


D-Wave for Optimization 

Binary-Quadratic Program 
(B-QP / QUBO)

2

NP-Hard Combinatorial Optimization Problem



http://bob4er.blogspot.com/2015/05/amazing-solver-speedups.html


Open Question
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State-of-the-Art 
Optimization Tools



Open Question
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State-of-the-Art 
Optimization Tools ?
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The Optimization Landscape
Solvers (i.e. Algorithms) Benchmarks (i.e. Problems)
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Optimization Science

http://scip.zib.de/

http://plato.asu.edu/ftp/milpc.html
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http://scip.zib.de/
http://plato.asu.edu/ftp/milpc.html
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Overview

• Background / Motivation 
• Benchmarking Approach / Challenges 
• Three Case Studies 

• QPLib, Max-Clique, Home-brewed 
• Open Challenges, Path Forward
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The B-QP-17

Second Question: 
are these “hard” problems?























Preparing a D-Wave Problem
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min :
X

i,j2E
cijxixj +

X

i2N
cixi

s.t.

xi 2 {0, 1} 8i 2 N
E ✓ C12

min :
X
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�i 2 {�1, 1} 8i 2 N
E ✓ C12

B-QP Ising
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If you fail…
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Try, Again!
If you fail…
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DIMACS Max-Clique Cases
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Why Max-Clique?

• Formulate on the Compliment Graph (super 
sparse, i.e. easy to embed!) 

• Combinatorial Problem (minimal accuracy 
issues) 

• Easy to generate problems (scale in size)
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If you fail twice…
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Try, Try, Again!
3rd time’s a charm?

If you fail twice…
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Key Idea: Best-Case Scenario for D-Wave

• Design the problem on the QPU chip 
• No embedding needed! 
• No chains needed! 

• {1,-1} coefficients, no accuracy issues!
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Case 4 - RAN1
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The RAN1 Family

C1 C2 C3 C12. . .
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Looking to the Future
• I have drunk D-Wave Kool-Aid

• RAN1 convinced me that the DW2X has huge potential
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Looking to the Future
• I have drunk D-Wave Kool-Aid

• RAN1 convinced me that the DW2X has huge potential

• I believe, in the next 5 years, QPU’s will be very disruptive to 
optimization research
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Looking to the Future
• I have drunk D-Wave Kool-Aid

• RAN1 convinced me that the DW2X has huge potential

• I believe, in the next 5 years, QPU’s will be very disruptive to 
optimization research

• Key Issue: QPU potential is currently unaccessible on 
classic benchmarks
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Unlocking D-Wave’s Potential
• Need multi-disciplinary R&D 

• Functional form of the QPU Behavior (physics) 
• Significant progress on Embedding Algorithms         

(computer science) 
• Incorporating a QPU into established Optimization 

Algorithms (optimization research)










