Sample Problems

Integer Partition Problem 

Input: A given arrangement S of non-negative numbers {s1, s2,…,sn} and an integer k. 

Output: Partition S into k ranges, so as to minimize the maximum sum over all the ranges. 
Independent Set -  subset  V  of vertices in graph G such that no pair of vertices in V is joined by edge in G.

(1) Optimization problem:  
find largest independent set in G.
(2) Decision problem:  
given G and k, does G have an independent set of cardinality k?

Job Scheduling  -  J1, J2,…, Jn  jobs executed one at a time. 


t1,t2,…,tn -  execution times


d1, d2,…, dn  -  deadlines

p1, p2,…, pn – penalties for missing deadlines
Schedule – permutation  (  of   (1,2…,n)  such that   J((1) ,J((2) ,… , J((n)  
is the sequence of jobs done. 

P( = ({pi : 1(  i ( n} penalty of schedule  (.

(1) Optimization problem:
Determine the minimum possible penalty

(2) Decision problem:


Given  k, can we find schedule  (  such that   P( ( k?

Bin Packing -  unlimited number of bins each of capacity one  &  n objects with sizes  s1, s2,…, sn, where  0 < si  ( 1. 
(1) Optimization problem:

Find the smallest number of bins to which objects can be packed.

(2) Decision problem:


Given  k, do the objects fit into k bins?

Knapsack -  knapsack of capacity C  and n objects of sizes  s1, s2,…, sn, and profits  p1, p2,…, pn, where  0 < si  ( 1. 

(1) Optimization problem:

Find the largest total profit of any subset of objects that fits in the knapsack.
(2) Decision problem:

Given  k, is there a subset of objects that fits in the knapsack and has total profit at least k?

Subset Sum -  input is a positive integer C and  n objects whose sizes are positive integers s1, s2,…, sn.
(1) Optimization problem:

Among subsets of objects with sum at most C, what is the largest sum?

(2) Decision problem:

Is there a subset of objects whose sizes add up to exactly C?

Satisfiability- propositional formulas (built from variables linked by  (, (, (.

 CNF  ( = (((a(b)((c(d)(((c((d))

(1) Decision problem

Given CNF, is there an interpretation which makes ( true?

Hamiltonian cycle - single cycle that passes through every vertex exactly once.
(1) Decision problem

Does a given undirected graph have Hamiltonian cycle?

Hamiltonian path – single path that goes through every vertex exactly once.

(1) Decision problem

Does a given undirected graph have Hamiltonian path?

Traveling Salesperson (minimum tour problem)
(1) Optimization problem:

Given a complete, weighted graph, find a minimum-weight Hamiltonian 

cycle

(2) Decision problem:

Given a complete, weighted graph and integer k, is there Hamiltonian cycle with total weight at most k?

Vertex Cover – vertex cover for undirected graph G is a subset C of vertices such that each edge is incident upon some vertex in C.

(1) Optimization problem:

Given G, find a vertex cover of minimal cardinality

(2) Decision problem:

Given G and integer k, does G have a vertex cover consisting of k 
vertices?

Clique problem (complete sub-graph)

(1) Optimization problem:

Given undirected G, find the largest clique in G

(2) Decision problem:

Given G and k, does G have a clique of cardinality k?

Feedback Edge Set – subset F of edges such that every cycle in G has edge in F
Optimization – find smallest feedback edge set in G

Decision – Is there a feedback edge set in G of cardinality k?

FACT:  Vertex cover, clique, independent set, feedback edge set are closely related.
