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Algorithm 1 Neuro Graph Matching Algorithm
Input: Weighted graph G(V, E)
Output: Mpeuro

Initialize :

Myeuro == 0

Get line graph L(V’, E’) from G(V, E);

for v; € V' do

neuron(i]. D = v].weight;

end for
main LOOP :
while Any of neuron[i].FF == 1 do
for each ¢ do in parallel
if neuron[i].F == 1 then
decrement neuron[i].D;
end if
if neuron[i].D == 0 then
add e; € E to Mpeuro; (e is corresponding to v})
neuron[i].F = 0;
for each j in adjacent of neuron[i] do in parallel
neuron[j].F = 0;
end for
end if
end for
end while

Bt d 2 =a—n VAL OEADHHMELFE UEZ > 72
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Algorithm2 IZ/R9.

Algorithm 2 GREEDY-Algorithm
Input: weighted graph G(V, E)
Output: My cedy
Mq'reedy = (Z)
while E # () do
take an edge {a,b} € E with highest weight;
add {a, b} to MGrEEDY;
remove all edges incident to a or b from FE;

end while
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K1 BEFRIIVBEAYY F U 7B XCHEMRIE SN0
100 HID 5> b OEEE (kv v F v 7 /HEMR) TRLUTWS.
density of |E|

W|H01 0.2 0.3 0.4 05

0.6 0.7 0.8 0.9 1.0

10 | 92/89 65/55 66/48 54/32 51/30
20 | 57/40 29/13 17/4  23/2  31/2
30 | 20/9 12/2  7/0  14/1  26/0

BROEADH) TRINDEMEERLTWD. 1T
WIE EHERIGEWER RO NT WA Z e Z2RLTWS,
F/e, ERUEIRASEMEZ L2100 HORFOEEE Ta Y
FLTW3.

BB LI, ERLPEADEIERTELR GG, W
HAW1~10 DEZEZ 552 R L TW5. 72, RO
RRULOEAUE 1.0 ThbbEEMERL TV,

EDEMFIZBEWTHIELEDFEEIF 09 Z2HATVWS.
F7z, BOEADENPETERRIZGEITLART, HBADMHE
P10 FEIZHIR I N TV BIHEDIFE S DMEITELLE A
BWEER L 725> TWE. WUDBEEINS WIGEITIZELE
MREL, BERE I TENIIEREITGEWEPF LN TS,
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P0.1~02 /NI W E TR ATy F U IB LT
BEEfR 20TV, T, B WIZDIZED 5 5
XY FUTOBEMBDLRL, BRIV FUITE/RRT Ve
LTHhdHEEZOND. T2, LOEEN 1.0 T Hhbb5%
2T I TDEEIBTRAYYF VI EBELNTVWS, 2
N, BES I 7B VWTRETOTHEAR LML THEIEN
TWb7zd, kY yFUIemAk~y F 7 ORANR

SERIYVFUITHEENSLHE—IIRE I Pbhb. ko
T, UDOEEN0.8~1.0 DFEIET T INRET T 71k
DWTWBD, AT Y F U I %2BPTLRoTVWSE
EZoNb., INOOHEITH S, AOEED 0.4~0.6 F2
EDGENRAY Y FUr 7B L UOHMEMREREEIZL L
o TWab., ELD, M5 TRSNELMEDMHE L G
KT AERVE SN

5.2 ETHBOSICEHESHONM
ABTRE L= a—0E— T4 v 27 —FT0F v %,
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49/20 64/24 74/26 93/21  100/32
42/2  55/1  73/1  86/5  100/2
37/0  57/0  77/0  90/0  100/0

N—=FRz 7k SFECHRABL, MEEHETVIMGT 5.
Za—u YO 128 HDBE IOV THMBEARETTD.
R =77y b TN A Xilink #0 Kintex-7 TH b, FwEE
A2 1 Xilink Vivado 2018.2 %\ 2. 3 2 123G
ERT.

x 2 GRELERIC & B RS
FPGA Device Family Xillinx kintex-7

Parts xc7k160t{fg676-1
Clock Frequency [MHz] 200
Worst Negative Slack [ns] 1.905

REFHELFA— DN % TS FIHTH 5 Algorithm 2 %
CPU CTETT 5 &, ZOHEKMIES T 7008 |E| 120
LTO(E)) DA —K—ThkELhb. — %, LidTESR
L7 —FT727F¥IZENWT, =2 —0VIZ RAM »5
A U7 EHADOYIMEZEZ 52 THhOFEME T T2 £ T
DAT Y TEIL, BENT S T7OEADRKEUTTH
D, —a—OVOEETHEbLLMREE W T 7 ORBIZIE
BRI,

UEDZ s, MERWT T 7 OERBENRKE NI,
CPUICKUTIELAZTLVIY ALABLIUOEE LT —
XTFIOF Y DREMTHDEEEZILNS.

6. TELHESHEDRE

ART, EAMFES I 7% EFLzZa—p izt
VITAHIET, —a—aE—TJqvraAr¥a—-F 41V
TEAWTR/NEARAY Y F ¥ ZHEE LR 7
VI ZALERBEL, TOTNVTY ZLHMREME 1/2 O
Greedy 7NV IV AL L H— DU AT FIETHEZ &
ZRUz. ZUT, BADSVRLAT S 7120 U TIRES
HEEBEMALUTEOELMEREZFHMEL 2. 2 DR, WA
BIT57, HEVIEADIEFIZETRERT T 718WT S
TIZH LTI, B2y FroBLUBEREZEPTVW
Db o7,

F7z, METNITV XL E2HRMNICEFT TS =a—10
E—T AV IRT—F¥TIF v % FPGA EIZEHL, FE
TR BB 2 T L 7. Al ORER, fRE - WiiHE
DMK EL 25 & CPU TR TR T &S RIZHEST
THETHD Z hbhh o7,

Bl D FPGA TOEETI, G onzME2HE D
B ER- o -1 &L T FPGA FICERL, 2R
WA Z R U CRIRMICRE T VT ) XL 2FEF LT
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5. ULrLadis, MEDOY 1 ADIEHIZKREL o725
HliZiE, BELR=- -0 Y22 TEMRICEBETRER N —
Ry 7 VY —ADRELRY, ZHIEBEFTIER.
o T, FHEEZRMAFICERT 2 X5 REEEMG LT
W3, bbb, x5k 70— E—a—ma iz
Ty VI UTUEEITWY, IRDAT Y TTIRT T 7 DY
DS/ % =Za—B Y VI UTUHEEZTS, 0D
TR S5 7R S FETH .
AWEDIGHLEL LT, BFa v ¥a—RDTI—E]IE
EREFLTWS, 2.1 HiTHRAR7 X 512, surface code &
WORESFEEHVCZ I —iMEOHEEFI LV Ea—
REMEET IHEEICE, BANEST I TOREYYF VT
MEAE L BENRDH D, BILEIE blossom 7T XL
WoNDEDONR—EINTH D, FIZIZIREFTHEIZELY, v
F o T MEE R OB REP 10 52D 11Xk -7
&, 1RO —FETHELRITNE RS RVWEFE Y
FDZTIT—H 100D 1IZRBLEEZON, R REHE
L5 UL b0 fiE T+ R T & 5.
¥ 7z, surface code IZBWTHETE 7T 713%e2Ts 577
THdH-H, 51 HTRAEZESIREFETEREY Y F
VI ERBONDZEBFIEINT WS, LEDZ Eh 6,
REFHEOBFTI —TEADIGHATRENR I FIEWEE
Ao6Nb.

i

ARWFED—EBIE, JST CREST %5 JPMJCR18K1
(Whgeifds 1oy Y TORMRRT — R &2 EHT 57
S 7REEM), BLUIST Rkt 2ANEEE HEES
JPMJIMIISEL (if%eifdE# MERFEA T UHEED DD
EHMEEEI o -T2 V7)) L&B5DTHB.

SE 3

[1]  Paul A. Merolla, John V. Arthur, Rodrigo Alvarez-
Icaza, Andrew S. Cassidy, Jun Sawada, Filipp Akopyan,
Bryan L. Jackson, Nabil Imam, Chen Guo, Yutaka Naka-
mura, Bernard Brezzo, Ivan Vo, Steven K. Esser, Rathi-
nakumar Appuswamy, Brian Taba, Arnon Amir, My-
ron D. Flickner, William P. Risk, Rajit Manohar, and
Dharmendra S. Modha. A million spiking-neuron inte-
grated circuit with a scalable communication network
and interface. Science, 345(6197):668-673, 2014.

[2] M. Davies, N. Srinivasa, T. Lin, G. Chinya, Y. Cao, S. H.
Choday, G. Dimou, P. Joshi, N. Imam, S. Jain, Y. Liao,
C. Lin, A. Lines, R. Liu, D. Mathaikutty, S. McCoy,
A. Paul, J. Tse, G. Venkataramanan, Y. Weng, A. Wild,
Y. Yang, and H. Wang. Loihi: A neuromorphic manycore
processor with on-chip learning. IEEE Micro, 38(1):82—
99, January 2018.

[3] David Avis. A survey of heuristics for the weighted
matching problem. Networks, 13(4):475-493, 1983.

[4] H. W. Kuhn. The hungarian method for the assignment
problem. Naval Research Logistics Quarterly, 2(1 -
2):83-97, 1955.

[5] Jack Edmonds.

Paths, trees, and flowers. Canadian

© 2020 Information Processing Society of Japan

(6]

[7]

[9]

[10]

Vo0l.2019-ARC-240 No.22
Vol.2019-SLDM-191 No.22
Vol.2019-EMB-53 No.22
2019/2/28

Journal of Mathematics, 17:449-467, 1965.

Silvio Micali and Vijay Vazirani. An o(sqrt(|v|le|) algo-
rithm for finding maximum matching in general graphs.
pages 17-27, 10 1980.

Austin G. Fowler, Matteo Mariantoni, John M. Marti-
nis, and Andrew N. Cleland. Surface codes: Towards
practical large-scale quantum computation. Phys. Rewv.
A, 86:032324, Sep 2012.

A. Zelinsky, R.A. Jarvis, J. C. Byrne, and S. Yuta. Plan-
ning paths of complete coverage of an unstructured envi-
ronment by a mobile robot. In In Proceedings of Inter-
national Conference on Advanced Robotics, pages 533—
538, 1993.

Catherine Schuman, Kathleen Hamilton, Tiffany Mintz,
Md Musabbir Adnan, Bon Ku, Sung-Kyu Lim, and Gar-
rett Rose. Shortest path and neighborhood subgraph
extraction on a spiking memristive neuromorphic imple-
mentation. pages 1-6, 03 2019.

Kathleen E. Hamilton, Neena Imam, and Travis S. Hum-
ble. Community detection with spiking neural networks
for neuromorphic hardware. In Proceedings of the Neu-
romorphic Computing Symposium, NCS’ 17, New York,
NY, USA, 2017. Association for Computing Machinery.
L. Blin, A. J. Awan, and T. Heinis. Using neuro-
morphic hardware for the scalable execution of mas-
sively parallel, communication-intensive algorithms. In
2018 IEEE/ACM International Conference on Utility
and Cloud Computing Companion (UCC Companion),
pages 89-94, Dec 2018.

A.L. Hodgkin and A.F. Huxley. A quantitative descrip-
tion of membrane current and its application to con-
duction and excitation in nerve. Journal of Physiology,
117:500-544, 1952.

E. M. Izhikevich. Simple model of spiking neurons.
Trans. Neur. Netw., 14(6):1569-1572, November 2003.
Danilo Pani, Paolo Meloni, Giuseppe Tuveri, Francesca
Palumbo, Paolo Massobrio, and Luigi Raffo. An fpga
platform for real-time simulation of spiking neuronal net-
works. Frontiers in Neuroscience, 11:90, 2017.



