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D-Wave Solution Goals

I Simulate quantum mechanical systems (physics/chemistry)

I Find the globally minimum solution of an objective function.

(Some may only be interested in a minimal solution.)

Objective function: f(q) = X;a; + X; %, bijq; q;
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Bad Qubit Value Patching
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SQC — Single Qubit Correction
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1000 samples corrected with SQC
(samples generated from a set of random coefficients)
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Multi-gubit Correction
MQC
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MQC Step 1

- Compare 2 samples

Sample 1 Sample 2 Difference flags

@® true ® same
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- Find independently connected groups of qubits (tunnels)

Difference flags Independent Groups
A MDD D A ADA_MD MDD DN
YV VYV V YV W YV V VWV YV VWV
MDD 4D D D DM MDA AN
YV VYV V YV W YV V VWV YV VWV

® same "
Transitively connected

O (ifferent




MQC Tunnel Influence




MQC Step 3

- Find which tunnels have a positive influence value.

Independent Tunnels

MM M DM
oo
5 D™D D D M
oo
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- Flip qubits of tunnels with a positive influence value.

Independent Tunnels Sample 1 New Sample
DD MDD MDD
YV VYV VYV YV WV
5 & mdD D D M
YV VWV V WV VYV
-7
9

-4 -6

The new sample has a lower value than either sample 1 or 2.



MQC Final Reduction
(for n samples)
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Frustrated Cluster Loops (FCL)

* An FCL is a set of qubits and corresponding coupler that form a closed
loop.

* The qubit coefficients are given a value zero.

* The all couplers are given a value of -1, except one which is given a
value of 1.

* Multiple loops are randomly generated (a*L,).
* They are added to give the final set of qubit and coupler coefficients.
* L. Refers to a partial virtual D-Wave of size c*c cells or c*c*8 qubits
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Frustrated Cluster Loops

Frustrated Cluster Loops
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Comparison of Raw vs MQC FCL results (more

Frustrated Cluster Loops

Frustrated Cluster Loops
Raw D-Wave vs MQC Raw D-Wave vs MQC
alpha = 0.2, case =06 alpha = 0.2, case =09
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Distribution of the no. of cases solved
with no. of samples

Raw samples for L,; and unlimited loop overlap

No. of samples 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 unsolved
Alpha = 0.05 -- 0 0 0 0 0 4 5 14 32 20 16 5 2 2 0 0
Alpha = 0.10 -- 0 0 0 0 0 0 0 0 0 0 7 8 12 28 0 45
Alpha = 0.15 -- 0 0 0 0 0 0 0 0 0 0 14 20 20 30 0 16
Alpha = 0.20 -- 0 0 0 0 0 0 0 4 13 28 30 10 6 7 0 2
Alpha = 0.25 -- 0 0 0 0 0 0 4 22 43 24 5 2 0 0 0 0
Alpha = 0.30 -- 0 0 0 0 0 0 4 30 45 17 4 0 0 0 0 0
Alpha = 0.35 -- 0 0 0 0 0 1 15 42 28 12 2 0 0 0 0 0
Alpha = 0.40 -- 0 0 0 0 0 3 26 47 18 5 1 0 0 0 0 0
Alpha = 0.45 -- 0 0 0 0 1 9 38 38 13 1 0 0 0 0 0 0
Alpha = 0.50 -- 0 0 0 0 3 17 36 35 9 0 0 0 0 0 0 0
MQC samples for L, and unlimited loop overlap
No. of samples 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 unsolved
Alpha = 0.05 -- 0 0 0 0 3 19 54 21 3 0 0 0 0 0 0 0
Alpha = 0.10 -- 0 0 0 0 0 0 2 28 48 20 2 0 0 0 0 0
Alpha = 0.15 -- 0 0 0 0 0 0 0 18 51 27 4 0 0 0 0 0
Alpha = 0.20 -- 0 0 0 0 0 0 10 53 30 5 2 0 0 0 0 0
Alpha = 0.25 -- 0 0 0 0 0 1 28 53 17 1 0 0 0 0 0 0
Alpha = 0.30 -- 0 0 0 0 0 0 23 50 23 4 0 0 0 0 0 0
Alpha = 0.35 -- 0 0 0 0 0 2 36 43 16 2 1 0 0 0 0 0
Alpha = 0.40 -- 0 0 0 0 1 10 40 36 11 2 0 0 0 0 0 0
Alpha = 0.45 -- 0 0 0 0 3 20 38 33 6 0 0 0 0 0 0 0
Alpha = 0.50 -- 0 0 0 0 5 26 34 31 4 0 0 0 0 0 0 0



Log2 of the number of samples

The Average of samples that are need
to solve a case

Average no. of samples to expect a solution
for raw samples over 100 cases
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Log2 of the number of samples
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No. Cases without solutions
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Cases where D-Wave found no solutions.
(out of 8192 samples)
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Base Expression: F(q) = Z a;q; + Z b;;jq:q;
i i

Version Expressions: Fr(q) = Z Cra;q; + Z CkbijQin
i ij

d = max(abs(ai), abs(bij))
ij

1
8 xd

C0=

ce = Ce1VZ = co(V2)

Note: F(q) and Fj(q) have the same minima.
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HPE Method
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