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Abstract: Edge computing has gained widespread usage in intelligent applications due to its benefits, including low la-
tency, high bandwidth, and cost-effectiveness. However, it also faces many security challenges due to its distributed,
real-time, multi-source and heterogeneous data characteristics. Identity authentication serves as the initial step for
terminal to access to the network and acts as the first line of defense for edge computing. To address the security is-
sues in the edge computing environment, a terminal cross-domain authentication protocol suitable for the edge
computing environment was proposed based on the "cloud-edge-end" three-level network authentication architecture.

Access authentication was implemented between terminals and local edge nodes based on the SM9 algorithm, and
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session keys were negotiated. The secret key was combined with symmetric encryption technology and hash func-
tion to achieve cross-domain authentication for the terminal. The pseudonym mechanism was used in the authentica-
tion process to protect the privacy of end users. The terminal only needs to register once, and it can roam randomly
between different security domains. BAN logic was used to prove the correctness of the protocol and analyze its se-
curity. The results show that this protocol is capable of resisting common attacks in IoT scenarios, and it features
characteristics such as single sign-on and user anonymity. The performance of the cross-domain authentication pro-
tocol was evaluated based on computational and communication costs, and compared with existing schemes. The
experimental results show that this protocol outperforms other schemes in terms of computational and communica-

tion costs, making it suitable for resource-constrained terminal devices. Overall, the proposed protocol offers light-
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weight and secure identity authentication within edge computing environments.
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Figure 1  Overall architecture of the scheme
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Figure 2 Terminal registration process
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Figure 4 Access authentication process of terminal
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Figure 5 Cross-domain authentication process of terminals
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h=H,(Msg || w,N) ‘L F2 4, %77 55 MS1
B A = H,(Msg||w,N), Xttt 5 h 2

—BUORTERERAE, it LATR RS I O B2 B4 A )
w FHIGRE N 1R w2 75 AH ] o
1224 B
w=g" =e(R,B,,,) =e(R.k xPB) =eB,B)"
(23)
FE U0 2RI
w=ut=

e(S",h x P, +Ppub_5)xg”' =
e(S' .l x P, + Py ) xe(R,By,)" =
e(S', b x P, +k xP)xe(P,k,xP)" =
oS’ (h +k)x B]lxe(R,B)" =
e([(r=h")xk, | (h +k)x B, B)""*]xe(R,B)*" =
e(R,g)(r—h’)xks Xe(Pl’Pz)ksxh’ —
e(R,B)"" (24)
MAHEFEERTT R H, w R wi &g R R
5 RG155 4 FAEH kAN b il B BENLE -6 %,
ROV i v B K w SR A E R, i DA 25 0 A i 1 45
25N I A5 R AR A1
TEE PR B R R S A R b, T 2755 1 MS
il it K, =KDF(C| g" || ID,,.klen) & % £ i %%
B, @it K, '=KDF(C||w'|| ID,,,klen) 47
WAAMRE, OS¢ 5 whlSE, MIEE HI s
W E SRR R 7R P R
g" =e(By., B)' =elk, xR, B)" =e(R,B)"™ (25)

TE R AR
w'=e(C,e,)=
e(r; x[H,(SID, || hid,, N)| R + 71 x P ..e,) =
e(r, x[H,(SID, || hid,, N)| B, + 7, xk,x B,e,) = (26)
e(hy xn Bk, / h,xP,)=
e(P,k, | by x )% = o(P, Py

M TSR T UE S, RE% S C 2
—FERY, fRE S HE R, T CEad
I ki, HL S 75 22 2 FAEH . R A 2o
B, Pt s R e, aTDME
NFH B2
4.1.2 iR,

(1) R

AW A NIE 2RI SM9 1%L
FRELGE, At TS, WG ST
025 5 T 96 25 I 2 75 11 Msg A& 8 1o N5 R % 10
R MS1 v LMEFF, AR HT 254 A ] i
P, FINGAT SRR, ] LS IR 2% b 1 5
fys S 2B MS1 R FR I Msg F1 C it
ITHRAIE, I Msg 5 KI5 —%, HJG1H
(AT LRIl , U a] DASBI XS 1 215 R 1)
NIE,  BIUA ST 3R] PASE B & i 5 1 2515
R AIAGIE -

(2) FHZEME

20y 5 TN 2T p B 21 2 2 il id SM9
AR EE T EAA M, B R e AL
REEE CoE—F e, i B B e — R,
M# L C RIS Ko IERIEN],  Kon X2 HH 20
ok HIE BT MS1 AN KIEH, RA MS1
AT, A8 IR R Ko BHERTCIEIR
L C, FrUASCHMT MRIE R R 2, A2
BERIA LT 55 MST RN 2 AP EE =5 Je

(3) P E Btk

MR ER Ml an, HABEHEEEE R4
S MS1 BEATHNGAIE, BT AKE Msg K
/N, REEH IR — MW BHF A B O
A R4 R YA MST, MST AJ PGS, {HIGIER
RUEE N Sy, AL, BhE Bik&
Ui (1) 44 5 MS1 A5 & Buh #1828 il 2y
B, il Msg 240k MS1 e, R H



-+ 82 W2 55 (5 B 22 Al H9%

MST AL BIRT LRSI, I, Beti
B, TSI, B A
AT E
(&) Fehle ATt
R IR, BT B
G, T M RS o,
MERAR T P BGEE ARG Msg, Jik
Wk, AT C I, BRI
HIBE Ky JETEATE IO SR, B,
ST AR e ) AT
(5) I
FEEL TR Koy SRR B
H, Mg LRI R4 (5 B, vl
[0, SRS R, FSer e i 5
SERHIII T BN, v R Her R
[, ATt B TR AT TR
(6) Wiz 4tt
N R S B I T AL
BUBEHLEL o 7 BLRE S Lt SR 20 4 K
ARG, B 7E — U (5 R o B Bl
W, oot TR AR MR L, ELAT A
el th.
b LTk, KR A B A AT
(R He4bE
42 EEBEHIAEHLAR
4.2.1 hDUE A HESERR
K, L T D A L2 S R T
RGN T BAN AR A Ao L
W, R FOE T A A, L
PSS A7 D B (T
AUNSIER BAN SBHHER, TEA e B
PHSEIER . BAN GBS S & g 3 T
BAN S 5 S T T
1) e, DEQEPPAIX,
PEOFX
PE#X), POl X
PEORX
PEQS X.PEQEX
PEX
PEQEWX.Y)
PEOEX

2) S AR e S U <

3) YR AFEJFEN:

4 H B E M E -

PE(X.Y)
PEX
sy wagwEn, PECXLY)
PEEQI~ X
6) W a gt En, LEAX
PIE#X.Y)

#*3 BANEZEFHFSREX
Table 3 BAN logical symbols and meanings

#e G
P=X P S X REM
PaX PYEIHE X
P=>X PR X A EEER
P~ X PREEE X HHR
#(X) W X SR

P . PRI Q FREEY K BHATIEME k2 P RIS
P20 =P gy

{x}, FAREH & NS I X

fiiFH BAN 125, ¥ 25 MS2 Z [alf& i)
MBI HR T

M1: request|| ID,, || 7 || SID,

M2: {T,.r, 1, C s> MS2,#(C «—m—s
MS2)},

M3: {T,,r,,C«E25MS2,#(C 2
MS2)},

P iR iSIWTAR AR B an T

1) Cl=#T;), MS2 |=#T;)

2) MS2|=C Lt 3 MS2, MS2 |= C -t

MS2
3) CleCet=3MS2, Cl=CeEt25MS2
4) C=MS2|=[T,,r,r, C<tesMS2,

#(C K 5y MS2)]
5) MS2[=C [=[T,,r, C«tmsMS2,
#H(C«Em 5 MS2)]

T P SCER A2 F E AR R .
Gl: Cl=MS2|z[C«2m 5> MS2, #(C 2y

MS2)]
G2: CEMS2[2[Ctm s MS2, #( €ty
MS2)]

G3: MS2/=Ce[MS2«225C, #MS2¢L25()]
G4: MS2|=[MS2«£25C, HMS2«L2-(C)]
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TR SE R BAN RS R QT .
A X =[C«tm s MS2, #(C L= 5>MS2)],
HT C=#T,), HBrEEE RN 15
Cl=#Ty)
ClE#X,T,)
MRS ST mEC]
CEMS2¢*=-C,C<{T;, X}, |
CEMS2 |~ (T3, X)
H(27)s 2(28) L fm i A% 5% Jo ) v] 45
CEHT, X),CIEMS2 |~ (T3, X)
CEEMS2|=(T;, X)
FH 3 (29) R il 5 0 ] 75
Cl=MS2|= (T,,X),C =MS2 = (T}, X)
Cl=(T3, X)

H0(29) Z(B0)FME R N AT 45

C|=MS2|=(T5, X)
CEMS2EX

G5

ClET, X)
CEX

27)

(28)

(29)

(30)

, HirGlLZE (31

, HFr G2 (32)

[ HE, 4 Y =[MS2«t25C, # MS2«£2())
KA MS [=#(T,) » B J 0 ] 75

MS2IEHT) (33)
MS2 [=#(T,,Y)

MRS ST ES!

MS2 |= C <5 MS2,MS2 <1 {T,,Y Y (34)

MS2|=C |~ (T,.Y)

FH 2(33) R 2 (34) DA K I B AR A% 36 Jt ) v 75
MS2 = #(T,,Y),MS2 = C |~ (T,,Y)

(35)
MS2=C=(T;,Y)
FH (3 5) A S5 0 T 13
MS2|=C = (T;,Y),MS2|= C |=(T;,Y) 6

MS2|=(7,.Y)

1 (35). 3 (36)FIE A i ) w] 15
MS2|=C|=(T,,Y)

, B G3WE (37
MS2|=Cl=Y

37— P15
MS2|=(7;,Y)
MS2|=Y

g FRTR, SERCHMMR A TEIERT
4.2.2 iAW

(1) XA A iE

AT 28 i 5 S AR 1R B 42 24 0 1
5ARMA LA MST SEIEGE, R4
TG Koy, SRJ5 A Hash BEGTH T £15 %
B Ko TEESRGE FE PN BEHLEL 7y 7y RO
[k, A BB B — 2 H R 45 2 IR i [A] 72
A BE Bl A A EAVGIE R, B2 SEIL T 1% X
RN

(2) At

WIEFEF, Kens ENILEZH, HAH MSI
A Al AITH S 2], MS1 2285 Ko I35 JR R
LAFIERSG MS2, HH MS2 AH ] LA,
T A MS2 FEUR B Koms A& 2222105 MS2 i HL
15 BN X TR 25 H Komp FF A8 Koms N3 5 25 24 i »
AT H A AN TCVEARE Kemsr  FTLALIHYLEN) Komp
A DA R B (R e B, 2 p R i Rl 2 Sk B 2
W Koy I K K MS2, B
FEIRIRARF, 53 W OV 2 L v AT — 3R,
MM PR 218 3] K, (122 2

(3) P E Bt

Koms 72 H1 MS1 tHEIFAEH MS2 AN
RKes MS2 1), IXEIRE RH MS2 nfLUfiRE, #
HNEE 78 MS2 Mk 28, T8 Konss B 52
TCIEMH Koms 54 0mEATHER); FHE, HAN
HE 700 A MS2 AIENUETE K, T8 K,
RPN 2] T MS2 BRI R TCTE T Kems AT
ToiEfRE, v, AT B A ETCEE I E R
el MS2 A TINIE.

(4) i NBts

EINIEE R, [T —B4h, HALZ HAS
B L L I, B A HE Koms BUE Ko
Fr CARDSE AR 27 B AR vk s A G IS
TEHH Koy DI Kinps BAEEIR Kimpy
IREEHIE Komss SR Kems /2 Py A BN KI5
25 MS2 [, HHf MS2 "R, ik, GV
TOIENE SR R B Ko, HELTETR A

, BFr G4 (38)



g4 I 1515 5 A 2 A

H9%

Koo BICIEXN GEEH BHHTEM BHREEHEES T
FDMEENE, WSS R, BT
WTH 2P IR o] AR A e A 1) A2t

(5) PrES

ENES RS, N T IR EABEHL A, W]
DALPRIIEZ S5 MS2 A3 085 I 1171 5 #0842 7
(1), I HXUT#E e E 2 s A R, B
T R TR IR I 2 A 1 B AT E RO 1

(6) R4t

FENEE RS, B — R EIG RS FRE S Konp
SRR Ko #ORBEALEI, HHEXUT
FIEOEIE S e A SN AL, X R AT LR
BRI AT R, RIS — Gl s i AR £
FEAR G, Boh E WIVE B AT S

(7 HPES

RS ESY, AP0 ID, BAS A%
Bl MRTEEM BRI Hash BREGHE—AME
Z S rbil SID,, SR ISR B 4 S b
W, ARHE Hash eRELCR )22, AR AFRTGIE
TR P ISy, AT LR R P B 0 (1 B 44 12k

T T A R R AR SR I S E VAR
CARITHPERE, WA RE SRS % X
BR[22]77 EMISCHR[23177 EFEATRT L, S5 Rk 4
FiR e

FESCER[STT &, &I S50%T A MS2 (1
SAGEAHH MS2 FIMST L FEITHE A H, 9 MS2
Rea#m, JREAEA S MS2 @ fE g, MSI
BT RN 2 T B 0T B A R (A Bt 3 57 HL
HE, FLhZr R EHA R4 m, ik
Ry ANt fESCHR[22] 7 =, BT KB
MU R AE A S E FAEHI, B n] DAk
ZHENLECHAT A, ARG BT R
B LAZ 5 RICFEACPTE R, A R &R 8
SEMIThAE, T ELAEVE R i N XL P BT Xt
THE AR RN, 15 CHR[23]7 B, &k
A RB RS BB INE, fAERT
() Wi 5 O SR 5 B AR5 A 4k sl (5
T Re, JoVEHPUR E B, T H A 4 g
R PR, R AS B A SEELER S B SR T
e A ST (1) 28 B8 Sk IR P S RT LA 3K
il BXl, BB a k.

x4 BERIAESFRREMNEH
Table 4 Security comparison of cross domain
authentication Schemes

A v v v v
wis x v v v
o Al x v v v
B v x v v
B S v v x v
il v v v v
R x x x v
P4 v v v v
AT v v x v

5 THRESHR

DA R T IO Z 0 EHEE R UGIE R 78 K
S RFENINIE, KT EEIGERF TR, A
SCIRIHET s R B MG R T R E
AR RS AV, BT AR DM BE 4
IR I e = 2 S RS BIE SR Wl 1] 0]z 3 RN
WEo A/ NRE MR TH SR AR I8 A5 AR P 7
T %o BT A S S AIE PS4 T MR RE 0 AT
5.1 HERA

TR AR HE i AL 5 AR AR
PAT AR . WE A s H A ERE SR R), AT
ST R ERA, FES-RESRENS
B, Wk S Pow.

#=5 EBRIENSH

Table 5 Parameter of each operation

#efF S8
AExIFR N T,
AR B fp T4

XERRINE T,
e A AR T,
SRIngAE T
IRAeHRAE T
XL PR A T

TESZEG A, JE I A T B LR A 2 iy,
524N Gen Intel Core i5-1135G7 @ 2.40 GHz,
WAEAN 4 GB, Z Ubuntu 20.04 Z%5; {4 kT 5
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RS RBANIA LT 1, P E SN Intel Xeon
Platinum 8269CY CPU @ 2.50 GHz, 4 GB N 1%,
X H Ubuntu 20.04.3 £5;.

TETH S S B ESAT I TR, X RR n 2 5
[F)7& RSA B, i/ 1024 bit Z4H, R0
B SCK N 117 byte, S8 A i A8 hnss
R RS LI AR X B & e, BB H
(172 RSA Bik: WFRINEAEANZ AES ik, f
F /NI 128 bit 2%, it CBC Xt 256 bit (1)
BHERAT i nE, BT CBC B AL T
o A B T g S AT DA G B B R AT
S, BT LSRG A Xk BRI R R BL AR R

] — 1k,

WA 75 i AT S SHA-256 532, B LA
R K ERBIE LA 256 bit 7R, Wkt
FCX s SORANSUIE HFREMA ML S, &
56 rH G BRI AR I3 280 Type-A 287, B2 — )i
BN ERPERE, LT N Y = +x, KT
MR ST S5 5 7 50 AL Java
B 456 IPBC B2 58, N T IR WAL
MBI T B RSAS, S R A FE N AR 2 TR ] T
AR AT DB, [R] B XS g A 4 40 20 4K
1 000 %, HCPIMEMFEARAER. (EWMHTE
FHAT DA B AR PATIN (B 402 6 BTN .

*6 EARBIEMITRIE

Table 6 Execution time of basic operations

Fha T, T4 L. Ty T, Tuic T Ta
28 0.741 1.596 0.118 0.063 0.018 7.461 2304 0.106
MS2 0.554 1.011 0.085 0.041 0.013 4.658 1.925 0.036

NT BRSSO R, KA ST
2 IE T -5 3CRR[S1T R SCHR[22] 77 = DA
KOCHR[231 )7 SRitAT st bl, o, SCER[S1TT R
T T — P S IR T ity 5 /MR 2715 A
MS2 [H] B SN UE 77 585 SCHR[22) 5 R it T
— FRE B ES R A&a 5 AMI AR IR S 5% FA
Z RIS IAAE T &5 SCHR[23] 77 R iE 7 —Fh
TEZSTHE IS 2t 5 545 s 2 R GIE T & .
X 3 AT RIS LR, VAR AR P
FH P2 B0 2 o WL IR B R, 1) 75 B
BT, I RS E AR, JH
DL & 3 oy RAE S B IR SRS 2 BN I T
(1, Fg&— @RISR, B A Sy
UL 3 BT AT

TESCRR[SIT S, i ZAEF 1 o From
BT AT MS2 RIEVAEE R, 2 YO R
2T, N MS2 fift iR % 8] 104 s MS2 R E
FIFAIMEE B B AT 2 RASR T tF &R AH
—UAEXT RIS T, 303 SR A TSR =T,
1 UAEXTFR A2 T, RIS 58 = I i B BB 1K
XPRRINES T, $E 202 0 R 2 o o R 2 T 5 45
VERHACN T, + 2T, » 307 5 MS2 BT 75 A E s 1)
AT, +T, +T,+2T,

mul °

FESCHR[22]07 S, B Eh 2o Je AT 3 s
i T, ESHR GG, SEHIT 2 IRNIET,,
2K T, A1 UOFRIN. BRI CSHL,
SRR MBS 4% FA: FA $04T 2 IUsafe
T, M2 IR T, ¥ AR R4 % =77 HA, FA )\ HA #%

mul

VR RS IEFREAT 3 IR T, F 1 SR T, B4
TR R AR Kk h 2, At mib /5
PAT 4 IR T, A 2 IRRSRT,, TAAMARER R 55 %% FA

B BT 7 M A ) g 9, + 4T, +
T, +Ty FAFTHRERAEHEINIT,, + ST, .

mul

TESCHR[23] 7 b, i B s 2 A
R T, AN 2 Ay T, A AEAR S5 48 FN K
IBIHE, FN #2907 3 SRR T, A1 2 NS T,
BAE, B R RS H=T5, AT 1 D RIR T, A
2 NIRRT, AP MNEE =7 O R, R4 2

2ty f5 e AT — A I 2 A T, R AE e AGEE .

B i it T VR RS )9 3T, + 4T, , FN BTG #21E
IS} () 4T, + 4T, -

A S S AL 7 2 X 7 B & b $hAT
1R T, T Kemss 1 RIS Toa 193 Kimp LA
1 URHFRINEE T, 18] MS2 K% S5t LEINGTT MAL,
RFFE MS2 $UT 1 KAESFRIN, fREZAT 1 K582
k5 MS1 &2 H, PLE 1 JSFFR. fask S
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H9%

A Z W RN BN T, + T, + T,
MS2 T BRI T, + Ty + T, + 2T, o

ABBE LA b J7 58 B4 41 FH AR S sz v B m e 2 5
A SHL, BREARIEPATRIN A LA 5
Bl brde, BT ERHT, B 4 BT RAEL
U AE I AR BT SA L sk 7 fos, BT
At JURR 7 AL S =07 BIAT IR T A T 2k
RAIEH, T KT A =77 MS1 HITHE A,
BT UM EEROH BRI 8 25 T 38 =7 I L

R7 HERAL

Table 7 Comparison of calculation cost

MS2/FA/FN S

WS L U5 /R I F] /ms B /s il/ms

Lo+ T +Ty+

SCIK(S) T, 42T, ~0.244 5.744
R 27,,,=5.500

i 9T, 4T, + T, +

k2] Lo ST,+3T,, 5840 15399
PES T,=9.559

SCHR[23
7‘7\; 137 447 6984 4T +4T,=7752 14736

S
L A+Ty+T.+

A T,+T, +T,~0.199 e 2.901
UES 27, =2.702

MEAELUE H, 4 BT AR R AR
O R M T 4, SR T AR R VR RE 2R 1
BFRIEIR 2, 7E200, SCRR[22]77 R SCHR[23]
HRETMHHT 2R, » BT LU SRR E H 3L
i F T REZIRZ, M CHERSIT RS AR
WO B I 1IN AR B R A, BT LARE BRI R
I HLAS 7 % L SCHR 5105 S8 AE 283 /b — RO R
TNEE Togr AE15L 0 (TS BRA AR EL G R
S, HoAth 3 R OT R T REEE, iF
HEFEBEAT T REZME . BT LR,
AN SR AE & I e A I S IR 55 B i, A SCHE Y
(41 5 43 DAAIE B DS BT AR T RS, KR
BT EIE .

52 BIEMRA

S A T B AR 2 A 2 s AR AR
PR AT W2 AR ) AR, T8 B R U At A R T
BHKEE, WEKERE, MBERIEE KA
B, N T BB R BB G AR, A8
BEIBEEREP S SEIRR L EKE, Wk 8
BN

*8 BUENNHBEKERNE

Table 8 Parameter meanings and length value

ZH EP8 MERSE NN
P AV 2K 2 512
ID B bR 32
T I TR 256

Z,lr SRR LS 160
G AT il 2 F) 5 1024

M, T RIS 160
H W7 BR U L 10 S 256
K S 256

M, RSB0 5 1 1024

M, PR E =IO RSY 256

TEVESIEAE A I SE 50, R E N 2 5
UK S HUS ER T R A SR S EH
], AR 240K THIE BRI 2 Type-A 8L, 2N
y=x+x, IEETFMPEE T ERHANSH,
Hrp, ghZR % p=512 bit, 3k Z,=160 bit, AL
AV BRI 2R ) p=512 bit, X EIRE 2k L
MG KR 1024 bits BEHLEL - M Z, 38rbik
L, FrCA & r K FEA 160 bit; {# SHA-256
Sk, FrUARG 7 B4 4 H 10T B H=256 bit;
FERFRANEE4H ] 1024 bit %5571 RSA 5%, A4
TN JG 45 B Mo, U1 024 bits SRR 025 {3 A
256 bit ZEAM) AES B3k, N 5 145 T Mo KJE
Y 256 bit; #&35i SAA 2T IS bR i8R 256 bit,
S IR RER T K EERUE R 32 bit, AERS
THEAH K HUE 256 bite 25 ERTIR, ¥ UL R HUEE
ITHE, 3R 8 AR,

N A HOVTAS BRI BRA, T AR SC
7SR5 CHRI5177 % SCHR[22]07 58 LA K OSCRR[23]
T AT

TESCHR[ST T S, o s B ik 1 ANSHRR
TGN B Maes~ 3 S ID A1 T ANBENLEL » K45
MS2, MS2 #AEXIFR NS f5 145 R My K45 MST,
MS1 HATHRITE, SRJE MS2 Ki% 1 NEXT
PRI JG 5 R Miar 5805 MS2 1] 283 K3 2 A
SFFRINEE (R 25 5 Myeso BV Z23H TE B R 1L BT B
| M, |+3|ID|+|r|, NG ARERIENHERN
2IM |+ M

TESCHR[22] 7 R, 23 i B4 ) AR ACHE

rsa|°
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MR %5 45 FA AL% 1 NSRRI I SE R Maess 1 NI
WERH 1A G 1 ANERBIUERS M, £ 1A T
FA 100 R 1) B R A2t & 45 58 =75 HA )5,
BRIE D G —A My M—ANI 8] T, )5 FA
) 23 AL 5 1A Gy 2 A Mo F1 2 ANITE] Ty 235
SR B G I FA A8 1N R I6AIERD M, AT 1T AN
WAV 7 58 OAIE . R Z¢0m 75 22 R 08 1V B oA
|M | +2|M, |+|G|+2|T|+|H|, FA T2 R
B M | +4|M, | +3|G|+4|T|+|H]| -
FESCHR[231 0 Kb, 2t 1 S AR R 55 4%
FN f£5i1 1 > G 1 MEAEER H 1 ANFELER
1A T, AREEAR S48 FN 75 2 M) 58 = 7 16 % 2 s
WEERH. 34 Gy 2 ANWE T A2 ANFEHLEL 7,
HMNBE=T 3 D G 2 MGTRER HAL A
T, 5o M &t 3 A Gy 1A TR LA H
56 RN IE o B & R OE R EMWHE BN
|G| +|H|+|T|+|Z, |, FN & Z R X1 & A
6|G|+3|H|+3|T|+2

z,.

FEARC AT AL T R, RimE e
B 2 A 1D F— N EENLEL - 25 MS2, MS2 [
MS1 A& — AN EHEXFRINE (45 R M, MS1 34T
INfde 2 NS 4 S5 4, 1T RSA U 4 i 2
RIEJFESCHY, FTbA MST 7 4L 4 2 AR RN
FITH B M, 45 MS2, MS2 #3565 5 7 B AL 4
1 ASIIFRINEE JG FIEE SR Moo 452505, ARG T
B MS2 L4 1A Maes 58 VIE o B 283 75 £ K
SEIIVH BN 2[ID| + |r| +|M | » BT R TR I%
(I BN M |+ M| -

BB LA AR I R B A S )
. fRESEIEMIZE S, SSHRHEEKEH
PAFR 8 P AR bR, BT LiRo#r, B
4 Py GAE K P AR I FE P R (S AR X B
W% 9 Fian. BT SCHR[22]05 A SCHR[23])7 R AE
55 = WIS AR K T AR S RAE SR =75 MS|
AR TIEAE BRAS, BT DATE BB A5 AR B X 28 =
(RS A B EE

aes

*®9 BIERARILL

Table 9 Comparison of communication cost

7% 23y R % T BACBE bit MS2/FA/FN %3 B A B /bit Srt/bit
DS NRIVES | M, | +3[ID|+|r|=1 184 2| M, |+ M |=1536 2720
SCHR[22]05 % | M | 42| M, | +| G| +2|T|+|H|=1920 [ M | +4| M, | +3| G| +4|T| +|H|=4 192 6112
SCHR[23]77 % |G|+ |H|+|T|+|z,| =1 472 6|G|+3|H|+3|1|+2|Z,| =7 328 8 800
KR 2|1ID| +|r|+| M, | =928 M, |+| M, |=1280 2208

MERHRTLAE t, SCHR[22]77 50 3CHR[23]
TR T S AR AR R R K
EWIN, WAE A =T SRRSO BRI S
% FIOCHR[SIH B, A R LB SR
A LD AR — A 1D, {E MS2 3815 Ay L4
AR AR Myess AT RIS
FRA K KB, DR T M4 L5iE 7.

e, RTINS R B R A S )
PERE, T E AR FEAS ARG A 1E — RS AT 25
G0, W 6 iR, AUREREIFE A,
RPN FRERA . ATLEH, SCHR[231 7 £ &
SRECSCRR[22] 7 B8 T — s SA, (HiEME
FRAEN L SCHR[22) 7 Rk %, X A4 S8 05
AT S A T I A SO R

WRTHE RIS R E A, B AR T R
TIRZ, thae BT HAR T %

LR EPTIR, ASCRTH I 28 S S A AIE P A
283 A AN T EEEAT XS S A0 15 3R 55 B e M £
. R TR EEHAT R B A A8 AN g 451
BEAR 1 28 om i) TH S RRAS s AR L R e ik =
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Figure 6 Overall performance comparison of the scheme
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