| i
< !

%I WREF %

AWM ERET TR REEZRBRD
wiEHtENMES BRI R Y

;B BFER®, 3K, xEe’
(1. kmdFHREFROFHBEEZ 424, L7 100070;
2. b mEFHMFRML ZR 24 %, L® 100070;
3. PR (dbw) S EERFATRAE, 4L 100038)

& E: R AN Pk SR U RDEAE SR b, ST R L 22 4 1 B DIE 5 B B B R A IR B R S
AT FEVE A O 1) o 6 £ Gtk DA TIEATL ) 76 A B AR FH 62 4% O AT 9 JE 3B N 77 SR BT A7 B UAIE 2R I S5
BRI RS, 3R — R T ICIE R A 44 A AN Bt A IE S B R . P BRI B £y
WIS Z A AL, LU SR RO 2 IR 7 2 i AR SRR UL, mT B2 3R AR RS . TR A5
Wi, TEFENLTN S AU T X B A vl P e AT THERR, A5 BIE ARSI T2 58 BUE S 2 2 50 E .
PEREV S R, Py RAEME A . THE A TR 20 B S5 T PR Re AR, 3 T~ KRR TE A B
2P IR R 5 T I 2 AlAE T ok

XHER: BANMZ: TIEBRESS: MEIE: BN

hESES: TP393

XEkARERE: A

doi: 10.11959/j.issn.1000-0801.2025204

An error-detectable batch authentication and key agreement
protocol based on certificateless aggregate
signature for UAV networks

GUO Chao', HUANG Zichen’, GONG Cheng’, LIU Peihe'
1. Department of Electronics and Communication Engineering, Beijing Institute of Electronic
Science and Technology, Beijing 100070, China
2. Department of Cyberspace Security, Beijing Institute of Electronic Science and Technology, Beijing 100070, China
3. Unicom (Beijing) industrial Internet Co. Ltd., Beijing 100038, China

Abstract: In geospatial cooperative communication architectures where unmanned aerial vehicles are employed as in-

W EHE: 2025-05-18; fEEBHA: 2025-06-17

BIE1EE: XK, Iph@besti.edu.cn

EeWE: EFEAIAIRIIE (No.2023YFB3106505);  HRE AR5 P IH (No.3282023001, No.3282024052)
Foundation Items: The National Key Research and Development Program of China (No.2023YFB3106505), The Fundamental Re-
search Funds for the Central (N0.3282023001, No.3282024052)



+ 165 -

HIERIE 2025 45 12 #

termediate nodes, achieving efficient and secure identity authentication and key agreement is regarded as a critical is-

sue for ensuring system reliability. To address the limitations of traditional batch authentication mechanisms—particu-

larly their failure to handle invalid access requests from unauthorized user equipment and their insufficient error detec-

tion capability—an error-detectable batch authentication and key agreement protocol based on certificateless aggre-

gate signatures was proposed. The protocol was designed to incorporate mutual identity authentication, key agreement

mechanisms, and a group testing-based module for rapid identification of illegitimate access requests, thereby signifi-

cantly enhancing authentication efficiency. For security analysis, the unforgeability of the protocol was proven under

the random oracle model, and its security was verified using formal verification tools. Performance evaluations were

conducted, demonstrating that the proposed scheme outperformed existing solutions in terms of communication over-

head, computational cost, and error detection complexity. The results suggest that the protocol is well-suited for se-

cure communication in large-scale UAV networks operating under resource-constrained environments.

Key words: UAV network, certificateless aggregate signature, batch authentication, group testing
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P =Tpkuav +hai- pkuav +hai - ;- Py F T T UAV
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MEES 0. HWUERM, WA RS,
WAE@E, Wit E 5 UAV 2 08 ) 23 16 % 9
SKuav-uk,=Tskug, - Tpkuave £, UAV 58
X1 UE it EAE, R 58— @ AER UE
FESL T S E T
EREHT: 7EUAV X 2 M B R G54

Gage= (U1, Un, -+, U, S HEATURIE RIS FE T, i it
5 Ki=H,(PID;.R;, Pyu ) h3i=H;(PID;, M;, vpkpip,.
UnTi), WHRGESH Pow=s-P. H—A UEM
Il 2388 Tpkug, = Tskug, - P~ 8 —A UE P24 (1Bl
Bl % Ui=u;-P UL S 5 — 4> UE 1 A 8 vpk,;=
(0iR;), WIERAEZAMA M. H pskpp,=ri+
s-Kin Qi=R+H,(PID;, X;) X, F1.X;=x;- PR3 (3).
B 3 WEA @, HRX 4 o, Wy
f—NUEHCAGEA P, ftEEdEE: S0,
VLU UE SR P AA e RV P, SRR 2RI,
UAV # BT St D IERS -

(pskpml.+h2ivskpmi) -P=

Fi-Pts-P-Ki+hy x; P= (3

Ri+KiPpp+Xi-hyj=0i+ K Ppyp
S-P=>" 8-P=
S [ Tskug,+ it by pskom, +hox;) | - P=
> Tpkue+ > Uit > hs Qi+ Ki- Pyus)
(4

3.6 MEBINERIEMEL

MR ERAE AN B, AR AR
BB W T a4, REAINTRELT
UL, 3L T (d,d) — 7T 40 i o f Bk 2 )
B VSRR TE AL 2 44

e, Wik (dd) -0l A M. FFEM
N 2xn (R, Hd, CRdEE. XTAEREM
WE—51, EEydiT, KHXPFIER A, HAR
ITWENO, RIEHFEM. Z1>2dlog(en/d) +

log nItf, $2 8 1 1H 7 240 38 HOR I HERE A (d d ) -
Ao AR -

Ra, AT 2 A B A A . FR IR
MG ARG 20284 o FERE M5
—IHENREEL, BRI TSR
B RS 1B HIXEERRE N2
IATIAE, 35)2d DMATRETCRUINE A . 5 2
BrBL, XX 2d %544 AT SRS B TR 28
YN, SEIRTIEREE AL A o

4 REMD

EARF S, XHRMM T RiT T HEE e
oM R T AR T SRAEBEHLT E HLE AL R 2
ANHT it i BA K 4 ] Tamarin 6 7 R AT TR
ALISHIE
41 FERURESH

AT UAV M %8 (1) 2 7R T71H, KR EAEE
ATV BT A SCTT S i e 1) 2 4 B s

HEFETE . FETT ST, UB RIEEANI
WEIE R BB UAV 2 i R4 2844 S, UAV I
WS, P~ Tpku, + Ust hsi( Qi+ i Pouy ) K 5
Bk HAGIERIUE, J& & 4 Bl 3 2 ole sl My
. UAV RIEEANVIE B B2 UE 2 fi &
24 vyays, UEMIEEAE vpay - P Z Tpkuav + Ao -
pkuav+ /i Hi(IDyav| |pkuav) - Ppus KA & 1 B
5K H AL UAV, 258 0l 8 oag
thid.

B SR AR AR Y. ETT R H, UEfHE
% PID;= {PID, 1, PID», AT, | 4TI, Hii& ok
BB A4 SR UE I ESE S 1

AOEERE . FETT R, YaE B g S DU
CC it % il 1T T+ 5L RID;=PID; ,@H, (bPID; |, AT;)
Hi 8 4 PID; = {PID; 1. PID, . AT;| K13 5 UE {1y &
Sy, Hdr, bRRCCHIFAEH. HI, HEAA
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CIBE-SE

AR . 7 %, UE K% {PID,,
vpkemp,, M;, T;, 04, TpkUAVI-} F|UAV. HTZ4 o
EAEBENLE w, PRGBS 35 TE R4 IRl — UE B
Sl BRIk, BRI, 77 S AN AT R

E{TIREZ T 2 BL T

ERIA . TSR, 4 B B
B 8K T; BC3E Tuay AW DR B — IR 25 4 #4072 B M
SISO EDS S e ntibu an Ny i1k 3% el MENSNIE
fif e, HEPUE O

Pt it o £ %H, UE REENINIET
RIHEEIUAV 2 B R4 %4 Sio UAV KIEHEAN
AR B9 S 2 UE 2 71 75 24 1 25 4 vuave
e, ATRUR I Y B SR E T AVEM UE, 4K
Pt i

e NS . E77%W, UAV 5 UE 2K
IV B AT R AT 4, BUh A TiE i L
G1EMUAV 5 UE. RIS B0k 3 76 43 N E 3 1]
i, Bl # 5 iER S UAV 5 UE 2 A1 {1
ZUEEH. KL, 77 R DERsih i A BT
42 REIERA

R4 5 2.2 715 08 B W 2K B Advy M
Adv,, ATENEPRE & SLEEH Adviy Adva 2
[] FR) 1R 3 AR I AR ST 22 1) 2 4 1t

EIE1 ERENLT S PR R, s [
2 WO L n) 8 Celliptic curve discrete logarithm
problem, ECDLP) s NXER), WA RIAESE
—RITEH Advy S BV R B .
S Bt UL S A HE I N R A .

WERR  (BA — AU Adv, BeBfhig —A>
1 B {PID;. vpkpip,. M;. T1, 0;= (Uy. S;). Tpkue, |» I8
s — R & BT FRRT Advy AR Z
W ¥ HE 2% fi# Uk ECDLP. 45 % — 4 ECDLP [n] /8 )
Sl (P,Q=s-P), Pkl BRI S VLS Bt
& Adv 3T I N SR

(1D RFEVIACE B BhiRE ST RG]
GILFEF @ﬁ*ﬂiﬁﬂlsel}k, & Ppp=5-Po %
Pop< Qs LRGN ISH{P.p.q.E.G.H\, H,
Hi, Py, Ty} FHBRORIEB I Adv,

(2 Hy i . PhblE SHE IR Ly, V16
N, JTLRREN{M,PID,, t;, hy ). Bidi# Adv,
TR KT PID,; &M, BEbiE CEMBIR Ly,
S BAFTE{MLPID,. t1, hy o BAFTE, PRI SIR
B hyo H5 AAFAE, BEiE Sk FE—ADBEHLE
hyi € Zy VBN R, F5K (M, PID, t;, hy} 1 N 5
KLy H.

(3 A, kbl SRR Lk, W16
N, TTRERMNA {PID,-, pskpip,» VPKpD,» VSkp[D‘.}o
Kt Adv, %3R5 T PID, AT I, PRk &
B Ly &5 171E {PID;, pskerp,. vPKeip,» vskpip, }-
HAPAE, Bhi#E SR Al vpkpp,e 5 AAELE, AT
DU 4R Rk cBNLE I by e Z,, BHE
R;=rPpu+bP, K;=—rmodgq, pskpmp,=b, vskpp,=
X vpki=x;-Ps %ﬁpskpmi-PzR,-JrK,-PpubﬁEj,
4 {PID,‘,pSkplDi,VkalDi,VSkPlDi} FENINER Lx T,
FHiR 9] vpkpip, 45 Adv -

@) R . BUidi & Adv, 53K 55 T PID,
A > AV B, PR AR L 2
7@@{PIDi,pskPIDi,VpkaDi,vskPIDi}o FAPAE, ik
% CHR I pskpip,e RAPTE, PhiH SRR L,

() FI AT, Budi ¥ Adv, iR 55 T PID;
MR EWI, HeicE & B HIR Lok /& B A7 (L
{PID[,pSkPIDi,Vpkp[D[,VSkp]D[}o FAFAE, PhbkE &
R [B] vskpip,o #5AAFAE, PRECE SIRIET L.

(6) P APEH. BWdi# Adv HRKT
PID; ) AP B e B g, HhAE &AM Lk
& I AFRAE {PID,-, pskeip,. vpkpp,, VSkaDI,}o HAFAE S
PRk EF vpkp, EHTY vpkpip, o
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(7D %4 EM. Bili# Adv, 5K KT PID,
MR By, PR CitES, MHWLS P=
Tpkue, + Uit hsi( Qi+ KiPpw )» 38 [ S; 4 B i
# Adv,.

(8) #ith. HJ5, Bidi# Adv, fi thh {PID,,
vpkpi. M;. Ti, 0= (U, S;). Tpkug, jo /23S, P=
Tpku, + Uit hsi( Qi+ KiPpuy )o B # Adv BB
bk R Ay A R — LA RO R {PID,-,vkaID,,,
M, T, 0= (U,»,S,«*),TpkUEi}, R AR S P=
Tpkgg,+ Uit s Qi+ K Py )o AR IX 2 45 0T
DECER

(8:=57) - P=hy( Ki— K. ) Pyuy=

&))
h3i(Ki—Ki*) 5P :

S,‘—S,‘*=(Ki—K,'*) - S (6)

bR CHi s = (Ki—K) (- 57) LA B
45 5€ [f) ECDLP 5545, 5 W 2% 2R o

PRIk, fEREHLIS HUE AT ECDLP BT,
T BAES — RT3 Adv, B TR 4.

EI2 (ERHLBE MR T, fik i ECDLP
AWM, AT BAEH KU Advy 1)
& LR L PR Rl . RSB R R R
2H.

WERR R — Al Adv, RERE D IE—
% 8. {PID;. vpkpip,. M;. Ti, 0;= (U, ;). Tpkug, }» i
ARG AP & BT TR Adv, BLAT R
W% 119 M fi Yt ECDLP. 435 — /1> ECDLP Jii i (1)
SEGI(P,Q=x-P), Bkl SRS HL S Bk
H Advy BEAT W HSES

(D RV B PRk ST RGH)
IHRE T, @Eﬂiﬁﬁisezj, WHE Ppp=s-Po &
Pow< Q» EWMARG AIBH{P,p,q.E G H |, H,
Hi. Py Ty | 3 28 35 22 HOR s 5 3% 45 BT

H Advs.

(2) Hy W) $hil# cESLHR Ly, VIR
NEE, TCRBRBN{M,PID,, Ti, hybe Bt Adv,
TH R KT PID; A, PRAERH CE WM PR Ly,
K TATAE M, PID,, Ty by fo #5AFHE, BhbH EIR
[ hye 5 ANAFLE, BRI F &Ik — A BEHLE
hyi€ Zg VEARLZ, I {M;, PID,, Ts, hoy} 15 N5
KLy, T

(3) Hy Wl . PhiRH IR Ly, VI
RA, TCERBAEN{M,PID,, t;, hy}o Wilid# Adv,
R T PID, B WIS, PRl & WL Ly,
e BAFAE{ ML, PID,, t;, hy;}o B AFLE, PhiE CIR
[ hye #5 AAFAE, PRk &Ik B — A BE AL E
hy e Zy E AR, 36K {M,, PID,, t;, hy;} 75 N5
R Ly,

(4) FFBlg. PRk C-ESLHIR Lk, BIIA
A2, T6EHEAN {PID;. pskpi,. vpkem,. vskep, |-
Wi & Adv, iR % PID; (&I, $hikE et
153 Ly A2 13471E{ PID;. pskpp, . vpkpip, Vskpp, fo
EAFAE, PRl IR E vpkpp o & ARIELE, AT
LR Pl SBENUERL, X, € Z,, WHER=r P,
Ki=H,(PID.,R..Ppy ) pskpip,= (ri+sK;)mod g,
vskpip, =L, xi-P:x;-Qo & pskpip,- P=R;+K; Ppu»
L, {PIDI',pSkP[Di,VpkplDi,VSkPIDi} NI
Lpg H1, IR 5] vpkpip, 457 Advs.

(5) EBrFAHT . ik # Adv, 152K 5% T PID;
PIEB 7 A HA W, PRk TP R Log & 15
Z_?FE{PIDi,pskplDi,VpkaDi,VSkaD,.}o FATAE, ek
H EIRIE] pskpm,o EAELE, BhiR#E EPATH A1
H17) FFR [ pskpip, »

(6) W FHH. Bk # Adv, ik KT PID;
MR W, Bhiks & B HIR Lox /& B AFAE
{PIDi,pskPIDi,VpkaDi, VSkPIDI-}o FATAE, e ¢
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R[5l vskpp,o A AELE, PRikE SR L.

(7 24T Mk Adv, iERICET PID, KIS
LA, Pk SRS, ATHIHE S P=Tpkyg,+
Urths Qi+ KiPows ), IRIFLS 4503 Advae

) fmth. ®m&E, Bili & Adv, fa
{PID;. vpkpin,. M. Ti,0,= (U, S;). Tpkug, |- i 2%
.S+ P=Tpkug, + Ui+ hs( pskem, - P+hyx; - P)s B
T Advy F B E I ol AR oy — 2 R0
£ {PID,. vpkein, Mi, Tho0= (U, 7 ), Tokur o 8
S 2 % ST P=Tpkug, + Ui+ hai( pskpip, - P+
By P ARHRIE 2 M TT BLAE

(Si_Si*) 'P=h3i(h2i_h;i)xi'P= N
h3i(h2i_h;i) -x; - xP

Si=8! =hsi{ hoi—h3;) - x; xmod g (8)

Pt it = (oo hs) -t )71(&—55‘)
DU# U4 72 11 ECDLP 2491, 75 TSR 2 .

Ik, fEREHLIE PL YA ECDLP RGBT,
2T AT R Adv, B R 22 4.
4.3 R HRIE

A, AR XA S UE T 5 Tamarin X} By
Pt 7 AT IR A7 Hr . Tamarin 25T %
HEEEMWM -MEERMAFS 2 TR,
Tamarin N & | Dolev-Yao #5584 DL J — R F1 35
W% R B ) 228 . #F Tamarin 7, AILfCE
e, ExURAEENL, #AUKRK AR
RIZ%, Fr(~)RREHEEx LR, F(t.t. 1)
REFHLHIE, rule fORZIGUE I B AR,
lemma %5 T rule H15€ LI BNE S SE, QSRR ZHIE
W 2 4 Je 1tk

FEATT 22 1) Tamarin AL, 58 LT 20k
At K, UERERITEFMUE, UAVAE
TTEPHIUAV, SRR R, K75

@458 Setup. UE_1. UAV 1 M UE 23X 4 M1
W o Fodr, U Setup KRk RGEI B, AR
4. UEMIUAV ARG SH . N UE 18R
UE A= B 4% A\ DAIE 36 3Kk IF a2 (1 72 . 3 )
UAV_1 78 UAV #I0E NETE 3R, B0 UERHEA
WAETER, THE 21 240 DL AR e NI i o
HAREREFE . B UE_2 %R UE U214 A AGE
ML, B8 UEHE NDNIEME S, FErHE 2 % A T
o TEAAIIESS R 3 fros, 7 Rk
IUESE R, TR AL IRAIE R FE HE i 4 4 5] 3
Kt 7 Rz a AT IR . 5/ UAV_auth UE
I6AIE UAV 2 B AE%IMIEUE. 5|2 UE auth UAV
I E UE #2& 5 fig % L IE UAV. 5| 3 Executable
Request. ExecutableConfirm i { 5| A 2= K 5
R TCVESAT I 2SI AT . T3 H R 5 SR RE 8
ThSEIL UE 2] UAV [FIAIES UAV 2] UE A E

summary of summaries:

analyzed: BAKA.spthy

UAV_auth_UE (all-traces): verified (14 steps)
UE_auth_UAV (all-traces): verified (49 steps)
ExecutableRequest (exists-trace): verified (12 steps)
ExecutableConfirm (exists-trace): verified (17 steps)

K3 B AIIEL R

5 EREsth

AR FE N AL T AN HARAH O SCER[21-24] (1 71
BRSCA . BE AR R B s FE AT A AT B A

X TR T REANE R 1T 5, A G XS e
G1x Gy —> Gy RIEI 8O AL anmfE, Hb G A
B A PAE R INERE o 5P SUAE g B i 73 S 6
B2 By’ =x +xmodp b, WANE K2, Hip
fe 1N S12 60 RE g & 14> 160 721 Solinas 2
., HHWLEp+1=12¢"

Nof - T WA 5 28 S 6, il e A
JE & TR 28 B =x’ +ax+bmodp F 1), H
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RPN G, SEEE 80 o ) & AR
Hrhpy g N2 160 BLIERL, abeZ,.
51 HEHH

AT T TR I BT R R, IR
L5 Al B B AR SCER[21-24]0847 T X EE.
TITAEXS LG, & Tep J9HAT XU A ] 3z S5 #6 I
(6], Ty AT B R RS A5 B 0 SHTFEIN TA], Tere
A AT Map - to - point I 7 bR £ & Fir FE B (8],
Tpa NIAT 1A 3 it 26 b0 v 3@ 55 P 46 5 1]
Tppm NHAT 1AM [ ith 2k 3feikas ST RE IR 1), T
NPT 1AM PrEFRIEIZ S FTRER 1], T oNHAT 14
TRHUZ BRI 1], A SCR 7 =2 i sz K
#5, BI Ty=0.000 1 ms, Tyrp=4.109 1 ms, Tgp=
1.6447 ms, Tgpa=0.0099 ms, Tgpy=1.797 5 ms,
T,=0.442 ms, T.=0.6ms, L4 K H MIRACL %
i, 32473854 Intel Core i5 2.90 GHz, 16 GB
WNAE, Windows 7H4E RSt

FESCHER[210, 2505 EEHEAT 1 A oY i 2
Fkiz 5. 3R A R BCE 5 1 U] it 42
Igia JA 2 bR mIFVEIE . Fk, AR A
22 M BT B N Tepm+3Tu+ Tepa+2T=
2.691 7 ms. HEE AE— AN 4 75 BT 5 KA
[l it 2 i Lis B, 3 IR I WA A bR BUE BRI 1 IR
2R kg . Bk, SiF RN 4 TR
B AN 5Tepm+3Tu+ Tepa=5%1.797 5+3x0.000 1+
0.0099=8.997 7 ms. YiIF# 5 UF n %44 75 Bk
17 2n+ 1 IR IR 263K 5. 2n ORI it 26
EIBHE . n b EIIEIZHE M 2n RIS A IB .
BRI, BIE n 2544 T SRTT 48 9 (2n+ 1) Tepm +
2nTgpa+nTs+2nTy= (4.057n+1.797 5) ms.

FESCHER[22]7, ZER TR BEEAT 3 IR B 1R IG A
BH. 3PS ERIEEE . 2R i Z&R%iEH
AR B s 5. Rk, R A
T B IF 8 N 2Tgpm+ Tapa+ 3T +3T=2x1.797 5+
0.009 9+0.0003+3x0.442=4.931 2 ms. 5 iF #

B UF AN 4 T AT 3 IR XTI . 21k
1 [ ity 2 3fe 238 RN 1 Ik L pn) e A IR 0SB . A
U, 3SR BN S A R B A O 3Tep + 2T ppm +
Th=3x1.6447+2x1.797 5+0.000 1 =8.529 2 ms.
B UE & B0 UIE n A %5 44 75 BEEAT 3n IR MEXT I8
B 2 YA [ 1 2 im0 SRR 1 AR I ot 2 Tl v
BE . Bk, UFn NSRRI N 3nTep +
2nTgpa+ Tepm = (8.529 1n+1.797 5) ms.
FESCHR[23]9, ZEAR T BN 28 4 TR AT
SR IAIG RIS . 4 UORRIE] I B niEIs SR 2 Ak
G hZe i . ik, THE AN TR
N 2Tepm+4Tpa+5T=2x1.797 5+4x0.009 9 +
0.000 5=3.635 1 ms. HilF& 36 UE AN 44 75 Bk
AT 4 VLR WA A R B 1 VAR I R 28 i ik ds S AN
7T RMRIE B ZRTRVEIB . Ik, BAE AL
THEITAS N 4Ty + Tgpa+ 7Tapy = 0.000 4 +0.009 9 +
7%1.7975=12.592 8 ms. W UFH AL n NEH
BT n IR PG AT IS T 20+ 5 I h 28 R 1k
BE. en+ LIXFRE ML hnEiE 8. ik, IF
n NI EITHIN (20 4+ 5) Tepm+ (Tn+1) Tpa+
nTy= (3.664 4n+8.9974) ms.
FESCHR[24]H0 F P T HSRL BN RE 40 T B AT 3 IR
WA th e kiz 5. 2 IRbs B RIS A 2 IR )
WGAIEE . Rk, THERANEL W EIE N
3Tgpm+2Ts+2T=3 x 1.7975+2 x 0.442+0.000 2 =
6.276 7 ms. HiE A4 T BT 2 UL IR WA A
B 4 U R ih 2 3fe i ds BN 2 VR 1 it 2 n
PIEE. B, IR T E T 4 Tepm+
2Tpat2 T4 x1.797 5+2x0.009 9+0.000 2=7.21 ms.
BOUEEIOAE n D54 T BT 2n + 2 VIR Hh B e
B 2n+2 IR 2 hnidos ORI 2n bR TR
B B, BEa NS A(2n +2) Tepm +
(2n+2)Tgpp+2nT,= (4.498 8n+3.614 8) ms.
TEAR T EF, UBITHH A4 T EAT
2R ERIELIEHE .. Wk, ERENER AT E
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[ 1H 5L T84 N 2Ty=2x0.442=0.884 ms. U 1F ¥
BOUE — A4 T E AT 3 BRI it 2 ik is
A3 RBGR HZeRiLIE . R, BUER MR
T 75 B TR N 3Tepm+ 3 Tepa =3 x 1.7975 +
3x0.0099=5.4222 ms. WIFFHIIEn NS T B
A7 2n+ 1 AR [ 2 3fe 20 SR 4 — 3 TR [52] 1HfT 28
IEias. ik, S00En NSRRI RN
(2n+1) Tgpw+ (4n—3) Tgpa=(3.634 6n+1.767 8) ms.

77 F[21-241 5 RSP $2 19 7 = iE ST
BREAT XL, TREFEI R 1. 5 s R
eO7 AR L, A SCHT 4R ) 7 AR AR A A4
Wit BT R FEAR T 67%, 73 IE A2 4 1 ¥
THEFFAE PR T 25%, B AN 44 536 IE A
L2 B E IR L, TS R A e B P 4 B
TRe ARSCRTHR 7 A E DGR 1 TE S
FEAK T 16%. Htk& AR I (8] 5 48 56 00F 11 25 44 1)
B MOE &R, HE R DE B A) 6] B 4o S BT
DRI, AR SR i 7 RAEVH I 7 A
I PERE .

— 5
18}
16}
14}

12+
10}

PR E/ms

(=R S R )
— T

B4 SRR

1000

—5— EABADT
—A - EABAS-CP2 A
800 k| v BEBAR23! A//
2 —-8— BAEC2Y -
= |l Aoz o
= 600 | X
= x
'§ -
i)
= 400 |
200
0= 20 30 40 50 60 70 80 90 100

UNIRER 60
5 b AR R L

52 #{EHH

TEARTTR 2 A SCHR 0 T7 385 SCHR[21-24]
MEAE TR AT X . BT, p Al p B RN 53 5
7T 64 byte 120 byte, Kt G, MG N IGER R
43 1L 128 byte F140 byte. JEAh, HRHE He 251267 a]
1, A S TR R /N 4 byte, B In] G Ay BRI AL
(K14 M 20 byte,  Z, [11K/N920 byte.

1ESCHR 21T, $§WE%E@?%,%\%{PID[=
(PID,1.PID,2). Ri,m;, Tioih Ferft, {PID; 1, PID, 2,
R;} € Gy, {mj, 0} eZ;, TN TR 5 2R S
T A3|Gy | +2]Z, | +4=428 byte. {E3CHR[22]F,
FRRIERIHEA{PIDy, = (K1.K}).0.m;. TSy Ry,
Ry}, 3w, {KiKl.o.R\.Ry} € Gi, {m). 0} €
Zy, TSy . 77 %A HBAE TS| G | +
2|7, | +4=684 byte. {ECHR[23]H, AR ILNY

yﬁ E\y‘j{ak: (Sk]aSkz)vmk’Lk’Nk’ Ty, Wk,Zk}, ﬁ\:':'j

*=1 R

PIES %4

AL NI

n MELZAIE

Yan Z5121 Tgpm+3T+ Tgpa+2T;

Maurya %522 2Tgpm+ Tpa +3T+3T
Dwivedi 25! 2Tgpm+4TBpa+5Ty
Cui 224 3Tppm +2T5+2Ty

AT 2T

STgpm+ 3T+ Tgpa
3Tgp+2Tgpm+ Ty

4T+ Tgpa+7TBpMm

4Tgpm+2Tgpa +2Ty

3Tgpm+3TBpA

(2n+1)Tgpm +2nTgpa +nTs+2nTy
3nTgp+2nTgpa + Tepm
(2n+5)Tpy+ (Tn+1)Tgpa+nTy
(2n+2)Tppm+ (2n+2) Tgpa +2nT;
(2n+1)Tgpm+ (4n—3)Tgpa
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{Sk+Stos Li Niw Te. Wi Zif € Gy my€ Z,yo J7 %S
KB IR 9 7] G| +| 2
P RIEIE BN oy= (R Uiy 60y) M T
PID,;} 1, {Ri.U,.PID, |Gy {6, M} € Z,,
TR 7 R R RBRETF 3]G | +2| 2| +
4=428 byte, TEARTTZEH, UAV KIEMTHE N
{PID,vpkpip,. Tr. 07 Tpkuav, [» 355, {PID;, vpkpip,.
Tpkuav,| € Gi» o1€Z,. B, #3007 RAEIE
N3G |+ |2,

B 5 EEAS T L R 2, H &R xt
ECT7 SAHEL, AT HR 0 7 22 A 3E A5 T4 AR
T 4%, X AR A S BT iR ) O AR IEAE T4
3 T B A AR BE o

=916 byte. 7E Hik[24]

+4=408 byte.

*2 MBEAROBEIHEIIEL

53 MEREITIEE

ERTTR XA TIRIBPI TSR T d-
ASHKHA RS J0 B [ SCHR[12]FIAE GE I J T — 4033211 S
Bk[24], TEBWEI 2 MENNEE R, REFE
AN BAENMEE R EEO T, EHAEIAEH
BRI, ARSI 5 BB N DAIE 1 3K BT 75 B R U
R

TEAE G 3T o0V 0 SCHR [24] TR RS 8 2 A%
JE R O(dIb(n))e SCHR[121HE H A48 )7 15 2k
d- R SRS A% ] O(d” Ib(wd) )e A
NHEHET (dd)-" o fRIEPER EE S A A
O(db(mwd)). BIREG LT 40100 )7 R
TR IR D, (BT kI
%, GEFFATIBAT, RBRRKIRIER ok T R
&, BIRIERAES, SERENET K. &

R R X LB 6 Fros, 73 Al LR T 4R d=2.

; o JEAE % ) )
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