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NP-complete problems can be typically formulated as a cost minimization problemIn a BEC the system has a large concentration of particles in the NP complete problems can be typically formulated as a cost minimization problem.In a BEC, the system has a large concentration of particles in the 
system ground state Furthermore due to bosonic final statesystem ground state. Furthermore, due to bosonic final state 
stimulation, the speed of cooling is enhanced by a factor N+1, Estimulation, the speed of cooling is enhanced by a factor N 1, 
where there are N particles in the final state

E
where there are N particles in the final state.
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Interactions between sites are created 
given GPP, and has N bosons, each of externally via feedback loop

NP-complete problems as cost minimization
g
which can be in one of two states(±1)

externally via feedback loop
NP complete problems as cost minimization which can be in one of two states(±1).

Example: The Graph Partitioning Problem (GPP)Example: The Graph Partitioning Problem (GPP)
Given 2N points with arbitrary connections between them, divide the points p y p
into two groups (A and B) of N points minimizing the number of connectionsinto two groups (A and B) of N points, minimizing the number of connections 
between them Any kind of NP complete problem can be formulated as GPP
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between them. Any kind of NP-complete problem can be formulated as GPP.
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E=-J+2λ N t x tl  O  s lts sh  
number N E J 2λ Not exactly. Our results show and error

E=-J-2λ that there is a large speedup, E=-J-2λ
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but this still doesn’t mean we can So does this mean but this still doesn t mean we can 
solve a really large NP complete that we have solved solve a really large NP-complete 

bl  B  bi i  hi  i h Conclusions the NP-complete problem. By combining this with Conclusions the NP complete 
problem for good?

p y g
other quantum effects, we may problem for good? other quantum effects, we may 
be able to solve bigger systems  • Bosons speed up the equilibriation time of the Ising model by final state stimulation. be able to solve bigger systems. 

W   l ki  i t  thi  Bosons speed up the equilibriation time of the Ising model by final state stimulation. 
An enhanced ground state population is present due to bosonic statistics

We are looking into this. 
An enhanced ground state population is present due to bosonic statistics.

• The scaling with site number is probably a (large) constant since no quantum• The scaling with site number is probably a (large) constant, since no quantum This work is supported by DARPA, JST/SORST, the University of Tokyo, the Special Coordination Funds 
coherence is present in the system. Introducing quantum coherence may help this.
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