BEIEF =R EE Vol.63 No.2 526-538 (Feb. 2022)

R ORBBEICHE SIS A =1L, 2y b T —=2I2ET 5

IL— T 4 ¥ TRk

AP EWLD I P

ZftH 2021F5R108, #R$*H 2021F11A2H

BE . Lo BTN, AL E DWW EIZH 5 10T TIE, MLfECHEE & B8 A v 72 B e KR
WD) LW DH D, KEDOL Y TF— ¥ 2EAr—S ) 514 TR -o0FEL LT, £5513
FRICIEB OB ZICEB LT ) 2% R KD FEARFE L. BMEFERE-E0RHMETT —
TR BRENL T —AZBVW TR T — S ERZEHT L), W Ea—% (/—F) 40 b
T — 7 ANOEMAIERT B L VIS 572, FITERHLTIE, /— PO LB IOV —F 1 > 7
DTNIT) AL EHTHI LI VR ER L FEERET L. e/ — PNOBMER T 5
2O T o724 v P T = 27120V T, REFRIIEREZE S Nl h o 728 L S 5 BT OB
BULANY =NV —T 4 Y TOUBRREZILT, TEZRPYDEDEZHIKT A, ¥ Iab—3 2L b4
B, METHEIAY P =7 ~OAMNRK ) — FOMBOB 2R TE 5 2 L 2R L.

F-—TU—RIKHT—%, WRE7Y, B8 —F, AoH, BRAy bU—2, T — 7 ER

An Enhanced Routing Method for Overlay Networks
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Abstract: Due to the spread of sensor devices and improvement of network connection, IoT (Internet of
Things) is rapidly growing these days. IoT treats massive data that deeply relate to time or location. Many
peer-to-peer approaches have been researched to consider this characteristic factor. The authors also pro-
posed a structured and virtualized overlay network that can efficiently handle time-specific interval queries.
However, the existing method had a problem that causes more load to the processing computers (nodes) and
the whole network. In this paper, the authors propose an enhanced routing method for an interval-queryable
overlay network. To reduce redundant traffic, the authors expand the routing process to the physical node
level. The simulation results show the proposed method can reduce the loads of nodes and the network.

Keywords: temporal data, interval query, virtual node, load balancing, ring-shaped overlay network, dis-
tributed data management

1. @FU®IC

EAEDE % T35 ZFOEM=Z L ol m g B &
borwaRaRELHITLA 5 — 4y M, TOHTH

bfRIFRE R TSR
Graduate School of Engineering, University of Fukui, Fukui
910-8507, Japan

2)  mf210408Qu-fukui.ac.jp

© 2022 Information Processing Society of Japan

DT TN, ZADMPFALR RN 5 O = — XH%E
¥ 1) #1F 72 Internet of Things (IoT) 7HOSEEANZE L
W, Cisco #7722 Fillllc X 5 &, b7/ N1 2 &
BRI RoOBAORA v 7 — % v MERAT LD b3
WAE 10% DX — XA TN Z T 5 &£ S Tw5 [1]. FEIZ
IoT DR TdH A Machine to Machine (M2M, L—H73
MEL BV E ) L) 3RbFELVIME AL 5
BRI, B ELE 2018 AF 0 61 fRICHART 2024 F I

526



BEIEF =R EE Vol.63 No.2 526-538 (Feb. 2022)

X 245D MUTEICR L EFHEINTVWAS,

FRROLIICKBEDE Y FTFNAL ABLCWET — 5 »
S%b Aty b= — VY2 RRMT 5121, ko
FTAT Y M —=NEFTNTIIAMO EHICHZ 5N L %
HIEPEZOND., AMPEL LD TEL LR TH —
NiF7 ) 2L ENe W EEIEEL, Y—E A
OB ZRT I EE%5. R E LTI =21
R RA TN D DS, L LECTHERE FRINSE 2
FAT7 v Ml (IoT #2%%) O¥INIBEVD {2 & IFHFiTY
2D REEC S IRAEA D 5.

FIT, COMBEOMRE L LTEZSNDLDH Peer to
Peer (P2P) SFXICL A%y b7 —2THh5 [2]. P2P &
Fv bT =27 ETxEER ) — 8 (GR) 25t L CRLBE R
fTH)ETNTHY, HREHEN T —NERF-FICY—E
AEMWES B ENTEDL, PP D4y T — 713
=LA 4y bT =7 EIEREELA =NV A Ry T —
O 2MHEICKREL NS, KT gL+ —
NLA Ry NT—=21%, F—F OB % I FEH§
572025y ¥ 27 — 7V (Distributed Hash Table,
DHT) DtfAZHWTWE D%\, DHT 3% v b
T = IR ENTT— ¥ RREFEIT S BRI ENR
Twb, LML, vry¥ 75— xElEErOME, o
BHHIZIELFE DOV T WS LW E#asH ), DHT Tl
) FLIRATICERBEIRE L) B ER L2Y
FTLUREMD B L. ZD720, Lo HF— ¥ 2ahRE
97290 DHT 12 & & Wbt — LA f v T =2
PRESN TS, BATIRIIMERERICESV TR Y b
=2 EBETLHO 3], T—F ORFERLVHEIFHGESR
AT 720D LD 4] BETH 7275, Kifgecidr )
ORI RIFE 1275 B L 72561798 (5], (6] DV —T 4 ¥ 7%
AT A FEEREL, URZBFEOHIHE v b —
7 DA B8,

2. FEEMZE

21 F—=—NLAxy " T—7

A % —% v Mid Internet Protocol (IP) 12 X o THEHE
BRSNS Ay NT—=2 % ISP 2527 74 7 ~ MiCiefl
L, SHIZISPAISP &) L bW LY Ao ISP 12
BT AZ LI TEREN TS, ZOREN 2
HLEBIEILE T TIAT Y MY —NETORE
B S, Y—CAZFFTES. —hT, ¥—1%
Fi7z v P2P CUEHV. L724&/ — RO IP v N —
7 ISR B D ED Ay T =2 2T A, =
DEHICT ) r—varBTESNE Ry P T —21F
FNLDTFBOIP £y b7 =27 IZB PR E S L9 1K
BILL WA DS F =NV A 2y bT—2 (Overlay
Network) EWHENAE., =LA %Xy N T =7 OWME%
X 11RY. BFEORy b7 — 2 12HI# % 2 IR &

© 2022 Information Processing Society of Japan

Overlay Network ﬂ}
— &

-

Underlay Network

B1 A=Aty bT—7OKAN
Fig. 1 Overlay and underlay networks.
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Fig. 2 An example of Chord with a 26-bit keyspace.
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Fig. 3 The concept of an interval query.
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Table 2 Common settings in simulation environments.
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Fig. 6 The number of messages under a uniform distribution

(existing method).
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Fig. 7 The number of messages under a uniform distribution

(proposed method).
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Table 3 The message reduction rate under a uniform

distribution.
s Ui — V%
2 4 8 16 32
250 2.65 2.74 4.80 4.65 5.00
500 0.62 2.75 3.48 4.60 4.82
750 148 0.70 277 3.33 5.62
1,000 0.21 1.76 3.80 290 5.27
(HEAT %)

100

[ee]
o
s

No virtual node
2 virtual nodes
4 virtual nodes
8 virtual nodes
16 virtual nodes
32 virtual nodes

Number of messages
B [e2]
o o

BASARS:

20 1

250 500 750 1000
Number of physical nodes
8 M7 = )RESEBSATO Ay £— V8 (BFETFE)
Fig. 8 The number of messages under a normal distribution

(existing method).
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Fig. 9 The number of messages under a normal distribution

(proposed method).
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Table 4 The message reduction rate under a normal

distribution.
s 5 8 — N

2 4 8 16 32
250 1.39 259 390 5.09 5.05
500 0.63 242 3.51 437 4.82
750 0.38 1.41 4.17 3.32 4.23
1,000 1.19 1.22 340 3.80 4.40
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Fig. 10 The number of messages under a Zipf distribution

(existing method).
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Fig. 11 The number of messages under a Zipf distribution
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Table 5 The message reduction rate under a Zipf distribution.

I A8 — N
2 4 8 16 32
250 3.47 239 264 3.68 6.24
500 0.88 2.64 242 421 3.90
750 1.25 205 246 270 4.59
1,000 0.70 220 2.80 3.37 4.48
(HAL T %)
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Fig. 12 A histogram of messages to physical nodes under a

uniform distribution.
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Fig. 13 A box plot of messages under a uniform distribution.
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normal distribution.
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Fig. 15 A box plot of messages under a normal distribution.
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forwarding.
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Table 6 The rate of hops that the shortcut links have worked
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BOFW/ — FIZE Y ALEO b o [17) %, KE(LShiz
2y NI =2 TERHEI T — & ZE 2 ICAR SN L 7B
IR ZTILE 7 BAE ) — R & T 25 Tk (23] SR E
ENTVD. 29V 72 Tk & OB MBI D
Ay PT—=Z AL TA Y v — VHOBIFE D% IT
SNDLDDOMENICONTH A HOMEE L,

HEE AWIEO—EBIE G-7 32 B ZE B S B E O
BIIc X 2R TH 5.
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AfR EH

2021 fEMR I K LM E LA E - EH
TRbRE, BAE, FRFRFRE L
e RS RS [ E e, B
AT WS AREZR e S

NE BBt (ExH)

2005 4F T 5 KB T 2480 T 27
AL 2007 AR RBOR AR Bt Hort
SR RHE LRTERARE T, MFseE
FEAFFE B 2 42C, 2020 SE X D 1@
HRF R T e Rl Rm, HAEC
5. [HHREEEELE (201343 H, K
BKSF) . By AT L, V=V R—=AYAF L, A1) —
L7 — 5 BB A5 I e S, TEEE 8.
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