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Partition Problem Definition:
Given a set of nonnegative integers (A), we want to know is there a subset S ⊆ A which sum of

all the values in S will be equal to sum of all the values not in S.
∑ S= ∑ (A – S) = (∑ A) / 2
Proof of partition membership in NP: [1][2]
PARTITION ∈ NP

In this assignment we consider A a set of positive integers, and S1 and S2 are two subsets
(partitions) of A that we want to compare them to see whether they are equal.
Here is a polynomial-time verifier for PARTITION:
● If S1 ∪ S2 =A and that S1 ∩ S2 = Ø.

● Then we compare the sum of values in S1 with sum of the elements in S2
● If above sums are equal we accept.
● If above sums are not equal we do not accept.
If we want to make simple example for it, assume that A= {3,4,6,5} S1= {3,6} S2= {4,5}
Then we understand S1 ∪ S2 = A and S1 ∩ S2 = Ø. Also S1=S2 So we accept it.

PARTITION ∈ NPC [2][3]

Reduction from Subset Sum:
We assume A is a set of nonnegative integers and the target value is k. S is a subset of A, and the
sum of members of S, equals k. So (A, k) ∈ Subset sum. Sum of all integers in A equals m.
A = {a1, …., an}
∑A=m
∑S=k
We create a new set A’ = A ∪ {an+1, an+2}
Such that: an+1 = 2m – k and an+2 = m + k
This can be done in polynomial time.
∑A’ = m + (2m - k) + (m + k) = 4m
We also create the partitions of A’ which are S’ and (A’-S’)
S’ = S ∪ an+1 and (A’ – S’) = (A – S) ∪ an+2
So, we have:

∑S’ = k + (2m – k) = 2m
∑ (A’ – S’) = (m – k) + (m + K) = 2m
So, now we have a set of integers A’ that has a subset S’, such that
∑ S’= ∑ (A’-S’) = (∑ A’) / 2
And therefore, A’ is an instance of Partition.
Also, if we assume A’ is an instance of Partition, which sum of each partition equals 2m, then one
of the partitions has the member an+1 with value (2m – k). Sum of an+1 and an+2 is 3m, and each
partition should have the sum 2m. so an+1 and an+2 cannot be in the same partition. So, if we
remove an+1 from this subset, the sum of members in the subset would be 2m – (2m – k) = k. and
if we remove an+2 from the other subset, we get A, which has a subset with sum of k, therefore
(A, k) is true instance of Subset sum.
(A’) ∈ Partition iff (A, k) ∈ Subset Sum

So, we reduced from subset sum to partition; And because we know subset sum is NP complete,
therefore, partition is NP Complete too.

Optimization of partition problem:[5]
Partition decision problem, is deciding if a set has a subset, which sum of all of its values equals
to sum of items not in the subset. Optimization version of the partition problem suggests
partition of the set A into two subsets S1, S2 which the differences between the sum of each
subset is minimized (as nearly equal as possible).
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