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[Abstract]

Due to the rapid increase of Internet users, a lot of authentication schemes in multi-server

environments have been proposed, and in this paper,

multi-server environments proposed by Wu et al. in 2021

improves it. The Wu authentication scheme analyzed in

we analyze the authentication scheme for
and propose a new authentication scheme that

this paper has problems such as the lack of

user anonymity and un-traceability due to smart-card theft attack, and such as failure to establish the

same session key due to design issue, identifier duplication, and user-unfriendly password change. The

improved authentication scheme proposed in this paper is

analyzed to ensure secure user anonymity, and

is safe for various attacks such as smart-card theft attack, offline password guessing attack, and user

impersonation attack, privileged insider attack, perfect forward security and so on. In addition, the

proposed authentication scheme shows relatively efficient results in terms of computational complexity

and communication cost, so it can be said to be an authentication scheme suitable for a multi-server

environment.

» Key words: Smart-card theft attack, User anonymity,

Multiserver, Authentication, ECC

(2 of

Ve AHEAe] FE bR Qlste] WEIM 8749 ofe] 9% AqFo] A glor,
B R 202089 Wu Sl AE WM 85 AT AF 20 gF B} )8
AR AZE AF 27 AT B =R BAG wu 0F 27e svtEsts 24 37
O A% AEA 4B FARASHY B dum WARAR A% FAH AR 43
As), AEA FA, elm A HASA A2 WE Fol AV ek ¥ wRelA
Ak ANE 9% 2 AT AGA PAS WA, 2ulEAE B 34, @xek)
W 25 A, AR g B, BN 7R WEA B2, A9 Al § olel e
HAF Aom PAHTY. EE AL AFANE AN BRue B4 v SR grjdow
EE70l A3E vehlel, WEAE #70 43E A% A7ela & 5tk
» ZHO: ADIETIE Eit 37, ALGAF O, BEIMH, 913, ECC

 First Author: Mi-Og Park, Corresponding Author: Mi-Og Park

*Mi-0Og Park (mopark777@daum.net), Dept. of Computer Engineering, Sungkyul University

* Received: 2025. 01. 31, Revised: 2025. 03. 02, Accepted: 2025. 03. 20.

Copyright © 2025 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



84 Journal of The Korea Society of Computer and Information

I. Introduction
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Table 1. The Summary of Authentication Schemes
Reference | Year Features Vulnerabilities
-Utilized ECC -Does not resist impersonation attack, privileged insider
Ali[1] 2018 | -Three-factor scheme attack, perfect forward secrecy, user anonymity, ephemeral
-Based on data encryption scheme secret leakage attack
-Utilized ECC L .
-Does not resist impersonation attack, ephemeral secret
Wang[4] 2019 | -Three-factor scheme . .
. leakage attack, user anonymity, user untraceability
-Based on data encryption scheme
-Utilized ECC . .
-D not resist smart card theft attack, user anonymit
Wul5] 2021 | -Three-factor scheme 0€s no ess”s a ! ymigy.
. user untraceability
-Based on data encryption scheme
. . -Does not resist privileged insider attack, smart card theft
-Telecare Medical Information System . .
Tanveer - . attack, offline password guessing attack, ephemeral secret
2022 | -Utilized ECC and chaotic map . ;
[6] leakage attack, perfect forward secrecy, impersonation
-Three-factor scheme
attack
Mirsaraei -Three-factor scheme -Does not resist smart card theft attack, user impersonation
7] 2022 | -Utilized ECC attack, perfect forward secrecy, user anonymity, user
-Three-factor scheme untraceability
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Wu 915 2209 $2 ©f, 279 W, Te)T A5
WA RS Zou], WA W WA= AAIsHA

P,,,; RC(registration center)?] 57}7]

x - AH s9] ¥]Y7|(secret key)
ID; @ %R AREARS] AlEAHidentity)

PW, : i9f] AF&ALQ] 1jA Y E(password)

by iR AREARR] ARRIE

Ey., /Dy, (): 8]47] d5galo] o - B3}
h() : 23 sA|&H4(one-way hash function)
H(): vo] 2 3ljA1&4x(Bio-hash function)

@ : XOR HAt

|| : ¥7%(concatenation) Al

1. Registration phase
AREARE AH = Oaat 22 S Alsgste] 55 Al
Efol] =3t
LAY server,= Atl9] IDQI SID, & A=ist
= AlE RO P ASetct
2.0AR] S ¥ RCE U4 ¢, 5 ME5t] SM; = H
(SIDllzlle;) & AWXSIL {SID;, e}5 AT &
A server;oll SM g &3t
3RS W2 MY server;= HIOJE{H]o] A0 SM;
£ A
4 AEARE AMele] ID, o AL E PW, S AEH5HL,
AHrle] AREE b, 5 ¥Rl
S5AREAR: U 1, 8 AEiste] P, = h(PWILH (D)l
r)t DID; = h(ID;®r,)E A 3 {DID,
ID;, P} RCO| A&3Mtt.
6.0ARE W& RCE Y4 d
= 7Aksict
A, = h(z|IDID,| ID/\d,)
B, =A,®P,
V, = h(P,®h(DID;)) mod n

£
oln

n

2 Aistel ohg gt

il

User, RC

Serverj

Chooses ¢,
Computes SN, :h(SIDijHej)
Stores {SIDj, ej} in database

Chooses SID;
{SIDJ}

{sM; )

Stores {SM}} in database

Chooses ID,, PW,, b,
Generates r,
Computes P, =h(PWIH(b,)llr,)
DID, = h(ID,&r;)
(DID, D, P}

. SC
Stores r, in SC <

Generates d,

Computes A; = h(z|DID,||ID,\d;)
B =A,®P,, V,=h(P,$®DID,)modn
Stores {DID,,ID,,d;} in database
Stores {B, V,, E,,(, P, P,

n} in SC

pub’

Fig. 1. Wu et al.'s Registration Phase
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o714 ne 2! < n < 2%, RC= {DID,, ID,, V) =h(P/®h(DID;")) mod n
d}E dolEslolrd] AR, {B, V, By, (), Pn Olok V3 V7b St U N, 2 AAste] of
P, e AUFEZIE SCo] A7sto]  AREATOIA| & e AWt 3. M, ={D, DID/, L}& RC
QMIsHA B o &3t
1AM AN s B 5 SO RSl 55 TAIE Of A/ =B@®P/
=g D, =h(A/®DID/)® N,
G, = h(Nl@A ©DID, )
2. Login and authentication phase R =GP
LAFEAL user, 7} AFA1Q] ID.QF PW,, J8]1 b,S
! ‘ ‘ ! C h(G/ pub)
25 A C 0l& L r}oo
A, s
, 2. Ale| RC+= Y|o|EH|o] A0j|x DID/,IDiE
P = n(PWIH®G,)I) 1 ﬂ l 1Hﬂ l ol {DID/,ID,}
AAsto] ohs e ALttt

DID, = h(ID,®r,)

User, RC

Serverj

Inputs ID,, PW,, b,
Computes P," =h(PWIH®,)IIr,)
DID, = h(ID,®r;)
vV, =n(P/®h(DID,)) mod n
Compares V7=V,
Chooses N,
Computes 4, =B®P,/
D, =h(A/®DID,)®N,
G, =h(N,®A,/®DID,)
R =GP, G =h(GP,,)
L' =E (DID;|A/ISID;)

M, ={D, DID;’, L} Retrieves {DID,,ID;}

Computes 4,” =h(z|IDID,|| ID,lld; )
N,'=D,®h(A” ®DID,)
G’ =h(N, A, $DID,)
R'=G/'P, G'=h(zR/)
(DID,14/'ISID;) = D' (L,)
Compares A, 7=A"
Computes SM, = h(SID)lzle;)
Y, = h(SIDJHSMJ)

M = EW(DIQ'\\&'\\Y,-,HM&'HC;'))
M =(M }
M, ={R,.F}

Computes E'=N,R,
SK, = h(E/IIn(4,"1IC))
F/=h(DID;|SK]IR|ISID;)
Compares F/7=F,

i

Computes

(DID; IR/ 1Y In(A/IIC)) = Dy, (M)
Y, = h(SID]ISM;)

Compares Y,' 7=,

Chooses N,

Computes R, =N,P, E =N,R’
SK; =h(ElIn(A/1IG"))

F, =h(DID/|ISK]IRISID,)

Fig. 2. Wu et al.'s Login and Authentication Phase
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A" = h(z||DID/ | ID;)
N,'=D®h(A/"©DID;)
G/ =h(N,/® A" ®DID/)
R/=G/P. G' =h(zR/)
(DID, 1A, 1ISID,) = D', (L)
Uer A Aol S SM; = hSID ]
¢j). ¥;=h(SIDJISM;). M;= Es, (DID/IIR;]|
YIh(AC)S AR M, ={M,}2 X80l
Stk
3AY server;= M, 2 23535}51]
15M) S A

LY
o}, 9o, & ol

SK; = h(E|ln(A/IC)))

F, = h(DID/||SK||IR |ISID;)
AHAIR] M, 2 9re user,= T3-S AlAlsto] F/ it
F7} Y5k MHE 155kl SK & AAd712 AL
£3ic.

E/ = NR,
SK; = h(E/In(A/C)))

F/ = h(DID;|SK|IR,|ISID;)

III. Vulnerability of Wu et al."s Scheme

= oME Wu 915 270 tigh 2 =29 2424
AAz, S48 1 Al A A =o=

AMedit.

1. Security Vulnerability

Smart-card theft attack

Wu 915 A7) DID,2 AH8A o9 S jMsisict
1 FAsigol, 3AR} ATlESlE SO B5E 7
& E5 5 7189 wang 915 270t FLSH SO
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DID;&®r, 2t o] A4tste ARGAY] ID 2 47
% 9leh 1202 Wu 915 A719) AgAt oA e okl

skl 9t
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User untraceability attack
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Mutual authentication

Wu Q15 AZ9 AREAF E/3t AHol B, ALk
/=N R° E;= N,R/O& o] & HA0] A4t go]
UR|SHA] A=t of2fgt A= AREALR; AfH] IHe] A=

=
IS0l st FLet AlE7IE AR 4 Qo

S|

2. Design Vulnerability
Unconfirmed Identity format
S5 YA RCE= AHEAPE AlESE IDY DID, 2] Bt

37 = ol ARAPE AlESE AteS 7HR]AL ute

S e NP Tjoe o] A5 A7 AgALY
Fu4 8RS AT 4 glol AR AF Aol ¥
2 oIt}
T T

User-unfriendly password change phase

Wu Q15 272 fAfe HPTAIE UlRAIsHAL,
2 =20 BAjsh A} AgAPL fAYSS WAt
W ARGARRE RC9GO] DID; 32| LAY 2ol 55 Al
B RO9| EAlo] "asith. 120 of AF Az
AHER} RIBFA Q) TAgE AT opUch,

IV. Improved Authentication Scheme

4.1 Registration phase

At Q15 2719 55 YA Fig. 31 o], 7|&9]
5= AR A9 SYst, OhE A2 55 S A
B server; 2| AEAL SID; 9 AMEAL ID;S] HYdS
Sole Zlolt}. J2]i 55 TA1Y upx|e apgoflA T
r& R, =h(ID;® H(b;)) &1, 2 7AIste] ADETIE]

Qs AR,
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4.2 Login and authentication phase
LAFEAL wser,7} AHAQ] ID,, PW,, AR b,&
Yt ADLEFIE SO= F = H()S ANTR
%, AR RO V.S AMgsto] 1SS RN,
r{ =h(ID;® F,)@R,
P;" =h(PW] Fllir])
V) =h(P/®ID/) modn
DID; = h(ID,® ;)
ARkt Vi Vi7b E95HH SO
A =X

& 95 g Adstel g3 W

=RV

Akt =,
M, = {DID;, D;, L;}& 5% A8 RC| %1&3tct
A/ =B®P/
DID]'= h(ID,®7})

R = h(ID,® F)&r!
D, = h(ID;& N,&® DID; & A, & SID,& DID)")
L/ = E, ID|IN,IIDID/|IA; |SID,| DID;}")

2.5% AE] RCe dolgHe|A0x { DID/,ID;}&
AAIsto] O e ALtttk
A" = h(z||DID, || ID)\d,)

SM; = h(SID||zlle;)
Y, = h(SID/||SM,)
M; = Eg, (NI DID; | T)I Y |Ih (A} © ID;))

3.AH server; =

/

HAIRL M; & 529K Dy, (M)
Y, = h(SID/|SM;) S =
Jot A vlueltty. ghof, & gro] S5ty AMde T
& N2 /g5t o d=2 Aklet 3,
Z;, G }3 AREATOIA] 3t

Y/ = h(SID,lSM;)

%
>4~

Rl

R, = N,P
E; = Nl/Rs
Z;i=EDT;

SK; = h(N/|E/In(A," ®1D,))
¢, = n(DID/IISK IR Z1SID,)

4HAIR] MyS 2

2 user,=
cot st

lstel ¢ 2t
g 9Eetn T AN Bl
o 2L S,
ol SUsIA gon NS FRat,

E/ = N,R,

N,'=D;®h(A, ®DID,)
o , SK; = h(N,|E;In(A;®ID;))
D, (L;) = (ID|IN||IDID/||A/ISID,| DID;") , , ,
’ ¢/ = h(DID/||SK|||R|Z/||SID,)
D, = h(ID;@Nl@DID; DA, @SID,-@DZD,~"’) T/ =Z®E,
ook 4. Z¥7ko] Zhro| =3
] o} D:] }\ﬂ 2 —{EO}J_L —/E-lyq [e) AN :]o‘ RC ’
, s P = h(PWIEr})
+ 7189 DID/Z DID/' 02 FJY]°|ESE &, T2
. B BIII — Ai"l, @P:l
2 7Atstol M, ={M;}5 AM#{df 52t -
V'=h(P/"®ID,) mod
A," = h(z || DID \ID}d,) /' =h(P®ID;)mod n
T, =h(N,/®h(A4))® A}
User, RC
Chooses ID;,, PW,, b, and generates r,
Computes F, = H(b,), P, =h(PWIE|r,) DID. ID. P
DID, = h(ID;®r;) (DD, 1D, B} Checks the validity of ID, and generates d,
Computes A, =h(zIDID|ID|ld,), B =A,®P,
. :h(HGBIQ)modn
Stores {DID,, ID,,d;} in database
SC

Computes R and saves in SC <

Stores {B,V,

R = WD, & F)ar,

. E,,0,P, P, n} in SC

pub’

Fig. 3. Proposed Registration Phase
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4.3 Password change phase
A =Eg W] Yok AMgALE

g e A

h oee A F R, R VI B'E 22 A
Ul Fri] HERES RS A ok 297 9 FOo AHE FRu
LAREA} user,qe AHAlQl ID;,, PW;, AR b5 A= B&P
Qstel F, = H(b,) T AR 5 ThS W3S 513 o
s R =h(ID;® F,)®r}
- hIDEF)ER, P" = h(PWIIE]ri)
P, = h(PW|F|r,) DID;" = h(ID;®r} )
V/=h(P/®ID,) modn V!'=h(P/"® DID;") modn
Bl'= A& P!
User, RC Server,

Inputs ID,, PW,, b,
Computes F, = H(b,)
r/ =h(ID®F,)®R, P, =h(PWF]lr,)
V) =h(P/'®ID,) modn, DID, =h(ID,®r,")
Checks V,?=1V, and chooses N, r!
Computes A4, =B &P/, DID! =h(ID,&r})
R" =h(ID,®F,)r"
D, =h(ID, >N, ®DID, ® A, GSID,®DID")
L = E, (IDINIDID, | A IISID)| DID;")
M, ={DID;, D,, L;} Retrieves { DID,’, ID;}
Computes A,” =h(z||DID,'|lID/d;)
N, =D,@®h(4,”®DID,)

D,.(L,) = UD|IN,IDID, | A/ ISID|IDID;")
D, =h(ID,&N, & DID, G A, GSID;SHDID;")
Checks A" ?=A4," and D,/ ?=D,
Replaces DID, with DID"
Computes A," =h(z|DID" IID,Ild;)

T, =h(N,/®h(A,)) AT
SM; = h(SIDllzlle;), Y, = h(SID,ISM;)
M; = Eg, (N/IDID/ I TIYIn(A;” &1D;))

Computes Dy, (M;)
S e £ AU N Y, =h(SID]ISM,)
Checks Y,'?=Y,
Generates N,
Computes R =N,P
E=N'R, 7 =E&T,
SK; =h(N/IlE[In(A,” ©1ID,))
Computes E'=NR, M, ={R, Z, C} G =h(DID,|ISK]IR | ZSID,)
SK; = h(N|IE/ In(A,®ID,))
¢ =n(DID/|ISK|IR Z'1SID))
Checks C'?7=C
Computes T, =Z,®E,
Al =T, ®h(N,Bh(4,))
= h(PWIEIr), B =A] &P

V' =h(P! ®ID,) modn

Fig. 4. The Proposed Login and Authentication Phase



90 Journal of The Korea Society of Computer and Information

V. Analysis of The Proposed Scheme

o] % LI T a o w1 =4
£ 720 54 u]ge BHES ulm-RAgh o)A
ARt B EE 7H Adte] 3148 ojujsh, FA 6]
A== 2 7HAl 2ol B gt AE HAR|] ZolE o]
stt} J2jog Zro] ArgAs 2 Alsf

1. Security Analysis
Offline password guessing attack
AR ALgAtel MAYE %2 A 4

P =h(PWI Fllr/)o @4 r5 Lotof it 7]

ouf Alet 915 A7k R, = h(ID@F,) &, Zo] A}
8xte] 1D,9F AR
xu D, 25819 .
ARSI iRk =3 P (P = B A)S HS
;

o}aqnq A% B & WS Lotof sh=tl, B= AUIETL
CO] RAPYHOILL A= ADRETLEC] AT} of

% ef02 AU US AU FAN oA P/ #5o|

2o}sto] @matel mja

Smart-card theft attack
AUIEZIES S EFF ZAR U 2 At 5 9
1, B9 AL AdPoleg A(A,=h(z||DID)|
(ID|ld;))?} P/ 7}z Lolo} 511, o] & 22 AAtste{w
AQ] B|E7] z, AW H4 4, AFRAR] AAE, T2
AL ARGALS] S 5 Fotujof §ith J2{Bg ofo] o

2Rl A E 25 34 oM AR ZIA™ s AAet
= AE=Zn9 of Y2 FARPLH AWl gt

User anonymity

Ak Q15 2702 o) Aot Al2e d4E AMgstol
=& DID,/Z AAstL, M2 94 r,=h(ID,DF,)
DF,) BR, o Zo] Axtste] Agstog ZAX = AME

Aol ARIAES E1Sshof glo] o) Aol WAslE O
4,2 Qobd 2 ok 2802 Aok AF A7k obA

Privileged insider attack
8 34XV 55 9AY (DID;, ID;, P}g &55
of AT 5 FA HTSHA AFRAR] Y U4
r,o AAE b5 Yotof stot. 2Lt sHA] AALSH P,
2YE =2 qEamo] ot b2 AXHEY] ofHct 1
2o Aok A1 Azle ywat 7ol by,

-

Ephemeral secret leakage attack
TART} W N, 3} o] AA 0 2 AFReHE S

slEstitt 7PdE 49, AIM 7] SK, = h(N,IIE/ ||k
A;®ID)))E AMS] HeiMe A% ES dolof gt
tt. 224 A= A h(2|IDID/ || ID/]ld,)Y A, = B;®
P9t 2ol Muo] v|d7] 25 dAY B P2 RF Y
oo} gttt By SCol AZEo] oy P A A
1, o] gt AlteiuizH AREAR] PW ot A
AYE b5 Yolof it} J2jog FAR: D53t e
gtog MM 7] SKE AlLtslr] ook

—~

Y
= o]

Table 2. Analysis of the Security Features and Design of Related Schemes

Ali[1] Wangl[4] Wul5] Mirsaraei[7] Jha[8] Saini[11] Proposed
User anonymity 0 X X X X 0 0
User untraceability 0 X X X X 0 0
Smart-card theft attack 0 0 X X X 0 0
Offline password guessing attack 0 0 0 0 0 X 0
Privileged insider attack 0 0 0 0 0 0 0
User impersonation attack X X 0 X 0 X 0
Server impersonating attack X X 0 0 0 0 0
Replay attack 0 0 0 0 X 0 0
Ephemeral secret leakage attack X X 0 X X 0 0
Perfect forward security X 0 0 X X 0 0
Design defects X X X X X X 0
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Perfect forward security

BARP} Aule] 27| xz otth TP A9, Al
712 AMslew A, E,, J2]1 ¢ d., N,, N,= 217}
glofo} gick. 3t Aok A5 Azle o] Apdoich g
Ny, N5 NS A/dsttt. 12ies 34X AH 9] vl

W7|2 it SRatE ) ALSSHe WAS S et

JI = -
23ke o ARk AF AL AU Pige A

Replay attack

Aok Q1% 2702 of Aojc ke i 1, S AFgslol
DID;Z AXtsta, ol A|2e DID,= D9 L,o] =3
Elof Alibsttt. ®3t 2% DID'= RCo| A7JstE =,
FARP} B 7150 DID,o 2& DID] 0] LR|5}A]
oot BARE RS B0l 4B 4 ik

B oo =2

User impersonation attack
BAR} ALEALR ThAse W ALgAte) mjagl o) Al
AP w2 SSsjof i}, T2t AnlETIE A 32

2 17

o A vlet 2ol BARIE Agxiel PW,9) 9IS
H p S ES] offkc} I8 Ao A& A71S Ap
SR 71 B A0) st

Confirmed Identity format

Ak IS 272 55 DA AREAS] 1D, 9 AH
o] SID; o tjgt Efde Aasich J2jog Apgatet
AHujo] Apxio] gt 584 BAlE WAshr] b

User-friendly password change phase
Aokt A e WATAE Mule] =2 glo] ALgA}
7} ﬂﬂi%lEE AEA BEE 4 qleng, ARE QA5

o XA F1EHA 0l HjAQE MATHAS AU

2. Performance Analysis
AIQt Q15 2703t #dd 15 AZE0| Oigt ALt B ®
|

+ table 31} 21, Wu Q15 A7[5]2 B E A4t

< ECC &A1 A4h T, = ECC point addition, 7211 T,
v HA F& S UEUY, 2479 AdisRs
0.0023ms, 0.0046ms, 2.26ms, 0.0288ms, 2.226mso|t}
[10][13]. Fig. 5ol ¥.Z0] Ali®] Ae§& =+ th2f 25msO]
11, Wang, Wu, Sainit= 13~15ms, Mirsaraei, Jha, 712]al
AIE 15 A712 6.7~6.8mso|c}. T2 0g Aot Q15 A7
of YRSt AR waTks e & 4 otk

25.0523

15.8867

15 1 5175/ 13.6088
10
7713 6.842, 8559

Ali[1] Wangi4] Wu[S]  Mirsaraei7]  Jha[8] Saini[11] = Proposed
—e—ms| 250523 13.6175 15.8867 6.7713 6.8421 13.6088 6.8559

Fig. 5. Comparison of Execution Time

Table 49] EA] v]-&& Aot Q1% A7lo] 1760 bits=,
Wu QF 2719 BRI ARMsl] skl A4 ARz
o7t Z7ts1d oL, o] 23t Z7k= Alit} Jha 915 2710]
u[sjof o} ﬂs Hgo2, A2 HAIXS A4S

0]

Table 3. Comparison of the Computational Complexity of Related Schemes

Schemes User-side Server-side RC-side TOtalcg?anFelj(ti?;mnal
Ali[1] 6T, +AT, +2T, AT, +AT, 1 T,+27T, 3T, +3T,+3T,+17T, 13T,+11 T, +4T,+57T,
Wang[4] 9T,+3T, 1T, AT +2T, T, AT, +1T, +2T, 17T,+6 T, +AT,
Wuls] NT+3T,+1T, 3T,+2T, 11T, 77,427, +2 T, 21T, +7 T, +4T,
Mirsaraei[7] 5T, +1 Tm+'| 61,11, - 11 T+2Tm+'|
Jha[8] 9T, +2T, 57, 137,+11T, 27T,+3T,
Saini[11] 137,+3 7,171, 67T, 12T,+2T, 36T,+5T,+1 1,
Proposed MWLAT 1T, 3TA2 T SNT 8T,+2T, 25T, +3 Tm+4T
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Table 4. Comparison of the Communication Cost

Communication Massage

cost rounds
Ali[1] 3712 bits 4
Wangl4] 1664 bits 4
Wul[5] 1600 bits 3
Mirsaraei[7] 1792 bits 2
Jha[8] 3808 bits 4
Saini[11] 1792 bits 2
Proposed scheme 1760 bits 3

3808

4000 3712

A1)  Wangd]  Wu[S] Mirsaraei{7] Jha[8]  Saini[11] Proposed

Fig. 6. Comparison of the Communication Cost

VI. Conclusions

2 ERolH Wu 0% A7 A3 2, o] A5 A7)
o AUPETIE By 3702 Qg ALgAt ot 27
21592 ARSI 21, g BAIZ Qlste] A}
gAI9f A Zlo] S A 715 AR e E
g, APEA 1302 Qg B8 B} EAfelnd, A
91 WAL ARSI, of S Aokt &
Aot AbgA} BlRetRel B Woeolct

2 E2oiE ojeidt 2AIS 1A% /198 AHgAT o
Y AT A% AU AsIATE A AF 27| BA
A, AnlEZIE By 37, omelel HAYS F5 3
A, MRV B2, SBE 7R URA B, AU o
Y. AN 7] wE B2 S TR 3240 Pl
A 2 A3 APSY BT vaoHE Yrios
W2 A4S Uit E3, SA BlgolNE 2 5
7} gol &M AUS Uefltt. 1292 Aot 95
A7) ofg] 37 o 2879l 2
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