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Figure 1 Bitcoin blockchain structure
:
=
. g
DAG blockchain =
Internet

2 DAG XH$Emsipsess

Figure 2 DAG blockchain theory architecture

AR DX AR I ANIE FH T A A DX 286 )82 FH (61, 61 /4 kR R 37 s v, s e 2 5 L)
k%%, AT R ANESEE R 5 AL BB E R TE BB b, i EEF a5 wR, 1%
G5 X PR 2 14 11 B S5 H) C 0V 78 70T 2 S A 5 I 5 3R 17810 AN SR SO A7 23 ), 3 2 ) 2% B4
R0 S 4 il 7 FH 3 5500) X B O s e S SR 2 V 38 v 1 LR T 190, bk, b e o 7 2 S HEE
R X P &, AR AA MR, AF s M & Z B P62 Ethereum (LLKY)),
f ] Quorum, HydraChain, Monax, DFINITY, BCOS &k % [X B4 - & # /2 3& T Ethereum 12 H1
YRR, BB N &2 i T 4 2 Hyperledger Fabric, 24iF IBM, SWIFT, DTCC, Intel,
J. P. Morgan, R3 %5 130 24 K51, (HRRXLE TG H AT R IGE — L& 0 8, W EVERToiE 3 Fr mf
RIT R BE5HE 2 [0 AN B T LG JTV20d A [R] R S S5 8 0~18) Dyt ARSCHEH—F DAG
(directed acyclic graph) X HUEEFL IR ZEHY, 228K AT LAGE M2 M4 1 kg 1 o Zhaltt, JRAE A b
ST RS MR KR ML S 1) DAG 7 FIE 551 B 5.

2 DAG XRiERIIEIP LM

DR iR, BEA DXCERBESE A, T LI A i N LS, AN REE N ORI A N 3 5,
Ub, ASCHREH T —Fh DAG XBRBEHIR AU, WK 2 Fros, fEA) B TR b, ARAE LA iy 2
H, WU R T s A DAG XU, X2 — P [ o3k [, 8 A ML R iz K T4 2
45K, DAG XHUEE ARG URE AN 3 P, B oG, “PhahmRi BB 5 — SRR 55 1 Rs ok, £ B B
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Request [ |  Task ’ DAG 5 A~
queue scheduler blockchain &=

E 3 DAG X#RiERSMRIE

Figure 3 DAG blockchain service process

WEW 2 b, Shas g4 — AR DAG XHRgE 16171 3 IR 95 SR QI A, AR X B BB A Hash 55
TR B B ) RSO, 58 IR S5 BAIE, BE AR ST SR IAS, [R5 dm AN RSB T8 R 75 5 24
FEFTIN DAG [XHUEE (] DULRRE R 55 A0SR BRI, S8JE th MR35 AR RR 5 B & d& 1y s b
PAT. AR5 H RS KBS SRR, [N 25 18 217 sl I RE A5 TFA . TR RE
HEZH, EAF KRS R T RS @ M LK. DAG XREERIE SRR 15 fe
IRAESS 4 WLES A, 25 FE NS IR S MR 1 A 55 2 (B KBS T4 A 55 2 M 20k REE R, 1
JS2FHRE 8 5 21 57 4 B Bl A A AR (0 i 384T, SRAS e MBI (K E BE S A2 1A B2 B30t T 1) H AT
JiTH.

3 DAG XR#EESZAEER

3.1 DAG XBUEESEEHERXEX

—ANEIRBHR B R A TR BA RN, §MESEE RIS, R, TSI
REAN e ML, AFAE — LA AR Sl A5, 3l W X AT 55 U B R R w] BL T I AU ) O #
(DAG) 18~20) SIR, FRZAAEST I, & LT

EX1 AWREHRE G= (V,E,T,C) HTRAAAER, Hrfh Vv BESWAES, B 28EL, 4
(t; € T) & THES v (v; € V) BILLFRIN[A], ¢;5 (c;; € C) 2 €45 (es5 € E) LIIBETTH, RRES v
A vy Z A B ARSI 18] A12R ¢y = 0, WIERTR vy, v; B ECRI A — AN b, B, o O v BI5E
RS RAE ST . WA AEMTHT SR ST ARAN EHEST, WA AT Ja QR IR ST AR D9 th FHESS, A AT i 4k A
JE 4k AT FRNMSLAESS . XA 10 B G FRONAES B, — MES EIS]7WE 4 BiR, vo, v,
vy SR NFESS, v, vs, v1o & H RS, vy RISLAES.

N T BOR G —PEAN I, T D S0 F B R & S 80 AT € X

FEX2 Tlevel(v;) & MEFEIRNEAESEUES o FEKERIEHIKE (AMLEES v AS I
AT TA]), pred(v;) FanfESs v B EHRTIRAE 5526

Tlevel(v;) = maéc( ){Tevel(vj) + b5+ cjit
vjepred(v;

FEX3 Blevel(v;) RMEFEINAES v B AAEFZRRKEBEMKE (BE1ES v AGHHAT
), suce(v;) RNAES v; EEE GRS LE:

Blevel(v;) = t; + max {Blevel(v;) + ¢}

vjEsucc(v;)
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4 EZERG

Figure 4 Task diagram example

EX4 A5 v L£ENL by, ERARINAN Comp(ty, hy) = Ig;((i}(LZ")), X H Load(v;) F-ES v HI
HE, CP(h,) RREL b, HILEHERE

EM5 LS v Al v, ZAIFEFERN N Comm(v;i, vj, hu, hy) = Data(v;, v;) x Rate(hy, hy), X5
Data(v;,v;) RaES v; M v; Z A HEEEAR &, Rate(hy, hy) s hy, F by, 8 RE R FRALEE 1)
AR,

ENX6 HFIFEETE] EST(vy, hy): EST(vj, hy) = max(Free(hy ), maxy,, epred(v,) (EST (v, hy) +
Comp*(v;) + Comm(v;, t;, hy, hy))), IXH Free(h,) & FEHL h, TG —MESHIB A, Comp*(v;) &
TNATSS vy BT A ).

EXT HARASEMEE EFT(t,, hy): EFT(t;, h,) = EST(t;, hy) + Comp*(t;).

3.2 DAG XS EE BIrEE

A DAG FrRs AT RS 10— H AR 2 e/ MEAE S AT 1] (Makespan), {E2 3k 2] /)y
& Makespan AL E —M584 NP A 21, f DAV 2 AT AR R RGBT, —fRHA % 1815
ZIFEEARAY, RBEHFEITHAM DAG RS ABNR R, H il EEIMES HERZEA ILHA
(ISO level heterogeneous allocation), CPM (critical path method), RANDOM, SCFET (smallest co-levels
first with estimated times), HLFET (highestlevels first with estimated times) & 22231, X E(T-45 18 fE 55
BAE BT AL B S TR, AT T8 DAG X HUEEIXRE L T LI ) 5748 R 4, X el A
FHEM. EIRRFER BB AT b, G T AT REAROK, P LA 505 2% 18 G435 T4 X 55 T L F)
M. DAG DX BRBEAE ST 1A RE 1A LA AL H b £ 25 RE BIME S5 2 (B FIB DT B ATSR T, RIS 2 1%
LR EC BT 2RI 26 A T, AR 55 18 S8 i 1) ), B

min(max(EFT(t;, hy))) s.t.> L, <> Load; <Y Uy, (1)
y=1 7j=1

— =1

Horb o REFE BN, 0 REALS AL, Load; 1REH j MESIIFE, EFT(t, hy) REF 5 A
1S5 e R 5E I Ta], Uy, L, ARGRE y A1 s AT AR B 58 B 5
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4 FREMEMRANIEEEZN DAG XHPEESEEE X

4.1 BZEPERRE

BT SRR I T SR SR AR B R N [R) B 22, e )R PRI ) BT T B R RS, O T R
XA, ASCFEH T — P T e R KR A& o B8 L 57k FPGA (fusion partitioned genetic
algorithm based on deterministic annealing), XN VEWREL T divide-conquer (43¥A75) H i EAE 24
FE R/ [ — I 8] A BT B2 A 55 50 ) R I, R B AR SR AR 55 SR ARAE — A TR BIh, i — IR L, {ﬂZ
ARSI HEAE B XA EVEKIE R MESS ) Blevel {8, F i E MHIR KR, ¥ IR 46 BT 55 K

DEIRENFAESHE. B ESE—MESE Blevel 18, XBH y1, vo, ..., yar KER, F6HHEISIAT
55 53 B TDEE, R 5 1R KB, € SCH HIRERRH 291 4T

1 N M

MZZ xmyj 9 ﬁzou
=1 j=1

1 N M

Flyr e v B) = § =3 In) e AU < B < +oo, (2)

i=1 j=1

N M

SN (i)’ B = +o0.

i=1 j=1

z; € C; IR
e—Bld(ziy;))?

SN e By

p(xz e ) (3)

HBE d(X,y;) = X -yl = Cioy (X(k:)—yj(k)Q))%, BB =00, Fly,y, .-y, 8) K
T (1, y2s -, ynr) FNIELETTT N R L, 2 SR T EN S SR h & R AR s 24 B8 € [0, 400] B,
F(yi,y2,---,ym, B) 9€$ (Y1,92,-- -, Ynm) NiE $71% Hia (2 (2) A _fﬂl F(yi1,y2,--.,ym, B) e i s
WAMER B HITELEB. 78 F(y1, 92, ... ym, B) BIBR/N AL, i & — B B2 2648, R

aF(y17y27 s 7yma/8)
0y,

0 (V7).

it (2) N EF5 N
_ 2im mip(xi € C) A
Yi SN b ey (4)

Hot pla; e ;) R 3) Wi, M B=01f, &
o—Bld(@i.y,))” 1

p(z; € Cj,) = — = —. (5)
Z;‘\?:le /3(d($z»yj£)) M

MMy = 2 SNy N B =08 Fyi,yo, ...y, B) FIZ RS (T 8Ak, Bk
RNETHN ), BN X FRTE SRIACE. B —Fr e & (X (4)), TS SR v I
AR
(k+1) Ziv1 zip(w; € C(k))
T N pect)

(6)
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5 —MERE (B 4 i) HHEISER

Figure 5 Partitioning result of a task diagram (shown in Figure 4)

XEREEE—A> B (E T oc §), AT (6) REBHU TIRGEHT-H A, 25 ORI 1 A2 PEIB k8
AH o FNE, R A2 T T 0 2 o 2% A
i=|G, i=|Gi|
min Y CP(h;) < > Load(v;) <max »  CP(h). (7)
=1 v; €G; =1
XH G FRE i ANTAESE, Load(v) RaRAES v MR, CP(hy) TR s EHLHILEERE F7. X FE
S REMIENR, BAEHEAES B A TS EL

Bl 5 2K 4 FrRon 5 B3I R, MRS B R T 3 ANTAE5#, BEAERHE kTR
TARS B Z I AT IR R, R, SnbixF oy 8, X7 IR AR IHEATE AT AT IR, oy F1 1) 45 A
TR, MIEAS4E R ATAT 1. 52br b, R 5 B IE Blevel 2 F 5032 602 GBS A il T 47 .

SIEE1  Blevel 73 #IH %Az Budh S 10 BT KL A 2T AT 38,

MEER B (S1, Sa, ..., Sum) 72 Blevel 7 #IEEA MK TAESE, H v, € Si,v; € 85,0 < j. BIA
Blevel 73 #5542 7 347 70 28I 0 BUE 5 B, 54K, Blevel(v;) > Blevel(v,), HRAEFTTH Blevel ]
X, v; NATRER v; BG4 R S, RIS IR o; FRESS, A REAFIE.

Gk, A I TARS R S B R L. A TE 55 B 58 U AR AE S 5 e i) R
— R AT, XA A A AE BT S i R, AR, BT 1 AN TAES B, BT R A
HORELEAS AR (8] JE Bh R AR FIAT 55, X MEHD B FPGA HVERICE— 0, B R & M55
ik,

4.2 BERISLI

PR R DAG DXCEREE S AR AT 55 M EE S FPGA (SEBL.

(1) At Jy 1 ORFF VA B 05 B, U)o 23006 2 IS T P A Sf A (260

(i) H—MESS AT LUIFIRHAT 1, AR AT RAE 55 4R 20 O AL B 5

(if) 55 B R R P A A 55 A HA A AR AL B — UK.

P RESE AR R WA 6 Fos. XEFPIIRS (vi,n) FRAES v, BRI 8L N, AEE BAR, 12
FIER oy P AR SS RAF ). AR R FEh, Stk AR ARE — A1 sl LT B AR 55, JEA
RS BRI, (52 A SIS 2 A U 1), XA R AR 55 R SRR, Bn2R v, FJR Shi
FANT v, BB B AU A 7 B2 A — A9 b, R v, KBS RSE T v, OB ShINTE], T3
SYBCRIAN R 75 AT, B 7 2B 6 B AR SS I — ST AT R RS
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Vo Va Va Vi V3 Vit | Vo |'V7 Vs Vio | Vs Ve

3 1 3 2 2 3 1 2 3 1 2 3

6 YRig
Figure 6 Coding

Task t [ I,  &—— Task sequence

Node n, n, n, <—— Node sequence

B 7 —MATHES (B 6 Fiw) AESER
Figure 7 Scheduling result for a viable task (shown in Figure 6)

RIS T R E A SR — AN EBEE R, WATRE S R BT T Re RS ME— SRR, XA
AT B A% SRE R B Tt

(2) WIUERHEE. WIEFEE A IR — MA@ BEALR A B P2 A 1), T4 — UEAR, 1 1
AT 252 e T T P A Ji DU e (g 127~290,

(i) BEWLIERE — DR AT 55, ST T AT C A AR,

(ii) BEML A BCIZAT S5 2 — A0 s b

BT 9 AR BEA LA, JEU (1) AT PAARAIE 2 AR i — AN mT AT R EE, RN (id) W] DAGRAIEAT 45 76 35
B SHET AT.

(3) &N BREL. AT VR B B AR S IMEAT S5 I AR B[R] (Makespan), 38 M5 B 450 SR :

B a + (maxcost — cost(j))"
b+ Zizjlv" (maxcost — cost ()

KN, NP, maxcost NRFAHAMER KR, cost() A 7 (1< < N,) MR
PRI BB, DA 5 [ & N BB B K, a, b, k NIERLEE bR R 7, B PP ATk A F2 A ANl
SEORIAMAR IR 22 R 8 2 TR] FR 0K 2R

(4) IEHE. IR TR AT 1) SR R BEAT 1), 40 SR — AN R B B vy, R e g ) R

(5) 2. ZRATHIFINAE PSRN, a2 52, i 2 AN B T AN, IR AR KR 7 — 2
SCARBIRHIE. 1 51 AT so RSCHRAME, ) A sy R EATHRAS G P A AR, 3 B @ I 20 ok sl
AR, 2 1 A AT one-point 2438, U1Kl 8 7R, s Al shy AZIEAE N 1] S U] 72 A= 1)

(1) EAEOREF s1 F so BIFHIE L4 o) F sh;

(ii) BEALIEFEAAE o H 51 F so W3 LR 7

fit(2) (8)

5220, sf A s RETEAE T K E NP, WP 9 BTk

() EEARFE 1 1 so [T HIRA AL s) A s);

(ii) BEALIE AT 55 4E;

(iii) ZHe 51 A s HHPTIEIRAT 55 (K170 FL A 45

TR, X B F AW ER A SUR AR5 7 50355, BRI, B2 A A 2 AT 1), SR m] DUAS
VTR AR IE R, A (8 Al gt A SRR I &2 b
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Hybrid point Paternal Paternal
generation 1 generation 2

]
A 4 A A A 4 : A 4
]

] ]
1 1
Vol Vaf Va Vli Vi | Vir| Vo V7i Vs | Vil Vs | Ve Vol Vil Vol Vaul Va| V2| Vo Vn: Vs | Vs | Ve | Vio
slolsla) 23|23 {23 2fzafalefalali]i]3]2]2]3
! !
lHybrid
Filial Filial
' ' generation 1 ' ' generation 2
1 1 1 1
Vol Va| Va Vli Vil Vil Vo V7i Vs| Vio| Vs | Ve Val il Vo V4i Vil Vi | Vo vlli Vs | Vs | Vo | Vio
SRR BRI ER R 2l 2| 3|2f3f2al1] 23] 2][2]3
! ! !
B8 #x%X1
Figure 8 Hybrid 1
Hybrid point Paternal Paternal
l l l generation 1 l l l l generation 2
1 1
I I
vo |l vl v, v,i vo | vl vo v7i v | viel v | ve Vil vif volval valvave v vs | Vs | Vs | Vo
3 1132423 11213 11213 2 12 |3 193 12 |1 113 212 |3
lHybrid
Filial Filial
generation 1 generation 2
I
Vol val val villvs vl ve [ o vs|Vviolvs | v Vo [ Vi Vol Vaf Va [ Ve [ Vo [Vt Vs [Vs | Ve |Vio

3 [1]2]3 2 |1 |13 |1 31 ]2]3

9 X 2
Figure 9 Hybrid 2

(6) 5. A F R B AR KIZ AR 0, LI BRI A T e 0k — LS b s R YR,
A2 Al MK R XL 5T, FPGA FESEH AN Faf AR, 58 1 MR ELE M MES I B e
IR BERER 53, 28 2 A2k —ME S BN LU & B 4 B 4y, X e VR A R At 50 R AT AT 1.

(7) FPGA BIEMSEIL. A Blevel 20 HIH2 SR A BATAT I 3 R4 R, TE55 Bl i%iy &
B4 SR L. SR, AT PT4ERF I Makespan fe ANFEHIIYT. B, SEU A TAESBIRE G, HE—4
BN Conquer 892, & R R EE, kB BT B A Makespan, 3K DAG X HgE ¥ E
MSTAT S5 VA FE o] L) FPGA BEMI DA AR W% 1 s,

4.3 BIERMERMOH

RV E BB L BUEREE. I Conquer Hyk 3 ANTHIE WALSECN n, TAESEE
N om, pRIEEREIREN O(m x &), [AH, Conquer FIEMEIREW N O(n), BAEE LD, X4 —
GO B E N O(2 log 2), W Crelects Chybrids Crutate 777N FPGA FE #8512 %
JE R THERE AR TERE, TH Cicct, Chybrids Crmutate FIEREZELL O(2) A5, IFA.
Cotoes = O(P). IXH P FORMFERAL FrLA, 25 € ME RS P A KA AL max X, BRI

S
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Algorithm 1 FPGA

Input: Task information of DAG. Node parameters and network information.

1: Begin

2:  Reading task information of DAG; //Initialization
Call partition algorithm( );
begin

Computing the values of tasks’ Blevel;

3
4
5
6: Ordering all the task by Blevel value descending;
7 Deciding the number of the sub-DAG;

8 Partition the DAG random;

9:  end

10: For(i=1, ¢+ +, i > m) //m is the number of subtask graphs
11: do

12:  Call genetic algorithm( );

13: begin

14: Coding the tasks and processors;

15: Initialing the population by random method;

16: Repeat

17: Select the individual by biased roulette;

18: Cross the chromosome of the individuals by one-point crossover;
19: Cross the chromosome of the individuals by parts;

20: Mutation the chromosome;

21: Computing the value of fitness function;

22: Evaluation the present individuals;

23: Replacement the former individuals by better offspring;

24: Until
25: Individual do not change or arriving at enactment times;
26: end

27:  Call conquer algorithm( );

28: Put out the outcome;

29: End

Output: Matching results of the tasks and nodes.

0 (Qn x P xmaxX x O <log %)) + (P x maxX + 2)O(n). (9)

M EXATEUE 1 FPGA SHAR R K S — BB FA N B R M S, ERZURINE, £
FPGA 5k, HFRM 1815, 2 G 0 7AE 55 BT DOFAT I, BRI, FPGA SRR L — i
AL VR RIAZ AT I R) K B

4.4 BHZEMMESSWERE I

ARICER FPGA HEMiE 7 — M EER R R, XNRFECE 5 MHXNMSLHES, il 10 fr
AN, 1 R RAT ST AR s, AR TR AR S5 ECE, B BN TSI B 2 B Rk TR E
B KEAR MRS > BB AR W S0E, FEASE RIS AL BRI Conquer 5k, 70 HI50%
2 PEIR KBOR, K AT 55 B B TR 55 B, 18 A% SE R B BT 1 AR 55 B, T A= i Jm) 3
W, Conquer HIES BATA BRI S, 3 HEH i1 H AR Makespan. 5 3 #i704& DAG X Pk
AN S, B DAG XHRBEM 25 AT, ARIE G 98 . CPU THERED) . fRIEA 5. 3 4 &1
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Genetic task
Task Partitioning algorithm scheduling algorithm
generator —» | based on deterministic
annealing technology Conquer algorithm

Output .
DAG blockchain
ILHA, CPM etc. task performance .
> opology

comparison
generator

scheduling algorithm

T

10 HEZWERS

Figure 10 Simulation experimental system

I35 ILHA, CPM ST 55 ELE, ThAe & S2Bl ILHA, CPM 255518, 1 ML IR 4. 55 5 #40>
el AT 55 P BE 25 SR, FEXF A ST HE AT 45 VR B S A A SR AT LA I B SE 356 T Amazon
Lightsail =186, FIFH MR 2 BRITE 1 Java JFUERRAS DA% 59 85 1 DR Sh A4 49,
Simjava, 2E i 10000 AT 4, 9 A THELRE D AUELE BE JIBEHLAE R, CPU 4N [512 M~2 GB],
WAETEEN [1 GB~2 GB], i 58 HEIA [512 kbps~5 Mbps], J/R R IS 1 P48 0 TN, 15
H AR 428 GLP (generalized linear preference) £ a5y 8031 7E BRITE H A th 88 204 ik, 2%
T PR A SRR A A SEIR | HZE . T SR ) L

1 ANSEE, N T IR TAE S AR S EE 0 FPGA BVERIm, iX AR 7 14 20000~100000
AMES, BEATHE IS B 1~1000 ASFAES B, B4 o Bl B IAE B DAG X By Al kA7 a0 3. 1 11
JRIR T X TN FAE % B FPGA BIEMITERE (br#ELE) Makespan: {F55 HIACFET [A]), 3% BLARHE
WHIPERE & FPGA 5L Makespan 15—t L FA M ELE, 2 PAG FE R BA 1 A TR KN,
FPAG HEM— M st AL 5L REAR TR MBI TTLUE H, frAEfLI Makespan 4A244E 0.6~1 Z[1], iX
KB FPGA BN BEVERe S — M (18 A& AR, (RO BE S TAE S5 ECE 3 N, FPGA BIE MM RE
B S, 9TAES R ECRE, FPGA SIAR 82 I RAL T — s 5L 1, ST DR A2 40%
Tk Re. B 12 B R A RIECE A 55 BIFE S0 FPGA BEREER 8], 1R, FPGA
VAT DS 25 R LG R P82 R 8 88 N () R0 AT 28 R B (1) R RIEA R AR 1), T 25 BISE B,
FERS TR BRI AR A (2. FPGA (X e PE UL B AR R E AT DAG X HUBE IR KRS (14T 45 R
i .

2 A, MK FPGA BERAEKE, 3-S5 TLHA Al CPM RERET LR, 3X BR A AR
FEKBER b, & LR

_ SL(FPGA)

RSL(S) = —r ) (10)

X B RSL(S) FoniAEERENE S HIAXHEKE, SL(FPGA) %/~ FPGA HEMIHEKE, SL(S) #n
Hyk S WK, s R 13 fiow, BEMLSEERIE M, FPCA B E KEHZET
CPM #ll ILHA %,

3 NSEEG MK FPGA BEM AP, JF5 ILHA A1 CPM HiEdH TR, X HE R A
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Figure 11 The makespan of FPGA algorithm with different number of subtask graphs and task numbers
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Figure 12 The scheduling time of FPGA algorithm with different number of subtask graph and task number
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Fusion-partitioning genetic task scheduling algorithm based on
deterministic annealing technology in DAG blockchains

Huaihu CAO", Yanmei ZHANG, Jian WANG, Haifeng LI & Lixin CUI

School of Information, Central University of Finance and Economics, Beijing 100081, China
* Corresponding author. E-mail: chh@cufe.edu.cn

Abstract The traditional blockchain structure cannot adapt to large-scale and real-time-application scenar-
ios because of its inherently slow response. To solve this problem, a theoretical framework of DAG (directed
acyclic graph) blockchain is proposed, transforming the chain processing of a traditional blockchain into parallel
processing. On this basis, the non-independent task-scheduling problem in the DAG blockchain environment is
studied, and a fusion-partitioning genetic task-scheduling algorithm based on deterministic annealing technology
in DAG blockchains is proposed. The experimental results show that the algorithm can adapt to the heterogene-
ity, dynamism, and wide area of DAG blockchain nodes, and its scheduling performance is better than that of
the traditional scheduling algorithm. While optimizing the task-completion time, the algorithm takes account of
the load-balancing problem and effectively improves the response speed. It is a feasible method for solving the
non-independent task-scheduling problem in the DAG blockchain environment.

Keywords directed graph, genetic algorithms, parallel, task-scheduling, optimization, load balancing
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