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Optimization Scheme of Consensus Algorithm Based on Aggregation Signature
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Abstract With the rise of Bitcoin, Ethernet, Hyperledger and so on,blockchain has been paid more and more attention.
Blockchain is the product of many technologies,and the consensus algorithm is an important standard to adjudicate a
blockchain system. The adopted consensus algorithm should be different from the blockchain system to another for the
different features. Different consensus algorithms have their own advantages,but they also have shortcomings. Current-
ly, efficiency problem is one of the main problems faced by the consensus algorithm in the blockchain. In order to im-
prove the efficiency, the potential optimization scheme of the consensus algorithm in the blockchain was introduced.
Then, the dBFT consensus algorithm commonly used in the alliance chain was taken as the research object,and through
combining with the aggregation signature and the bilinear mapping technology.the consensus process was modified. At
last,compared with the original scheme,the space complexity of the signature in blockchain system can be effectively re-
duced with the aggregated dBFT.

Keywords Blockchain.Consensus algorithm, Aggregation signature, Optimization, Bilinear pairings

| Z [ BB N

il

DX B 2 3 A A 4l 0 3B G A Ak 22 BB 5 1) A
Wi T 7 A e Y 4 Al 52 T BB BT G A B T L SRR T
S VBB by B 4 R LA KB5S | R A R R IS 2
40K 5 T B A AR R D . BEE IXHEEBOR B W
JEe 5 583 BB 22 i 1 T IO0 I L T DX AR LB T L
R T ARG T2 AR 1) Jrg BRI T L 38 )

EL DX B 119 4 P A THT I 5 Bk Ak G PR RE R AL TE BE 2 =
BEPRAR  — o DX B B RE DL AL (R T ST L AR

FH W] :2017-05-15 & & HE.2017-08-27
AR 224 (61521003) %I,

HRFEOIVRIGE AT EEHE 2T E R E
Jo ARG XA E IR E A, R R
R KRS ORI ERZ —, EAAED. U TIER
MEBH (Proof of Work, PoW)'™ [ 25 ik B (Proof of Stake,
PoS) LA K B 453 B35 31 B (DPoS)E Sy 32 B2 R 3, 1 78 Fh
A RIS D AT 2 RO R T T AR G TR o RE A A B
5 (BET)  Hrp SCRLZ 1 ST FE o 8 25 B 3 1% (PBET) &
AR IR L . TR RO B BRI RT IR R L BEFT 36
SR P DL SRR A o G IE A M T AR IR B

A A7 H R AL iHRI (2016 YFB0800101,2016 YEB0800100) , [l 5% H K B2 5 45 1) 357 BF 5%

35 #1992, B WA, FEAR I A E A X EE LA RET (1993 ), L Bl A, B 0 N Em s KPS
LA ERERA (1966 —) , B, 4% , EEWFIT 7 10 R B AD F BUE R ST RPUA RS N4 e 4 X B , E-mail : sxm@ fudan. edu. enGEFIEH) .



54 B N N = R

2018 4F

AR SCE e T P 2 AT B IER AR T
X B op IR AL T R RIE R TR A S 4 ML
LR MRS 45 T B0 dBFT JLiRFL .

ASCHE 2 WA X B EE R G R UL R AT T A
G 3 WA T K HeBE P AR R T R A
AT PBFT Bk ek % dBFT Sk R G 4 T 2
TR 2 U M WS 1 TR O R s R S 4 OO AR
KA 52 7 1) 30 AT 00 A BT

2 HEFEHIR

2.1 ERAMHREZE

RS KB B AR W S0 5 . IR IR A% 0 S 7 4
A1 2 45 o R T — B 3 o AR TE 4 I X T e Y A o R — 3K
B, BT, XCHesE b 3 Ay 28RS vk DL T AR i (PoW) L PoS,
STHFE G RERH PBFT UK PBFT MM E®RE T, 4
SR AN G 2R SR B 45 B R OR 3 38 TR IR 1 4 5 F0 B
BE o [l 25 Bk WA AR B . A SOxE B I B R A
Fi LR EEHITREN N A,

2.1.1 =HFEHPOW)

1997 4, Adam Back # i1 A9 Hashcash H & KR F T T.
YE&UE W, o fe HF 46 00 H 09 52 BB B2 3 R 4. 2009 4F ., Sa-
toshi Nakamoto #31 L4 M B, filf A 77 A i B 4 S 2248
Bk, T E A K Hashcash TAETERT , A2 TA/ETE HH &
— MR X L REALE R . TAE R L s R ik
43 A 3L Bl R TR % 0 R[] IRt A A A R B B 4 [R) A 5]
AR BT E R T 2™ 51 % 1 ST, b B] LLAE R4
Pl BELAG DX B By 7= A, B ZORER 51 %6 B9 5 1 5T DAY X B
HE W 45 JEAT M0 0 B ARAZ T B0 B Do R T AR R
B T ORS00 i it g =K
2.1.2 M #HIEH (PoS)

A g UE W B W10 o Tl B A Sl A e A R A . 2011
4£ 7 A, Quantum Mechanic £ bitcoin #1 X 2 H T 4% 25 3IE 1
PRI A P E H . ALER VEB] 2 FE Sunny King & B peer-
coin L IESEBLMY . HAZ O AR JE 8 T M4 2 597 0 R 0
7R L ORI ] SR U 2 5 W s IC R AL, AR R
NGRS 8 S RN E € e B A A T A TN
REIITA M2 55 AT, B SR A% 0 AL 25 5 48 2 %) )
25 1 ZB T4 R TE — BRI BB T oA R AR Y 2 L B Y
YIRE .

2.1.3 FIR & iEH (DPoS)

ZEFE 2RI 25 11F B 2 A 25 91 B B — i 2l i L 3 i U8R
7 Dan Larimer T 2014 4F 4 A4, HAAHBEERE ML
FEADL 19 52 I 3 S 5k A AR 3R L 3 B AR 3 A B A A X BRI
WmE X Yessd  [A T IS EAEES S5 E NS5, X
HRF RS RS S H BB IR E R,

2.1.4 A& ELEFEPBFD

PBFT & Miguel Castro fll Barbara Liskov F 1999 4F

PO R T R IR FE O R AR ORI w0y )

¥ 52 2 BE oh 15 B AR B 22 I X G (0 A o B A A R A
SER R GE 0 A T AR AR RIAT . ORI RBL IR B PR B R
Y7 ik 0 T A 3R 2 AR BCE BE B . FE IR RN
P 3t i v A A R AT S B 8 T S T B S ok
WE g 20, — Hak B A Y 2 0% £ i g [, 0 32 5) 3K AR
iR, 76 PBET 1, B N AN 50 A DX B i ) 2% ) LA 42 32
SAFELEN ALHD f=(N—1D/3,
2.2 BEZLMM

REBLAR-FLRHRERENEF SR, A E
n MNP e, eUA<i<n . HP U BAFREE T 2 N
Bom e MA<i<n) P MAHHBES., T o MEL KR
BEAAERE TUARFR T w 80T D AL
KX n MR BERBEM—ME— W EE S o, I A E X
REBH SHEBRREGELEW SN v, BRI 0 R IRH
Bom, AT RIEFE WG R w XHE m, &40,

AS=(Setup,Key,Sign,Verify,Aggs, Aggv) &£ W=
i R Bk N UG, HAR BB T .

DS=(Setup.Key,Sign.Veri fy) J ¥l 19 % & J5 % . %
A RERE LML .

Aggs: REZH A B D AT RT3 A~ F U6k,

(1) 52 B3 58 45 44 T g 5

()3 3 A1 B4, B B & Gy s oo, P [ 2
Cuy soersu ) IR L 8 (o 5000, ) IR G TIHE

(OREBMBNESL 6,11 .

AggV  BEZ 2 KAES D AR P P A sk A
N pk AT AggV (phy e am, s AggS (phy s,

s Pl sy e
Dphysmy s sm, s Sign(sky smy) oo Sign(sk, vm,))) =1, N #iy
LA 0.
2.3 WekiEm st

EX =G, ,Gy,Grsesgrag) s PG, =(g1),G,=
(g2)sGriEn MIRAHHE, E LW e:G XG,—>Gr, Q1 LG
e R LT 3 A WFR e 2 A M e s .

(DX FAEE a.bEZ , e(gl gb)=e(g1,9)%;

DFFFE u€ G vE Gy i e(us )70, 3P O R HALIT;

O FHAN «u€ G v€ G, A LI 5 A 3]

e(usv),
3 HIREZEHNBERLKRE

H A, DX He s 1A R 5 1 1 I 09 32 2 Bk R 3R
T v 28 ) R, H 32 B A8 B B L 58 B AR D B i 45 Ak A
RIELR S M, U B AR SR ) 2 X HE B R R R Y —
A T B AT g % DX e 1 o YRRk 0 A 1 5 s 1 BF 5T 4w A5
R, ARSOW BT X HEE R 0 3 AR R g AT
TEENE,
3.1 WEHEMmiE

BG4 o s xh T 004k 7 98 B S 3 M, 0 TR i 1
AR BIA LR A2 O 2 o A AR A BB T X —
M, MWEITEA M CPU ] GPU Ml FPGA, F 2] BL7E B2 5 i



o2 1 5t

LA BT RA AR IR 7 & 55

Jr s SHA256 X R5URE A phe (9 0 B2 ROk B PR . 78 IX B g o 3t iR
SRR PERE O AL L, R i R A A AR L 9 A AE 25 4 B e i
TP FIT FPGA fYIFA7 F0 2 47 45% 2 09 45 50 7T LU AT S0 iE 2
AN IR T A RE R BORT

3.2 FTERE

DX e v B X T 2 B TR NE 1 AT R R
Xt IR B BEAT AR By o AT 0T LURS 3L IRY 8 ) 47

IS

Cl

25 20 A58 25 1 T B S JAE Ve rh A9 R 228 B b AT IR S 1
TR . R BT LR SE B S X G AT 4 4 B E
A LT AT LUK 0 B 5 AT 4T

4 HIPEEBBWHAR

dBFT"/ & 7E PBFT 9 3 filt I £ 1 1) — R gt (0 FF 5 e
BHEEE EHTXRERS, AXEENA BFT B—BiR
LRIGETRES A HARE AR dBFT Sk MBSl £,
4.1 dBFT By —fgim et

Z 5P AT E gD — RS RH TIE R M m
AR, — USRI TIT B 210 45 3T 00 A 230 485 4 Bl Fk b
PRI, TSR AE S 70 P G s i e L D) A
B— DB — RS o A5 0 JFUR IF R Tk,
)36 IR N IE

T—A2 5P S — NS N 0 TR IR
—AWEMNESTH 1, B—RILPHTEE T AT
UK, AL SR . RIS p B A Rk
FE AR BCY TR KPS S AL p=(h—v)mod n,

B FEAE — A X IR A = o — A ek
SIS, — BATHRY X =2 Sy BT 468 — 48 i

[Fl B & & v=0,
iR R G0 28 R A U™ A DX I B ) [ B g 25 D HE — Y IE
WE LT B LU AR AT

COAR T w1 2 0 55 22 20 B OF I 1 R 3% & & 44 5

(2) Jr A g ey a5 38 2 ST W i 4 I ) 38 B a9 i
SRAEN AT

(DK AEG L WHE] ¢ )5, K 3% ( PerpareRequest shsvs ps
block s (block), ) ;

(W B i EIWEIRZE G , K i%k (PerpareResponse hsv,i,
(block), ) s

GMERET AR BN E D n— f D block), J& KL PI
KA 6 R B X

OOEE W R AEU R 78 8 X PR K& 38 5 N FE
MR 95 r N —F 2R,
4.2 MEEHR

AR TEZERL 20+ BRI ) 8] B8 R 7 oA 3 a3k R Bl
W B4 5 AR R 2 5 I 28 DU HE R P 4 g A

(D% k=1,vk=vTk;

()F5 5 1 KR B i 3R (ChangeView,hyvyi,vk) s

GUEREN FENZE D n— £ Ak AR 5 B AH R vk
Ja s LB TR TR i, 2 v=vk FFIF IR LR

(O QAR L0t 20k +¢ B B ][] B8 5 40 1 B 46 A7 ok 38
M k38 5 [ BB 2) .

BEE f (18I, B Y 45 R e I 40 2 52 B B n L 3X R
AT LA SR G AT B A T T A R A L O A USRS v 3R
—H,

T 7 400 P O 46 2k o =2 i JRSKE (WL I o AR SR A 3L, U 3k
G 1 DR AR M %) RN 4% E 3 TS A AN o B A O R
P18 DL R R R R S ABET B B A o B2 kA7 R R, Al
dBFT 3Ly BB 25 5 B .

Count()=n- ure
X

:

slee

pir)
3

false send
(Change View) receive
3 (PerpareRequest)
v+ false & e
(PerpareRequest) |

(block)
Bl 1 dBFT 53k 09 i fe B
Fig. 1 Flow chart of dBFT algorithm

4.3 HIREZEHNMFEFR

L g NREBLEFENIC PEG,.QEG, . E XK N
g BIIEREG | FISRETEG , R N .G XG.—>G 1,
ESLH R Hy (0,10 >Z ) JH,:{0,1} XG,—~>G,,
H,:{0.1}" =G Hpy:{0.1})" =G, .

(DFASTHRETE P.=oP S5/ S8 B3 &
KB H Params={G .G ,e.q. P, Q.P, . Ho - H,.H, . Hpy},

(O P w, WWHBEHUE «, €Z, 16 A S E .
P,=xP.Q =H, (ID, | P.). D, =vQ,. 2% H 5 it FA 4
S, =(D;.x;),

(OFS w, AT R A

DEFE €2, 8 R=rP.h,=H, (D, | m: | P, |
R),T=H,(P,),

DNV, =D +hr, T+aQ 5 w X m, %% o0, =
(Vi RO HRF L REH uas

W) EBIAE w, ¥ m, WE K o, = (V. RO BA M, T
Woh=H,(ID; |l m: | P, | R),Q =H, (D, | P)T=H,
(P s FEBE T 51 % 20 S 15 AT

e(V:,P)=e(Q:,P,)e(T h:R)e(Q, P,)

(5)Aggregate-Sign A F w, X m, %24 R {(m,
=R Cmyao, =V, RO VR REH wa 15

true

VHIR.V=2V, . R= 3 hR, i IR A W B S % % o= (V,
i=1 i=1
R),



56 B N N = R

2018 4F

OOFETREBIRE LS o WA M, T LT R %,
ARG S8 Params. P w X0 B 43 51 % ID =
{IDy s+, ID,} A#IFI R P={P, ., P} . THBHFE M=
{my e om, VSR INFR o=1{01 0, 1T Q=H,(ID; |

PHOMT=H,(P,) ,WIFFEX" . e(V,P)=e( iQ, yPe(T,
i=1

ma&éy»%ﬁ&j%%hhMﬁﬁﬁﬂyﬁMﬁﬁK
it
U ISR HE S TE A P . S 1R B 2 4R 4
T AN 4 B 5 R I B R B 4 e R G LE A
I MU A R I
SEW] A SR w M om, 055 0, = (V. RO B Sl it
AT,
eV, P)=e(D;+hr;T+xQ,P)
=e(D;,P)e(T ,hir;P)e(x;,Q.P)
=e(Q;,P,)e(T,h,R)e(Q,P;)
EIE 2 RASARIEE L.
W BEEH o= (V. ROWEKIEE RN T .

(VoP)=e( XV, . PY=e( DD, +2:Q+hir T P)
i=1 i=1
—e (XD, P)e( S hir T Ple( 2 2.Q. P)
i=1 i=1 i=1
=e(3Q PO e(T R Te(Q.P,)
i=1 i=1 i=1

=e(2Q . POTRQ 2P

TE A B LA B Al FE S LA R A I A il EE 22 54 16 0 1 4T
HEZJ5 AR SORF I AE 4232 F 3 dBFT SRRk iy 2L A2 v
FHE) A0 ek p AR AR

(DAERT R R %2 S BRI B R IEH %4

(DB RARBHBER B m 5. R4 H W5
BELATERBREES;

(3D JT A5 T I T i X 7 W T 4 9 1) 52 5 B0 L O H i
SRTENAFH 5

WO RKFEL LB B ¢ )G, & 3% (PerpareRequest shsvs ps
block s (block), ) ;

(5B i TEW BN R SR . K 3% (PerpareResponse,h vy is
(block), )

AR RAEWEN R n— f A block), & ik AL
RAR TEHERY X5

(AR SRR 58 48 KB B & 1958 5 WM AE
MER . IFIT 8T — 3L,

2 B IERBERE ROR I m A E I E S B A1 45,
Hozs (A S e BERRAR R IEOR 19 1/m . (B 5 BRI 3N T — A>3
FEANITE OTREEREAEM. ERGES TR
TLHERT T 2m WAl om AR, At R A R ER T T
OGm)  H AT 72 Ho 45 T X BB 2 48 P L 377 4% ) 3 7 JiE B
F4 i) 50, 7 HG A DX B 2 8 TP I — [l A [l R 58 1 L AR SO 2 4
4 S R T LLTE — S R L D ) R

BRIE YU LR X Y Y B RO e, X
P E MR ST E R R W R XSO BB . F R

DX He B b (7 R A RS0k LD AR B IE W AL S5 IE B L PBEFT 4%
DA SO B Sy . AR AR R RO 2% I A R, 3
A LA A B A P RVRGRE P B AT 1) TR X 3 1 e
SEE R RCR AT AR AL T A R B At £ (2 X T PRET 57
%L RE RS R AR AOR UL BCR I R LA R E T, A
RIS dBET MY JERN 1, 3 T 35 25 44 OB M e 4
BT B R SRR . AR AR R R R A O R
WEFE I IF i AT AR A A J5 B RIF 5 oh 352 44 5 RIRL AT A
He AR GG AT LA R R AR X B b i RS

£ % X W

[1] PEASE M,SHOSTAK R, LAMPORT L. Reaching Agreement
in the Presence of Faults[J]. Journal of the ACM,1980,27(2):
228-234.

[2] LAMPORT,LESLIE,SHOSTAK ,et al. Byzantine Generals Pro-
blem[ J]. ACM Transactions on Programming Languages and
Systems,1982,4(3) :382-401.

[3] FISCHER M. The Consensus Problem in Unreliable Distributed
Systems (a Brief Survey) [ C]// International Fct-conference on
Fundamentals of Computation Theory. 1982:127-140.

[4] CHANDRA T,TOREG S. Unreliable Failure Detectors for Re-
liable Distributed Systems[ J]. Journal of the ACM, 1996, 43
(2):225-267.

[5] SATOSHI N. Bitcoin: A Peer-to-Peer Electronic Cash System
[EB/OL]. https://bitcoin. org/bitcoin. pdf.

[6] Delegated Proof-of-Stake Consensus EB/OL]. http://bitshares.
org/technology/delegated-proof-stake-consensus.

[7] BRASSAI S T,BAKO L,DAN S. FPGA Parallel Implementa-
tion of CMAC Type Neural Network with on Chip Learning[ C] //
International Symposium on Applied Computation Intelligence
and Informatics. 2007:111-115.

[8] DANEZIS G.MEIKLEJOHN 8. Centrally Banked Cryptocur-
rencies OL]. https://arxiv. org/abs/1505. 06895.

[9]  skERSC. —F T X HeBE A FE o5 B 2 5 - [LEB/OL]. [2016-04-
07]. http://www. onchain. com/paper/66c677 3b. pdf.

[10] CASTRO M,LISKOV B. Practical Byzantine fault tolerance[ C]//
OSDI. 1999:173-186.

[11] YANG T,KONG L B,HU ] B,et al. Survey on Aggregate Sig-
nature and Its Applications[ ] ]. Journal of Computer Research
and Development,2012,49(S2) :192-199. (in Chinese)
ik FLA B Wt , . A% 4 R e k] it 5
PLBFSE 5 & & ,2012,49(S2) :192-199

[12] ZHANG Y L,ZHOU D R, LI C Y,et al.. Certificateless-based
efficient aggregate signature scheme with universal designated
verifier[ J]. Journal on Communications, 2015, 36 (2):1-8. (in
Chinese)

KER AL E, FRERF. AU TCIER) R RIEF R A
%477 R [T]. #5240, 2015,36(2) : 1-8.

[13] SCHUBERT S. Simple BFT [EB/OL]. http://jira. hyperledger.
org/browse/FAB-378.

(T#% 83 R)



52

FRSCPE A HAT IS5 R 9 T0 b BE 00 265 25 U vk 83

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

GIRVAN M,NEWMAN M E ]J. Community structure in social
and biological networks [J]. Proceedings of the National Acade-
my of Sciences of the United States of America,2002,99(12):
7821-7826.

NEWMAN M E J. Fast algorithm for detecting community
structure in networks[ ] ]. Physical Review E Statistical Nonli-
near & Soft Matter Physics,2004,69(6 Pt 2):066133.
NEWMAN M E J,GIRVAN M. Finding and evaluating commu-
nity structure in networks[ ] ]. Physical Review E Statistical
Nonlinear & Soft Matter Physics,2004,69(2) ;026113
LANICHINETTI A,FORTUNATO S,RADICCHI F. Bench-
mark graphs for testing community detection algorithms []J].
Physical Review E Statistical Nonlinear & Soft Matter Physics,
2008,78(4) :046110.

MOLLOY M,REED B. A critical point for random graphs with
a given degree sequence [J]. Random Structures & Algorithms,
1995,6(2-3) :161-180.

SESHADHRI C,KOLDA T G,PINAR A. Community structure
and scale-free collections of Erdés-Rényi graphs[J]. Physical
Review E Statistical Nonlinear &. Soft Matter Physics,2012,
85(5):056109.

KOLDA T G,PINAR A, PLANTENGA T, et al. A scalable
generative graph model with community structure[ ] ]. Siam
Journal on Scientific Computing,2014,36(5),C424-C452.
AMARAL L A,SCALA A,BARTHELEMY M, et al. Classes
of small-world networks [ ] ]. Proceedings of the National Aca-
demy of Sciences of the United States of America,2000,
97(21):11149-11152.

ECKMANN J P.MOSES E. Curvature of co-links uncovers hid-

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

den thematic layers in the World Wide Web []J]. Proceedings of
the National Academy of Sciences of the United States of Ameri-
ca,2002,99(9):5825-5829.

BARABASI A L.ALBERT R.JEONG H. Scale-free characteris-
tics of random networks: the topology of the world-wide Web
[J]. Physica A Statistical Mechanics & Its Applications, 2000,
281(1-4):69-77.

ALBERT R,JEONG H. Diameter of the World Wide Web [J].
Nature,1999,401(6) :130-131.

DOROGOVTSEV S N,MENDES ] F. Language as an evolving
word web[ ] . Proceedings Biological Sciences,2001,268(1485) :
2603-2606.

RIPEANU M,FOSTER 1,TAMNITCHI A. Mapping the gnute-
lla network: properties of Large-Scale Peer-to-Peer systems and
implications for system design [ J]. IEEE Internet Computing,
2002,6(1) :50-57.

JEONG H, TOMBOR B, ALERT R,et al. The large-scale or-
ganization of metabolic networks [J]. Nature,2000,407(6804) :
651-654.

HUXHAM M,RAFFAELLI D. Do parasites reduce the chances
of triangulation in a real food web [J]. Oikos, 1996,76(2) .
284-300.

CANCHO R F I,JANSSEN C,SOLE R V. Topology of techno-
logy graphs: small world patterns in electronic circuits [ J]. Phy-
sical Review E,2001,64(4) :046119.

BLONDEL V D,GUILLAUME J L,LAMBIOTTE R,et al.
Fast unfolding of communities in large networks [J]. Journal of
Statistical Mechanics Theory & Experiment, 2008, 2008 (10) ;
155-168.

(3% 56 1)

[14]

[15]

[16]

[17]

SOXT E. Ethereum[ M. Wiesbaden: Springer Fachmedien Wies-
baden,2017.

CHANDRAN N,GROTH J,SAHAI A. Ring signatures of sub-
linear size without random oracles [ C] // International Collo-
quium on Automata, LLanguages, and Programming. Springer,
2007:423-434.

ZHANG Y Q. WANG X F,LIU X F,et al. Survey on Cloud
Computing Security[ ]J]. Journal of Software,2010,27(6):1328-
1348. (in Chinese)
TREE EBE, X0, L SR %
#i,2010,27(6) : 1328-1348.

LR Bl

CASTRO M,LISKOV B. Practical Byzantine Fault Tolerance
and Proactive Recovery[ J]. ACM Transactions on Computer

Systems,2002,20(4) :398-461.

[18]

[19]

[20]

YUAN Y, WANG F Y. Blockchain: The State of the Art and
Future Trends[J]. Acta Automatica Sinica, 2016,42 (4);481-
494, (in Chinese)

HH,ECR KB ARERAKR S RELT]. Ak M,
2016,42(4) :481-494.

CHEN H,WEI S M,ZHU C J,et al. Security Certificateless
Aggregate Signature Scheme [ ] ]. Journal of Software, 2015,
26(5):1173-1180. (in Chinese)

MR AR RBAN . BN TIEBREEA TR i
2 H2.2015,26(5) :1173-1180.

LUHJ,YU X Y, XIE Q. Provably Secure Certificateless Ag-
gregate Signature with Constant Length[ J]. Journal of Shanghai
Jiaotong University,2012,46(2) :259-263. (in Chinese)

Rt 45, T U B PR 2 B KE LI RES LT
R B sgil R # 4R, 2012,46(2) : 259-263.



