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Abstract: The widespread adoption of blockchain technology has driven the development of multi-chain applications, creating a need for

cross-chain technology to address information isolation across different blockchains. However, when a large number of transactions occur
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concurrently across blockchains, existing cross-chain technologies are unable to process them in parallel, resulting in low scalability.
Blockchain sharding offers a potential solution, but its impact on scalability is limited by inefficient transaction allocation and cross-chain
transaction methods. Therefore, this study proposes a two-phase adaptive transaction allocation model for a relay chain sharding
environment. In the first phase, the model generates an allocation scheme to reduce cross-shard transactions and balance shard load with
performance. In the second phase, it fine-tunes transactions in unstable queues after allocation to mitigate delays caused by load surges. In
the first stage, this study also includes a transaction allocation prediction method that leverages historical cross-chain data to forecast
transaction size and volume, calculating load based on these predictions and transaction throughput. An inter-shard allocation method
further refines transaction distribution. In the second stage, the relay chain directs transactions to specific shards based on the allocation
scheme, adapting dynamically if load surges lead to a mismatch between shard load and performance. A stability analysis method assesses
transaction queue changes, allowing for fine-tuning across shards to reduce waiting times and increase throughput. Experimental results
show that this model significantly improves transaction throughput and reduces processing delays compared to existing methods.

Key words: blockchain; relay chain; shard; adaptive transaction allocation; transaction allocation prediction
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A5 L) 75 R RIS /N S LA (0 25 L. A S U 4k BE R GURE U5 IR IS AT IR A N, H R B2 1
KA (22) Fiow:

N> (1-6)"x(1-@)"x(1 —ﬂ)xr[tl(l —7:)*(1 = x,) (22)
Horlr, 6 NIRRT 50T DL L B A L, @ MR SR A R 5 aT DA 2 S Y s L, v
NIRRT B IR, O R AR REISCEE Y 5 AT DA R BT A LU, MO AT RE B, MR i A TATRE R AR
M AT DU BB BT S, s NER ¢ A TATBE P R A5 AT A RS R R A S SR R AT R R
P I A LU BB, 15T RE N 7 v DA BRI R YR AR 1 SR s 22 5 A 3 AR I 5

(2) Uk EE R G RS

X Bl 7 Fr m] LA R T AT 5 Ak B, F 2 [X B 28 45 R T I I 4 2 4 XUy O, 7 5 B 22 5 Kb PR ) st A
R ERER BB LN S W, TSRS 5 K A SR b 3. [FB, B 758 5 B AL BRAK T R 5 R L, %
BENAERTRAGNRLN ST G, #hh S EBE A 5 AR, BAR AT,

1) PATBESR R 620 A b B R e T A B SRR S I, JE LA IRI% AT 5, SEGZR S AR Ik, FFK
TSR, B A A BN ) R f KRB AR . 2R SC AR SPAT BR300 A TP A AR Y i8R, S BEAS T Wl R A UREE T 4R
A ANISCEE Y A, I FRIE S I — NIRRT ST B B AE B AT BOAIE R R B, 0 SR AT R A Y e R
PEHERT ) SR AR 4k SLAT B R 5 2 40 R AR ISR A, JLASC AR s AR 1S R B AR BB B B AR W BT AT R
A B BT 2632 5 LA 3l s T o IR, S SR SPAT B R TS AR A RE AL S I AL B R 5 A,
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FE ZA R AT ) A BB B H AR BT AT SRR, A A 10 BARE 5 B a0R I 45 1% P AT B v BT A T A B3
WCBE T LR UE I 4 W7 2 7 BRI 28, de 5, A0SR R Ay R i WO Y R A A A R ST 5 BT 0 B T S R Ak 3R
S5 B IR I TP AR FE AR T A, TR ARBEUSCER Y RUTE 1% B AE B A BRI FL RSB ] S A5 I AR R BT 2858 5, B
BB R AL

2) “PATBER R o F A R S AT R AR LR T A H R I RS 5y ARSI RALAE B R BIE R I —FR
WASELE, TR 5 RGBT /R T SR EAT N EBTF G REI RS = Erp o, ik, #1238 5o
b EEA LA U Z ) R, 38 5 IS AL BRMLA A LA R 3 Al 9 5 0.

a) TRSRIFIPKAMFE, Y AF, X AR 2rp 4T s BRI B R TR SRS UM X, ZTR
i R8N PAT B RIE RAIAAE 5. BRI, JLBU B ST 22 5 A A RIPPATRE R A SE &5, R Xl 1. 3 8K
5, MZF G AR, K2, MU NPT 5 I, dr g BRI SRS X =2 748 5 P U B PATREBS BE5C
GBI, Y 5B R8N T2 5 .

b) TGRS HFKMFE, Y AR, XA, 475 F U NFATERT, Bk, PHRERET SRIFEUTMKX
SYUREEAN H ARE, SIREER H bREETRIA S 5 o5 A — B 122 B LR, ARAE S G 7 R A2 B I E T P
MR E T A R BRI B B PR TR G, IR XOARF, MY 5 R0 A RS — BN TR 5 B,
JRER A A AR TS A T2 B A R

o) TR GZEII T KAMFE, Y AR, X AHF. 24 A 8E0EE T mR IS B R IT 38 5 FHARYE U AT K X 438
BN B AreE, S IREER HAREERNA A G T A — BN TR B AR SRR B T A B B R TR
Gy}, FIWr 128 5y 5yt 1X ey s W AR T A2 B S, IR E] RS B, R IR ALK 112158 B I H A 22 5.
3.2 EMSHR

AR SCHE S B B 38 SRS 5 43 B AR R I 2 [ 4D W 48 A kAT B, DRI BT A 5 R 58 B i 8 B e b 2
SEAR. DXERAE I3 T 4 T A8 5 #0270 A5 R AR IR ) Py 4 2 32 B 4 1, AR T AR R it o B2, 36 iz 3L, A
SCIXBRBEVE A 2 RE RS B I E H AL EE, FLAC R A T E R S Ut HLT AT R S AR T AR A R X Ry
ZA Gy, A SRR Sy A B 35 3R S S A ORI B, N IRER RS B B A p BN X B (RIS R Hh 4k
), MFLIRE 522 5 T 04 DX SR 3 ek o A4 FE FR S 40T, a0

(1) FRTEE:

FEARE PR R R A B AN B IR LA ) 758 LA I S 520 28 3 1 B, 23 B E 37 R RN
TR AT R 3 S R R B R GUEAT A0HT, W R

D) IEE Y5 T RS 4T

I BB A (22) FivR, 243% & R AR AR S s B 2578 T 7 AR B A 2 s b A, LIS <2 B R I s
AR, o, — B EEREAE B nT DA AT R A R S R SRR, R RO IR G R R A T ATRE AU EE Y
A, FLAE AR LR GG 5 W] DL T 75 0A R IR LR, AT RE ISR T s B s R 58 5 e R R AR USRS
Jii, FARYEAZ 5 0 e 75 S IR MK 5 BE 22 20 B R 6 BV R BB 4 vb . S, JRa o i RSO TT AR A B2 0 3 g 4
TR S IR A W7 R 7508 LR, FENE IS RE AL 5 i R 4B L) B RRPATRE. DR, YRR SRRk nT DUIE B W 3 iR
IR, BEBEAT 5 BN AT DLk IE AT, (RIE IR SE R IE TPk,

2) R R

a) AT B 7 i i 5 AN AR 2R G5 PR H L 2 TP ATRE R R R RN S L B A S 2 LA, R s R R )
LA SR G R R A AT BERIWCEETT i, FOMUER B R &5 A AN 2 LA Tk s AL iR, S 3L ud 2
KN [ R AT 1F, B A B RE R 5 IS AR I 1) R R R IR, B B 2 2 Ab S AR - P AT REST S 558 5 I H i A2 0
TE R, BESEERE B T R E T AR AL . R, AT R R AP G R TR .

b) H Ak E R SR A T T B TR . R A R R R S BT A DB o R L, SRR R
BERT 5y FoAR I SR 4 TR R 255 L IR IR Y o, FLCAE B ) LR 45 AR A B LA 2 51k s AL iR, SR
I FE KB R BAT, B S A0 5 I S A B I I B KRB IR, 5 A8 2 A BRI P T I 58 5 3R IR FE E VA 58
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Jl, JR BB TR AR SR BES HE A By TR, U5t AR AR 0 P S B AR R AOR IS R R RE 5 IR AT IR L.

¢) R KT ER B e, IS S AE A P R rh B B R R, HPAT AN h 4R B PO T AL
T x5k IR ATLAGI A 2 5 P, SR R AR BRSO R 5 R ANk e ORI AR, S BOURE R TEZA
b AEZAROUR, Fr R R AR B i TR RN TR LR, DRI, HE IR 2R Y R
REFE AT DA IEBRRAT, DAORAIER A2 AR OIS 1T AR, OB 28 45 1 (Rl SR SO T AR SEAC B2 5 5SS 5.

(2) 22 2 R IR DX BB 1

A2 55 A 1R DX BRI P 5 U5 o Al S 42 SRS S 3 R I PR Ak R AR AT, DRAIESE B Bl ] T AAE AT B FR e
T Py 24 11 FO0 3 L 3 35 58 5 R B DX B R A 3 W R S5 3 4 AL B AT 40 #T, U T

1) IEH 3750 F A 5 T i) DX BRBEIEAE 73 2405 B 52 5 Bm ST sl AL BE, 3 VR B 52 5 Tl ] e 4 R A% IR K
DT RE B AR B M) b BR RREEAT, AR SC e 4K B 25 8 T L CRAIE SRR 1, 3k T SB[ 20 R 4 R . AR S
TC B A2 Ty eV R B 20 1y 4T BN O B8 B 52 S 0 AR 4 FAR SR B 20, G SRR S 8 58 2 L ) AR B R IR L A
AR R B 70 Fr B Ry, 2 H AR R 8 23 i A 0T T OB, WS 1Y st & S BT A 2h B 2 45 AT U5 =)
T

2) S RACEL: WR HARJR AR P A O S BE A S Ui SN, HANE S RO S BE R 5 i R
JRER Gy R AR B ORIE IR WA MCEME AT S B B, HIR R B2 A BOA SO BT UBoR, WA RO RO R e 4k
RO R I B AL 5

4 BRI

BT B BT B G A 5 oy B R, A i SR T S AR (B 1) AT RERS BERC By oy O SR
(FLi%: 2) MAZ 5 NBIRS RE M ik (R 3), BEiRE &l 6 s,

L AR oy Rl SR L2y 6
Bl
v
2. AxJRy o b R SRR T 2
FFRPATHERS BE 2SS 5 0 BT 5%
[
3. A ARBEICER RRE F ROT AT
G
v
4. e E o b W R T 553 20
B2z 5 BA B A € T

5. P kEE L A kSR
B 5?

Ko Skt

6 T FI I 3 AN S0 AT CUAR DR 6 B 52 5 70 O 2 P A AR B DR, 8 2k, v AkBE ) 1y IR S B S AE g
B2 5 KANKGY PR RE A ), SRk 1 AT I8 A iy K/ S Sy B ANk &, F ik 5 i e, ik, 2R T8
21 MEER, i 2 RS A B AR AS B ELULIE 0 75 5K, PRAIEJR) B 70 A () S BB Ak T IR, A St 3
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%2 BBPATREBS BE A 5 o0 T 7 55 |, TR ARBECAR T Al i B0k 2 Han I 45 UK AL B oy TR 4R X R R i 23 ),
JRER 53 Fr AT et IS B I 0 e, ez R, RS A WA TS RO R R 3 AT A B BABIRR E TR A AT R
e DR L

WBR AR R B 1, AR A AR RE AR T R ST AT B 7 SRS R 5 A BN TAT B R AR 1
BERE 5y BB AR /INHEAT TR0, DATRGIN 285 AR v S5 47 i A ) s, R 3800 1 THECTPAT RE S R 5 5 % JR i 4 e
ARG, AR FoARYE R B8 W R R o0 A8 BTSRRI R £ 3.

W 2 AR oy R BN 2, DURE 1 G SE v, B0 2 1) B AR i MU R o v Z IR 53R 05 22,
BB T Z /N T AR D PAT RES E R 5 4y e et 7 6.

WBR 3 AR oy Frke oy C 7 R e T AR R UCEE T A, R R RSO T SRR B 2 IS R AT RS R 5
B RN L R A . AR AR AT AU AT RE PR AR I ) RS RS OB B R R B A R AR RENE 1 R

IR 4, 50 KBRS B WSS TS U A B0 3 3T 38 B AF R E PR A3 AT, TR AN ER E BA B R ) AE B 3R AT R AL
W AE TR AR T TARRGSE, B — B BUP IR 3, BN, BAN IS RESE 5 A B FE 45 .
41 HEHETEEZE

A SCHEVE B TAT B B 0 52 5 %58 J 0 23 7= A ) B BB T R T SR et T AT 4 72 A A 52 5 45 B EAT TG,
FI A, — ST Ol B AE X BRBE R G0 rh, Wi in 25 s mAnis U0, L S 8E ™. A2 BIpL R IX B
BET S 2%, Horh LSTM (long short-term memory) 42925 ] 45 250 K I 18] J37 37 346 AT SR, of 46 SR B It 1) 44
PEHEATH B, B S A RS, 2 E R 1) 5 80 T 1 R e o R A 0 L R, A SCAE SR 1 A LSTM
SVERE AT FE RS RS ) B O RN AT T, AR VAT B RS FE AL 2 O TI0 45 SR, TSP AT BE RS AL B 6 R o
ki 2I=m

&% 1. Load value calculation.

BN w6, 0,8 Ry Fwin ev s O ERRIFRIRIEIERE . NYERE . BRZZERE. Ry 4R M 2% 2 8. R 3R
INAEAE I S22 G A B I H */

fth: F. ¢ FROSEEITE 2 SO AR

1. double ¥T]=NULL, Z[]=NULL; /* ¥ and Z represent the arrays that hold attribute values, respectively */

2. double A [][]= LSTM (e, n, 0, u, R), U [I[]=NULL; /* A and U represent the transaction information array and the

3. weighted array respectively */

4. For (intj = 0; j<N; j++) /* N represents the number of columns of array A */

M-1

5. AL« AL /J Z(.A L[] <AL j]); /* M represents the number of rows of array A */
i=0
6. EndFor

7. double G []=NULL, G []=NULL; /* G and G represent the optimistic distance and the pessimistic distance array,
respectively */

8. For (int i= 0; i<M; i++)

9.  For (intj = 0; j<N; j++)

10. U [[] — wx AT

11.  EndFor

12. EndFor

13. For (intj = 0; j<N; j++)

14.  For (int i = 0; i<M; i++)

15. Y[j] < max(U [i][/]); Z[j] < min(Z/ [{][/]); /* Solve the PIS via equation (11) and solve the NIS via equation (12) */
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16. EndFor
17. EndFor
18. For (int i = 0; i<M; i++)

19. Gl \/Zi:f(u i1 Y[j])z/ (\/Zf;(u L1~ Z ) + \/Z:(”ﬂ —Z[j])z);
20, Glil— \/Z @il —Z[j])z/ (\/Z,:‘(u A=Y [+ \/Zf:(Y[j]—Z[j])z);

21. EndFor

22. double K [[=NULL; /* K represents the array that holds the criterion for choosing a distance equation */
23. For (inti=0; i< M; i++)

24. int R[]=NULL,;

25.  For (intj = 0; i< N; j++)

26, (YU ] =U T[] -20))

27. R[j]<1; /* R represents the array that holds whether the values of each row are closer to the PIS */
28. Else

29. R[j]<0;

30. EndIf

31 K [i]« K [i[]+R[j];

32. EndFor

33. K[« K[il/M;

34. EndFor

35. double F []=NULL;

36. For (inti=0; i< M; i++)

37. If(K[i] >=4) /* A represents the threshold for selecting optimistic or pessimistic distances */
38. F il Glil;

39. [Else

40. Flil=Glil;

41. EndIf

42. EndFor

43. Return F;

B L TSP AT BRI REAC S 0 R o i P AR I AR R, FOAE DG BLER I

D) Bk | BIETTECPAT RS BERE 5 0 Ja il o v 7= 22 0 S UL, 0012 S R B B AT RS E 28 2 KNS i
YRRV R PE, 3T 1% P T AT BE RS 52 20 X JR 8 3 3 J i) B 28 IR 22 Jam 1k R I AL, K8 S 1 A L DA
FOPATEE T SRS RS 215 BAE NN

2) ik | R A — IO R SiRIC R TES N TG 3R 1T 7 FIAHBR 1S BUbR HEAL J5 B 45 R, T BR I8 1 4R
B T BRI (B 4-6 1T).

3) FERE A v I HOE 4 R bR HE S AR N B B, AT HON S B MR N R, T ERE A R
PERIBCEE AN IR, B33 1 HIAL L 5 R AL ool 2 R B AT AR SR SR AT IR B R 1, R w; 2R 58 j SRR
WEE (55 8-12 17).

4) Bk 1 B R A R 5 R R K O 1 TR R AR AR (positive ideal solution, PIS), B H 51w f5 /M Kk
A FRAEME (negative ideal solution, NIS), 75l FHUZE ¥ F1 Z A7 IEERAR AR AN GO ARAR (B8 13-17 1T).

5) ASCAERE 1 A8 A B L B AR BE B v SRR 1 P AEAT T R B PIS A1 NIS ¥ SR WL EE 2 A AR WL ER B, 15345
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FIH R IR B AN AE IR B o A FE R G A1 G b (BF 18-21 17).

6) Bk 1 FIWTAERE U AT 70 3 S N B R A TR MEAE 2 f 5 T VAR, B W 4 SRAE N HUH R, T I
RIBYEAE RIS R 1, BN 0, HAEFEH K iH BT u = Al as RIME B8 22-34 17).

7) 3l A (14) B35 AU V5 3, BIG R W Ah PR B A g v SR A S BB AR v, 2 W A LR 2
TR, Fo A SO RROR, 75 MBS, o S BB At AR 7 b R 28U (5 36-43 17).

8) SEAFAEXUZ for JEIR, EIAHIIEL T 59 M AN N, IR 224 224 O(MN).
42 PITHERX S OREX

AHIH SWO (spider wasp optimizer) B iESLHLE L 2, K1G 0 Hc 7 BRI HBALIE, SWO B EH TARBKR
SR APk I 1, AT A8 S foh 0 Fo UG v R 1), AR TSI ARYA 2 B, gk 2 0 DA G 5D 1 S 2 SRAE R R, AN
Ty — M AT BEBS BE RS 2 O T5 R, AR SO TR A IR 8 20 AP AT B P — RO 9 5, 0 FH 13 ) 20 R 7 5,
) B YE B A PATRE R BOR, 2 ), ANEREE h RS i F-PATRERS BE S 2 N A0 L 7 28, a3 (23) Fioss:

i =lan.90,.. -, Gim) (23)

o, gy FOREE | DMETE T AMR RIS j AR, je{1,2,...,M).

&% 2. Parachain cross-chain transactions allocation.

HIN: g, 1, Poy Py Fy o x5 1% 0 B p 5) BB AR NRIEAR YA, P, B P, 40 B4R SRR, F A F 43
B RAER AR (IR FAT B 4 Py 52 50) FO5) P IR M GO x, B AT B, 172 5 R BV
I G ¥

Hrth: X /% X FRRAEABITR

1. double S[]=NULL, V[]=NULL; /* S and V represent arrays that hold the average load and the load variance,

respectively */

2.1int X[]=NULL, Q []=NULL; /* Q represents initial allocation plan of different individuals */

3. For (int i = 0; i<g; i++)

4.  For (intj = 0; j<M; j++)

5. Q [{1[/]«1+rand(0, 1)x(N-1); /* N and M represent the number of shards and the number of parachains,

respectively */

6. EndFor

7. EndFor

8. For (int i = 0; i<g; i++)

Do FLl+ Y FL

9. Sl — N . ; /* Calculate average load via equation (16) */
S Fwc )+ ri-sti|

N

10.  WVil«

11. EndFor
12. XSWO (P., P, o, 1, Q, M, S, V, N, F); /* Call SWO algorithm to obtain the scheme when F[;] is minimum */
13. Return X

; /* Calculate load variance via equation (17) */

SR 2 BEALAS 2 A B ST AR AR, TSRS Bl T K B80T 22, IS A OB = 52 S B
Gy PO ol A BRI R B 50 CATSGE SR 8 20 P B3, ARG IGn T

1) ARIESE 1 TS BB AR AR S AR, B3 2 MUY R 0 B9 S, SR REALI TR K = B0
Fi (905 5 AT RE B0 5 X L, 23 AP ATBE BRI 08 N AT M, BRI R Ik B HEAT BT AR 1L, R
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KANTE LR @, ¥53TLT7 W N IA & O RN 7 RN SWO Hikh R IME X B8 3-7 1T).

2) & 5 T DAFR B AN AR BIAR R 25 1. S TS [ e ) R, R ) S S ], AR SCAE L R o i a2
[ IR 5 Z ARG R, TR A MR RS B, 4 R E A TE S S IR 7 EAA TR v . & RE
/N, SR i A ERAE 2 (R BT ZE N, BT R 4 R S M e AR T IE (56 811 4T).

3) VA SWO Sy B RE AN PR R I R de /S AN, B2 MR I R R A U B0 X R, B X PR i & il
TR B 12, 13 47).

4) S5 2 SRR TR AR S OB R Y, MR B e A AT I R B s S O
AR, BRRAELE 3 EAGIE, 4 SR IG IR AL BRIk B0, G IR A S AN PRI OG ER IR AR, B A1 52 24 O(puM).
43 ZHNFIRREMITEE

AT — PR 5y BB AR T 43 W 02, S 4 W 22 2 B A T O AN AR e 28 5 BA B Hh 158 5 AR it JRi
a3 e IR 2E e R, BT 3 BT,

&% 3. Queue trading adjustment algorithm.

MiIN:Q,E,F;/* Qv EMF RS AHENII BERIEAH, 525 BIEFRMAL 5 i B +/
fth: AL /% AFORTE EALEBOR B 5 B ¥/

. double L []=NULL, L[]=NULL; /* L and L represent the backlog size of queue at different time slots */
.int S []=NULL,; /* S represents the array that holds the changed queue length */
. For (int i = 0; i<N; i++)

S[il —Qli-FLI+E[d;

. EndFor

.L[0] < O;

. For (int i = 0; i<N; i++)

L[]« L[]+ ST =S [l

L[i]—L[i]+ QL *Qlil;

10. EndFor

11. For (int i = 0; i<N; i++)

12. L[]« L[i/2;

13, L[i]«L[i]/2;

14. EndFor

15.int V [J«~ NULL; /* V represents the array that holds evaluation results of queues */
16. For (int i = 0; i<N; i++)

17.  VI[i] « L[]-L[];

18. EndFor

19. int A []=NULL;

20. For (int i = 0; i<N; i++)

21, If(VI[i]<0)

22. Ali]l < S[i);

© 0 NN AW N —

23. intj=0;
24. While (j<A[i] && j<Q[i])
25. If (A transaction is not a sub-transaction)

26. Collect nodes add them to the transaction package that needs to be fine-tuned;
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27. Vamst
28. EndIf
29. EndWhile
30. EndIf

31. EndFor

32. Return A;

3 AR UL I T

1) JE3B 55 Fr RS s AE BRI BT AR AT 58 5 BABRG S M 23 #, 9% 3 ARABBA S Hh SRR 1A S it . &2 5
FIIE R Z AT S B A G 22 5 30E (58 3-5 17).

2) AR BABAR B T S AN BB AEAH AT B B AR K AR bR RS (B 714 47).

3) 0 SR ABI R b i N — AN BR B 55 — AN BRI B A8 28 4k i, {3 Lyapunov 8 RoRiZ a2 40, F T 4T
BAFIFEEVE (5 15-18 17).

4) A SCARHE Lyapunov & BEX BAF AR PEEAT 23 BT FEAR 3 BAF1] i SR A 3 ¥ 52 5 B0 43 3 BA 371+ 7 A0
HIAE 5 B, SR o i BTSCEE Y p MR A 75 B0 0 58 S B S 5 BA B H B 5258 5 R 3T 4, 78 58 5 (i it
AR G A A 30K FL A B HAR R 38 0 Fr 1658 S BA B . T B RS 128 B B B Al i e (B8 19-32/4T).

S) Bik 3 SR o, AT A B AR E M A W IR SN 58 B BA B R R O 1A B B, R A
28R, BT N E IR By — A &, BRI, IR 2% PR O(N).

5 £ I

51 ZWRBFEMSHINE
511 SEIGIRETR T H

AL T A B i X HUE Fp i i DAk, 32 B e P AT RS 5528 B A BC B2 (R 3. a0, — 2 TR e gy
2T FHAE X B SE G h, 2 OMNeT++"7, Python™. L OMNeT-++1] DL [X BB [ 25 34747 31, MR L g 17,
Java #l Python RJ DLF T-FF KA AS, X X HUHE ) 2 EAT A0, A ST RBLTT I B B2 48 = 5 58 R G AL 522 5 iR
A, T TEAIAS 5 78 X HE R 2% v AL B 14 E, OMNeT++7F & A SCH 5 K. IR, A SC{f il OMNeT++ 5.4.1 /B4
{5 B T HBEAT 5256, TR 45 W 25 b (128 55 b 3 2. RIS, A SCH A LSTM A1 SWO B2, il LSTM
FVRAE X HUBESR B K T AT 1, {3 B Python S H 7F DX HUBE 25088 4 b 1A FIUINRS P22 04T 9250 SR 2 SWO Bk )
4y, 1# 41 Matlab 2020a % H T A RIS HEL5. SCI8 A5 Windows 11 64 7 #:/E R4, Intel 17-12700H AL FEAS
#1116 GB 7.

5.1.2 HUREMLSH

A TAE{E A XBlock H i) BAK B 3038 £5. XBlock A& — A i 75 Bl /7 X B 1 1 R A58 BT 9 1) Hi s 42 4
EFE, MUEHERF M. BURYI LA EOS &8 2 Flon s I i r 8, M BN AR EFE KA, I
XBlock 1) LAY £ H SEE4E LUKV B U . B8-S 2R MU UL 3E 2 B0, B 0 vT LA B A P E
PUK 7 I VEAN X Huqs 2, P 0] DU 38 20 SO 4R 28 LUK Y5 P I V6 4H 38 5015 I8, STk [24] B4 1)
BHR AT S8 . AR SCAE A ) UK B 300 4R 6045 100000 2555 508 128 55 %0d, Hoh 46 DR YT KELE K/ 58
Uk NN | Tt Ao £ N 1 5 N el N B Gl N NN - B LIPS 7 NN €7 T o M o i
SR 4 PR,

4 b, R A B SR [7,10] B, JRERa A b AR AR SR (48] BB, T AU SRR SR [7.8]
W, R S E N 1-3 Mb/s Z R BEATUAE. X A FRAR 4 LUK FIE . 3R S 80L& STk [7,10]
WHE N 10 s RHESCHR [17] XKD, 85E8AN 585 K/NRCE AT RE B0 7= A s i 2 2 . RTE TR A
BB IT ORAIE 18 458 SR WL 2 A0 AU B 28 1) A ST, AR SR [34] I B ERIE N 0.5. FE R ER 7 8 8 s L
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N, MRATEER RN T 8, WA ST S — e 2P A R o i BIRIR 9%, S P AT RE A SR R T EEE T 8 I,
A BEMNRAR ST oy e 7 S )& BEE, A SO TAT BE A B B EL DY 10 ZEATIRK

®4 LRSHE

ZH ik HU AR/ AR Y
N RS P EE: 8
® a3 R 60, 80, 100, 120, 140, 160
a A [1, 3] Mb/s
B TAZE TR [256,512] B
y X B (] & 10s
) FRP A BB AT 5 B 1000, 1500, 2000, 2500
¢ PATHRE S = 10
P, P& 0.4,0.6,0.8,0.9
P, U2 0.2,0.3,0.4,0.5
0 A E 20, 40, 60, 80
v ek 4 = 100, 200, 300, 400
) 39693 UL B U 8 1 R 0.5

513 SEIGeks
NGRS Ty 155 HAth 7 iR T ST b, Al DA fe e 38 B ABHSEIR . A8 B it AR By Ab BRI R
1) 2 G A FAEIR (L)
N
E = [Z (ﬂfb - {I/n)] /N (24)
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