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Distributed Processing Communication Scheme for

Real-time Applications at Multiple Locations

Abstract

Various real-time applications, such as network games and video conferences, can
be adaptable to work on the cloud servers in the network due to development of
visualization technology. Delay-sensitive communication is required for using the
real-time applications at cloud servers. This study addresses a distributed processing
scheme for providing an application as communication services with end-to-end low
delay time. In the proposed scheme, the application is processed with the help of
distributed servers close to user location.

This thesis proposes a scheme that achieves the delay-sensitive communication for
the real time applications at multiple locations. In the proposed scheme, the user com-
municates with a server, which is selected from distributed servers. Each distributed
server multi-cast communicates with all other servers to synchronize the data of all
users.

In an interactive communication type application, the application must work under
the condition that the order at which events occur at user’s terminals is maintained.
In the proposed scheme, an event occurrence order is reproduced in the virtual time
calculated at each server. The virtual time is defined as the time that the event
occurrence order at servers is corrected to keep the same order at user terminals.
To reproduce the order of events at the distributed servers, each event is queued in
accordance with the delay time of each user that was previously measured.

To minimize the end-to-end delay time for applications, we introduce a server selec-
tion problem that minimizes the user correction time, which is the difference between
the virtual time and actual time. We prove that the server selection problem is non-
deterministic polynomial time (NP)-hard. We formulate the problem as an integer
linear programming (ILP) problem.

To evaluate the basic characteristics of the proposed scheme, we evaluate the end-

to-end delay time, which is dependent on the network topology of distributed servers
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and server location at the network. Full-mesh or ring based network topology with
shorter distances between servers is effective to improve the end-to-end delay time
compared to other topologies with longer distance between servers. The location of
near users is effective to improve end-to-end delay time by the evaluation of server
locations in the network. The server selection of 200 users, which are uniformly
distributed in a specific area, is determined to minimize the end-to-end delay time by
solving the formulated ILP.

We evaluate the performance of the proposed scheme by using a typical Japanese
backbone network model. In the central processing scheme, the server is located at a
specified central node. In the distributed processing scheme, the servers are located
at nationwide nodes. In this evaluation, the distributed processing scheme has an
improvement of 25 percent in terms of delay time compared to the central processing
scheme, and the distributed processing scheme has an improvement of 2 percent in
terms of delay time compared to the central processing scheme that sentral server
located at Wakayama node.

As the first extension of the proposed scheme, we introduce admissible delay time to
apply the real-time applications that require low delay time in use. We introduce the
number of users beyond the admissible delay time as out-of-service. We also formulate
an optimization problem that minimizes the number of out-of-service users as the
first objective function, and the correction time as the second objective function. To
observe the effect of the first extension, we investigate the dependence of the number
of out-of-service users and the correction time for the value of admissible delay time.
We observe that the first extension of the proposed scheme reduces the number of out-
of-service users and the correction time, compared to those of the central processing
scheme.

As the second extension of the proposed scheme, we introduce the delay variation
parameter to apply a situation of network congestion. In this scenario, the formulated
optimization problem treats the delay time of links between users and servers as the
maximum value of the delay variation rate. The sum of the delay time between
the user and the server is considered as the third objective function. The formulated
optimization problem with the second extension is effective for selecting the minimum
distance links of users and servers, at the situation of distance proportional to the
delay time.

To evaluate the effect of the second extension of the proposed scheme, we solve the
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formulated ILP at the situation of 200 users uniformly distributed in Kanto region
of the typical Japan backbone network model. We investigate network congestion
with the topologies determined by the second extension scenario and first extension
scenario at the location of servers. We observe that the second extension of the
proposed scheme reduces the number of out-of-service users and the correction time,
when the delay time of the link between the user and server increases.

As the third extension of the proposed scheme, we introduce the successive par-
ticipation method for the case that users participate successively. In the successive
participation method, we formulate the optimization problem in which the parameters
for in-use users are treated as fixed parameters. For waiting time for participation
without depending on the number of in-use users formulated optimization problem
with the third extension is limited to participating users.

To evaluate the effect of the third extension of the proposed scheme, we investigate
the performance of delay time by comparing the successive participation method with
the simultaneous participation method. The delay time depends on the way uses
participate; the user terminal correction time of the successive participation method
is lower than the simultaneous participation method, which consider all the possible
participation patterns. In addition, we investigate the performance of delay time
for our introduced improved successive participation method. The processing time
of the successive participation method is less than 1/100 of that of the simultaneous
participation method, by limiting the calculation range of the participating users. For
the improved successive participation method, the processing time is reduced more
than 70 percent, compared to the original successive participation method.

From these results, the proposed scheme maximizes the number of in-use users,
and provides delay-sensitive communications. We introduce several extensions of the
proposed scheme to apply network congestion or user participation variations. Thus,

this study can be applied to a variety of real-time applications.
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Application processing model at proposed distributed
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(b) Example of application processing model at proposed distributed processing scheme.
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JHREFVE LT, 257 GV,E) L E25. VIRA—FHEB IO — 0o
WgIhse /) — NOES, EiZa—Himke =Y v 78 LY — e — Y
YOO VI DEELT S, - VK ERT /- FOEEE Vy &L, 22—V
KaeRT/—RzpeVy TRY. y—n"2RT/—FOEAEZ Vs &L, Y—N\2RT
J—R%&ieVsg TRT. /—FEI-—VPIHREY—NOATHEI NS VUV =V
R0, A—YhRP DY =N VWS ) = RIEFFEELARWI RS VyNVs=0ThH
5., A—HYigRe Y —nNE) v DEE%E Ey &L, 2—HFliKpe Vy &H¥—nNic Vg
DDV v 2% (pi) € By £RF. V7 (pi) € By (CET 2710 FVEHE LT uy
ZEAL, Vv (pi) PRAATRELREGE X uy=1, V7 (pi) PRIHTERWEE
1, up=0&8KRT., Y—NEF—NHVVIDES%E Es &L, Y=—Niec Vg &Y —
NjeVsDHEDY 7% (i,j) € Es £&T. (i,5) € Es &, $RXTOY—ni¢€ Vg
YIRTOY—Nj e Vg (7EL, i #j) OMIZREINZEDET S, Vv o,
A—PhgRK e P —NEB LY =N —NBEOATHEI L0156 Ey UEs = E TH
D, 2=V REY—NETHY, POV —NEHF=—NEE VI ) V7 IEFEELBRNZD
EyNEs=0Ths. DHIHEZTS Y —NOEKY—N"E58% Yuax & KT
I—Phikpe Vy &V —nNie Vgl v OBIERHZ d,, £RT. FHINSDY
VI Ddy DD DS (p,i) € By ICHETSHKIEEZ D> &Kd. ¥—nNiecVg &¥—
NjeVs MV Vo (i,7) DEEREZ d; L3RS, HHINZY V7D d; DEDS B
(i,§) € Es \ICBT 2 mKfEE DI 2 RT. £7z, i € Vg BT 287 A—% M, IF,
Y= N PZIFANSNDEHERDI—FlRHE2ET. FIHINLWYT —AAPRHT AR
WYY ZEBDRBIENS, o ld, Vo (k1) € BEIRBET 21 FVEKRTHY,
VYo (k) BRI WE 2y = 1, FIHI RN 2 =025, 4 1, i€ Vs
BT AN FVERTH Y, Y= BDRed 1 HEOI—HIRIZHEA I NI y;
=1, ZO5THRINE Yy, =02TF 5. yp-y = a0 &35, T—FIRIERT 58—
NOPFEIRZ, RATEAMES D DHUEY — N O#EREoE b & UTH S e AT
x5.
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Objective min(2D5** + D) (2.1a)
s.t. Z UpiTpi = 1,Vp € Viy (2.1b)
1€Vg
Z UpiTpi < Mi,Vi & VS (2.1C)
peVu
Z Yi<Ymax (2.1d)
1€Vs
UpiTpidpi < D™ V(p,1) € Ey (2.1e)
ngdw < Dglax)v(z,j) € ES (21f)
Yi Z upixpi,Vp < VU,i € VS (21g)
vi +y; —1 <x;,Y(i,j) € Eg (2.1h)
Tij < yZ,Vz c Vs, (Zj) € ES (211)
Lij < yjavj € VSa (%]) € ES’ (21J)
Tij € {0, 1},\V/(i,j) € EsUFEy (21k)
y; € {0,1},Vi € Vg (2.11)

A (2.1a) 1%, DI OfED 2 & DYV O AEHEE BB E L, Zhz /D
L3252 8%Rd. X (21b) F, a—VhHREY—AMIZ1 20OV VI PEHIND
ZEaRT. X (21c) 1, Y—=NiAZTFANSNE 2 —VlhRHIE, M, ZEZ L0
ZexFET. X (2.1d) 1, AEAEIZRETRER T —NORAEERT. R (2.1e) 13,
A (2.1a) O HEE A Bu/MET 2RIBICBWT, DR X, I Nn5Y v (p,i) € Ey
ZBES 5 dy ODERKETHZ Z L 2md. KX (2.10) 1, R (2.1a) O HHEEZ &/MET
HIEIZBWT, DX, HINDY V7 (i,)) € Es (235 dj; ODRKIETH S Z
LERT.

R (2.1g) X, F— iDL E 1 o0 —FKIZHHIANEL LT %
AT R (2.1h) -(2.15) 1, gk -y = o ERTEIERZAWERETH S, X (2.1k) ,
R (210 1, 2ij, yi; BENENANLFIVERTH B Z L 2RT.

U EALEE SR OWTIE, FIHTERZRY =" E 1 DITRET 52 LIk 5 7k
B, X (2.1d) TBWVWT Yuax = 1 O&MAL T2 2T, ERLHEELEFEARNZE T2
DY RMIERZ KD B Z BN TE S, F/z, EHUIET 55— N\DREEY — NI
ELTWAEEIE, ERUHET S Y —NDUADOY —NDNRT A =K% M;=0 DZMT
i< Z &, REY— &R U728 U aRGE(E R0 2 — PR E R o B
WBZENTES. £21IZEAMLU BREHED T A — X L RELRERT.
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221 242 WTEAMCL F BLHEO S5 A— 2, YoEEH—5
NIA=Z PEEH

Yyvax, M;, dp;, upi, dij | D5, D™, y;, xp;

25 H—/NEREEOF EEME M

2.4.2 ETH - 7 LY — N OER R E(LFE (DSSO: Distributed server selection
optimization problem) (22T, DSSO %' Non-deterministic-Polynomial (NP)-hard
(NP H#) TH 5 &%, IR T — GERPGERE (DSSD: Distributed server
selection decision problem) #% NP-complete (NP 764) TH 5 Z & Z3EHH [75] $56 Z &
IZ & o TR

DELIEH —/BIGRERIE (DSSD) Y —NOHELE N, 2—FRKOES P, ¥—N
P e —NGHEDOY IR d;, 2K p e PV ERLEZY—NiD) v
E D, =11 h OBRI—VERNER M; ¥5-2 5hizL 12, D, DERK
iz DX 2 —HUiR D S5BIRI N Y —NIZBIT 5 d;; OEKEE DYax 2%
T ow = 2DBAx 4 DRax Sy < h (B RS2 S NBER) B0 1 — il
KIPENT 2 — NORENARETH B0 ?

EIE. DDSD 1%, NP-complete TH 5.

SERA. XUz, DDSD O A v A XV AL IHARR CHEHRETH S Z & H 5, DDSD
ENP THBZL%2RT. pABDI—ViERNR 1 5OV —NEERINTVWEYEE, 1—
Yhii K-t — N[ v 7 BIER O AME DR 2RO Z5H &L, O(p) THD. #iR
SN — NP N BEOFRMAETIE, Y— MY ¥ 7 BEREODRAME D> &K 55
REIZON?) BIATHS. wid, 2DB>* 4 DRz kb, O(1) THETES. Lizhio
T, w<hz¥ETLIHERIZON?+P) ThH5.

NP-complete T 2 Z L DR TH 5 3-SAT [ [76] 23 DDSD (2 % IH AR Tli&
ARETH D L ZmT.

3-SAT DA Y AYZ VR fEED 3-SAT DA VARV A% L FD L S ITHKT 5.
o L MMOBEREEL T —NVERV,; OEG%E X LRI, (1 =1,2,--,k
J=1,2,3)
o BEX LOHMNSR2 3MEOMIEAIE, Vi1V VeV Vis & C; E&RT.
o /u—XC; D kHDWHEAIE, CrLACoN---ANC LKRT.
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DDSD 04 Y RE VA SEEEY — NREMED A VARV AZLLTND X S ITHET
5. HERHIZK 2.7 I2RT.

Pi O User node

Vij O Server node
"""" Link of length 0
— Link of length 1
o = Link of length 2

2.7 Graph G corresponding to 3-SAT problem with three clauses, which are
Ci=x1VxzaVas, Co =71 VIzVxs, and C3 = x1 VT2 VT3, where x1, T2, and

x3 are boolean variables.

o U777 GIE kDY —NE kfHOI—PiK»P 545 ) — NTHERI NS,

o Y — N-H—NfEa—Hhik-P—NHIFY v THERINS.

o kMDY —N/ —RiF, 3EDH =N/ =R V,; oMRINE kLY b
(i=1,2,---,k,j=1,2,3) CHEEKIh5.

o i £V THY, BD, Vi i, Viy OEETHRWY V2 (Vy, Vij) DR % 1
35, 2HTHRINE, Vy, Viy OV Yo RIE2 2T 5.

o ITRTODA—VUiR/ —NplEETOYV—N/) =KDV VIER(0 &
T5.

o Y —NOREKI—VURINARIE M;=1 5 5.

3-SAT fIEDA VARV AMWYES D& &, DDSD 1 VARV AN YES &5k
ZRT. 3SAT HED A VAR VAN YES TH B4 61E, {70 —XZiFEE DT —
WERDDRL b6 1 DM EFEEL, K70 —RIBWTEHERBEED T —VERE 1
DEINTDHIENTED. 777 GIZBEWTI, kD& 70 —XAND Viy, Vig, Vig D
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At

28 fEE/i

Sy 1 DU EAEIRARER Y — N UTHEEL, K70 —XT 1 DERIN®
Y= —=REAL (B ODITRTOVVIENL 4D, ZORMET, mABIER
flwidw=1&%0, w<h%jizd. LR o>T, TO&E, DSSD DA VARV A
X, YES &7 5.

Iz, DSSD DA Y ARV AMWYES D& &, 3-SAT DA > ARV AN YES TH
5Z¢%m3. DDSD DA VAR VAR YES THEH56IX, £ETOY =N —RiF) v
JE1TEFNWEFhERIH, 757 GIZBWT, INoD&MEE2-T-ODERIN
72— =Rk OflAELEIX, SATHEOITARTOr7a—X% 1123 5 5M4:% 0

ZLTWa. LEN-T, Z0eE, 3-SAT D1 Y ARV AiE, YES &745.
0

EF@ DSSD 28 NP B2 TH 5 Z LG N/zD T, DSSO I NP H#TH 5. L
723> T, DSSO T3 248z (ZHARHTHEL) ikld, BEDOE ZAREIN
TW2RW. AFSETIE, DSSO zfpEatmiflEe LT T 7u—F 2HH7 5.

2.6 HSHNERE SEALIER D LEERSG

HAKR el UT, 2.8, BI29ITRTEHRAY VT —JETVEEXS.

@‘% Server

D[I}nax =5.5ms .- Dll}nax = 0.5ms
1 D3 = 2.5ms
- (2.5ms) -----, .
E v
(5.5ms) i
; ]

@@ Server
=

>

S i
. @% erver (():.Sms)

(O.(f)Sms) .-

user user user user

user user user user

2D = 11ms 2DaX 4 pMmax = 3 5yg

(a) Central processing scheme (b) Distributed processing scheme

2.8 H LI & 4 UL 0 Foigeh (1)
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5 2.8 TlF, HEAPMBALES AR TIE DI =55ms H 5, o — Bl R AR A1
TH+1lms & 725, —7, DEMBRGERE SR TIE, 22—k &3 — SEHRIERE O 5ok
i3 0.5ms £ 720 DYS™ =0.5ms £ 750, ¥ — NEHEERE O BAMEIE 2.5ms D7z
DM =2 5ms L7325 Z e s, T—PHARMIERAIE T+3.5ms &7 b Sy &
ML, BRI 29— A2 —F L0 X 0BV S N T VB &b 5 B
AR E L BEINTWS.

BRI HH e LT, B2.9 ISR T HRE KROY — N % 21— FHRAERL T2
BB EER D, HA & RIEHOEXHH% 500km TRIEME % 2.5ms & LT, Hil, X
B & BB — 30 S (Z3E B 50km T 0.25ms O IRIEIE 0 BRI B b 8\ 1 — itk AV
FENTWB LT B, A7 —ATlE, EPUHELGEE A TR D™ =2.75ms 75,
2 — WK RARR L T45.5ms £ 725, AEMEAERE SR TR, DH>™=0.25ms,
DE¥™™ =2 5ms £ 725 2L H 5, T—FUCRFHIERZIE T+3ms & 722 ) B Ui » b
BU, BIEREPHEINT VD Z LAbh 5.

D = 0.25ms

max __

KR BER AR R
----- S----%
1
; | (PiP) q& | (PP
I’ ' .- Server .- Server % .- Server
,? 500km A A 500km A
! 550km (2.5ms) 50kr;1 (2.5ms)
I (2.75ms) (0.25ms)
1 ’ [
S0km  / 50km i 50km
(0.25ms) / (0.25ms) i (0.25ms)
v :
1 ! 1
1 ! :
user user user user user user user user
2D = 5.5ms 2D 4+ D& = 3ms
(a) Central processing scheme (b) Distributed processing scheme

2.9 HEPULILR & 4 BULER O el (2)



24

F2E RERELGA

27 F&&H

AT, RESFAO@BENHE L TV F-2 ¥ FOMERIER M Z 5/MbT 2 o —\#
REEIZ DWW TRz, BEARE, 7V r—vavza—YigRiopnwar—ya v
ZHCE S N DY — N TR 21T S . 22— VI RITERDO T — N\ 5 Rz 1D
DY —NZFEIRL, Y — [T R % A ET 5. REANTIE. A X2 ML
DNEFP M2 PRFET 5 72017, BIERZ A S fliER 2D % 38 & & 7= ¥ — N c @ o AR R
a7 7V —2a yBEET 52 —NTEEL, KR ETA XY hORENET % 5
HT2. 29 NT—=2HNOEBDOY =176, TV R-T v ROEEEBIERREZR/MET
oY —NEPRET B 7200 Y — NERMED G EEME O M A &, AREED NP H#T
HdDIeERT. P NERBEZAEEEMEE LTtefklL, =V K- RO
BEIE R 2 /MU T 2 ARARIG A & £ 2 — Vi R AVEIRT 2 Y — N2 @ b U 7280 51 i
R ZETHRET S.
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BOR

’Etﬁbﬂquﬁ

3.1 FHMIRE & MM

REFRNOMEREFHEIZH 720, D HULELRLEE T N OEBER B OUERN R %, LR
RELT, BATOA (3.1a) TE£T S. BEFMEL RIX, 07005 1 OFOfEZ LD,
R D3N WNE E B EHERD R AN E

. dis,max dis,max
R - min( 2D, + Dy ) (3.1a)

min 2D

REFRDOFHHIZ B VT, T—PhRIFREE DY — N ZZIRL TV AR T, PLFD
SRR IZ 5 2 BRI D W T a2 1T S (R 1) .

) ¥—nfoxy h7—2 bRRY

2) L— WK & 2 — ViR OMBE R B 1 B T — N Ol i

1) IZ2WTiE bRa VIR Z IGIKT 5720, Y—Nour—Ya v EEEL, -2
MY Y IBEPERT B2y N7 —2 hRBR YA IE, BEREOERVEILKT 5. 2)
IZDOWTI, 22—V kKM@ EIC B 6 — O & A B IERMEIZ 5 2 558 % 3T
Mids7d, y—rour—rarrzEEl, ¥—/Ne2—iROBIERR 22/ s &
% 2T, Y BT ARAE U 2R R L A LR T B

Zliaﬂﬂﬁ X0, ¥Y=NE2I-VigkErs5D%x v b '7—755@9\7&%13’7—&3 DY —

CEE L 725GE L, 2y b — 2 OEMILAITE N — NI EL i U 72 556 OB IE R L
DB R LIRS 5.

T 1 T — PRI E DY — N BIR L TS S L 72, 2— ik A
DHF—=NEY—F ¥ BV F 1 28> TWBHAE, 2DI™ 4 DI 3G h e 725 &
SIBEIRY — N2 PRETEHENDH S, 242 ETENMULU ARE(LRIEZHL Z 2T, @
DY — N\ 58— FRRIRINT 2 — N2 REIND Z L 2MRT 5 (3T 2). A

25
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T, EAL U 7 o b IZAEETETR Y )L ST %5 GNU Linear Programming
Kit (GLPK) [77] % £ O CPLEX [78] % I\ T\ 72 [79,80].

32 v hT—4 MROY &Y —NOBRBE IC £ 5 T
(574 1)

Y—ND ROV EEELUZEMET, =YK p &V — N HOBERH dy; 125
WTERI N2 Y —ND dy; THD D, 2228 T, ¥ — N "ORMIEITIZ X208
IERFELE D ZA L G T 5. Y — N i BZITFANSN D 2 — ViR BUCHIRIZZR Wb D &
LT, M; =00 2 UTiMliZ4r5. *v b7 =2 bARuVIZ L BRMEDIIRD 72 Y —
Nouar—yavie, X3 1LIZEED 4 XA T T Z1T 5. Y — NEIE 8 AFDTHN
RN T WD EAEL, = NRE2ERI) VORI E > TR 3.1 R LEz4 24T
D RO Y EHERT 5.

Star topology Full-mesh topology

Ring topology Line topology

3.1 ¥—1RDOrROIVETFIV

M 32 IZAXR—=RBI M RO Y EHNZ, SEOFHEGEEZRT. =Yk p &P —Nq [
VYo DRIEREE dy T 5. 8 DDV —NDIEH =N 2P =N jBDY 7 (i)
X, PRuY LOMIORS ZBERKHEE LT, £ 35, EHUHEMTEIXY bT—72
FOEMRATEMEE N1 DOV —NERHT 572D 8 2D —1"D5L 1 DDA%
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FMAL, 280ERIL 8 DOV — "D > 5T, 2—Figk I LIRS EIERMO DN
H—NERERLTWD ERET S,

AFEAM T E, SBPAHEE SBULEB OB DO 7-DI1Z, K 32I1ZRTEED, Ehl
HAEDQY —Njea—Hp iz, 2—Fp 2P —NjO/IZN Ty ZTHkDAZ
TV —Ni o2 eRETSH. FEHUHEBOENIWROY —N j La—HFhiKp & D
EIERFENL, kY —N i 2B Y 2Tl dy +diy bREIND, 242 ETERMLL
72X (2.1a) IZB T B ERMBAE TNV O DFV AT OWTIE, BIERE dy; + diy D
(p,i) € Ey, (i,j) € Es BT 2HINZ Y v DORKfEE LTRI NS, —F, 7H
JUBRITI, 242 BOR (2.1e) 2R (2.1f) TEAMLLA LB, DISO 30—y
B =Y > (p,i) DEIERR dy; D (p,i) € By WBT2HHI NS Y v 7 OEKMH
THY, DIV FH—NeH =Y > 2 (i,5) DERIEME di; O (i,7) € Es IZHT 2
RSB ) v 7 ORKEE LTHERINS.

O Servers of distributed processing scheme

O Server of centralized processing scheme

LGN OServer j OServer j
Dgis,max
_1 d
dl] J, ; C ij
p
(Server i) o O R Server i
d..
Dcen,max bt ; ) dzn'
U Ddls,max
i ¢ Userp i ¢ Userp
Virtual time : Virtual time :
cen,max dis,max dis,max
T+ 2Dy T+ 2Dy + D,
(a) Conventional scheme (b) Proposed scheme

3.2 AX—RFRB DB 2B & 7 ELEER & RAEREZ O fF1

ARFIZ B WT, FhuERIzH T 5 dij D F Kl max(; j)eEs dij & dcsen,max E&RL,
SHOLHERIZ BT 5 dij D KAE max; j)eFg dij % dgis,max EERT. 3.3z, =N
MECE S N7z IE 8 AL DI K DX A DRI Z 10ms LIE L 725G E D& FRr YD)
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PP Y S BULEERI D g™ L g9 Dbl a R, BIRLEIR T IE, SR
ROY =95 ) VI HPER L TWDS EARE L Ik —NANZBEST L) v 7 ORKED
dg™™M ey, SEILHE T, 2Y— W THRBLEEZ TS0 — ") v 70
BRAEAS dE5™™ L0 %,

dgen,max [ms] dgis,max [ms] ddis,max
S
Central Distributed Jcenmax
(Conventional) (Proposed) $
O O
@) O
Star I 0] =19
10+5v2 + V2
10 (=219.2)
@) O
- C O
Full —1.0
mesh O O
®
Ring =1.0
Line =1.8
2072 -2 35vV2 -2
(=15.3) (=26.8)

Central (Conventional)

@ Location of servers

Directly connected the link between user-server and server-server
Distributed (Proposed)

O Location of servers

3.3 #LMERVIEBTS A Off
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3412, B3.3 D% =S kAT IIZBNT, Tk & — /SRR 0 A
T#H % maxpeyy, Dy % 0.1~1,000ms ¥ TEILE €72 554 0 HPLBILT(E AR I BT 5
O —PRERE & 2 RIERHEL R &R

1,000
2 —+—Full-mesh tolology
.E. Star topology
. Ring topology
§ Line topology
=1
S
£ 100
Q
5
=
2
3}
o}
g
S 10
0.1 1 10 100 1,000
maxyey, Dp [ms]
(a) Correction time
1
Star topology Y.
o 0.9 /
§ Line topology | /
B /
> .
S 0.8 Ring topology/
% Full-mesh topology #
e
o 0.7 1
.9 } 4
= / —+—Full-mesh tolology
S 06 - ) /" —=Star topology
< , Ring topology
et —+Line topology
0.5 ==
0.1 1 10 100 1,000
maxpey, Dp [ms]

(b) Ratio of delay time

3.4 a—HEY—nHY v OBERRKIZ &5 —FHIERH & R D21k
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AP TIE, Y — NEOBIER R Z [EE LT, Y — 3D 5 21— i K ] D e KB LE ]
ZREMIETNWE720, M 34(a) DEEHH z @O RN — FHRIERF2K & < 722
v, M 3.4(b) D& & vEBIERMEL R I, x #IOBINTHAENVELLTHE. 2o DGR
PoI—PhRE F Y b7 — 7 OEERE VNS VRIS Y — N2 B L 721E 5 55, B
REOBBENRPENZ D30NS,

3.4(a) ITHBF B — Yl RMIERRHI D21, M 3.3 O BULHEALEE S RND 43> fE
(AR =1 19.2ms, A v ¥ a#®l: 10ms, V¥ Z7#: 15.3ms, EARH: 26.8ms) D =25
DWERPRNTED, =M 7 PRI W THRIEN T WS I1E 5 2E
IERFEDR RN Z D309 5.

3.4(b) DELERMELIZ, 3.3 D d3*>* ORERGFRE DR (AX—R: 1.9, Xy
Yafl: 1.0, VY7 1.0, EARE: 1.8) OEITEDIVZENERNT WS, FEMiHE R
5, BERMERIZY —ANHEO Ry b7 =2 hAROVITKEL TRHRIZED D, d3* Off
PRI L D H/NEKRE Ay v all b Ra YY) v 7R MR VI28 W THHILE
MOYEN R E N L3005,

3.3 H—/NBIRRIE (GE2)

I—FIRPEBOY — N EEEGEINTVE Y V7 2RK> TV A EADREAR
DFHi& LT, Z—HhiRA—4 20 DIEHENTHAL TWDS EREL, EHEDHL
LR BRARDZ UM 31 ICRE LY —ANEOVOE 8 AROHLERBELLET
VT ZATS . IEAROL T 2 EREERDEER (0,0) & LT, EAROL L% R
(20,20) & LT, B35 2&Y—NDOREME T 5. —FkD4 L7z 800 & DL — PR D
i Lo & 3.6 1ITRT.

ARFHETIE L — I RPRTOY — N EEER I N TWD Y V7 &R > TV 5M
T, 242 BTEMEL 2 BBELREE M Z 2 T, &2 —VUiRINERT 55— \D8k
EIND I LERT.

A 2 12 BB RNT A=K ERILITRT.

#3.1 FHili212BEF2 17 A -k —K

M 2-1 P 2-2
Yaax=8, dpi="— Tk & ¥ —/ D FEFE L O ERRFERE(C FLFT U 72 IRFf,
Upi=1, di; = 1 DY —3 bR T DB B R Lo — NFIEE T Hf U 7= B
M;=100 (i=1,3,5)
M;=800 (i=1,2,3,4,5,6,7,8) M;=800(i=2,4,6,7,8)
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Yy
(10-2. ‘0+_) (20, 20)
(10, 15)
/o
O O S
(10+2 . 10+2)
s 10)0 (15,10) ©
O O
7 o (043,102
(10, 5)
(0’0) !
X
(10= 2. 10-2)

3.5 Rl D 7z 8 DFH — N D PG R

y

20 = o;..‘-d‘% .:33'.°. °:. G:... i.%o
.‘0:.. ° 0'0.‘ o... 3
.: .‘. o‘?'. 'oo"% .1%..58" °
n.o‘o .... ° "l. ‘V.o.-.°. by

15 [P3if™, 32 " o el et
o % oo” *’0:* .‘.. .o.:% <
"...:’0. ~"’o. .V. o.‘o~ : §° o g0

sy e Y
See og 00 o g o

10 ,zO.oz‘.‘o.O ::?".:"O"Qo o ;.. ;"
.$ ....o" .¢‘°'.. *% .'.o.oo.
Pe oo l.. .~& ".. o{o ° ° °
- LY ® oo od -"’:'{"’ ®am®
B” o ® o008 o % ...‘ "™

5 ‘oo .‘o..- < L) ..'. ° L} .‘ ."o
8’: ':::..‘:. .:'. ...:.O 0.3. n...'. s. "U

°.8° ". .~::: 0e®.’ * %

0 E:. }..\.. ..~ L% 8% wae ...Q..

0 5 10 15 20 X

3.6 —Hk3AH L7z 800 & D 2 — Y K D BEAHH - T D43 AH
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Applciation
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JPN48 ET I BT BFHHiD /8T A — X &K 3.2 1ITmRT.

% 3.2 JPN48 EFTIIZ BT BFAMD /AT A —& —&

JPN48 € FIVIZ BT 5 FAfi
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3.4.2 JPN48 EF /L% AW lD LR
JPN48 € 7 )V % AW 72 B LB R & 43 SO oD FEAfAS R % 58 3.3 12R7.

# 3.3 JPN48 model results

Scheme Correction time Results
Centralized (BRH/ — F) 2D 24.8
Centralized (F1#kIL/ — K) 2D 18.94
Distributed 2D 4 pIremax | 18,6
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A—FIEVWRT =Y a VY —NEEHET D L WERAE N EBHS PR o 7.
Sy L IRALEAS /A DY — EIMEOGHE & U T, RET ) 7 —kka46 L 72 200 &
DA—HURIZOWT, ERME L ZmEME 2R 2 & T, BIERMZR/NMET 5720
DA—YUiRIBIRT B2 —N"DRETEEI L Z2R LT

EEED Iy N7 — 7 2B U3 LT, JPN48 J — K& — "D hTn5
MmELT, 1580 —N"TEPUHTIEEL, 248 ) — FOY—N"THEWNLET 5
L& a U, #2-25 % ORI OB RAMER S N7z,
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EFRIEBERBEDE A

41 FHBEEFBEOZEANEY—/NFREBEOENL

D7 NERA LT TV r—aryTlid, TV R-ZVFO BERFIZE>TIRT
TV =2 a VDD —ABEZ o0, BIEFFARRMZE A U AR ERH
WTT 7V r—yavzRfagEed 5. 242 BOFMICMAT, 77V 75—y aro
HRBIERR . U T, 22—V RMERBA L D 5 2HORAME UT Dy, 28 AT 5.
HFRRBERZ B TH—EARABPTER V=TI REEZE Ny & RT. Y —VER
ML LT, Now 28— HERE LT, 2—YiRERMZ2%E HWEKE L TH
IMETS 2 B bl E LT b z17 5.

g EA—VhiKp € Vy ICHT B0 FVEKHE UTEAL, FEEIERHZ A 7=
A—-Yhik%E qp= 1, FHFEBLERHPANDO L —HlKE ¢,= 0 THT. BIEFFARH %
ZTH—EADPFHTELR VI =Y Nowy 2, ¢, DL — iR p € Vi 12T 5 G5
Y95, VY (pi) € By KETBNALFUVERE LT 2, 2EAL, 21— PhiRMHIE
BRIAS T 7V r— 3 v OFRBIER 272372012, (pi) € By "R Shzi54
F2,=0THY, BRAINRVEEIX 2,;=18T 5. xp-qp =2 THD. 242 FT
AL U 72 BB LRI IR AR DM 2N Z 5 Z & T, BIEHARMEZBE U -8 — NER
e LTERNMET 5.
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Objective min { Nyt + a(2D57* + D§**)}

(4.1a)

dpi (UpiTpi — 2pi) < D™
,V(p,i) € Ey (4.1b)
2DP™ + DI < Dy, (4.1c)
Nowt = Z dp (4.1d)

p inVy
Zpi < UpiTpi, V(p, 1) € By (4.1e)
2pi < qp, ¥(p,i) € By (4.1f)
Zpi < UpiTpi +qp — 1

,V(p,i) € Euy (4.1g)
zpi € {0,1},Vi € Ey (4.1h)
g € {0,1},Vi € Vy (4.10)

X (2.1a) %, H—HNBEBZ BLEFARRIZ & > TR I N2 =T Nowy & L, B
“HBEE 2 — PR ERR] 2D 4 DRex 2 LT, IS DOGEHMEE R/IMET B
A (4.1a) TEESMZ S, o lF 2DB> + DI E - HWBEBE R 5720 D+0/NS i35
B35, X (2.1e) 1, DF*™ 2 ARKMUNO L — PR THmAILT 5720 (4.1b)
TEIMHMAS. X (4.1c) &, —VPHIERR 2DPax + D@ax HURIEFFARERH] Dy, BAN
CHBILERT. R (A1) 1, Now D g, 02— pe Vy CHTBAHTHE L E
w9 A (dle) - (4.1g) 1F, xpiqp = 2pi ERTHIERNEZHAWEZRETHS. X (4.1h)
, (A1) 1, qp, zp DENENNS FVERTHD Z L 2RT.

I AR 2 B U 72 ¥ — IR EEIE, X (4.1a), X (2.1b) - (2.1d), X (4.1b),
R (2.10), & (4.1c), & (4.1d), & (2.1g) - (2.1]), & (4.1¢) - (4.1g), & (2.1K) - (2.11),
A (4.1h), X (4.11) TEANMEI NS BEHEE LTHRS 2LV TE 5.

KA1 IZEAME L 72 Bl LD 8T A — & L PREERERT .

F 41 AETENMEUBRERED T A =&, RELH 5

INTRA—R TREZEHL

Yyvax, Mi, Diim, dpi, Upi, dij | D™, DG, Nouts Qpy Yis Tpis Zpi
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4.2 EEFEFEZERE LY —/EIREEOF M

F—ADREBYE LTI, M3.13 57T JPNAS / — K2 — AR N
TVBHAE L, 341 BERAL ATV THi£F5. ERILLAR (41a) IEBWT,
a=0.0001 & UCTFHI %475 . LT % Z 8L -0/ 5 A — X % H 4.2 1587

#4.2 BIEZRFHZEZBLUZFMDNT A —R—F

PEIEFF 2R RG] % 2 8 U 7= 3
Yaax=48, Dym=10-26ms, M;=192 (i=1~48)
B dp;=0.1ms, 0.5ms, lms, 2ms,
J — P #E#R: dy;=0.1ms, 0.5ms, lms, 2ms + (/ — FEEEREIZ G U 72 RR])
upi=1, di;=JPN48 MR B Y ETD / — NHmREREE I LB U 7= IR

Diim 22 E7ZHBED Noyy & L — Vi K IERFF O 2 & 4.1 1I2R9. 22—
RAHIERFRN, S UER T3 — ANRERE DR\ 2 2D Lig b, iU R ©
I, 2D 4 DES L s B,

£a—Y O -V RMEREAT 7V 75—y a VORBEHERE XD RKEWES
&, - PURFERFAVNE <725 & 51z, @Mk - R kfED B % e
T TVWda—YhkRzZ RN L, T — PR ERMDT 7Y 75— 3 v ORIEFF AR
PN & 725 £ TRBIEREA K E VWL —TiR BRI ns. T s, HFEhue
B HULERRL Y £ BEFF AL 2 —F O — ViR ERME X D BN VWEEE,
I — YR A E R s B R OB E R 0 X 4.1 128WTH, Dy # 10ms 25
20ms DN Z D & 5 kL 2> T\ 5.

BIEHFARMZBA THRAINE I —PHIE, FA—D2—PhiRRMETIE, KO/AZ
W — ViR ERE 2 EBHTE S HRDIE S DY, BRSNS 22— Vi REBH IR 7,
BIERFE A L b KE VWPl RIC B FAREANTOT Y F-Z v NBEIAREE 72 5.
4.1 ® Dy, 7 10ms 7> 5 20ms O] T, EHLBEE Rl & bhig U 73 8L o 1% 5 FrAb
IND I —PUGRE Noyy D370, BIEREICENZANTH L L VWA 5.

EaA—YOI—ViRKMHEREAY 7V 75—y a VORREHFERME D /NS WS
&, BIERFARENIZE AL U 7z s bR E O B BB O BuIMEIZE N < 72 b, BHlIZ
I — YR IER T ORIR & 72 5. 4.1128WVWT, EEERITIX Dy, =20ms % ik
Z T GEIE A & A — VU R RHIEREI DY — B L 22 0, BIEFF AR AS 2 — i R Al 1 R R D
B L TWRWI 2R U TWS., EBHRUERERA I NG T —HPE Ny =0 &7 5
Dyjim=24ms %A 7252 6 —E L2 D, AHULHEE, Sl b 3.4 7T O
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HA4FE IPREIEREOEA

CR—GMELRY, —REeRDI-FHIERHERIIDHETELR>TWVWE I EAD
"5,

INSDFRERNS, AEOREANIBEHFERMPEH LT 7V r—2a izsnTg,
BQUE QDR Ry b %UFHT ET, 2D, BIEFREICENZBEEAATHE VR S.

70 26
¢ -*-Nout (conv) -t
60 —e—Nout (prop) ‘.__0,"' 24
[ ) L iy
50 b -Correction time (conv) 0 —_— 22 é
L} _——Correction time (porp) 20 g
40 ‘\ =
ey L} oA p 1 8 ;
3 \\ 2
= 30 e g s 2
\‘\‘. ’/" 1 6 §
20 \/ &
N o
Y 14 S
10 A 12
— \‘“0--0---0\.
0 o—o—o—0—8-8=-0—90 [(
10 12 14 16 18 20 22 24 26
llm [ms]

4.1 Diim OEINZPED Nows & 32— ViR ERH D2 AL

43 F&b

ARETHE, BEFANTODVWTEEREIZE LW TVRA LT 7)) r—ya v ~Dil
AZZBRU IR Z AT o 7. BIEFFARE & BIEFAREZBEATTY 7V 77— a ViR
HTghnwa— YRz EAL, BEAMEDHE —-HKEEE LTI - ARt TE
RN — RS, 0 H B E MR & U CRod b 2 R U 72

PEREREAMi & LT, JPN48 / — R& ¥ —NAflis T naillme U, BEFFARHEZ

ZALE 756 OBIEFF AR M & R 72 2 — Wi R & 20— Y A Al R oD 3 & 17 5
7o, BREFFARENC DWW THRR 247 o R E AL, BREFARHEZzEX TRHTE 2L
2 —PUARBPEFLIE L 0 & D70, RO L D DR WHERHTH S Z &
5, VELDA-YPRAETET, »>o, BREFEICENZBELIATHL VWA 5.
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5.1 EEZHXRODEBA &Y —/EREEDENL

4 EETOFETIE, 2—HiRE T — N\ OBRERFEAZE) U 72\ S TR
EiTo72h, EEOX Y N7 =BT, MTe v ZRICX o TITEBES A LR
Fiziddd s s Iy 7 ORIEREPLZE T 21D 5. BELFHZERLZET IV
LUT, BEAER f,, 2BAL, BEEATHEFEL - i %2175,

EHKDOY v 7 (p,i) € By DRBERWZ d,, & UEBEORILEEFHKDOY > 2 (p,i)
DB K IEFERGIE % JBIEZEE £ % VT dp x (14 fpi) EEET D, HIZIE, EHEEEOELE
RREIDY dpi=1ms DEGEIT, BILEEFRORKEILD 2.5ms DEEIE, f=1.5 £ LT,
Imsx (1+1.5)=2.5ms £ 725.

4 BTEAMLLU 2m@bfEIC B WT, &AD dy; % dpi(1+ fp) TEEHMA B LT,
RARJEIER T ORI 2175 . BERM O X 2 &2 R/NNRIZE ED D701, %
2 — ViR II RS BERHAOD L VT — N2 RIS 5. 4 BTENMLL s kflE T
&, Y= NITEWEATNCALE U B BRI & RIF S 0 2 — YR 13 H B D /)
LIZFEB DI NHIPHT, &Y —NE2RERL THREMEOERIIED SRV, 2—5
WARDS, RABERMORE/NS W —NZERT 5 28T, BERMOEMNRED 32—
IR ER OB ZMIEL, =Yk — B THHTZ YV VI E2ETHI L
MTE 5.

=YK p LY —nNi Y V7 (p,i) € By ORIERHE dy; DEI—F ORI Fr &
U, REMEOE=ZDHWEKRE L ThR/MLT 222 T, 4 BTESNMEL = EaEbfH
O ZE Uz ECa—ViR 2 RE TV — N2 BIRT 59— VERBEE LT
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48 5 E BIERFHRDOEA

AT 5. PRS- 7 2EELY VI THERTSI LT, AR VIO
a3 R OHIBIZ 2722230, R V7 OGEIFLE LT E TOHR AR & v
N —2EHEE LTS 2 28 TES.

4 BETENMEU 72 BB R ADRMAEZNA S Z & T, BREATHRE L CIEIERH
D ZZ R LU - moEfbfE e UTERES 5.

Objective min { Nyt + a(2D5* + D) + fF}

(5.1a)

dpi(1 + fpi) (UpiTpi — 2pi) < D™
,V(p,i) € Ey (5.1b)
Fy = Z Tpidpi (1 + fpi) (5.1c)

(prz)EEU

X (4.1a) 1%, B HABEEZ BEFARBICE > THRAI NI =T Nows & U,
BT HAIBER R o — VAR ER R 2Dpex + Dex b U, HZHWEBE 22—V O
A—HFeHd— N v OBERMOKRM Fr LT, X (5.1la) TEEMMZS. o ld
2DPAx 4 DX HVEZ HINBIM L 75 572D H /NS mERTH Y, B 1% Fr HEE=HIK
B L 227200 +/NSRERTHS. KX (4.1b) 1%, BELFHEFZEL T DR 2k
T3 570, X (5.1b) TEEMHMR 5. X (5.1c) I, BEEHRK f,, 2FRL7=5KMATO
=YK & B — N[ ¥ 7 OBIERFE ORI Fr THDZ L2 KT.

BIEFF ARG ] BB R 2 Z R L 72 ¥ — EPRTEIE, & (5.1a), & (2.1b) - (2.1d),
& (5.1b), R (2.1f), & (4.1¢), R (4.1d), & (5.1¢), K (2.1g) - (2.1j), & (4.1¢) - (4.1g),
A (2.1k) - (2.11), X (4.1h), X (4.1) TENMLI NS BEAMHEE LTS Z &2 T
5.

5.1 IZE MU 7= Bl LRIED N T A — & L PREERERT .

#5.1 5 HCTEAMLL ZBELRIED /ST X =&, P —5%
IRTA—2X RAEZAL

YMAX7 M’i; Dlim7 dpi; U’p’i; d’L] Dglaxa Dglaxa Nout, Ff7 qp7 Yis xpi; Zpi

5.2 EBEZHZEER LY —/FEIREEDFTE

5.1 TEAMb LR MEEZ WS Z & T, BREEAFHMMELH ELa—Y
AR E Y —ANEDY) v EPR/IMEEINT WS Z & 23l e 5. G, BIEETHR [,
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CBIERF DRI Fr 2B 8L 72V — VERE C B IEZE F) % Z g U 7220 — VGER R
RED 2 DOFEFHETHRE U7V — EROKE R 2 T 5. iid, BIERE d,; 230
UGG ORBIEHAIEME B 21—V TITS. £7/2, 2 —VHENBRLZY—N
EDA—WhiR-Y— Y ¥ ROFHEIZ DO WTIE, BAERFEAMZEERE & HE LT
LHIRT, a—Yihike v — [V v 7 ORERMORMZ KT 52 LT, KhEWY
YO REOY—NEERL TWE %256 5.

R L 72K (5.1a) 128 WVWT, a=0.0001, $=0.0000001 & L T2 17 5 .
Dy =2ms, &Y —/NT M;=200 & U CiHMliz4r>5. b—"D b RpoT e LU TIE, BERT
DT =AML TV EIEL, K511 RT JPNAS BTV 7D/ — REH—
NP I N TV B HE L T 5.

Y—NHDOxy hT—=21F, @Y —"DmHEWIZIEA Yy Y allEEINTVWEE LT,
X 51D JPN EFANSEEDY V7 &2 RWTF— X/ — RE2RH L CTREL—
FCEfiSNTW2E0L T 5. 2—VhiROnMmIE, K5.110RT LD, KRE 139 %
5 140.5 B, FEE 35.2 EH 5 36.8 FED T Y TNIZ 200 AD 1 — Yl ARDS k04 L T
WBERETS D, I—PlKiEe/ — FEEEERINTWD ) VI DBFEEL, 1— P
Ke&/— R, K51 OEE EOEMEHCHERINTVWEED LTS, T — Pk
Y — N[ Vo ORIERRENIE, TP OREE - REFHRE A/ — FOME - BREKRY
SHLEE E O ERIEREZ RDDZRETH B H, KiHliclxfiHl o7z DO 1 HE %
Ims OBFIERERH] & U T, FEMElg Eo> 2 i O FEl 2 BN & 5. 2 —ViiKD 0
L UTIE, X o 139 FEH S 140.5 EAY 1.5ms T 300km FH2Y, Y D& 35.2
5 36.8 EAY 1.6ms T 320km FHE DT Y 712 200 BB L TWD EIREI NS,

AFHEiCIX, JPNASBHEE T VU 7D/ — RIZHE S Nz g — " 8 &, T —HiiREuL
200B %5, Xz, SEOTF—ART Ay VaTERINTVWE DY -/ v
Bk 28 &7, FEa—PhiRlEe/ — NEEBEY VI 2F->TW0W5720), 2—HiRe
Y=Y 7 BIF 1600 & 75, BIEAHZER U ZGEHiD /N T A —X %K 5.2 1Z/RT.

# 5.2 EBRAHZZELUZFMODONAT A -2 -

EEIEAE T % 5 8 U 7 3T Al
YMax=8, Dim=2ms, M;=200 (i=1~200),
dpi=— ViR & Y —/NOJERE LD ERREEE I LB U 2R, upi=1,
fpi=1.5 (K& — REeBiR/ — NERHT DY v 7)),
fpi=0 (K&, BRZHRHLRNY >V 7)
di;=JPN48 h AR B Y ETD/ — REHRIEREEI AU 72 R
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rMaebashi .~ = Utsunomiya
/E\ 3 6 . 8 """" - - e #
36167 Mito
C 364 ;
e { Omiya
8 362
1.6ms @ . > - Hachioji
(=320km = 30 [
=] Tokyo
B O g <Y
:
35.6
i Chiba
354 |-
| Yokohama
v 352 = i -t
139 1395 . 14077 1405

Longitude [dégree]
— /—FEOEEER)VY

G 1.5ms (=300kmie &) —>

5.1 JPN48 / — FEAR=T Y 7 ETOa— YR D546

JPNAS BISRT YV 7D 8 DD/ —FDHIHbKE/ — NefiR/ — FAEEL TW5 &)
E3 5. M52 (a)ll, 4.1 BTEAMLUZBREEE 2 FE L RWEETRE L /22—
U ARAGEIRT 2 — N2 DWNWT, =Pk L BRI NV — N2 THAZHZRT.
5.2 (b) 1z, K&/ —RNe&Miiz/ —F2RHET2) 2% f,=15LLT, 51 ETE
AU 7B IE A E) % 2 8 U 7= R TR U 7k R 2 R T
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Latitude [degree]

Latitude [degree]

—-Mito -=-Utsunomiya —+Maebashi Omiya
-Chiba -»-Tokyo ——Hachioji ~ —Yokohama
36.8
36.6
36.4
36.2
36 )
//
35.8 < W /‘
, |l
35.6 = p —
- 7ABN
35.4 7
35.2
139 139.5 140 140.5

Longitude [degree]
(a) Servers accommodating users
determined by optimization problem at section 4.1

—-Mito -=-Utsunomiya -+ Maebashi Omiya
-Chiba -»-Tokyo ——Hachioji ~ —Yokohama

36.8
36.6
36.4
36.2

36
35.8
35.6

35.4 T

35.2

139 139.5 140 140.5
Longitude [degree]
(b) Servers accommodating users
determined by optimization problem at section 5.1

52 41 BTERML U —NEREE 5.1 ZTERML U BIEEZFH 2 LB L
72U — NEBIREIZ X > THRE I NI — PR OEIRT 59— N
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5 E BIERFHRDOEA

¥ 5.2 (a) Tl&, FEFIEWEFTICAETS 28801 —ViRD, R H— % ER
LTWa. Kz, a—VimRe Y — N2 T M1 K2T 5EMbH Y, 3.3 TR
i’ H HWEEZ RE DI w2 — P RIZOWTIE, HBEEDMEAHM U 72 &
T, EOY—NPEIRINTEHELWZD, AWV ILANDOTILITY) ALIZE > TEIRI N
LY —=NPRELTWEZDTHD. £72, Bt/ — RO —ViRBAIEFIZD2 <
BoTWAHDbFEMRGHEBEHEEIND.

B 5.2 (b) TIi&, FE=HWEHKE LT, BERKHEOREN Fy 2&/MLLTWS 70D, V
WRDT VTV XL & o THRE L TOTBERY — D, KB IERf A B /NS Wi —
NINEIRT N, M52 (a) TOZ—PiRE Y —N\N2EHT 2MBRET HHEAD, 1FIF
WO TWBDNOMNE., 72, KEY—NEERY—NZ2ERL TWVWDE -V RHN
Y= NEFEIZR SN TARLSR->TWADIE, T—HR e — M) > 7 OBIER A
AL 2 B D B KBIER R CRMi S N T WA 72 TH 5.

I — PR AEINT D5 — N & RGE U 720 & EER O IER AN U 72556 OB IE
K~ DREGHMiiE LT, 5.2 D 2 DOFEFRITONWT, Z—HikK & ¥ — MO @R
IS U 72356102, JBIRY — N2 E U 72 BROBIEFF AR 2 8 2 5 12— ViR 80z [t
B35, X532, Kg/—RerK/ — N2 R TV 52— ViR OB LE R O 31
PR, BRI Dy =2ms 22 5 12—V ROELERT.

X (5.1a) THEFLZFER T, REMGOBEBEZHE f,=15 28X T, = §ilia*2.0 D
dpi W2 EHEINS 556 TH, BT — N2 URE U 7RO BLEFF AR E Dyjm=2ms % X
21— HYIRBTHD y A0 Lm>TW5, olilfid 2.0 22 TH, X (4.1a) THFFL
ToAER R U, BIEFFAAE Dyj=2ms 22 5 12— ViR BD <Mz snT w5,

PEIERFE D BEINZAEN, =D 5@ W — PR S Dy, 2HZA D2 L1272 508,
[l — BRI TH X 5.2(b) DFAERDIE S A, BAKBEERFIZZE L 2V — NO#ER%E
f15TWB728, Dy, ZHAZ S —PUREN DR, BIERFMAENU 7256 D%
DINENWZ b5,
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Nnumber of users exceded D, ,

45
1o o ®
35 .
30 .
»

25 )
20
5 |,
10 ¥ -e- Fig.5.2(a) topology

5 -eo— Fig. 5.2(b) topology

0 . : ]

0.5 { - : y

Increased ratio of delay time

5.3 MREKE/ —F2RHT2 Y 7 DBIEEINIAED Dim 2 A 52— PR

%541, K52 (a) & (b) DL—FHARDBINL 723 — ABHS 513 51— PR L

T — A O

N

ARIO LA R 9. M54 TR, M5.2(a) ® Ff Ofiz 1.0 & L7

IR

GOHRTHEEZITS. K54 105RT L5110, RoEkfBEICE=HMERE LT Fr 2%
AUBU/MES 52 & T, Fy OEDH 20 %HIHEESNTE Y, 2—PiRe F—HDY ¥
7 REBTHRT 20— NOBERMPAREE 2 5.

1.2

1.0

0.8

0.6

Ratio of Ff

0.4

0.2

0.0

Minimizing Nyt and Minimizing Ngyt,

correction time correction time and

Fr

Fig. 5.2 (a) topology J [ Fig. 5.2 (b) topology

54 41 ETERMLL Y —/VEREEE 5.1 TEAL L7 BELT %2 2 L
P = NEREEIC & B Fy Ok
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53 F&®

ARETE, BEHNIOWTH Y MY — 7 HEEROEBIELH 2 F E LU 7 Ihik 217 7z,
AL B3 2 A U B AR B iRy O B KB AE R[] 2 B & LTIk S L & 12, B=0DH
RIS L U Ca— ¥R & 0 — NEREER ] O R F 2 I/NME T DRk 217> 72, Tho
DILFRIZ K O, TFRLOBEENEA TEINGT 29 — N2 RET 5P — ERFEE & U TeEAL
Ziro 7.

1. FFAEIEREH] % B 2 5 2 — YR % FoMEb
2. BEIERFE] % /MU B 72 D12 2 — Wi R Al 1E R 2 B/ Mb
3. BIEA B D F KBAE I AV B /N E W — N 2R

PEREGTAM & L C, JPN4SBHRRT VYV 7D/ — K2 —N"DFHEINTWA L E LT,
—BRD A L7z 200 B D2 — VR ORERY — % K3 TEAL U 729 — VR R E Tk
EUAERE, FIETERNMLL 723 — IR ECIE U 72 A R O Ll i 2 17 - 72,
IEEFNZ DWTHERE R 1T o 7242 AL, T — YR OB 2 X S - 58102, #F
FBIER R 2 B R 5 23— Pl KD D70 <, RS CREEAIEN U 7256 DR E I D700
e HER I N7z,
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ZRSMEBD 1 —Fim RS INAE

6.1 FRESMEDI—HPIHRSMAEDERNL

Iy M= AXREFERER Y — YRR I BT 2B RSINEL T 7Y
JT—=YavAOHHEERT S, BIRSIT 7V r— a3 v Tk, il —YinksrS
M3 27200, FAROI—VIRNPRL D —NNNEREDRY D D2 &, FIHOG#
LT LR D, FIHP I -V RNEE LS SN —FRRE R — N %%
RIBZeRBEL RS, L OEGE2TH-TERSINLO 2 —FMRS Mk LT,
77—y a YRABOI—-FERIE, BICRHL TWS S =N 2 RBIRT SR 5
Z, ETMEEITDS.

242 MOLRMIZMAT, M-V E2RT / —NOEEE2 VLI L, 2175
FHla—YhiROEAEZ VF e RT. MBI —VFEHEIERL TCWET—NDOELE%
ViU, FIAP—VIRNEIRT 2 —N"OHEEGE V2 & RT. AR —YHERE

Y=Y Y I08EE%E EL U, ST 2HBl—VlRE Yy — A H) v I 0ELEE
EL RS, FHG TR OHBSMO 2 —FIRIIFEL RV en s, VIUVE =V,
EL UE? = Ewl@ﬂﬂf—®lﬁﬂE§:®kné 242 BOERMLIZBWT,
2V 27 (ki) e EWCEATBHMARZRTI NS F VLR, y, 2 —Nie Vg IZBT 7]
A zRT N FVERE UTEALZ., BIRSMETIX, MHABO—YigRIE, B
CHIALTWS 3 —N2EIRT 2728, 2a—Fiikpe Vi e —nNie Vg vo
(p,i) € BY TR LTI, p BPELTOWBME LT 20" K9, MAHO -
ROBRUTWBH =N i € VI L, v 2ELTOBHE LTy KT, i V3
IR LTI, y?" DEHREZ S5NTWARWA, ¢ =0 LS. 2.4.2 EOE#EALM
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I RDELMEENMNZAZ LT, FARI—FIEEPBRIZHEAL TWAE Y — N\ % #IRY
ARG R I N RELREE U TERET 5.

Z UpiTp; = 1,Vp € V3 (6.1a)

1€Vs
zij > 2" (i, §) € By (6.1b)
y; > y?"" Vi € Vy (6.1c)
(6.1d)

K (2.1b) 1, BRT Y —ABRE L CWARVI—PikE R T 5728, X (6.1a)
CEEWMZ L. FARI—FIRREY =Y V2 BT A8 2 EREL TV DIHE
2l V" TEEMZ B 720K (6.1b) ORFIRME G XD, FAT O —FHAAERL T
WBY—NIZBILTIE, y PRELTWAEE LT /""" TEEHMZ 5720 (6.1b) %
MA .

BRSO 2 — VRS EE, X (2.1a), R (6.1a), R (2.1¢)- (2.11), R (6.1b),

R (6.1c) TERMLEI N B BEALEEE UTHS 2 W TE S, 72, BRSO 21—

YRS GIEIE, BAR®D Step 1 - Step 4 DU TR T Z N TE 3.

e Step 1
— #IEAME, Vi =0, Ey =0

e Step 2
— Fla— PR DES VF O2M. VE o B &R
— V2 =0 ThhIT, VE#£0D ThHhE Step3 ~NED.

e Step 3
— A (2.1a), X (6.1a), X (2.1¢)- (2.11), K (6.1b), KX (6.1c) TEALL =&
AL E & g <
e Step 4

— B LHEDME LTk 5Nz (k1) D% 207" ITRAT 5.
— B LM L U Tk 50z y; Ofi% yI" ITRAT 5.
— Vi VEUTR

~ B« ELUE?

— Step 2 TR 5.

# 6.1 IZERME U - Bl L IED NS XA — R L IRER % RT



6.2 2 —H IR O FEHE & E Ak

#6.1 6.1ZBTEMLUZHELMEDNT A =&, PELH—E
INT A —X& PR

given max max
Yyvax, M;, v, dpiy Upi, dij | D™, DG, yi, xpi

6.2 I—YSIMEFREOERE ERXL

2 — Yl R EIZ T 2 F RSN T 7V 7r—> a Tk, Hla—V

SR OFERY — N2 RE T SRR, SMFORBIHEE b oY — A EO#]

R O 1T 2B IR — NDOIRELRD 5NDE. 6.1 BORMZEE XA T, Hila—Vi
3E®7<JJH1%%H%F'%%5¥%’4B?Z>:L YU KOS GHEEZEAT 5.

FIF 2 — PR ICDOWTIE, BEC 22— YR IERR- TH 5 2DB> 4 DPax 24 —
N BBERUT0SI— VIR M, BPELT VS0, 6.1 ETERLL 7= ki
BIZBWT, I—PBKEFRSN—PHRICEES 5 pe V2, (pi) € By 2 Icl@T
BINTA—BZDATEHATESD XDITHEET 2 Z & T, FAP I — P REUTHAT L 2w
IR R 2 FEH T 5.

FIHP DL =Pk SWRESINT VWD DEF** % Dﬁa"’give“ ERL, Y—nNiDa—
PIAIEH Y ey upitp % MI™ y KE . 6.1 EO AL EIZ RAD S % X
52T, FAP—VImELBBIZFH LU TWA Y — N2 # IR 26505 S vz &
HEfEE U TENMbs 5.

D upiay < (M; — MP"), Vi € Vs (6.2a)

peVy 2
UpiTpidpi < DG V(p,i) € EU (6.2b)
Dgax glven S Dglax (6.2C)

X (2.1¢) &, Y—=NiDBZFANSNDHEROHH L —FUiRIZOWT, FHPI—Y
UKD UGV TERE 2175 720X (6.2a) TEHSHZAS. X (2.1e) I, HiHla—
VIR DATHENTES 512, R (6.2b) &R (6.2¢) CEEHZ 5.

-V O EMLZEA L 22X SNE O 2 — VRS iR, R (2.1a),
A (6.1a)-(6.1c), & (6.2a), X (2.1d), X (6.2b), X (6.2¢c), A (2.1f)- (2.11) <AL
INDEREEEE UTRS 2N TE 5.

% 6.2 128 AL U 72 Bl LRIED N T A — & L PR 2R R R T
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#6.2 62@BTEMLUZHEMEDNT A =&, PELH—E

NI A—=R TRREZEE
given max.given _ given
YMAX> Mi; MZ ’ DU » Ui )
given max max
dpis Upis Tpi 5 Apis Upis dij Dy, Dg™, yi, pi

6.3 FRSINE I —HIRAKRSINTEDELE R4 D A

BRSO 2 — P K ER R, —F Sl i U<, AP O — Pk E
Y= NOBERIGE 2 L Z I T D BRI O SENMERE N BT 2 A REVED D 0, BIERHEIC
DWTFHMII 247 5.

5.2 FOFHM &[RRI, ¥ — V% JPN48 B — NIClifiis nTH b, K 5.112RT
TV T7THIZT 200 6D L= RB—ROMH L TWBET VT, BEFERM Dy,=2ms,
Y= N2 —=FHRNEIT Y — T M;=200 & UTFHli 217 5.

BIERFME D MERERHMEAE R E LT, K 6.1 (a) 12, BATFD 6 FEHOSM AR = IZB1) 5
I — YR IERM 2 R T, ZRSMEIL.  6.2 = TR S N5 1E TR % 47
5. %£6.412, BAFD 6 MEOBINNZ — 12815 200 & H O3 —YHiR S 02 ik
Ktk R Oz /_ 3. ZIRSMELTIE, 1 BEFICSMU 72RO 21— 3 KAl E R 0 24k
ZRY. M6.1(b) 1, BBMAR—VIZBII2Y—NTeDI—VINEKTH 5.

BIRSHNEL 2 — P RS I FEDOFMIZ BT 5T A —X %K 6.3 1217,

%63 BRBMBL—FHABNGEOMIC B85 A —& &
B IR S I o — U S5 D AT
Yaax=8, M,;=200(i=1~200),
=T — I L — 3D B L D ERREH F L 72 I, =1
d;;=JPNA8 N K1Y LT/ — R REIBREE H L 7B

o FIRSINH, T ¥ X LB (Successively participation pattern A, B)

o FIRSHNEL, BIEDKE WIEIZSAN (Successively participation pattern C)

o FIRBINAL, BIED/NZ WIEIZSM (Successively participation pattern D)

e 200 B—F SN, HHULHEE (Simultaneously participation, Distributed process-
ing)

e 200 B—FZM, HFUHEA (Simultaneously participation, Central processing)



6.3 ZFIRSHNI 2 —F RSN T5 IR D EEIE R D FF-AM

—— Successively participation pattern A — Successively participation pattern B
—— Successively participation pattern C Successively participation pattern D
Simultaneously participation Simultaneously participation
(Distributed processing) (Central processing)
3.0
g
= 2.5
£
g 2.0 r’—/ f T
5 L5
e
3
S 1.0
S
2
> 05
0.0
0 50 100 150 200

Number of paticipation users

(a) Correction time dependence on number of
participation users

2 200
o0
g
=
g 150
2¢
-
5 32
w2
Z < 100
= &
S o
=
&
g 50
5
Z
0
é\i\o \&“\{b \0%%& @% C{\@% 8@0 &.\\'o\\ Q‘v@%
,\\0 X Q S ‘2&9 ,\&0
& N 49

Locaton of Servers

(b) Number of users belonged in each location servers
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#£6.4 A—HBIMETIIZES 200 BHDO I —HURSBIRDO R OfE

2—FBHNE T R (GRIESSVELL)
BRSNS > X LB (A) 0.78
BRBIM, 5> X L5 (B) 0.78
BIRSNEY, EIED K E WEHIZSAN (C) 0.84
BRI, EIED /NS WIEI 240 (D) 0.91
—H SN 0.78

6.1 (a) BEUKGCADEBY, BIERMLIZ-FSMEO R =078 1T/ LT, &
WML, H—Da2—YiR TS MEFIZLE>TR=0.78-091 £ ELT E75r—A
Dd 5. FHZ, T—FhR-T— MY ¥ OBIERFHANS W =T RN S B 72
%4 (pattern D) 1%, BEIERM OGRS KE WL —FhRBFIHP O 199 & O 21— ViR
DBERY —NPPREL TV BHIDZ WRHT, NEY—A"DRREIND-DTHL. &
RSMELDNFTND SR —ITBENTH, L — PR A ER A IR LEE X D B (R
Lo TH Y, HHUHERLEEAROEEIHR S .

6.4 ZFRSMEIL—HIRAKRSINTGEDEERE L DOFE

BIRS N o — i KRS & Gt ER ARG 2 EA Lz 6.2 EBTEML L7z —
SIS % N T2 R — N % P 2 BRI O MIfE R R 2 3Rl 3 5. 5.2 O FEfi &
FRkIZ, B 5.112R3T Y 7HIZ 200 BDI—FERE RO L TWBET LT, BIE
AR Dym=2ms, ¥ —N0 2 =¥ RINABIL Y — /N T M;=200 & U TiHii% 17
5. BRSMELTIX, 199 GO Mt — VI RBZEET ZIREIZ, 200 FH O 21— i
KBBIU 72RO FEIRY — N % IRE T 2 FHRREH 2 ik g 5.

B 6.2 12, 200 B DI —HhRS—FITSMU 7O EFILIR T OB Z 1 & L
S EDUTOARICE TS 200 BHO 2 — Vi RS MEEOF ERO R Z2RT. &
HAGEI R 2 ML 725t R D N — KD = 7 &M, Intel (R) Xeon (R) CPU E5-2609
2.5GHz 8 27, 64GB A€ Y, AL 7-8HEIHE Y )V N—1%, CPLEX [78] Z T, AL
BRI FH A D v A7 AA E 0 BH Uz, Bl bt EIXE — DT 5 MEMmL, M
TOEAFROTRIZB TS () WA CPUDYATLZ By 7 KR (tick) & EiTHER T
H5. EFEENEND, YATFLAZO Y 7B TR OEEFHE L 2.
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o 200 B—A S, LWL
— (2.12ticksx5 [, 0.00secx3 [, 0.01secx2 [A])
e 200 B —FZM, 2 HULIEAL
— (261.2ticksx5 [7], 0.35secx3 [A], 0.37sec, 0.43sec)
o ZFRXRSMEL 200 AHZSM, 6.1 BCTENMLI NSNSk
— (0.79ticks x5 [a], 0.00secx5 [H])
o FIRZHI 200 B HZM, 2—F SN % RMEL L 72 6.2 HTERMLT =2
Jiitk
— (0.13ticksx5 [A], 0.00secx5 [A])

—FHZ B L L, BRSIELZF A S 2 — R 199 B8R 59 — " h3E
LTWa728, EIRT2Y — N\ 2iH%E2$ 52— VP RBOEVHIIEE 1, 1/100 LT &
TRIBEREIELS Lo TWVWa. —FSMAIZ B W TIE, B UEENIGERT 59— h%k
ELTWDZ s, ERY — N2 RES SR S AR AY, 2 EULEE &
XU 1/100 AN E TR o TWS. BIRSMBLZIEWTIK, 22— 3 RN & K
U7 6.2 BCTEAMLL 22—V SINAEDMED, 6.1 BETENMLLU 722 MAEOMHE &
WL, 70 %A EOHIHEAEBE I N T WS,

S OFMFERD S, 22— SMIFHE O b 2 BEA L 22 MGEO#EAIZ LD, ER
Y —NZRET B 7O DFHRLIL D KIELHIREA T DA, Fifl 2 — PEMEF QR 5 R H O
HIgAHIffcE 2 2E2 6N 5.

g 1000
4o

n _

ﬁﬁgg 1o 1/100LL FI=42#E
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LT "4 709 LI_E 0D B3|
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6.5 F&&H

AFETIE, BEARNCODVTI—YUHERPRERE e & S ICHEEME NS T 7Y 75—
Y avADMEMHEZEL BRSO 2 — TSI GEIC DO WTHEE 21T - 2. BIRB
BOI—FBIHETIE, BHEUTHE> COWENHEE2RT NI A - 21—
PIERIZDOWTIE, REME LTHERS 2T, BIRY—NZ2EHELZ2WI—FRINGHEIC
DWTC, Y— EREEOE AL E T - 72,

T A—YSIGORLRME2EME T 2 2 —ViiRS N GEE U, RGBT —YER
MOPREL TWBMHEZHAWT, Bol bfEON K@ Z2FH 1 —PiiRICRET 22 &
T, AR —PEHRBURTE L W= 2G5 EIC O W T — NBIREO 2 Ak %
iro7=.

BIRBINIL 2 — USRS ST R ORI MEIZ DWW T, —F SN & O i 2 17\,
[ — D —HUiRFMETHRIMT BIEFIC L D 2 — VU EREIZEDEH DD, FIR
ZMBDONTNDNRR = IZBWTH, T— AR E LB X ) £ K E e
o TEY, BRSO 2 —HF B FEIZ D WTHLIR 24T - 721 %E H RO A M DR
Iz,

BIRSMBENZ AT, 22—V O ZEA LS AEIC & 28R — %
PIE T % GHE R O FEAE s B D W TR %2 17 o 72, BIRSINALER A i 2 — Yo R o3
BIRT B2 —A"APRRELTWBD, TOHOFFEEN|HIKS N, —FS e L
1/100 YA FIC B2 > TE Y, 2—VHiR DS IR R} 5 R A3 I H 12 KfEAb
INEZA—TBIMHEETH D Z DRI N, £/2, 22—V SIEMEZ2 Gk L 72—
PRMBEOBE ALY, 51270 %A EOHBERKMHOEIENERE NS Z L 2R U,
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AFFETIE, BEREVAT L, N Ry Nr—2L0%3y by ¥ a VEOL AR
THEEZTOVTIVRALMY TV —> a VIZHEAT 2080 ELEE AR 2L L
2. BEHATIE, 2—VIHREDFR Y N7 —=FBIEOAD AT — a VIZEES /-
BEOY — NTHEE Z 1TV, Y — N EORIERFLITEEDO A XV MR %2 BT
58T, A—YhROA XY MEFWHEZRIET 5. T2 -2 KO BIERME % &M
T 570D — Pl RIERT 5 Y — NOPEREIZ DWW CEHEEMEE O S, AR
NP NEETHEZ LRSI L. BB, AIETIE, 2OV — NRRFEZ# <
7= IR AT EIE &2 W 7z,

REANCB I B9 — ERMEICOWT, BEFBEORLWT ) r—Ya v ADH
HZEZR U IZBREFARMP Ry MY — JEEZZ R U BREEFIIOWTIREZ1TS Z
T, BRAREMADHEHA%EREE U7z,

RBEHAZOWT, YU TV b Ra Y TOIRAMEREFAN, EEEDOXy b7 —2 ZHLL
U7z JPN48 Z G U723 ili 2 ML, FRtO#UE % feMb 3 2 B It R i B 72 @ (5 5
XThosLWVWZD. £/, 2y NI —JHEEIC L 5BIELFHEFRETE, GHEEE TR
W2 X BBIEEFDHS RGEIE, *y N —JHEESER L 23— YR & Y — N[
3 MU= OFEEE U CEHARETH 5.

o AL Z A 52— F iR
o T N-T YV NODE[FEERMH
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Ml DR E T o 72, FRMASRA o, SR & Mg UBIE R IC N, o —3 S0
IR DFF B IRE R D P AS ] BE 7R IR B A KR ICHIDR AT RE R /i AT H B T L AR S 7.
AIFZIZED, Fv NT—=TRNICkk2 27 7)) r—> a3 VEEHT2\REICBWT, #2
KARETEHT 52 LT, BRABARICIEHATE 2 BEREICENBEEE2HEET 5
ZENHREE Y, (REULER O A T TV =Y a VEAANDBEHER LTS Z LT
5. X512, UTNVRALBMT TV r—ya vz ftdsry N —2&EFPVAT A
MEIIBWTH, 77V 75— 3 v EEUET 2P0 12— iR & 3 — RO % EHE
EUTCOEMMAFINS.

7.2 S1EOMREE

AW BITE5BOBEL LTI, REL2DI0HIN5S.

FHOFEL, Y—NETORBMERICETSRETH 5. RESTANEID LR Z1T S
Y—NZBWT, AR TEI—PEHARD A XY b E LIS 2 —A"p oD Ry
MEIEFPAEEZ S 2BEDRD DD, T —PiRK I L IBERBP RS20, ThE ki
REEBRMHTA Ny MU 2T BERH D, T6 DML, 2 —PhREe s
B9 — NEOBEINI RN AEE AT RGNS 5 728, M7 455 i O i ALEE 2
TN EY —N\H 7z b DINAE R 2 — Pl R BUZ HIR AT 2 5 OMHEMERE IZBE 3 5 3%
AT D REMEDN D 5.

BOOBRER, TV Tr—va OSBRI 5ETH LS. REAATIE, B
DY = NTHEUIEEITS 7207 7TV 7 —2 3 VI Ko TUIERDO Y — N THELEE % 3
572DV 7 U T DEIENRREL LRV DH D, BFERBIATLDLSIZ, K
EL—PIRDOEFRT — X2 IFT V7L, 61T, IFVUITINEEBOERT — X
EIFTUTTEILET, HEOERT—XOERNTES LS WREEZRZTIZLED
WEE e Re 7 Y 7 = a vF, BEHRNERITHIEL SV, —F, 77—
YarvikEELL, HEOI-YERKCTREEZILESTS L5407 T r—va v T,
BEEOY — NN THBIE 21T 5 RE AR TIE, Y —N[HTOREEEGZEZR L RIT R
SIRWATREMED D 5. DHULHE T 2 F — NOMAREZ ETIE, £ —HHRD A X2 M3
Y —NTRKIZFETEI NS 72D, F—DOREL L LDIZTED, Y — NOLEEPERED
LD TNFIZL T, REBOLBEVRET DMV H 225G, 77V r—vay
DFEMEIZIG U2V 7 b 2 T OBENRBELEZEZ NS,

S#IF, EEROBBEIIHLT, EBOT TV r—va v EaREAATEETS LT,
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