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H o w  t o  c o n n e c t  t h e  p r o b l e m s  

a n d  Q u a n t u m  c o m p u t e r ?
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The Hamiltonian of Ising model:
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Pauli matrices operating on a qubit 𝑥𝑖

ℎ𝑖 and interacting parameter 𝐽𝑖,𝑗 are the qubit biases and coupling strengths

https://docs.dwavesys.com/docs/latest/c_gs_2.html?fbclid=IwAR1zq5W45Lr0SHCGS5KrKc

NZBoSBCKcTpBqrd2-aGaNUW-D_LhZ56NQDLPc
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T h e r e ’ s  a n  i n t e r e s t i n g  t o p i c !

Knapsack problem

maximize (Knapsack problem)  

𝑖=1

𝑉𝑖𝑥𝑖 subject to  

𝑖=1

𝑊𝑖𝑥𝑖

≤ 𝐶

𝑥𝑖 is 0 or 1
𝑖 = 1,2,3,⋯

Parameters:  ●Values 

●Weights 

● maximum weight

https://en.wikipedia.org/wiki/Knapsack_problem
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M a x - C u t p r o b l e m  

Cut line

Model :

But we can solve it only if we mapping this model to the Ising model :

What we want to solve, with n=5.

After mapping, we use quantum adiabatic algorithm to do optimization.

C(x)=  𝑖,𝑗𝑤𝑖𝑗𝑥𝑖 (1 − 𝑥𝑗) +  𝑖𝑤𝑖𝑥𝑖

𝐻 = 

𝑖

𝑤𝑖𝑍𝑖 + 

𝑖<𝑗

𝑤𝑖𝑗𝑍𝑖𝑍𝑗

𝑥𝑖 → (1 − 𝑍𝑖)/2, where 𝑍𝑖 is the Pauli Z operator, 𝜎𝑧 =
1 0
0 −1
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01Coding process: Set up qubit dots connection

9 Process
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02Coding process: Transform into Ising model

9 Process



6

03Coding process: Set up 5-qubit dots 

9 Process
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04Hamiltonian in Quantum Annealing

• Use 5 qubits with initial state evolving to final state

• Final state is from the Max-cut problems

H0, initial state Hp, final state

9 Process
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05Coding process: HamiltonianGate  Set up Hamiltonian

9 Process
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06Coding process: Measuring backend with simulator

9 Process
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Result
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07Coding process: Counts for eigenvalue which means ‘cut’

9 Process
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08Coding process: Calculate the eigenvalue value vary with steps

9 Process
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09Coding process: Calculate the expectation value vary with steps

9 Process

The expectation value is near the maximum value 4 !
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