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Abstract:  Since the emergence of Bitcoin in 2008, various decentralized consensus schemes have been brought about to realize a
decentralized ledger. Most existing schemes adopt a blockchain, which is the fundamental building block of the consensus of Bitcoin,
to store and extend the ledger. However, classical blockchain is heavily bounded in its scalability. Specifically, its throughput of
transactions is far from satisfactory and transactions are confirmed at a slow rate, which greatly limit the practical application of
blockchain. To face this issue, novel consensus schemes based on direct acyclic graphs (DAGs) are introduced in an attempt of
achieving better performance. Due to its high concurrency feature, the research of DAG-based distributed ledger is getting more and
more attention. With a systematic survey, it is proposed that DAG ledgers can be classified into three categories by the feature of its

underground consensus mechanisms, i.e., DAG with a main chain, DAG of parallel chains, and naive DAG. To begin with, the pivotal
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features and characteristics of current consensus system associated with each category are introduced. After that, a comprehensive
evaluation regarding different aspects of current systems is conducted. Finally, several open challenges on DAG-Based consensus
schemes are identified to consider in future research endeavors.

Key words: distributed ledger; blockchain; consensus mechanism; direct acyclic graph; scalability
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HRT AL B B R AL 5 I AR X A 3 5 # i 44 Ak 0t it Inclusive B CE S8 4E DAG 135 iR
F 8,85 IR 3 FE A I S5 B X X B A R R 8 25 AR AE 5 BT LE X I, i AL 5 AR
et XY & 4 8 Gk, R A SR A T A MG S WK AT 5 % & AF R — T HESE,
Inclusive P BCTE 18 3 (03 2 v T DAR FH EGARE T 00 A % J5 U+ W] DAURI A GHOSTT B 330, 56 G 06 1 o A
T8, BLRHE 7 St R VRN R I IX TR J5 SR (1) Conflux 32 T — B K JE.

£ Inclusive P, F 4 2 A B IX B BE RG24 2 T 482 9 22 i, X FE AR R AR FE EARY T 28 v §5 8 4560
T HIF 5,8 G T R G0 A0 Ak AR B (R B R — RO T G- B SO0 M 2R e, B A L e R AR 5 e, AL I
AR BRI R R0 3K — 1] #, Inclusive BMSCETN T 2 [l a8 98 B0 400, JE 32 X B i) 24 5 e A0 14 2 B X B 5
FH R EE A OC, 51 k08, 52 Jh B ARG (0 o 3 1 43 2 R ek DAL Mo X B, 5 B0 e AT B8 18 Ml 32 % X B 5] A),1X
A b I8 ) T B 2 A ECR AR 53— ) R W SR AR R w8 IRAE R R e RS m T R 5L 4
X P2 8] 122 5 BB 20 R RN, R ECR S i I A B BE 5 X B 3G N i 2 Ze 42 5. % 1tk Lewenbegr 55
NI 2R 2 M UE B 7 77 A X M 2 B LI BRE 5 AT A 5, LA S B8] v SR T77 5 SR R 22 5 8 R A5 2K, AT
{13 B W i KAk
2.1.3 Conflux

2018 4E,Li 2 N3RH T ConfluxP®*) & & GHOST A8 ) 4E 18, 3%} Inclusive A H 25#k. 5 Inclusive AH [F]
1) /2&,Conflux HEEAN X ELA] B 5| 25 F A5 X3, H i &K AR B AT A X B (9615558 55 48 B AS [R] 7 2, Conflux
O KRB B REAT T 20 28, B T HE ).

Conflux H,GANXEA HHAE— R Al (parent edge) fAR — MR H T IR F 55 . Fr b2 70,5
SARETA AT X Bt 51 38 51 F i (reference edge),fX A T340 % B (] 56 J5 U7 A SR 7E DAG 2 B 5| A1 T
RARB AL 1, DAG R iR Ak il — R, BB, Conflux SR A GHOST 135 KA HE -4 5 T 326 1 b A SR AR o
2P F R 5 R EREX PO DAG R 23 TS AH 4k 5 T, 20 il B R N B TR XSS AT R A R
R A A DAG 1 XA 5, 6T 28 5 4 )7 Bt RAE Gy WA i M A i 58 . 45 32 i SR SR R R,
AT RTE = AR B X R 2 AT i 51 A B R ) A B X B ON B D O (1 IX ), an TR bRy i ™ K et
B — A S B A SR R T A A i DX Bl 2 A P A G A s DX B, 350K 51 A kAT 51 L LA {8 DAG Wesk
T HEF.

Conflux 5 Inclusive B3 KA 246 & BT A X B, X B FH 208 21 100%. 40 BE 2 T, 0 S8 i (X B K /s 5l
ANX e R] B, EE R T AT GHOST 22 PR 34 23 SO 53 BOK i X B i oA T0 28 A AR B 3 T 5% T 3% 4 1 B 5 12 5 PR
il 7 & &M 7E Conflux Al Inclusive HY, PR A i £ K A% B T A X e b i GVE 58 55 1 A (815 R Gk = e i B
B R Rb TR PR
2.1.4 Byteball

5 _Eik 77 EA [, Byteball P2 —Fh 3 T35 5 B 70 ) DAG KA Byteball H1#%4 [X B, DAG KAt i 7 &
) 2Z G 5 T (unit) ¥4 B BN FH P B 5 & B o E BB LA (VR FH T 2 51 B A I rh i 59 R AT
AL B JE TE X B SAY 5 B 0 DR /N K R ) T 4 B AT B AR 44 )5 12 5 T RV AT I8 Y 4% T R A AR Y Al
B IFAINEES B 1 DAG KA.

Byteball B3 RHLHEE 51N TLAE A (witness) N PLSE I X 26 WL E N GE 4 X R B A A P B E & R 4T
AR LR NP ERME SRR ERE B OEB 12 AN WAEN,S ARSI L 65, EIERE W
UE B 2R A% B e 78 H AT A B 0 R I S — ME N FE AT s (best parent). N DAG AR5 35 £ H R IR B AE AR
W SHTAE B3 — LR, BB B 5 T 1h X 2R B AR A PR O i T AT AR B 32 B (main chain) AR ILAE N BT
A BTG I B AR AR R ] 3R BRI DAG AR [l 1 BT AR I A R ik 8 — R AE N R AR 248, i e Kk
[ %8 € & (stability point). i Fe i€ AU AR R ITAH W] R 1 FR 48 155 IV 2R B A8 AR N A W A A7 8 ) B T, e
WA FR G L AN WA, v FE B R ERR 4 5] F B BT A S Ttk B RR RS

i€ R G0 L8 KT B RRRE MU R R E U HT IT B oA AT DA A E e e AL A T B BB
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TER TR T 3 55 4% 5 (main chain index, &I FK MCI)0,1,2,...,n, AN 7E 32 8% b (188 76 19 MCL % Ry 45 b i ol
BE AT R IGH MCLES & 545 A A 8 8 A 2 JT AT A S0 2 7 B el & 1 k. S 25 34
LG (B AT IR S CUNRUAR ), 4 7 v H B A B Bl 0 5 4 v, T 29 — ANl M R v TR, B F o 8 R ke e
HASWBEMRETAESF T NI ER, 2N IR AL 5 K K WA T RS 4 XUAE R T
Byteball Fa5E £ HERE S MR & Mg T HAT 5 3k N FS 2 IR S I 5 1, IR, AS [ T 22 305 A1 UK A Byteball
IR 5 BN A A S T P T MR 2 e P B S DL AIE N B G ) R A RS e AN TR A HE 3, BT 2 e K SR A B A A
22 ETFITHAIDAGH IR MY

163 TP AT 8E ) DAG KA 28 v ) 4% AN 3 i B0 K 7 40 ol 4k 47— 26 LLd AR {5 B, &4 2 1)@ ok
2 H 5] M TP AT 85 0 DAGIK A 2408 3 s . Hashgraph®2 . Nano* 1l DEXON U i 2 SR 8 i
RE.

[J  Transaction/block

-«— Self-parent edge

=— The-other-parent edge

Node 1 ﬁ:k—,iﬁqﬁ-—w_

Node 2
Node 3

Node 4

Fig.3 DAG of parallel chains
3 EFTATHER DAG

2.2.1 Hashgraph

Baird 7 2016 #F42 i Hashgrapht?, e il fz 40l #5521 75 sUAE 2 T DAG [RIIK AR op Se B 04005 7 o B 3k
(leaderless Byzantine fault tolerance).

Hashgraph A1, 55N il 3 4E 3 — 4585, i 03 2 (BB I gossip PSR AT 28 L. AT A0 B Hb DA B ATL 77 50\ oAt At
SR AN REAT S B R R R [R5 A5 B KRR AR A M B — A S (event), I0 1% [F) 20 g S0 AN FAE
BAE 3 AR AN TR 2T 5 RS Ay N TR B T il AR (R IR B I )32 5 B 2 il 3¢ 0 B 24~ | S
LT IR AP AE Gy 0E A 3050 B B AN e A5 380, 20 AR 17 B C4E 9 I B B ok AR AT S B O RS B
DURE RSO AR S A 2 NS BRIC S T MR SRR 2 P S . 9% Hashgraph i) DAG KA, /2 g 40

SEINHZ 0, 145 Hashgraph 75 J0 75 BUAEAS T84 I 5 00 T (3 B 58 B FE & B 3L,

Hashgraph = &/~ 35 4k — B AR fl, S35 Dy L8 72 6 YK (round), B FE R RGP 2 R I 28 1 NSRRI
H A (witness). N T X AT FHA0F AT HE T, T BLAE IX L8 I AE S o 52 A0 4 AEZE 4 (famous  witness). 1211%”"
NP PR AR B SR B R SR B+ B WAE AR 5 v R (B AT S 1 A 4 1k
AT AR 2 5 7T W (see) BB (7 A A2 B ifF 2 IAAFFE R4, AR A W UL BAEL AR B 44 BT 7E /¥ 1 A7
B AR 43 XAT N, RN AS T W) AR S B 28 r+2 B8 19 WAIE S 48 L5 vT Wa(strongly see) r+1 #& WLIE
HAEXE r B TA WAEFA R RECE A F43) B HAZRIMBATEET 2/3 LR BOR K FH 4, R A 58
AT UL B). 40 SRS EE 21 2/3 LA LRI 52 (yes), WU 585 v 508 IS0 AL E S D 1 44 L UE S ) 2, W 4 21 2/3 BA_E 1 45 (no),
TS r FoXF B ILUE Ay AR H1 2 WUE A2 P RS SR R R 2/3, W48 A5~ —F 4% 52, B3 i 8 O A fE
R TR TR RSN Hashgraph WA BEHLIR SRA ) 9 1k A1 42 LAE F4F 2 — DR EE NS % 5,
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Hashgraph 3 Il A BT 8 441 2 B2 05E YR (round  received) A1 3 R i ] B (consensus timestamp), 7% J& Xt BT F 44
Wi 5E 4 7 T S H MR USRS UK A 23 B AS [R) 0, 4 8 oA AR 4 L TR Il TR R 47 1 3, T a5 2 AR e ] 8 AH [0, )
JE A AR I [A) R Y B — P A A T

T R, DL AR B R AR B A R 2 (AR A A DAG RS ot R AR 0L 4% 52 0 7%, 1M 6 7% B A
R 7 5 0 75 AT A4 22 B Rk, Hashgraph 525 Fo& —Fh OO0 A5 R 07 B8 LR A B T8 S0 1 B 7 g 3R
P03, 41 PBFT,Hashgraph KK FEAS 7 HL 1R 7 W38 A5 JF 85, 9 BLRRE G ORI ET X 32747 S 51 1 DDoS iy
H 77 ,Hashgraph [/ 2 B A= 3K 39 AN 7526 R UF (LU0 L B2 8 1/3 I3 & e, (B STRET AU 38 .
2.2.2 Nano

5K 22 H o0 A AR [ ) 2 Nano 2Dy B AN P+ 44— 254,10 5% K - 1 T A 28 5 17 52 . Nano +, ik
= A — 258 5 B3 — AN X H (AT DA 9 5 38 2 [0 — M0, /N T P 1) DX B i i A 400 A 22 T 1 X
B AN R BE 2 1a)d I A B 5] o) R A AR X B SR (block lattice).

Nano H1— 258 B W K AL B R AN T-38 5 W4 l—— 36 J7 72 AR [0 3% 38 5 (send) 42U 72 AR IR R OS2
Sy (receive). B 6, ik 7 @it 51 H Sk 7 R el X HO @ — AN RIE R 5, F Z X 3 i A B a8 U
20 A ER, 2 G b T A ERBCIRAS O W B R 5 )5 8 Bl R IEAE B DL B Ok R R R kT X
PRI WAE 5, BT, 28 25 b i R 58 IR AS FT LA 3R WA B MR T AT 7 22 181 ¥ 51 FH 26 & ,JE A Nano
(¥1°F17 5 DAG 4514

Nano 3R BAEZ M L Peercoin™ g fR 3 (3£ T PoS M 22 2 48 & J& 1M K H9.7E Peercoin H1,H /7 44 52
BE 5 HANA R S48 B R E H L 7R Al Nano ZESREANK S E G 2 416 € 3 SRR R R4
PR I R E I 2 38 o A T T ) R SR AT AR, R R ik s AR K AR A A
FFEATK DX e B4 SR AN B2 A X B A [ 10 1 3 DX e, 15 9 9% P ik AR 22 0 380 3 o 288
RUACAE 5 Ja RFANTEILAE H O 04E T AR 45 57 X HORE XA A 55 AT #8552, 05 i 19 S A0 o B oy 1) IX B g A
SENETE.

BT P AR B A2 T AR A8 4, dn SR IR B UL 38 22 AN R A2 B R W T LVRSE B O SR R e R R
MG, T TG 7% 2% & E AT 56 25 % &t Nano "R [FBE . AR P 22 18] ) LS IBR ST S 25 B K AR T AN B AH T
PEAR RN 3% — W H WA 7E H R B I SR i e T — 2858 5 W AU BN SE B A g 58 i, Nano W #2705 ;R & A
B 58 BLAE B IR ),

2.2.3 DEXON

DEXONI™ITF 2018 4E4 2R FH X Bt s b 48 b 4 Sy 40 A UK A HLE X B 25 B 55 Nano A G 8K 2 57
DEXON  HU A7 75 47 T 55 VAT (1 X HUiE, 5 2% B 37 BE AT JL IR b A1, 3 26 P47 B 2 A)3d i [X B 19 51 5 B (ack
field)EAT FLAR AN, B 2l 1 26 5] F O 2 52 42 R X BT

DEXON 317 3= B4 Sy AN B, — 2 B B SR 130, — % 1 8 P AT i 1) [X B 43 )% & X AT %5 ,DEXON  7E
Algorand N FE Rl b HEAT T Bk, 15 B EE LI 5 R AP G % DEXON it T —EHEFHLE], B 3 T 47 5%
X ] 1) 51 F 26 08 X A7, 9 TH 5 H A — AN XCH ) T0 i BT 18D 8K A2 HE 7 7 8 66 T 4R DR 30 A FE U Z 158
X e g A b X He 5 B 25 A4 0 AL — 58 S AN 7 AT 18 BB Tz LR B B 2% X B RRAT AN 1 3 H 32 AR AR

7t DEXON H, O B85 SR = AL I X B A B FOIR 2 OHE XA AR HE T XL Hop O r X HUR R C
Z 5 HE T S O T I X R N R HE T X e AR HE P X e b S AR HE 7 XS B 5 I TR X
HUER O 8 3 B, DU A FR DA 4 3% [X Bt (candidate block). T 7E 12 6 35 [X e v 5 2 45 72 25 11 IR Bl Bk R A Sl 1 i 1X
PO U SRR by 5 by, i R HE 548 o (X SAREL by SRS A T b, UIAATE  BERIHRET b & T
by, T SRl X AR R B PAT R E L T 2280, MFR by R8T by Xt TRIE X B b DL AT & FAth ik X
P b R T 18 S5 BCBAEDE X b 8N 7T Be A 56 T b4 b AR A — AN S ik X k.

A5 22 (R R WAL 3087 X BT 2 20 DAG 1 4 A A= AR AL I, G SR 3ok X 4R 53 J2 A R 5 A i A e AN MR,
DEXON 2 &)l 7 5024 M 12 [X B v g B I 000 2l 6 02 [X B o 3 8 IX B A 0 s 75 1 O 4 1 38 R e X B



BERA F AT DAG #9090 A XA 2N A7, 1133

BAF .3 B, P 0 A 5 P A 8 70 % e X B AR A P 35, A0 Sl 10 30 IX e e 418 47 o T oAt A S 1 3k X e 41 i A s
T 2 38 T8 I A B A A 3 [X B I 2 A 1 DX R ) 0 S G AR S B v 2 — AN X BR o 4 2 BV — 4T
FTBE(IA 3L n 2%) L HEFP AR 2 X B 2 AT B0 355 — A IX B, DL n AN DX e B ) 385 B4 P (A S 122 IXC B 540 Tl B 1) 22K
DEXON #& H, 1% HE P 500 B I ) 5 43 1A) 52 2% B 159 0 O(n?). e 4, 3% Hk 3 B2 e B e ) ELAAR L AR W S0 A AT A B2
3R DRI 2 — bl A 0S4 78 X B 4 R HE I S
2.3 E T4 EDAGHILIR Y

PLEFAP T DAG AR B o AR F 32 5% P47 85 18] 10 51 F 25 R, 78T DAG KA ip kAT JiR BR ItE
24k, LL Dageoint®!. TOTAPJgMRFEHI 7 Z A DAG $ 55 Mg 5O, 50 F 3 A T8 20 B 5 ZE L) 3 AT 1R, 38
IR N FE T AN DAG LR IR A I A 0 1 4 .

O Transaction/block

-&— Parent edge

Fig.4 Naive DAG
K4 kM3 DAG

2.3.1 DagCoin

2015 4, Lerner #2 i 7 DagCoin'*", '8 J& ¥ A LA3E 5 A FE AR B0 (¥ DAG KA, F P 11138 &) B #2338 X DAG Tk
AR BRI — AN AR T T T A A X B o DagCoin I 1EBIEEZE &) Y R BT — 2 &
1) PoW, 56 3E 35 51 F 2411 DAG LB H — N a2 N385, %8 5 R 5,4 B P2P 4% # 45 FoAth 5 &5, 3E X DAG
T A

TE X B o B AR A 5y 070 5 o L B 1 25 3 T AN B R 4 4001 2,30 — 25 L ™ T A8 R X B AN
SAE MR G, M EAAFTEAEAE 5y A0 9 7 3 G 0 1] 43 1 (B i 38 45 A R 1A 45 R R S TR L ) LA A
5y & BT R DAG A A —35),DagCoin H [ W 24575 fUA g B BT SE XA ZE 5, a0 B XA ZE 5y 2 (W) AN A7 AE A
FE BT AT s niE DAG WA, 2 f5 il i SRS A A vk Mk, DagCoin 51 A A 43 £ (confirmation
score) L. IE 17 O, 4428 Z) v J AT B R a1 422 51 P R 38 5 BTk 1A R O7 AR I 43 B (R an SR 51 R 072 5
PR AE b 2R T SR e v ) 0 0 2 ST R A 2 B (B DA O R PR RS T B S B B BT B A 43 B
Iy B3 DAG M AR AN Wi K, w2858 5y o R — AN A 20 302 AN W B 41 5 — A 152 b 38 K, AT 2 0
HIE JEEM T

DagCoin % H 22 5 i I\ BT 75 BB A 43 B30I, oK 6 B0 T SRME Bl e 4 10 FL 3R A7 W40 o i 58 22 1) R 15 7
ERBEM A S — W AERAE AU G AR IO DAG KA, DagCoin X2 Jig Hy B [FAE £ T-58 5 11
DAG K7, i1 IOTAPIAN Byteball®* #7244t T 1R £ 2% DagCoin $2 H (3 T2 5347 PoW. Wi Eh AL
DUME HEAE 5 B iE A 37 55 51 2 SR WL AL b 2R 22 5 kN AR 2 fg i JEIRL R ) s A v R 2 JEARAE TOTA F
Byteball H13473 5 T 4k 7K BRIt Z 4M JOTA Fl Byteball 43 5l A3E 55 i AL il A1 1A 25 45 05 THI 4% H REAT T sk
(L5 2.3.2 H5FIEE 2.1.4 1Y),
232 I0OTA

TOTAP V& —ANTH] 1) 40 Bk W (To T) ) 4 A 2RI AR, Tk AR 1) 25 575 SR I #1546 TOTA. 447K T DagCoin
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1) SEAR, LLRZ B i AR B T ) BRI AR, 4 N 32 5 T BEIGAUE I 51 K AR W I B AN A2 5 P A5 R A B I, 7 R ik
17— 2 B PoW, LAIRE 4% 7 A5 2 vt ey, Hoi% PoW U T 538 50 A B AN R AL R, DR AT FE R,

IOTA NEEA2E 5 S AUE (weight) Al B 1A E (cumulative weight), 5l & 5732 5 H & PoW K/NIEM %, 5
HRAGNELYS DAG T EEEIR S H A W TE R 5 FIBGEZ AR b, R R EAER T EMIHZZ 51
AT 2 — A58 5 1 BT BUE 208 B, B0 LUK s IR 2 15 200 e Ah O T 38 S5 51 R B0k 3 1 AR
A 5, LA FE ST WAE Y AL IO0TA 51N T 5 AT 5k 5245 K ¥ (Markov chain Monte carol) 137 & H vk AZE k4,45 5
T DAG TRENLEE R H R EE W 5 2W Z A1 N A SR E LR B AT R

—a(Hy-H,)
e 7

pxy_ Z e—a(HX—HZ)
Z:2X

7] T2 5 WAL B 5 BB I P A i 28 2y (tip site) BFA 7% ZERE I A2 25 Ho i y—x R y BT H x, a2
— A AP SE AR A A AR S KR I WIANEE 5 2 18] BB A 22 /N, 7 58 55 N BE LI & I R —
25 TN 2R 7 S B 15 T+ T 9 S5 BT R AT IR 5 LA R B R AESE 5 BT AE I F DAG 1,58 5 I R ALE
AR L B R 58 B /MB 22, IR 2 B VR RE S A 0B o X LS B R RS B B AL

Fs BB B AU AN ARYE D R AT RE R S R R I B AL A S BR W ) e A8 5 B P A SEBR S L
oy 2Okt 3 38 P Sk Ut I T8 4k, HLZE Uk 3 00 0 R % s A 00 R BRSO AR LA E B ik DR G AE SE PR IE AT R
IOTA 5| N 7T —ANH 3 & 232847 BB 5 £ (coordinator) 3K 52 1] & A i £ 5 AHEAT AZ 5 A
2.3.3 SPECTRE

Sompolinsky A1 Zohar £ AfE 2016 fE2H SPECTREM &2 — UK BUNIEA B ITH DAG KA 1E
SPECTRE 1, /Nl S2 35 S AETSH N B 5| O DAG AL B o T o [X e, B e K A £ BN 2K DAG B,

FhE DAG WA (A% 0 0] BLTE T 22 25 Wi IA 11 22 2 i A SUARH T3 58 22 5 (R HE 7, itk ,SPECTRE 5\ T %
ZEHLH.DAG kA G H BAREAN X BRI — 45 A, DL e 5 AN 1 9 DX R (L 5 b 5 52 5 ) RO 2 R DX B
XYy PEMRN 6 FE AR FHB—EHUXN x 5 y BT MEBEE LXK 2 R
votey ((2,G), 4 AN 1WA 2 A X 1E y Z 00,4518 1,0 2 Je 28 5 G BT % 22 45 S SRR 25 R AR 47,
WA X AE y Z 5, R Z AR x 78 y Z 5. 2 G IR M 558 5 1) HET 45 B, SPECTRE FIFH A8 5 B I\ Sk 0 &3
G AT HN RS, — AN 5 tx BN BB TR 002 3 N (D) TR NI R B a8 il &%
Z5:2) BB S tx PRI G E IR HET Bk N HE A e N tx 2 J55(3) BTl 5 tx P AR g, HL A
J&IXHUAE tx BT IR X i R 7 B o 1 52 5 #6 O 4 40 e Ak i B /5 ,SPECTRE  #@fit 1 — Al B2, e o L&
WWIIBE 5 S A AT VI A B 283 H — A S R BT 0 A 7038 5 45, L R 10 38 5 A B 7 1A R 5 v LA 288 AN i

SPECTRE A i @& FIFHEET DAG B H55 14 (45 B2 505K it e v 9528 5 HE 7 FAHE P il Ja 338 177 a2k Rl f
T A DAG KA K] FLR.SPECTRE iF B, fE B FH KT 50% M AT T, &5758 5 -6 H I 58 5 3 s i =
BRAR. 75 B4 ¥ /2 ,SPECTRE [ 4L IR 500 H REH & 57558 5 S A B AN RE X BT A 28 5 1 4 R U X HE —
FEEE b PR T HIhRe ey R .
2.3.4 PHANTOM

PHANTOM!™/2& Sompolinsky 1 Zohar 7£ 2018 £E4 H} [f13% T X Bt f] DAG KA, &2 %t T SPECTRE 4k
7R K & .5 SPECTRE AH R )72 , PHAMTOM ZE 3K i SL ™ T 7E 6 2 [X YL 51 F DAG A0 v i g (X e, 9F EL7E
FEAE X L JE S EDK LB P2P M4 #E. 15 SPECTRE AS[H 12, PHAMTOM K FL iR AL B 05 se B BT
IX B & 4 R

PHAMTOM i i [X HLAR & [X 43 180 S 715 s RT B19 A 7 AR I X B B TS24 s 23 51 I DAG R BT 1 X
POt KRB A SR XEL AT AR X R DAG FEES R — B EERNES o TEETy i, HE
AN A A u DX H B AN SN TG O X 3 X e B HERR A IR S A 2 Ah 3 Ik PHANTOM
Ha bR BV SR A AR S (AT R IS ™ AR K DX ) PR O i € B T LA B 0 4R 5 2 AR IX B (B T B
R E R X B M R A B SE A HET HILB AT AEAE Y DAG MIEASI X RN T EAELEPKX
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BT 44 A 5 T 40 LR & 1 X B 3 DL 22 il sE 14T 0 & ST AL 4 A R I X B

7E PHANTOM H, i (4R G i FRA k-cluster.ic DAG KA G=(E\V)F 5 X3t B % H 5l X RINIXESH
anticone(B,G), %} T- G 1 X A& SV, 7 Hif &£ VB e S. | anticone(B,G) NS |< k, WFK S —A k-cluster, H: v k
HN=NERSH S WEIE WA R AZE UEFEXIRES S P EMR X BeS WA BRI HxR
AR XHGEEAEE KT EHBAE G e K k-cluster FI57EE 42 i 5, PHANTOM K H 9% 0 592258 )
i\ DAG KA i 52 W 55 & k-cluster, 3 DAL 58 X B R0 32 5 42 .

PHANTOM ilF ] T %36 iR B30 A 4% 5 B AT 47 Jié 5 355 Mk (liveneesss ), B 76 I6F T80 £ HE S 586 2849 I 78 T
FINEZ IR T 0.0 A R BE R 2 2T R (1-0)/2, 7,65 M4 Bt KIEIR Dpex XAERHE S k A X EE LS
FOEBE T % IR (RIE AT 50% 1) 22 421 5.

2.3.5 Meshcash

2017 4E,Bentov 25 A 42 1) Meshcash®%) & [Fl B /2 DA X He Ay 3 A B 7T ¥ DAG K A< Meshcash BUi T [X e [d] 1)
TERS AR A, W TR 7 AR ) X MR 4 A AR N T AR I AR B0 e, AR T /T LR 26 R I ,Meshcash BB 8 K 3%
FX PR SRR AR,

Meshcash HI 5275 sd ok T AF S IE BG4 57 X 8, 51 H B SALE B s X B A4 K EvE & — A
Bggs, A — B AR X R A B — E BME G XY Z g 1,587 SR EER g 5 0k il —
A 55390 . Meshcash 51 N T T G 3 UL ] G 7 5 s HE R R 52 A8 S LR i 3 T SE 8RS &) B0 S il B A7
TE IR Bl A I KU 5 58 T ORIE AR 8 P, RIS 7R SR IR 1R 0 1 9 e S B e 4 S AL

T HEE LA B R AN SR (1) BER T I TR AR B X B it (2) $R AR [s]— B0k, R s
MBBBAE[IHi+SZZ AT EE 1 2 XM -EE IR A — B AE W 2 DL L AT IS 300 N, S+ SR s 3R B vl 4k
P£.Meshcash i 18 7 P9 Fh G T S0 LR, — 2 AR T 55 I 18] [0 25 ) SR B 7 RN R BT A S 50 T8 sE
RN BB AT R 2 1 XM AR T RS L 23, e D o R S B R R SR P SO AT X B A
PEILIR . U S S TE ST SRS IR A B N AT D0 I A L B i R X MU I [i-s+ 1,i-1])2 XA i-s |2 < T X 3k
FA) 5 ST B TR 20 S A T S W P AR BB TE WS R TR ke AN DX R P v R 1 SR O 1o B
P EE 7 AR E e YR S — B S5 RO B — X[ GV P T R, J5 B e 75 i 2 T8 B — B 4 T, i X
HUSR G B Ay M A SR Bl 3 2 O S 2R PR3 K Meshcash iIE B T 7E BB F B A1 S /N T 1/3 HEfE & 7R R
I AL TR A T 5 SR R T R TRDRE 119 AR 46 AR T SRR T R R R T N T 115, 5 SR B
REA8 TEAT 3 7 L TR SR IS AR 06 26 A1 T ik iR,

2.3.6 Avalanche

AvalancheP 2 H! T 2018 4F 2 T-25 5 8t ) DAG KA. Avalanche 831 ¥ &2 8] (1) A W BEHLAE B 23
I TG4 FE o E T A A XA o TN R G 3L

Avalanche 32 H} T — 4AH 15 4 P F BLANSE 5 I8 e 3L iR (1 24t 5 %2:Slush Snowflake £ Snowball.Slush 77
RN WAERRIUERL S tx A VENE, WA E 1 NP L Ge e o 20 6, 75 ) 2K H gL o 16
LT SR TR VAT A A W, 0 vk i S R Y 4% R B R 2R A Gt (2) BE AL A BT s R kAN 1) AT
Botx gL R HT S B SRRSO H 2tz B R R 82 IR UURIE IR A AT SR
B — U1 HI W7 Snowflake 7E Slush FIZEAE_FEAT T 0040, 7620 38 2 AT I 72 SR % 4 %2 TRk AR AR A5 2 AR [F)
) tx Geto 2f 50 B H 0 Y 68 97 Bk G 2R . Snowball 7E Snowflake 2 NN T 2481 G 1) B A5 B2, LB Bh & R
28 10 S 1 T AE BA_E T R E At I, Avalanche Bl DAG E NI AR AR 4132 5 SRR ) tx ArykiEnT,
B tx ELEEE RN B F RIS B Yt i it A5 B W) B 4%, Avalanche J@ 3 Snowball J7 58Kk T 58 5 ) et K&
fifA.

3 ET DAG HRHBIFE S 47
HF DAG 17347 KA e 1% 00 9 19 A B2 302 KA ) AR R A A Ml A1 2005 38 R o 1 4 R0 s
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Wt 2 5y WA i PRI B, S R e 0 K AS ) B v N 7 AR AT i e MRS R T TR
DAG KA. H:TFATHE DAG WA FIIE T4 25 DAG A A< 3447 185 180 6T BE 2347, 58 5 M B3 40 23 77 =X 10 47 B
XT3 5 1 DAG KA FNFE T X B DAG KA AT+ 8.

3.1 AEFHIRFSHIMAS T2

FE 55 2 49 FRA I BUA T DAG 143 AT WAL RN BEAT T 40 28 R MR 3 1 i, 56 T £ 551 DAG
TeAS, BT SPATHE DAG IKARME: T A3 DAG MIKAMRE T H Al ER I DAG ATE R, i B A1 M B T3
WRIEA I 2 5 XAFAE S H R S AR T BRATE AT BB 22 4T DU Re & 20 SCRFIHEIX 3 A D7 T o gk
AT 3 A FER AT

Table 1 Comparison of DAG ledgers under different consensus mechanisms
1 ARILRBES AR
S & it K 2Vt BRaY

BT EFHH DAG ok OHOSTInchusive, Conflux, G DAGHISREEE L EAN sy o
oF S8 S AR S AR S ST B, I A4 (1]

i — e AL EAT LR
I BEENUBI R A R BOSHE AR AERLSCRF

FTFFATHER) DAG KA Hashgraph, Nano, DEXON WERIECR I 2 S &

DagCoin, IOTA, SPECTRE,

— o
WA DAG HIIRA b NTOM. Mesheash, Avalanche

3.1.1 Wi

BT ETHEN DAG WA B A 75 M 10 5 J ik 4%, J 4% 00 JBARUR 1 S8 7F DAG 3R 85,48 5 FI A £ 85 XK
AFEAT P I HE R B0 58 5 5 A i M ) 2 .GHOST WS er YR 2 HE ) F B KA R AR 11 07 20 ARG IR &85 g ik 4%
F 5 7E MR B Inclusive K 2255 2 A1 X Bt A0AE K A R — 30 25 4 3 o (1) B 1RSS5 A8 HE NI AR Conflux
Ak AR PR DA RN DXCHR AL S 5] B X 4, B8 T DAG KA ¥ HET 238 5 Bl 5 =G 1E v A
5y N TG DAG A, Byteball 5 iR 77 RIELR AR 75 X B0 H AR HAZ OB —B01.

BT PATBE S5 1 1Y DAG IK A TE S5 04 1 B 1558 1 — 301, 3L K AR B 5 2% AR X b ST 1) SR A A3, T8 % 1
T 58 1) S A S B A 3 ML 3 4 S )l i — i LR 47 FE 1 Hashgraph 9 AN R 447 — 5% L%
JE I RO [R] (1 R 0L 4% B 0 25 1 4 IAIE 4, R4 e o6t Tk A b BT AR HE R, e RS FE S 2 2L Nano &
AN Y3 — 2 HUE L JB IS DPoS HLHIE 24 R G ER, 2 A H H I h SR A8 5 B, 3k e AR R 0o 18 TR AT b 3
DEXON &R Se ik 48 & 4P — 4% BB 18 FH B50dk J5 10 Algorand T i303E A7 35 R, I 5 3 26 Sk )3l i 33 47 42 =)
He 7 H0 € DAG IKAS I X B4 5

BT #h 3 DAG BIIK A b = — BRI 30 (0 S A8 R B T Al ZE AL 4 Sy H 3L % 0 DagCoin H 4
ASHAE 5y 0 Fe B BRI 51 28 5 TTHRIA A 23 3, 0P 9858 5 b B 40 A o0 Ui 38 A5 IO TA 4k 7K T DagCoin
B SEAR AN BT AC S LB AIE I 51 A B A8 B sk B AL S AN A S B 2 s e A e H A
SPECTRE AN X H TR ZEXT DAG A0 A 1 9 DX R 47 45 32 AR 40 43 22 &5 SR W DX Bk J AL & R 9822 5
[958 J5 WGP, VA M 52 B A8 55 B v M 4 52 sPHANTOM . 383 %143 [X B A S I8k S 00 st R T R 7 2 1 X Bl i
X 43, FEAE DX HHE 7 B0 2 398 33 00 S 19 0BT PE 42 6 (1 IX e, Dbk J6R 00 o) ik A 33 47 4 = HE /s Meeshcash X i it
T #5562 1 A X Hedh AT B 5 AR A 15 B2 A R X B A vE M AT ) 2 ; Avalanche WA AT E T £ 56
W8 AL ek B 0 A B9 R AN B A iR e AT SRR I AR R Y O R B E 2 S & AR B
.

BRI A RIZEEA DAG KA 1 F H B R FL 7 v E B B AT 8K 22 31 BUE X [ 28 84 /) DAG
T A EATTE SR 5 S BB B R 43 25T DAG 143 Aii sU AL iR ML 2 80 2 R4 R A
3.2 AT

To i LAZE 5 Ry B A% §3 JG 1) Byteball 18 /2 PA X HUOR B AR 570 1 GHOST S5 M3, FoAZ O 8 & JL iR £ 85 7R I
FAil B A E TR DAG IKABEAT ¥ N HEF v LA B A 19758 5 42 7, 3F HL 6 4 7 1 A e P AT AR 31 =
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THERIFRE V. B0 T 75 DAG K AR v 3R 32 85 5 45 40 IX Juik o 68 34 oA AR 4Bk 2 4, T B e R 4% 42 X S i
LS 2 AR 3T CAT BN BB R 7802754, 0T DA % 3L 40 S8 % 6 S5 F DAG AR (1 2L 1R B 8 AT 22 4
P50 .70 Kiayias il Panagiotakos K Garay %5 AT He A i 622 4= P IE B B 2 B8 T T GHOST Wi, 3FERA T
Foip A — Bk 5 RO,

BT PATHEN) DAG K AR W] LA E 2 5055 45 40 IO R 1) B 0 2 SRR pl 0 468 19 S Ak 4 4, STz 4 ) it (13
THAR T H B A BN B ¥ b 254,38 43 75 F8 v] ORI A AR #4647 22 4 V£ 73 7, 1 Hashgraph iEH] 7 247
B HNT 173 B SR — B SURESE B AR 2 R B T2 T A3 DAG BT AR = 3000 1) 45 14,
HALRENU BT BN E A B DA g 22 R 1K S 8 T — SR A 1 77 S8 I AR 45 H T 6 (1) 22 4 PR IE A
313 ®HEAELSH

IX B Xof T4 e 24 1) S R A - B LURE T SR B, 2 S5 BAOK 35 (Ethereum)id i B R 58 & 15 5 X B T &
BORJE T A A A v AR v, HRESE T 75 v 5 38 =7 M &40 T B 3BT (15 B £ A1 K A 45
BTN E RS A AT K A B A 5 AR, ), — B A R 5E 5 I R AR B A 2 A
AT 25 JN 72 HE AT S 1

E ERAFIEASWIKA A FET E T80 DAG KA G A H £ T80 € 2R3 5 07 A5 T A7 8
DAG K A< 1 Hashgraph A1 DEXON #[SF) F F ARG 0 1) 45 ¥4 S8 5E 5 1) 4 R HEF 5 1 56 T4 3% DAG [Tk AR [A]
H A E % Bk PHANTOM ZAMAABEXT K A @47 45 o HE 7. 8 e S AR T 5,88 T £ T 85 ) DAG KA FIE:TF
ITEEAE M DAG AT 29 Rt G 20 10 32 47 FE o, T 25 T AP 35 DAG 19T A 3k DA X T3 B & 4 I ST HF.

—

3.2 TEHIBELR T KB KA 57

8 25 FLBE S5 R I X s DL IX SO B AR B0 AN X & 35 T 2858 5 i 2 T DAG 194041 2N A W R
3 DAIX ey 5 A B A R0 LAAE 5 9 FR A B 3R 2 BT, BT & (M8 GHOST. Conflux. Hashgraph 55, ATHK
HONEE T IX B DAG WA (block-based DAG, i # BDAG); /5 # €135 IOTA. Byteball. Nano %5 AT H NIt
T 22 55 1] DAG i A (transaction-based DAG, i #X TDAG). 4 412177 P A [, 5 2 BDAG #l TDAG 7L K A4
PERLBR DR 8 S bt 38 25 7 iy SRR 25 5 THT BB A7 AE 22 37
32,1 TRAIRAERR

T A3 AE BRI AN 5] 72 BDAG # TDAG %0 2 5 2 — 7E BDAG 1, H 7 K A 5 5 J6 48 P2P M 45 4
B EA5 s W R U T BN BT X 5 %58 5 A NTIK A (K, BDAG 525t F A P L T K 45 45
FEAURR, 8 F P 7R A AT TN — B BRI TR N A B B B2 A ik AR AS . M 7E TDAG W, RE A K
HIAE 5384 TDAG [ 5E A i NI B3 5y 1) oA 42795 p #8203 BB 5 N A DK AR b 5 AR A 3R
WA E B KA VENE X — M R B, TDAG HTE 25 H P T kA BAERUR

FAERUR F 25 S50 T BDAG Ml TDAG 7E3RANZ B d 1A BRI F./E BDAG A1, 5 Tk 3 i it
PENE L, A B A 5y I 2% L 3 5 39 0 A HEAT # R, 1A 159 B0 3 R B AR A2 5 3R AT 2 B B A ik 23
BABTE TDAG H ANAELEE B I8 AR R A LA 6,09 T e St 1] 40 31, 2 41 mOWC B S m J7 IR RUTE 22 5
B R AR L AR TSN W A I 5 P O R P O AN B B A1 T AN R LR B R A AR R LT, B
AT DU KB AT TE ¥ I 7 1 UG AE 5 BEAT vZ B B0 A KRR B M3 n 7 R G 1 L AR S A7 T s 4
Stof 33K — 113] R 38 o R A AR A B B A — o R 1 A R I B O] DA o R A M T s A5 1% 2R B I AR E —
58 R B Fr 8 ) ),
3.2.2  MZEITE

TE TDAG 1,22 5 R T Z— IR iR AT E N 475 55 4.1 7E BDAG 91 AT At — 2858 5 75 I\ T A iy 40 75 22
PR 38,58 1 DO P RIERE S JG s P2P WA H T A M 1,58 2 O LA a8 %8 5 X
N R BT 3B 48 FHA T S NIX — 1 SR B TDAG 1R IR 5 T B M4 144 F B4R T BDAG.

AN TDAG LIRS 55 N AT 34T I A 5 N3 4E, T BDAG LAX By B4 384T TDAG W INAS 5 — 4 K H BT
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B A AT BT B NIKAR, T BDAG HF Xt R &0 — & X B8] [f (block interval) A4 2774 3 HAH L T3
Gy X LI ) 258 A% 6 B 28 B8 v B N BB R I 25 G AR T R, AR G N B AR B 76 1K) TDAG TE3E 5 B DA B [ Jy T A A3 48
T ULX O HEA 70 1Y) BDAG T H AR A 22 /1 5 R B, TDAG f8 5 52 i R F X 4% B8 Ab 332 5,1 BDAG
RUFE X P AR I 7 B IE ) 0 4% % 5, B . TDAG 0 4% 0] FH 28 58 o, e TR 0T b S0 35 9 R
323 3 BE S

o - P R B AT S R AN K AR BT T B AR AR T i e, S b AT R R
Kol O bk AH ORI 22 5 515 B, T G R AR A7 A S K A B s AR B T N R P RSB  — AN R ERE S
Ui A5 O P AR SIS B AIR A 215 U % 7 58 TDAG fl BDAG TE# % F i G # 28 5 FugH A,

£ BDAG 1,52 % P o 75 A 5 52 2 i 7R L0 0 28 2 MmN 3 R TE 2 2 Tl FL T SR el i B 7% T A
W 2% o () B BT K A AR 25 ABAE TDAG 1,58 5 B I DAG Fa G5 H i — 3843, 2 B 22 5 ) 75 B8 AIE 3 5
F DAG i A s 558 14 3 15 00, 31K gl T SR 7 7 iy 5 ) 6% S T [R5 S K AR A A PRy NG R P R T
UK B2 AT AETEAE, 18 7 52 7 i (0 BT 3 Ak, T DL FR AL AR AT s AR IR QA By I S el AT SR
AR SR, B A SO FOIR BT TR 0 51 R BRI AT SR T A U R R O i KU R A B 2 TDAG %
TR PP SRR E ST TDAG.

Table 2 Comparison of DAG legers under different data organization methods

=2 AFEHEE AT AR X B

K RE T B B [ e
T X B Wﬁgﬁ%ﬁgfﬁgﬁw H A TP, R WA S RATTRY  ERIER SR T
DAGHA  Coniion. Hashgraph, DEXON  SLAER S 932 B3t INCE L+ B
ETZTHH DagCoin, IOTA, Avalanche, W E A I RGHE DE BRI TEAIER S E AR
DAG i A Byteball, Nano WU ARG BAMSRRE  EBEYERES S

4 [Ef Sk

5T DAG 43 A IK ARTEH LM A SRR 35 A 5 I A% G X HL 8% (0 14 R0 AR A S — A e 37 4
3, A WA FC AT A TEAS D BRER AR5 FRATA SR 0 2 Ak . KA ThRe vl 9™ fe M 46 7 T AZE 1Y 1) R 5
E2 T pei e 7
41 HIANMFHREM

Hui O AR T DAG (1974 UK A Bl 52 H AR T, 24 1 2 AR 0 T AT 1 2 A PR F B BN B 23X
— G A FEERAE T, S5 5 T 2@ i i B SR YO B, 2R T DAG 3R i R 451 5 2%,
KEHMAME R 2 AR TR 3.1.2 TP IRATIR 2,30 2 T = T8 58 T P78 DAG KA BB — & M
U 455 g, TR LA 2 2 6 L 4T 7 R R 22 A M E A R T 3K — T A B A PR T AN il 5 B0V [k b 2 Ah 3 T AR
DAG WA FH &5 M B2 S 4%, H BT 0T V2 W AT 19 22 A PR IF B HE 22 L R i) 14 22 A P - 40 A U A
B BRI S BRI A 7 28 1) 22 4 P 43 B - 2 8 Syl 1 22 4 14 AF IR AE R 5 TR N AR

42 MABIIHEERTH R

3T DAG B3 A1 sUKA T H AR ) 9 A AR A0 34, BE 0 A7 280 e A% ¢ HBE 45 40 1 X BB rh A7 AE O A i
IS5 BE . 1T 72k B8 T 97 R M 2 A0, Dy B K AT 97 FR AP (R I 15 SE AL, 3 v i o SR R TR A ) T 3 e 20
LIRS [ PEER

e 48 PR S5 K ) X B BE B R IR AE By 22 FPRr Ik (H 22 T DAG 970 A s A BRI I K6 T8 1 1 0 SORE
AT B0 20 K AR AN BE 1 8 52 5 1) &2 SR U I 65 3.1.3 715 op i IX 2 DAG IK A AS B AT SCHF 2 e 6 240 K R il
(BRI X T~ RE 6 S 45 5 BE & 20 0 DAG KA, ILFT B e AL B RE & 20 RO BLTH FIHR 22 bR S e it e e i
M5, 5T DAG {7041 UK A ) & e & L5 A T 01 52 5 TF BB B, 2 AR R b S 3 R T B — 7€ ) b o, A7
0t — W AT
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Wi B A 20 80, 3 A aQIK A 2 7 s ) SCRF B AR B2 AR 55 3.2.3 1 vp R AITIHE T TDAG Al BDAG £
HIE AT Ty TR A 0 7 i PR SRR A R A 2 A B e 7 i O 5 S RE S 22 A MRS P Bl AR S 52 B, B B i
52 o HURE T R AT SPV (simplified payment verification)HL il S 312 Dh BE, 428 % J i R A7 24 0 B KB 1 X kAR
AT Ul BR e KR A 3 5 P B AR 5% ) 52 S B A AE VR AIE B, 0K FL R [m] 45 e R s LN R P O g
i ) X B SK A5 B IR AIE 1ZAIE B ) B itk AT 77 1 4777 sl o Dy e K A h ANA7 E 1 58 5 AT % (ELX T DAG
MRAS [ 3 F 32 T HE 1) DAG KA Sh, FL A KA L 32719 s S (4 T 30 0E 19 IX Bk A5 2 AR BT AT 1) DAG KA
AR AT BE L A R A S, 4T R RE RS A S8 BEK A v (R A5 J2 A BT R 58 T i (B K LA R R o 7 i B A
EEPEUE I BE— P 3w TR R i S AL B TR R AR BEOR T  S SCRR R T i o T
RGBT 12 N BA B0 R DAG K A 475 7 i i S R () B 5 B AL
43 HitE ki

AR Z1) H At T Pk il L5 B4 7 11 ) R

ME S EIBE AL TDAG 1, BAT XL tx,, g MANFILE R et ) 1 38 4 AR AT AT g & 3 20
2 rp 2 R B2 5 51 o T 53— 2F 51 to R BUIETE R, an R BAR ph SR K 52 55 RAT — S RERS I N K AR T
T3 WAL, U A S B0 WY A B 0 K e AR R I R B 2 R XA S 5 B AN A8 S AR —
ER NI OL R U™ O S L% L TDAG T AR AT fo VR IX Be b R AL 55 [ I IR AR, 2 5 13 3 i 35 R
PMEAT IR AE 5y W v ) e AR BN A bl an B8 3.2.1 9 ik, To ki 2 A7 SR AT LAR R A B 0 1 [ 86 v A 3k K
ST RAZ T, 1 B 2% 5 T FROR 9% LA S SRR At A (R 6.

ulMEiE . — 28 DAG KA H LR Bh RO TR IR < s 205 53 a0 Hashgraph H (0 52 256511 10 8l
Byteball ) WL AIE A IR SRR T R AE J7 BT 2 A3 80 e D B St St v B A A R A S R A AN A (B S
FrAh AT s AR ARORE T-J7 S5 Hh 3 0 ia B MV 23, 0F HLAE S A7 I e DL BE I 08 AT 06 2 0 85 . BR b 2 A0, 3870 T S
T2 425 8 A T A FL AL ARG SN RS A0 TOTA wh 51N B 5 15 58 S A A 4G 28 s BEAT 52 5 T
W R FEARAE — B R P A rh Al ) 7L

TAESEMERR. 51> DAG WKACHR 20835 5 0 B E B AHE AN, an 3552 55 N J5 KA #R #7575 15 2 DAG
P, BB TN S5 A 40 PR AR 2 B BOE S (UL 1.3 71). 1% 7T DAd e 96 e T In N S e i P A 51T
R A BLAE DAG KA R g D ELIS 35 10 40 W7 J0 22 R HEAS 22, 0 3L A2 2% 18 B e I A1 DL R 7 2808 68138
TN B B T30 AIE L 75996 A2 12 240 R, 9 o (00 A BT 4 I v B 156 100 L 28 2 SR R G O k.

5 BREERE

ILAER, T DAG M A KA B 1 22 R F 5 Pl F 1 v B DRV, DAt A% S8 X BB A T 97 Je 4 B )i
N H 8 F T DAG (97045 KA 1 H R AR BATE e 4 7 2 S RBL L X B3Ry
LT AL E 7E B 5 X 2 T DAG 1973 A sUK A SR AU ) 5 J DR HEAT 17 IR N ) B A2 L2 il b BATTIIE
WUR S FEE 2 2007 P 2 T 6F— 28 DAG IKASHIRE iy 095 RN PS5 EAT 7 VEAH 0 20 LA, 3RATT3E X
SRR ) 2 4 A HL At T 10 PR Al AT 1R 48 HH LA 3 T DAG #9734 QKA AR e & Hh A7 i i 7 1) 7.

T DAG H73 A UK A Gk AR AR A% 4 B 45 40 1 X DR BE KA ZE R T DAG 1R e 2 45 4 LLER T
AT R AEREAN TP FE A (0 [RIINF,E 2 WR ST 2 1 4% 4t IX BB (R 36 AR LA 45 5 IX R BE IR R BIL 1 £ e Je A B
LA DAG 73475 2UKAS B S Rp 1, AT A R ARZ WU W e A1 BL R AR (1) A PoW [l Po-X I35 ik, B 22 5t
T Po-X 1) DAG K AKE 22 4 H2 B LA PoS Hl PoC AR Po-X BFFE TR NHEHERS 2 2B R 4 58 2 3
BRI T2 T DAG #1304 SR A SGRHLHI BT 2 p 950, 2) 2k Tal AR R (B R R R 2T RS & 5
FHARI 223 5142757 Z) IR A LRSI N DAG 33 AR, DASR i 3L YU BTAZ AL LA 25 ki 5 R sh 2
U4 2 oo MR %2R 2 RE NS I I B R RCR I A HE LR B SR S AE 5 W A AN K AR 8 (3) B IX R B
BRI HBAUN IR Y BT DAG 1434 2K A AL 22 4 ik 23 BT AE 4200 2249 31 R i R R, 30K B Ay
DAG KA % 4 F3 %€ KR HEAT(4) —HB 7 WETE & 28 H L4 P AE DAG IKA [ ZhRERT 7 Rk b JUH R B e &
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