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A Study of Device-to-Device Pairing Optimization
Based on Ising Model

SHOICHIRO SEKIGUCHI' SATOSHI NISHIMURA! MASAO YAMAMOTO!

Abstract: In this study, we propose an algorithm for stable content distribution to many terminal devices
in congested networks such as event venues and evacuation areas. In the architecture, contents data are
distributed to terminal devices using multicast routing protocol, and when packet loss occurs, the lost packet
is recovered by device-to-device (D2D) communications between terminal devices. However, a D2D pair that
is established between nearby terminal devices cannot necessarily recover the lost packet with each other suf-
ficiently. To overcome this problem, we propose an algorithm for selecting appropriate D2D pairs such that
lost packets are effectively recovered. This algorithm is based on the Ising model optimization, which can be
solved by an Ising machine specializing in combinatorial optimization problems. Numerical simulations show
that our algorithm selects appropriate D2D pairs such that the recovery rate of lost packets is maximized
and verify our algorithm.
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Fig. 1 Schematic diagram of content distribution using

D2D communication.
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% loss
devl{eeecssecs Xeoesoeseccsssscccssscs HUKKKKKXKN o o0000000e0 Xe
dev2eeeecsee Xetboooobooosotosestsocsccstoscsibone Xsoeoosscons
dev3{eecessccsccsccsses HUKKKKXKKNNXoooo00000000000000ssss
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sequence number

B2 Wi-Fi vAFF v XA PTRET S8 v br20fl
Fig. 2 Example of packet loss that occurs on Wi-Fi multicast.
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Fig. 3 Network graph to illustrate D2D pairing.
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(b) %7y bRARKX— 2
4 ZERULE-T (ngev =4)
Fig. 4 Reports on packet reception status (ngev = 4).
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2% 2252 —2212B0TE, K50b) &b, MWKl

YABIUWER2 L 3RRT TS |12) BHEREIATH
2z epFAaRNG. 72, M 6(b) &b, RWAKFEED
Ry NEZEREDN 68% 5 91% FT 23% EX LTV
%ptﬁb#.‘ﬁix—uméfﬂmmﬁﬂﬁét
H, =092 7D, ik 4 BFEHD T v b ZERDOIEM
%@Hﬁ4z%%&*ﬁ?é»&#ﬁmf%é

BT, SAED ngey =10 TH D, 1HAKDD DEE
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Fig. 5 Frequency density of solutions (ngeyv = 4, np2p = 1).
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1 4 1 4 1 4
2 3 2><3 2 3

[12)=[001100]T [18)=[010010]T [33)=[100001]T

occurrence: 327 occurrence: 333 occurrence: 340

dev1: 50% — 50% - = 50% - = 50%
dev2: 50% — 50% - = 50% - = 50%
dev 3: 50% — 50% - = 50% - = 50%
dev4: 50% — 50% - = 50% - = 50%
Avg.: 50% — 50% - = 50% - = 50%

(a) %7y FRAARZ— 1

2 3

[12)=[001100]7

occurrence: 1000

dev1: 50% — 90%
dev2: 67% — 92%
dev3: 75% — 92%
dev4: 80% — 90%
Avg.: 68% — 91%

(b) Ty b ARE— 2

B 6 MmARMEEERT L7y PRZEE (ngev = 4,np2p = 1)
Fig. 6 Selected D2D pair and packet reception rate

(ndev = 4,mp2p = 1).

1
2 =10 2 =10 2 10

@ 6— 7 5 6 7
169265014784) |69265785344) |1100050862080)
occurrence: 229 occurrence: 202 occurrence: 95
dev1: 50% — 96% - = 96% - = 95%
dev2: 67% — 97% - = 9% - = 9%
dev3: 75% — 98% - = 98% - = 97%
dev4: 80% — 98% - = 9% - = 98%
dev5: 84% — 98% - = 9T% - = 99%
dev 6: 86% — 98% - = 99% - = 9T%
dev 7: 88% — 98% - = 99% - = 98%
dev 8: 89% — 98% - = 98% - = 95%
dev9: 90% — 97% - = 9% - = 9T%
dev10:91% — 96% - = 96% - = 99%

Avg.:80% — 97.4% — 97.4% — 97.2%

7 IARMEERT &% v FREE (ngev = 10,np2p = 1)
Fig. 7 Selected D2D pair and packet reception rate

(ngev = 10,np2p = 1).
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2 3 2 3 2 3

|51)=[110011]T

occurrence: 395

[30)=[011110]T |45)=[101101]T

occurrence: 391 occurrence: 118

dev1: 50% — 92% — 95% — 97%
dev2: 67% — 97% — 99% — 92%
dev3: 5% — 95% — 92% — 99%
dev4: 80% — 99% — 97% — 95%
Avg.: 68% — 95.75% — 95.75% — 95.75%
1 4 1 4 1 4
2 / 3 2 3 2 / 3

[28)=[001110]T

occurrence: 57

[44)=[001101]T |49)=[100011]T

occurrence: 29 occurrence: 7

dev 1: 50% — 90% — 90% — 84%
dev 2: 67% — 99% — 92% — 97%
dev3: 5% — 92% — 99% — 95%
dev4: 80% — 97% — 95% — 99%
Avg.: 68% — 94.5% — 94% — 93.75%

K 8 UWARMEEEFERT 7 v FEZER (ngev = 4,np2p < 2)
Fig. 8 Selected D2D pair and packet reception rate

(ndev = 4, np2p < 2).
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