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Dynamic Load Balancing for Structured P2P Network

Atushr TAKEDA,T! TakumA OIDE'?
and AKIKO TAKAHASHI'

There are a lot of proposals about structured P2P network, but it is difficult
for existing structured P2P network to achieve dynamic load balancing enough.
In this paper, we propose a new structured P2P network called Waon, which
achieves dynamic load balancing among nodes. Each node in a Waon system
can change objects stored in the node due to load balancing of objects. In ad-
dition, Waon uses a new routing algorithm due to load balancing of messages.
Moreover, Waon can support range queries, and Waon can reduce the load on
the physical network. In this paper, through simulation results, we confirm
that Waon’s load balancing is better than existing methods. And, a simula-
tion result in this paper shows that Waon can reduce the load on the physical
network.
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CTOID 2] LD/ — FU@BICHEDOWTA—N—L A 2w U — 7 25T 5. 1D 250 1
D/ — &l / — FHOREDEMEE location ICK > TIRES N, &/ — FIEHEOEME
location 27T % T 2IC X D ID 2L DAL OMEICEE TE 5.

Waon Tld/ — FOFDENEZLL FOX S ICERT 5.

node := < location, successor, predecessor, route, content >
location := INTEGER

successor := {nodey, noder, - - -, noder_1}
predecessor := {nodeo, noder, - - -, noder—1}
route := {nodeo, nodei, - - -, nodeiog(n)—1}

content := {contenty, contenty, - -}

ZCTT, r ¥/ — RDRFEFT 8%/ — FU XA DOKEEZRL, nid Waon % b
T—=7ZBMLTW5/— ROBZRT. @i, rid 2L logn LLFDEEES. CDE
FICBWT, successsor 1 ID ZERIC BT B 015/ — RO—ETH Y, predecessor i ID %
MNCBIF 2%/ — RDO—ETH5. Ez, route 32T YRS % L ZOHHE/ —
F—ETHY, content FASGNVEHLTW2aY7T VD84 TH5. X 1(b) I, Waon
IZZML T35/ — ROEMEDOHIZ7R7.

Waon Tld, ID ZEICEIF 22T Y ONEZ IV T Y Ol K> THREL, &%
/— R ID ZE L CHE LT/ — RDOMICNiET 2 a7 Y 2ERT S, §4bb,
J—=Rearyr Y ORBIRUTOX S ISEREINS.

N8 (02)

N6 (49)%)
O N2(18)

N5(42)

N4(32)

(a) Identifier ring of Waon

node:N1 node:N2

N1.location = 10 N2.location = 18
N1.successor = {N2, N3, N4} N2.successor = {N3, N4, N5}
N1.predecessor = {N8, N7, N6} N2.predecessor = {N1, N8, N7}
N1.route = {N2, N3, N5} N2.route = {N3, N4, N6}
N1.content = {C1, C2} N2.content = {C3}

(b) Examples of nodes' properties

1 Waon THW2 Y V7RO 1D 2 &/ — R OJEMEAEOH]

Fig.1 Identifier ring of Waon and examples of node’s properties

node.content|i].id € [node.location, node.successor{0].location)

X 1 OflDgE, /—FNLIE, §i7/—RFTHd/—FN2 LOMichBbar7>y Cl
KU C2 ZEHT 5.
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MARZZET 5. K21, /— FOMBEOZEFIAOREL I— F7Z/7RY. Waon IZZINT
%/ — R, 2 IRE NS W updateLocation = —CHH B EICIATT 5. £9, H
HD) A MIEENZEETD predecessor I L TEHL TWB V7 Y HRWEDYE,
predecessor WEHLL T2 VT VO FE T 5. RIC, predecessor WEFEL T
WBAVTVYEOVEAL HEPMEIL TV a7 kKL, BEOEIaY T
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// update location of a node n
n.updateLocation()
sum = count(n.content);
for(i =01 <rji=1i+1)
sum = sum + count(n.predecessor(i].content);
ave = sum/(r + 1);
num = count(n.content) — ave;
if(num > 0)
content = sortById(n.content);
n.location = content[num].id;
for(i = 0;i < num;i =14+ 1)
n.predecessor{0].addContent(content[i]);

n.removeContent(contenti]);

2 /— FEOEHFIADORE I — R

Fig.2 Pseudo-code for updating node’s location

WD predecessor DX O 2 WIGEIE, BED ID 24 EONIE " successor /AN H)
9%, TOMBEOEEICKLD, /— RFAMEYY 2 ID 220 EOFEAEE D, /— FHVERH
T25aAVT YOV T B, wiEIC, BEOEMN NNz T V7% predecessor
ICZET D, Waon ICBNIIT 2L TD./ — RO LRlOEfEz# 0k C Licky, avry
VEMARZETO ./ — FIOPEFICBEE 5 L ZHIET.

3.4 WW—T1 VT T—TIVDIER

Waon TlE, ®£TD./— RAZEDHWIT ID 25 LZBE1d 5728, 1D ZEHD—ED
TYTICEZED /) — RMERT 206D H 5. 1ERODHEUNY ¥ 27 —7 )V T, 1D %
MO—EOTY TICZHD / — FBMMER UGS, —#0 / — RICHEEF A vy £— Y0 Eh
T2V MEND STz, ZT T, Waon Tld, TORBEZFRT S8, EROTEVNY
YaT—7IWEIREEBZHLVIV—T 4 VT T =T ERT VT ALZEAT .

Waon @/ — ROV —F 4 7 7—=T)IV T, 2" (m =0,1,2,---) K v THD suc-
cessor HIRICD /— R E L TEdEkd 5. 97 B, Waon D/ — ROEMAE route 1ZLL T
DEIITELREIND.

node.route[i + 1] = node.route[i].route[i]

// update routing-table n
n.updateRoute()
n.route[0] = n.successor(0];
for(i=0;;i=1+1)
if(distance(n, n.route[i].route[i]) > distance(n, n.routelt]))
n.routefi + 1] = n.route[i].routeli;
else

return;

R 3 )V—7 1277 =T IMERFIEDFUa—
Fig.3 Pseudo-code for updating routing-table

X 31V —T 1 ¥ T T =T VOVERTIADFHE I — R 2719, Waon DLETD ./ — RidEM
fifi route ZFEHT % 72HICIX 3 DRI updateRoute 7z —EHFIBERITT 5. Uk
D, ID ZEHDO—EOTY TICEEHD /— FHERLIZE LTE, BEAYE—YZ2TO
J— RICERCHT 5. £e, TOV—T 4T T7—TNEZANTaAYT U IMEZT S
& T ITRETRIBELE O(logn) (n &/ —FE) &75%.
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4.1 YZal—Y3avolE
HRETFEOENEZWGEES 5728, Java THEELY I 2 L—2ZHWT Waon DTERE
iz 17, TOYIal—aryTiE, %/ —Fid 1 step B FOBEHEZTTS.
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U ping Avv—7%23%40, §XCOIHE/ — ROREZHERT 5.
(2) 3.3 THNZFNCHE-T, ID 2 L CORHFOfEREEL, /—FOarT7Y
VERER 2T 5.
(3) 3.4 CHBRIETFIEHHEST, V=T« VT T—TIVEEKT 3.
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K 4(a)lcvIal—yaryoiLizary7 oy —H%ZR7. 2OVYIal—ya3r7T
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var/lib/pgsql/base/17229/16693
usr/share/man/man3/Net.Ping.3pm
usr/include/ncurses/term.h
var/lib/pgsql/base/17230/16683
usr/lib/gcc/i686-pc-cygwin/3.4.4/adalib/g-diopit.ali
usr/share/zsh/4.3.9/functions/_update-alternatives
usr/share/ri/1.8/system/Hash/value%3f-i.yami|
lib/gcc/i686-pc-cygwin/3.4.4/adalib/s-tasinf.ali
lib/python2.5/ctypes/test/test_stringptr.pyo
usr/lib/python2.5/test/test_capi.py

(a) Examples of contents

(b) Topology of physical network

4 VIial—yarvTHEELEayTyy ey hU—7
Fig.4 Contents and the physical network assumed in our simulation
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Fig.5 Variance of number of contents managed Fig.6 Variance of number of message received by
by a node a node
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4.4 AVFTVIYBRRRORY T

X 71, VT2 OMERICAETR Ry TROF%Rd. T TH, Chord+LoadBalancing
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4.5 YMEXY FT7—I\O&EH
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DFERX D, Waon Tlda v 72 VERAROD
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