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Design of the Low-Load Method to Fast Find a Specific Person in Social Networks
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In this research, we proposed a search method for efficiently discovering a
specific person in a social network. In order to realize an efficient search method, we focus on a
method that utilizes a random walk instead of flooding. First, we formulated the person search
problem as a rendezvous problem between a searcher and a search target, and theoretically analyzed
the properties of the problem when solved using a random walk. Then, we designed an agent that
enables the searcher and the target to meet in a short search time using the analytically clarified
properties. Furthermore, the effectiveness of the proposed person search method was clarified
through simulation experiments using synthetic networks and actual social networks.



B X C—19, F—19—1, Z—19 (@)
1. WFZCBRtR NI Dy &

B, A VE—=F Y bRV =2 Y VAT 4 TOHKICL Y, AT X 2 IHERFEE CIHMIEDLE
Bl o T3, ZOHRT, V=% AT 4 7 OWERILEUL, FEs 7R EDELC K EROR
BEEE L VoA REHICIERA IR TV S, Hifgimks & OERIERILEARIAHTH
508, BABEH DL I EDSLM 2T NY ORI HINTH 5 720, [FRILEUIHE TR,
V=Y x )V AT 4 T COEHRILEUT AN DERIE (] 21X, Twitter TDY Y A4 — }) ONTEDR LI L
73720, FNEFoTCAMEERT 203 SKE~y T —%BELCLEY. \UER%
BLTINE L DAEEROT, HEEEELIE 3720100, HHRIGELX © H FIEERE L T
BRI e NRBE DS ETH 5.

INFETIC, BRARBESAY VT —2(FASNANALT KRy 724w 77— 27 % Peer-to-Peer + v
T—= 2 E)CBCTHEEHRTRERVEIRED ) — FE2ERT L2077 v T 4 v 7 (%
J—=FOETICAy 2=V % —FiEEL, ThE2BRVBETETRED /) — FEETZ L)PKR
HENTEL L2LARDS, 77y T4 v 7 BHCHRIL, v AT LICKERAMES 2T
LES>720, LOVREBMAEREZFEHTI20IIC, VXL T +— 27 ZHWIERBIHEST I LT
W3, FJVRELY A — BT, BREREFO// - F2rb T v ALy — 7 BB L, B
D) —F2HERATEETCHERZHETSE. V=3 A3y b7 =20 LTIV R LY+ — 7
REHBETT 2LV v P 2EECETNE, BEHRILEEE > \MIEROFE B E L
B A[REED D B .

2. MEoHB

V= Gy b= ZKREE TR AT ) RT3 A V=2 TH B, FD
- OBET 2 ANER L, AHBEARTZ A7) —F% v P — 7 CHIRNICEET 2 2 LS
koobNnd, 20X R ANYHEREZPALPICT EZ ERARMEOHTH Y, 2D
D 3 DOHREICHLY AH T,

(1) v XLy +—7 %7 0REOBERET

(2) HHEREAMTRE SR IR o AMIERE D FET B=BHA B B8
(3) AW T node %#E agent node
—

% agent

3. WOk RED AR E

(1) v XLy x+—7 %7 0RE O BERET

BRI ick Y, v X oo =0 FoWEE LT, VALY +—=hIEREDOE N/ —
FIZERELRTWVWE W ZEBHLPICINT WS, ZOWEICH I L, Vv ALY+ —27F
BRIV v bR APBERICHOCIZES, XBEOEAI(KADL AP IFFHER LT v
B, KBNS INIRRL S5 WZ ichoTLES. AT A7) —% v T —2ICBWnT
X, RKEBD ) — FPERETH L7290, Bfiic T v XL+ —2 %3212 — 2 P EHWT
Ho /7 —FEBERL LI ELTH, T —HOREDE W/ — FL2RETE .,

FEHDII BRI VALY A — 7 OWEREEE 2 C, AT, R -V v T TIEARL,
ERE ) — FOEHREINET IR -V 2V VOFER# 2, SR -V v b R —
PV FHRHES T LT, XOEBERNICAYIERPMTA S HiEEHET 5. 2o, v RAT L
WCEZDAMEBEEIZAC, X —Y v e R —Y o v biEHic, vy X3 —7 %17
IDETE, Lo TC, ML —V 2 v bR -V = v+ B L2 AR % SR
T 57018, KFETlE, FVv XL 3 — 0279 BRI -V v P BPHE S T TORR®)
[ BEfik IR ) oD 1B & FRER I I T 9 % .

) [l R D BRI 2R R 1T 1%, A2 P I T 7HEREEHT 3. A7 M7 T 7H
L, Ay P — 2 OERITHICRELL, 2ofHoEAEEEAE R FvicEkonwTty b
7—7 FOBRRICE oL ZWHEEHS 2T BT R R R RS 2. BRI TiE, R
RN IANT T THEICEDONT T VXL +— 7 O ELERE AN E hTw 5, K%
TlE, A7 FINT T THERIIEDSTEID 7 v X L7 + — 71 O] A B 2 8 H 3 %



(2) PEGRAATHE R I B D AR L O G

M (1) CTHLIC LT, EEO T Y ALY x— 2 OPEMER o g iIcEowT, AE
RETHWE I VXL 3 =2 2=V =2V bOFRFZITY. Fv &L+ —2 13, BED ) —F
DPHRD ) — FICEST 2HERICK > T ORMER KR E BT 5. Fric, AIBEREICHRL T
12, %L DBE ) — P2 L@ AR — FEERLCuhhne, ¥ —Y v b R —
YV P EWEBITHA Y 2B TER Y, FDD, AIFETIE, FhALDT—Y 2V bR
FVRLY F— 2T BRI 2 ESHEREZHE (1) ORI W CERENT 5.

(3) N¥RZR L D BRI

PR (2) TEFL - NPHRRE O A EBRINICHL 2 icT 5. £, REM LRI v Loty
P — 2T ARACTERLEZATHAY V7 —2 2wy Iar—vavickh, AP
PRRIEOVEREZ N3 2. Z OFRic, RREFEZ U T {ERoBICHin ) — Y EEHh v v b
TH5ILT, VAT LI Z 58 EZH#HNS. RiC, EEOYV -1ty P T =2 kHniv
Tal—vavEEML, EXv P — 20T 3 EMER T 3.

(1) T H L0 3—7 & T RROFERAT

k(2] T, A7 b IS T THBRICESWT, BRD ) — RSB LB T & A
T —HNE D ) — RTHID THE 5 F CORR (P[RR OMAHEA2 S L. £0
HRHE IS < &, PIRHEAR R oM & L TRD Z & BT L.

O HIUFLTF—NOBEBERIIBITAIIDLDEINREWEY, BAn  — R oBEL
T2 D T I 3 — T O EEAEE R XL 2R D
@  YIEEAEE R OBIHEL, T A LT — I DORRE ) — RIiZhE D IRFE LRV,

LEOMHALIZEENELWZ £ &2, RENRT U F LRy NT—TETNTHDHNNTNU=T
NANR—FEFILBA EFWBLOT ATV a=l—=4EFAER TFNW) FHNTHLMNIL
7=,

(2) PRERARHTHE RS < NIBRRIE DG

SCRR[3] TR, SCRR[2) TH S 26T LI MIEHERRRE I OFE B S\ CAMIRSIEIC BT 5 3%
Br—Vxy MBLOBRET— V= MO B EEREEZ R LT,

CER[2] OFEMTRESR T SN LIMHEE OIS &, PR 2 /NS <5 720120, &
BHERIIBITDIZIODEERELLTEIENLEET LWV EEIND. DD, %/ — FOWREK &G
AL, iz — FORBORKRE IS U CEBERERE T2 L9 itAzRD, 20K
RICEASNOTHHE ) — RICF VX AICEBRT ATV AR L. R — L7 —%y
U — 27 TIIRBDIZSL DX DRI RZ WD, ZOLHI R —x FaRET52 LT,
V= bRy N —ZIZBWTHEWRR CIRENTE TT 5 Z LI 5.

(3) NWERFRIE DA LR M

R3] TIE, RELEEBHERICESWTE T =2 bR T VA LT3 — I 2fTH & T
NRENIRB T2 Dy al—ra VERICE VAL L. ZOBRIC, Hilgxts &
RAPEREL LT, 79 vF 4 7 EEH (ABFS: distributed Breath-First Search) % U 7-.
B =2 "R T T T4 T REREITO LT, Bin bRETAME TS ) — RE2RRT
HTENTED, 2120, BRIIBWTUER ) — REiinenEWnitanizd, v AT ATE
2D BT R E V.

SCERI3] TIE, NI ARL=T A AR—FETFT L BA ETF /WL TERESNTEATLH R XY U
—JHHWEYI2b—va ik oT, BETDHAYEEE RRS: Random—walk based
Rendezvous Search) Z /=335 OERREFHE]DS, W EROERTHD T T v T 4 7R (dBFS)
CRRREOHERRZ AT 52 L 2H LI Lz, BARMIZIE, RRS X dBFS *y U —27 D/
— R T 2R B OA—F N, Ar—nNT7 ) —MEHTHXY NT—ZIZX L TIERE T
THHZLzWBNI L. —FT, RRS BERROBRICHIN S / — ML, dBFS (ZHA~TIHH



SN Z EEH LML,

Dz Enb, ANT#RE Y hT— 1000 P — £
ZICHLT, BET D NIREKIE E ——— 0.13*n/logn + 0.01 :
(RRS) MWEHMTHLZEERL @ RRS ]
7 , 1.03*logn/log(logn) - 1.27 3
= [0) 100 k dBFS |
%7 SBR[4] CHL Facebook O E f ——— 0.62*logn/log(logn) - 0.36
z, b ~X, Faceboo pd
23a=b—v o BECESY £
THER ST AV D> 100 K @
pOERRE NS Y —vy E 10 F E
Ny FU—=7 2wz ial B ):
—varyEREERL, Exrov b L ]
U — 22k B NS IE DA ) = ]
PERREN TV D, EBREZELE T, E—— e
NSRRI RN 5 2 100 1000 10000
CNEREL 70BN T A — R BEH Number of nodes, n
LML TS, 2D b, 10000
RRET 5 NDERRIEITZFELRITE _;_q3§M@anQ"”'
FORMICL I TONDS D 8 — 10.15*Iog|rg/lg%lca%7’2)- 12.04
ERHIRESND. 3 1.59%1.93'097109(9N 4 74 32
c Previous method
o 1000 3 RRS 3
= | —«— dBFS
S
©
9 100 f - 3
E —
=) s
Z [ o I CR—
10 e et
100 1000 10000

Number of nodes, n

[1] L. Lova’ sz, “Random walks on graphs: a survey,” Combinatorics, Paul Erdos is eighty, vol. 2,
pp- 353-398, 1996.

[2] Yusuke Sakumoto and Hiroyuki Ohsaki, “Graph Degree Heterogeneity Facilitates Random
Walker Meetings," IEICE Transactions on Communications, vol.E104-B, No.6, pp.604-615, June
2021

[3] Fumiya Toyoda, Yusuke Sakumoto and Hiroyuki Ohsaki, “Proposal of an Efficient Blind Search
Utilizing the Rendezvous of Random Walk Agents," in Proceedings of the 44th IEEE Signature
Conference on Computers, Software, and Applications (COMPSAC 2020), pp.584-591, July 2020.
[4] #FRARE, & bl fEoc Ml K e, “BHECHR A Yy 7 —21ix35 7 v XLy
+ =2 i 7 v T 7 —RROAMEGHE," EFIHREBEYE A v XAy VT —FFT7
F W94 Hfirseies (1A2022-60), pp.64-66, Dec. 2022.



3 3 0 1

SAKUMOTO Yusuke OHSAKI Hiroyuki E104.B

Graph Degree Heterogeneity Facilitates Random Walker Meetings 2021

IEICE Transactions on Communications 604 615
DOI

10.1587/transcom.2020EBP3093

SAKUMOTO Yusuke AIDA Masaki E104.8

Wigner®s Semicircle Law of Weighted Random Networks 2021

IEICE Transactions on Communications 251 261
DOI

10.1587/transcom.2020EBP3051

Sakumoto Yusuke Taniguchi Ittetsu 28

Fast Directional Energy Interchange Used in MCMC-based Autonomous Decentralized Mechanism 2020
toward a Resilient Microgrid

Journal of Information Processing 75 85

DOl
10.2197/ipsjjip.28.75

34 1 8

Keita Tatebe and Yusuke Sakumoto

A Study on an Autonomous Adaptive Mechanism for the Robustness of the User’ s Location-Aware Resource Assignment against
Demand Fluctuation

the 12th International Conference on Intelligent Networking and Collaborative Systems (INCoS 2022)

2022




Nanami Tsuji, Fumiya Toyoda, Yusuke Sakumoto and Hiroyuki Ohsaki

Spectral Formula for the Expected First Meeting Time of Diverse Random Walks on a Graph

the 46th IEEE Signature Conference on Computers, Software, and Applications (COMPSAC 2022)

2022

Eriko Segawa and Yusuke Sakumoto

Preliminary Study for the Impact of Small Eigenvalues on Laplacian Anomaly Detection of Dynamic Networks

the 46th IEEE Signature Conference on Computers, Software, and Applications (COMPSAC 2022)

2022

EV

2023

2023




2023

2022

2022

2022




2022

2022

2022

Toshitaka Kashimoto and Yusuke Sakumoto

For Designing Autonomous Decentralized Method of User-Aware Resource Assignment in Large-Scale and Wide-Area Networks

International Conference on Intelligent Networking and Collaborative Systems (INCoS 2021)

2021




Fumiya Toyoda and Yusuke Sakumoto

The Effect of Agents® Diversities on the Running Time of the Random Walk-Based Rendezvous Search

International Conference on Intelligent Networking and Collaborative Systems (INCoS 2021)

2021

2022

2022

2022




2021

2021

2021

Fumiya Toyoda, Yusuke Sakumoto and Hiroyuki Ohsaki

Proposal of an Efficient Blind Search Utilizing the Rendezvous of Random Walk Agents

The 43th IEEE Signature Conference on Computers, Software, and Applications (COMPSAC 2020)

2020




Toyoaki Taniguchi and Yusuke Sakumoto

A Study on the Effect of Triads on the Wigner’ s Semicircle Law of Networks

The 12th International Conference on Intelligent Networking and Collaborative Systems (INCoS 2020)

2020

2020

2020

2020




WSD (Weighted Spectral Distribution)

18 2

2020

WSD(Weighted Spectral Distribution)

2021

2021

2019




2019

Fumiya Toyoda, Yusuke Sakumoto

Investigation on the First Meeting Time of Random Walk Agents with Heterogeneous Transition Probability for Optimal
Rendezvous Search

IEICE Workshop on Internet Architecture and Applications 2019

2019

2020

ICN

2020




2020




