if and only if B has a solution. We 

now show that SET-PARTITION is NP-Complete. 

 

 



 

 

 

 

NP is the class of languages that have polynomial time verifiers.  

NP is the class of languages that are decided by polynomial time non-deterministic Turing 

machies. 

1. On input w of length n. 

2. Non-deterministically guess a string c of length k n . 

3. Run V on <w, c> if V accepts accept. 

Clearly if w  A then there is a c such that V accepts <w, c> so at least one branch of N will 

accept. On the other hand if w  A then no branch of V will accept. Clearly, this Turing machine 

runs in non-deterministic polytime. Hence, A  NP 

 
 

The machine N will use V as a subroutine. Suppose V runs in time . k n  

Here is a description of N:  

1. On input w of length n.  

2. Guess a certificate c of size at most . k n  

3. Run V on <w, c>.  

4. If V accepts accept else reject.  

 

 

Theorem:  

If A is NP-complete and A is in NP then P = NP.  

So in order to solve P versus NP problems we will have two approaches. Suppose we find a NP-

complete problem A. A is the hardest problem in NP. So, either we can  

1. Try to prove that A is not in P. In fact, NP-complete problems are the best candidates for this.  

2. Try to find a polynomial time algorithm for A. If we succeed then we will show that P = NP.  

 



 

 

No one has been able to do any of the above! 

This is a verification algorithm for SAT.  

Theorem: (Cook Levin): SAT is NP-complete.  

Theorem: (Cook Levin): P =  

In order to understand the Cook-Levin theorem we have to understand what can be expre 

 



 

 

 

 



 

 

 

  

 

 



 

 

Q15. Show that, if every NP‐hard language is also PSPACE‐hard, then PSPACE = NP. 

Answer:. 

 

 Q16.Define UCYCLE = {| G is an undirected graph that contains a simple cycle}.  

Show that UCYCLE belongs to NL. 

Answer:. 

 
 

 

 

 

 

 

 

 



 

 

Q19: let EQnfa={<N,N'>|N,N' are NFA with the same alphabets and L(N)=L(N')} show 

that EQnfa ε PSPACE\ 

Answer:> 

 

Q25.Let A = {|NTM, M accepts input x within t steps on at least one branch}. Show that A 

is NP-Complete. Here A= U 

Answer:. 

 

 Question: Define CYCLE = {(G)| G is a directed graph that contains a directed cycle}.  

OR Show that CYCLE-Length problem is NL-Complete where Cycle Length is a problem 

where a cycle of nodes in a directed graph has at least 3 nodes.  

Show that CYCLE is NL-Complete?  

Answer:  
We reduce PATH to CYCLE. The idea behind the reduction is to modify the PATH problem 

instance (G, s, t) by adding an edge from t to s in G. If a path exists from s to t in G, a directed 

cycle will exist in the modified G.  

However, other cycles may exist in the modified G because they may already be present in G. To 

handle that problem, we first change G so that it contains no cycles. A leveled directed graph is 

one where the nodes are divided into groups, A1, A2, . . . , Ak, called levels, and only edges 

from one level to the next higher level are permitted. Observe that a leveled graph is acyclic.  



 

 

The PATH problem for leveled graphs is still NL-complete, as the following reduction from the 

unrestricted PATH problem shows. Given a graph G with two nodes s and t, and m nodes in 

total, produce the leveled graph G´ whose levels are m copies of G’s nodes.  

Draw an edge from node i at each level to node j in the next level if G contains an edge from i to 

j. additionally, draw an edge from node i in each level to node i in the next level. Let s´ be the 

node s in the first level and let t´ be the node t in the last level. Graph G contains a path from s to 

t iff G´ contains a path from s´ to t´.  

If we modify G´ by adding an edge from t´ to s´ we obtain a reduction from PATH to CYCLE. 

The reduction is computationally simple, and its implementation in logspace is routine. 

Furthermore, a straightforward procedure shows that CYCLE ∈ NL.  

Hence CYCLE is NL-complete.  

 

Q1. Let CONNECTED={<G>|G is connected undirected graph}. Show that it is in P 

 
 

 

 



 

 

 

Question: Prove that PAL-ADD is in Space| Show that PAL-ADD Є LSPACE? 

Let PAL-ADD = {<x, y> | x, y > 0 are binary integers where x + y is an integer whose 

binary representation is palindrome}. Show that PAL-ADD Є LSPACE. 

Answer: 
M1 = “On input string w: 

1. Scan across the tape and look for 0s and 1s 

2. Count number of 0s separately 

3. Count number of 1s separately 

4. Compare both the counters if both are equal accept, otherwise reject the machine 

Counts the number of 0s and the number of 1s in binary on the work tape separately. 

The only space required is that used to record the two counters. In binary, each counter uses only 

logarithmic space and hence the algorithm runs in 0(log n) space. 

Therefore, A Є L. 

Question: 

(a): Let ADD = {(x,y,z) | x,y,z > 0 are binary integers and x + y = z}. Show ADD Є L 

:  

 

 

 

 

 

 

 

 

 

 

 



 

 

(b): Let PAL-ADD = {(x,y) | x,y > 0 are binary integers where x+y is an integer whose binary 

representation is palindrome}. Show that PAL-ADD Є L? 

 

Let CONNECTED={|G is connected undirected graph}. Show that it is in P. 

Answer:. 

 



 

 

 

Solution 

 

 

Solution 

 

 

 



 

 

 

Solution: 

 

 

Solution: 

 

 

 

 



 

 

 

Solution: 
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Q:1 Show that, if P = NP, then every language AP, except A = Ф and A = ∑*, is 

NP-complete. 

 

Answer: 

 

 

 
 

 

Q:2 Let ALBA = {<M,w> | M is an LBA (Linear Bounded Automaton) that 

 accepts input w}. Show that ALBA is PSPACE-complete. 

Answer: 
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Q:3 A directed graph is strongly connected if every two nodes are connected by a 

directed path in each direction. Let 

STRONGLY-CONNECTED = { <G> | G is a strongly connected graph}. 

Show that STRONGLY-CONNECTED is NL-complete. 

 

Answer: 
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Q4:Graphs G and H are called isomorphic if the nodes of G may be reordered so 

that it is identical to H. Let ISO = {<G, H> | G and H are isomorphic graphs}. Show 

that ISONP. 

 

Answer: 
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Q5: The game of Nim is played with a collection of piles of sticks. In one move a 

player may remove any nonzero number of sticks from a single pile. The players 

alternately take turns making moves. The player who removes the very last stick 

loses. Say that we have a game position in Nim with k piles containing s1, ..., sk 

sticks. Call the position balanced if, when each of the numbers si is written in binary 

and the binary numbers are written as rows of a matrix aligned at the low order 

bits, each column of bits contains an even number of 1s. Prove the following two 

facts.Starting in an unbalanced position, a single move exists that changes the 

position into a balanced one. 

Starting in a balanced position, every single move changes the position into an 

unbalanced one. 

 

Answer: 
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Q6 Let HALF-CLIQUE = {<G> | G is an undirected graph having a complete 

subgraph with at least m/2 nodes, where m is the number of nodes in G}. Show that 

HALF-CLIQUE is NP-complete. 
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Q7 Let SET-SPLITTING = {<S,C> | S is a finite set and C = {C1, ... ,Ck} is a 

collection of subsets of S, for some k > 0, such that elements of S can be colored red 

or blue so that no Ci has all its elements colored with the same color.}. Show that 

SET-SPLITTING is NP-complete.colored with the same color.} 
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Q8 
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Q9 Consider the following generalized geography game wherein the start node is the 

one with the arrow pointing in form nowhere. Does Player I have a winning 

strategy? Does Player II? Give reasons for your answers. 

 

 
.
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Q10 Let CONNECTED={<G>|G is connected undirected graph}. Show that it is in 

 P 
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Q11 A triangle is in an undirected graph is a 3-clique. Show that Triangle in P 

where Triangle={<G>|G Contains a Triangle} 

 

 
 

Q12 Let DOUBLE-SAT={ <φ>| φ has atleast two satisfying assignments }. Show that 

DOUBLE-SAT is NP-Complete 
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Q13 Let G represents an undirected graph. Also let 

SPATH={<G,a,b,k>|G contains a simple path of length at most k from a to b} 

LPATH={<G,a,b,k>|G contains a simple path of length at most k from a to b} 

Show that SPATH in P 

Show that LPATH is NP-Complete. You may assume that NP-Completeness of 

UHAMPATH, the Hamiltonian path problem for undirected graph. 
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Q14 Let CNFk={< φ >| φ  is satisfiable cnf formula where each variable appears in 

 at most k places}. 

a. Show that CNF2 in P 

b. Show that CNF3 is NP-Complete. 
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Q15 
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Q16 A subset of nodes  of a graph G is dominating set if every other node  of G is 

adjacent to some node in the subset.Let DOMINATING-SET={<G,k>| G has a 

dominating set with k nodes}. 

Show that  it is NP Complete by giving a reduction  from VERTEX-COVER. 
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Q:17 Show that for any function f:NR+, where f(n)≥n, the space complexity class 

SPACE(f(n)) is the same whether you define the class by using the single tape TM 

Model or the two tape read only input model. 
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Q:18 
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Q:19 

 

 

 

 


