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Algorithm 1 Quantum Annealing for Clustering

1: Initialize inverse temperature § and quantum annealing parameter I'.
2: repeat

3: for j=1,...,m do

4: fori=1,...,n do

5: Draw the new assignment of the i-th data point, o;;, with a probability given in Eq. (54).
6: end for

7 end for

8: Increase inverse temperature 3, and decrease QA parameter I'.

9: until State o converges
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000000000000000000000000»O0000000000000000000000
00f(8,)00000000000D000000000

6 Uoooon

000000000000C0C00000000000000000000000000000000C00
000000000000000000000000000000000000000000000000
O0m=>50,00000 ,=02m, 00000 Ly=¢Y2, 00000 r;=1000000000000
0000000000000 000000000000000 3, =0200000r=105000550
0000000000000000

e MNISTOUDO [39]00000000O00O0Q0 (Mixture of Gaussian: MoG)O OO (DOOO0O k= 30)
e Reuters 0 0 O [40] 0 O OO O Latent Dirichlet Allocation(LDA)O00O 0O (DO OO0 k= 20)

e NIPSO OO0 [41] 00000 Latent Dirichlet Allocation(LDA) 000 (00000 k = 20)

000000000000000 »=1.000000000000000000000r;=1.0200
00000000000

0600000000000000000 (MNISTOOD)DOOO (Reuters 100)0000 (NIPS
000)000 By =02Tg=¢"Y21r5=100000000 (NIPSOO0O0)000 B =0.2, Ty =el/2,
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20.8
Wﬁ
B o6

40 60 80 100
iteration

(05,05+41)]

MNIST with MoG

7’5 = 105

QA rr=1.02; fo

XQA rr=1.05 fo
QA rp=1.10; f*

S QA rp=1.200 F*

SeSA -

Reuters with LDA

186 1.88 =
E184 =186 5 rp =105
M 182 o 1.84 S0 _E'_%ﬁ =10, ;2
2 1.8 = e rp=1.09; f2
E 178 g 182 — QA rp=1.10; f*
: 1.8 e o-—— QA rpr=1.20; f*
40 60 80 100 40 60 80 40 60 80 100 |-SA
iteration iteration iteration
x 10° x 10° — 1 NIPS with LDA
_— — +
\§9.6 EQG & rg = 1.05
M = S05 QA =1.02; [
£ = = XQA rp=1.05; fo
Eg4 M = QA rp=1.10; f*
- 9.4 B ool——— | QAm=1.20;
40 60 80 100 40 60 80 100 40 60 80 100 |=4SA
iteration iteration iteration
95X x 10° = NIPS with LDA
- — +o0.8 =
\b/ 045 ﬂ Q 9.6 bF T = 1.02
ol g 95 06 = QA =1.02; f»
= 94 = = 0.4 QA rp=1.05; f*
g Hgg = QA rp=1.10; f*
9.35 02— QA rpr=1.20; f*
90 120 150 180 120 150 180 90 120 150 180 |==SA

iteration iteration iteration

U6 Udb00oobooboobooboooboobbooobooobooooooooboooboooooooonn
OO0000000D00OO0O0 MNISTOOODODOOOOODODO RewtersODOOOOOODODOOOO
OO0OoO0opoOoo NPSOOODOODOOOODODOOOmDOOOOOOODOOOODOOOOODOODOOO
gboocobodombOOOO0OO0ODOODOOOOODOODOOOOOOODOODOOOOODO0ODO purityODQOOOO
rr 000 fp, AOO00O0OOODOOOOOCOCCDODOO MAOO0SAODOOOOOODODODOOOOCO
0000000o00oOop=1(00000000000000)000 B=m(D000O0O0OO)O0O0OO
oooooobooooogoo

rg=10200000000000000000000000000 (10 mO0000DO0O0O0OOO
000000000000 0000 (18) 0 mOOOUOODOO0O0O0O0O0OD0ODUDO0O0ODO0OODUOOoooooo
(39)0 00000 pwityODOODOD0OOODOOOOOOOOOOO g=1(00000000O0O00O0O0O0O)
000 p=m@0000000)0000000O00O0O0OO0O0O0OOOOO0
gooooooOoOoOOOOOOOOOOOOOfOO0O0O0O0O0O0O0DOOOOOOOOOOOOO00O0
obooobOobooooobooooboboooooboooon
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