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non-intersecting transmission links for a group of heterogeneous computing force requests, so that the group of re-
quests can reach their respective destination computing force nodes, and thus allocate computing force resources for
the group of requests, is a key issue facing current computing first networks. Firstly, the routing problem of heteroge-
neous computing force requests was analyzed and was transformed into an nondeterministic polynomial (NP)-com-
plete problem through modeling. An optimized genetic algorithm to address this issue was proposed. This algorithm
was designed from both local and global perspectives: to ensure fast convergence to the target solution locally, a
single parameter satisfying the randomness strategy was used to initialize the population, making it widely dispersed
in the solution space; adopting a multi-parameter solution (or path) balanced selection strategy for selection opera-
tions, making the selected population rich and diverse; adopting a two-layer crossover strategy for crossover opera-
tions, with the aim of expanding the breadth of global search; adopting a multi parameter random single point muta-
tion strategy for mutation operations, with the aim of deepening local search capabilities. To ensure that the paths did
not conflict globally, a path distribution strategy was adopted. By constructing a solution matrix and utilizing evalua-
tion functions, random selection of feasible solutions, and the principle of low demand priority avoidance, a set of fea-
sible solution sets was ultimately found. The experiment verifies that algorithm has been optimized by an average of
8.85%, 15.51%, and 17.03% in terms of transmission success rate, convergence delay ratio, and load balancing com-
pared to the IGAGCT algorithm and RBDQN algorithm, and 10.41%, 16.5%, and 16.81%, respectively from three as-
pects: heterogeneous request success rate, algorithms convergence delay rate, and load error rate of computing first
networks.

Key words: computing first network, heterogeneous computing force request, genetic algorithm, computing force

routing, NP-complete problem
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BET 10 MIFESE R, W Preg, (FE N

B N

HIR6 T HHLER AT A, X Pregs,
172 A

AR H it — 2 2R, AT
REde = BV I R ISR YZ RE T
24 OGAZBFEmiIt

REH, OGA 77 B55 [Ex— 5 /i K
L] e G AR 2 T BE R AR RS, Wrh i .
2.4.1 HCFRR#F#4 &4k

HCFRR ] @ (1) v A 26 % GF T PP A 3K fig
HCFRR ) @ (1) & 2 45 6 fiff (ERBR 2D IR 45
—HBOEMR (B FITEMEN 1, B2
HCFRR i) 8 () Fr A LR %A ez, PFUHE N
MO0 (1D SRAHECA AT B R A oR 4L

Gf(PReqstlvPReqstz» "'aPReqstn) = \/HIH(PReqstﬁPReqstj) 'Neql(PReqst,-vPReqstj)
Lj

1, ( Vivj)PReqst, M PReqstj =0

In P eqgs -’P eqst; =
t ( Regst; th,) 0. FAlh .
S.t.
1L,(Vij)P %P .
Neql(P Reqst,.,P Reqstj) = ( J ) Reqst; Reqst;
0, HiAth

Hor, Pregsts Pregsy, 7 M RN BILEEE AR, In(-)
TR R E, Neql (- )RR k4.
242 BEARNSK K%

{5 5 ) W 4% CEN "R AR AE — 45 7 BRI R
Regst= {Reqst;, Reqst, -+, Reqst, |y FHEE— M)
FURIGE K Reqst; € Reqst 1M 75 5 fAE—2H T Reqst;
AT SR Pregsts Peastys - Pheast p nFlm 53 3
FOREIIERBHAZSH, WA HCFRR
I & [¥] nxm 3K f# 5 FF HCFRR_Matrix, 41 T
iR

[ p1 2 m
PReqstpPReqSttla "'aPReqstl

1 2 m
PReqstzv PReqstza ] PReqst2

HCFRR_Matrix=| | , .
PReqsti’PReqsti’ "'7PReqst,-

1 2 m
_PReqstn’ PReqst,,a ] PReqstn i

Hr, FEREA R —ATRR — AN E I IE KR I AT
k. WAEXHER: HCFRR Matrix (F##iR, #i#
Tk AR YR R B AT 3 T WG SR 7 i 8 i Y — 4
HORNA A B AR . B B AR 4 R SR e O AR
mr.

B WE HIRRE Gp, ZEEM T
fifi i A SRR LS R

FI2 LIAT N AL K3 [ HE B HCFRR_
Matrix, Ff M AT H B MLk IE H — A 0] AT
P{zeqstiﬁ)\”}?%%ﬁﬁnﬁpo He, ie[ln]
je[l,m]

TE|3 Ko armE, AR AD
HCFRR ] & (1) vF 7 o8 B G, 1H 55 G Bk 3
. WRG=1HGHEFAnANILE, NREHA
Bh Gp, VLSS il /& HCFRR ) 31 1 % 24
RpLER .
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LA MR G=1HGEFRKFEANINIT
o, D d% HE D BR 2 4k 2R DUAT O H A i g R PR
HCFRR_Matrix, JEBEALIEH 1T fEFEN Gp i,
FHAL IR 18 3 HEAT HI

HB]E5 W Gr=0, W= A58 4 o S (1 0]
ITRRIEATFRAC,  FEXE 5 4 b 98 0 T AT MR EAT LG
B, PR SROGIRELE SR, PR H S B 77 X 4%
PR (f145 Bandwidth, Delay. Lost%§) 75 3RAK
(W5 3R, JF H B ) 4 FF HCFRR_Matrix,
Pl ik Hh FL R LR AT AT R AEN Gp R, FEIE IR
IR 3 AT AW
2.5 OGAjt#2

1 X HCFRR ] @ AT 70, R
AN SR A, e A 1) T LR 4
WAL ZORME, DR 2.

H2 K45 OGA Rk BLit AR, XF 44
R e gAY 7 RS B R, VIR S B
Rpw~ Rpys Riue Qo Op KFREERIEL, ¥ iEAR
KBS IBH A, #NPIR3.

FI3 KB 23277, FHAWRLEW L%
fF, AR, WENBEA,

A KFEFE 234 AKX D ~HX ©

WEFRIEATIRE, JFRADIRS,

FBE5 MPEMHHLIEEE 2.3.57 &l (D ~
X A0 LML X EE R, 7E T M
BE, FEHIWTIR H 2% A B e 3 2 20 3R SR A i ik
fie (BERAT), IR, NWEANDERe: B
NP4,

$B6 M OGA & /it B, &4
i T R B ATAT IR (SR &, MERE
i HCFRR_Matrix, R4 25 2.4.2 1 h&A
7] R 53 C — AN R 20 R SR AR T AT R, BB THE
H H AR BSR4 Gp HFIB H
2.6 BEELfHER

REAG T, DAL AR N 2 A A 2
N, ABE S S CFy AR 2 AN R
K, BT CF, FEEIANE I TIEER, &
1RGN 1.

[, % H 79 55 CFNR, 55 CENR, 1%
B, A2, K3,

AR DAL % 2% B s B R IS L, SRR
AT I M B8 205 (open shortest path first,
OSPF) #ilg, W R BIAEEAN B E 137 s
AHAELESSHER, R4, FEURPANE,

®1 BHEKRER

RS IR A 1% 3R I 48 /ms WRHESE/ (MB-s™) PROE 155K 5L )1 %R/ GFlops
Regst, GPU BEJIH R CF, 50 90 2% 43
Regst, NPU 5t Y17 3k CF, 30 50 1.1% 70
Reqst, GPU B K CF, 55 70 1.5% 30

#*2 CFNR,HIEHIER
Nk i %E/ms H9E/ (MB-s™) ER IS H 57775 5 CPU. GPU. NPU/GFlops
CFNR, CF, 5.0, 10
CFNR, 20 100 0.5% CF, 60, 0 20
CFNR, 20 100 0.5% CF, 0. 10, 10
CFNR, 15 50 1.1% CF, 0. 15, 85
CFNR, 30 150 0.8% CF, 0. 0. 15
CFNR, 30 150 0.8% CF, 10, 90. 0
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#*3 CFNR,HIEHIER
Tk I & /ms H5E/ (MB-s™) EROES SR WARTD=Y CPU. GPU. NPU/GFlops
CFNR, 20 100 0.5% CF, 5. 0. 10
CFNR, CF, 60. 0. 20
CFNR, 25 70 0.7% CF, 0. 10. 10
CFNR, 25 70 0.7% CF, 0. 15. 85
CFNR, 20 150 0.3% CF, 0. 0. 15
CFNR, 15 100 1.0% CF, 10 90, 0
#=4 BERHEESHER
P s iz HI 50715 R I} 4E/ms W58/ (MB-s™) FaE
CF, CFNR,—CFNR, CF, 20 100 0.5%
CFNR,—CFNR, CF, 15 50 1.1%
CFNR,—CFNR, CF, 30 150 0.8%
CFNR,—CFNR,—CFNR, CF, 35 100 1.5%
CF, CFNR,—CFNR, CF, 20 100 0.5%
CFNR,—CFNR, CF, 15 100 1.0%
CFNR,—CFNR —CFNR, CF, 50 100 1.2%
F4 R BRI AL, MAL ) OSPF 2RI 7 34K PR EE, PPN N CENR,—CFNRy, 4B

FASH WSS AN, FUH T ATE i REA E
[RIERAE o

AR WF

(1) OGATEPATHT, JetRHESTHk[11-14] &L
BR[22-23] 1 SR 1% 2 4 Reqst; Reqsto. Reqsts AT
XL S S35 55 CFg CFyn CFyo

(2) OGATEPATHT, 2244 3 A1 3K [F] f 5 pdt
o B — B s SR R AL ER, 4 ) 4R CF
CFs. CF,; %I CF4. CF, 2| CFq BT A 7 g I B 1%

K 4 CF) 2| CFe M #8424 2 %, N CFNR;—
CFNRg 1 CFNR;—CFNR,—>CFNRg: CF; | CF,

%4 R4 1%, N CFNR,—CFNRy; CF, %] CFq

#8442 2 %, N CFNR,—~>CFNR¢ fll CFNR,—
CFNR,—CFNRg.

(3 RIEH AT KHEMG, DL EZ KRR
Bl F KSR 7 45 BF HCFRR Matrix, K IX
BE ML 3 Jj, 40 Regst, B B 5 CFNR;—CFNRg,
Regst, HU #% £ CFNR,—CFNRy Reqst; H % 12
CFNR,—~CFNR,;—CFNRg, #KICKIX 3 48542
A D KL, Gf=0E#RE Reqst, Ml Reqsts f7-1E

SROGHELEEUN, 9L Reqsts TR BLAE, R 1T7 75 2
TR AR, JEFEJR % )9 CFNRy—>CFNR.

(4) HL B ik £ ) (19 3 5% #% 42 4 CFNR,—
CFNRg. CFNR;—CFNR,;. CFNR,—CFNRs, R

AR AD f5%, Gf=1RHAAHEAMR, B
X 3 2 4% 0 ) 72 15 5K Regst;« Regsty« Regsts [
AT

I SAG M, OGA Refig N —H i 55 )7
SKF AR BN R LA KA AT AT BRAS, NI B 5T
P H
27 BEBYMESH

RN .

(1D JBHEZET, OGATEWIMRILFNEER, KA
BRI R BENLVE SR , 2RISR R A T Fh
REMEAEAN A ) S H0 4k 5 B8k, T ORAE A B
HE A RS R S A rh s AR, 22 HUR
CECE AT ) 5487 1k 9% SR W R VI A 3 o 0 6 S (7] 1)
AL B INZ AL, AT R R TGE R SX
AN A2 XERAERS, NJESE SCAURUEAE X
524, T HARIE R RN A TS 5 E
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TXEAEF, WM T 2 RIRE )1, M2
AR SHYEE T 2 S ARG B G— 1
T XM Re; AR FEREN, Z2SHBENLR AR
S A I T AT S 5 R R R ) G
HURBAE R, =T 7 A R RN RIS R AR
BRG,  BVRAE SR 0 2 T A A R

(2) ARET, OGA K T4 ik 13
REER, WEEKRMEHEFE HCFRR _Matrix, 5%
3K e i #2 Bl 58 %7 HCFRR_Matrix & JJ; & JF .
HCFRR_Matrix /2 S A BRI, i OGA @4 5E
21 2 WA TR U [RIE, OGA A i #4543
R AE HCFRR_ Matrix A R T, KRN
AR TR LB N D EAR,
WA AT LLLE 22 TR 8] P9 SR 3 — 40 R 20 R )
AR

Zi b, OGA WS HA M. UEHE.

3 SBSRHh

WIS 1 GEDUIRS %, CPUALSHAMD
Opteron 4334, {7 N8 GB, SATAT## N1 TB,
##4F %% 9 SUSE Linux Enterprise Server 12.

W 28 2540 . BT SCHk[25-26] B K FH 1) Wax-
man W 25 07 HAE AL, BEALA OB 19 AN
oy 191N F M Z8 B8 7T AL 153 25 2 BE R 1)
BIM s Skt efne Forfr, BEANE I A EBEAL
WoE 3R PR, B CPU %R, GPU ¥4 LA
JNPU B8, H A& P i % s & R4
B BEREEM IS E (B FE Bandwidth.
Delay. Lost) BENLAZ . BN 77 4% 16 B9 A
PWAE—KkMEE, WREMNE T RAREREE.
T—BELL R MK SHE B . IR ML k] 2
ZE RN, BB sER2, K3,
ERIBERE RS HH2.67,

st B R

(D WL ESER: Eofn b, BN

€ —2H A 5 717 3R Reqst (L35 CPU % JRIE K
GPU BEHEK . NPU B KD, Hizdlis K&k
HNe [2540], FBEHLOAE %4105 R LR %
1, BFEHE JTIRLIR . BIEZA . i 55 2R LA

(2) 7€ Reqst Tt B H I H 377 /. H
TATL T ORUE R RO A S R B 0 SR )
H, TR T HBE 5 AR IR AEA ST 8
S & I I PR 1= A N a7 QS 2/ U o L
g 111 2223 e g A B R IR 20 SR B
o T, XL AT I SRS FEIE B H I A
77 THVHB B A BT R 1 B

WEZHWT .

TEL% G i B A R0 2 8O R DL &
BETZRERLBNERT, A& ES
Ko 172021, Ry Ry, R e (0.19,0.89) 43 5 &
AN B N RE R BRI IETIARRE, Qo IUE W]
R PR B A B, Ore (0,1)FRNBENLEL, Hh
FERURBEE N 60~70, IEARREBIE H80~110,

R IREE A R, AT )i IO RR[17]
BT R E AL 2= 2] [ % i (reward-back deep
Q-learning, RBDQN) HyEFISCHR[201FF 4 iy 2%
1#iF (improved genetic algorithm for group com-
mand transfer, IGAGCT) #y%k5 OGA Xttt

MR PEREFR bR S IR g5 RN R .

(D MR IE R L)% (heteroge-
neous request success rate, HRSR) FIRN:
HRSR = AR 0 5 01 KRB e i 51
SRAEHR ) S B> 100% (12)

2B R AT & & BEAE ) N=25 BRI
TR SR R A SR A L 2

SEEG 1 AE A D78 SRR DR T M 2%
BE PR B Wi > B SRR, S 2R R
HRSR. 1K EHH25 T % K5 I% K HRSR 224k
LU E 2 T 7s



BENE 2025 F%E 21

=107 -
1.0%
| mOGA BIGAGCT RBDON |
0.8%|
~0.6%[
7]
e
Z0.4%
0.2%-

153% ' 135% ' 7%
RERRHOR 5%

B2 3Ry 25 I 22  HRSR 2L 1% L

B2 AT, BERREE N 153 260, OGA I
HRSR #23 91.5%, IGAGCT % 7% ] HRSR #% ikt
90%, RBDQN &%) HRSR #£iT 89.3%, OGA [1]
HRSR ;IR T 1.7% F12.5%; BERGEURE N 1354
i, OGA [ HRSR #£i/T 83.6%, IGAGCT 5.i% 1)
HRSR %3 77.9%, RBDQN % % [f] HRSR # ikt
80%, OGA ) HRSR 73 Al FEAIK 1 7.31% #1 5.6%;
BB N 117 261, OGA ) HRSR %31 78.9%,
IGAGCT 5721 HRSR #23r 71.3%, RBDQN 52
f) HRSR 3T 69.9%, OGA () HRSR 43 5| F&AK T
10.7% A112.9%.

S 2. TE R J1E R SR N=40 LUK
731 28 B B RN gk 2D PR 25 AT I % SR ARk
fJHRSR. %K & 5o 40 B 5425572 ) HRSR 7%
A LU 3 s o

1.0%

[mOGA BIGAGCT sRBDON |

0.8%[

153% 1354 1174
BRSO %
3 TEREN 40 B AR HRSR A 4b 5
B 3 a5, BEESEUE N 153 %60, OGA |
HRSR # i 89.1%, IGAGCT % % 1) HRSR i
85.2%, RBDQN %7 ) HRSR #2311 83.9%, OGA
I HRSR 23 B BEAR T 4.6% F16.2%; 4Bk & A

135 %5}, OGA ] HRSR #% 3L 77.2%, IGAGCT
F9% /) HRSR #21 68.8%, RBDQN 574 ] HRSR
FZT 69.1%, OGA ] HRSR 43 5l FEAK T 12.2% F
11.7%; B #5117 %0, OGA [f] HRSR %
i 67.5%, IGAGCT % 37 1] HRSR #2 i 57.9%,
RBDQN #% ) HRSR 4211 54.6%, OGA ff] HRSR
I3 HIBEAE T 16.6% F123.6%.
(2) BRI AELL (algorithms convergence
delay rate, ACDR) FT/~A:
ACDR = (BLiEWSh N 2E — B 1E USSR (] ) /45
T I H USSR TA] < 100% (13
Z AR bR P SR S R AR O PR D TR
WS AR
W3 fERMHE SERE R N=25 DL K
73 48 B B HOAN BT g /D R 26 A, It % 2R B
ff) ACDR. 13K &8k 25 I % 255 (1) ACDR A%
AB BT B 4 BT o

0.18%
0.16%}| "OGA BIGAGCT =RBDON |

0.14%F
0.12%F-
£20.10%|
20.08%}
0.06%}-
0.04%}

0 L L
153 % 135% 7%
RERR R/ %

4 RN 25 I % 20 ACDR 2R A6 1% 1

B 4 T 5, ERR AR 153 2617, OGA K
ACDR ¥ 3 2.9%, IGAGCT %% ] ACDR ikt
3.2%, RBDOQN %72 [) ACDR £ 3.06%, OGA
ff) ACDR %3 B FEAR T 9.3% Fi15.2%; #EBEE &N
135 %k}, OGA f¥] ACDR £ 7.9%, IGAGCT %
75 K] ACDR #£3f 9.02%, RBDQN 5% ) ACDR
P%3 9.5%, OGA ff] ACDR 43 7] [ T 12% A
16.8%; 4B HE N 117 %0, OGA ) ACDR #%
T 11.1%, IGAGCT %1% ) ACDR #£1f 15.2%,
RBDQN % % ) ACDR % iI 15.8%, OGA [f]
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ACDR 737l FAK T 27% F129.7%

LI 4 EFHHEEREREN=40 DL L&
731 28 B B AN BTk 2D 1R 26 A1 R I % 2R ARk
fJ ACDR. % 3K 54 40 I %2509 /) ACDR 2%
B Bl 5 s

0.25%
| mOGA =IGAGCT sRBDQN |
0.20%}
o 0.15%
o
&}
< 0.10%f
1534 1354 7%
BRI/

BIS 1 SREEN 40 B % 28 HIE 1 ACDR 281K 1 4

HH ] 5 AT AN, BERR AR N 153 560, OGA I
ACDR #3I 3.7%, IGAGCT 5% ) ACDR il
4.1%, RBDQN %] ACDR #3 4.06%, OGA
fl] ACDR 73 5 &1 T 9.7% F118.8%; 4 M ¥ &N
135 %, OGA ff] ACDR 431 8.6%, IGAGCT %
71 ACDR 231 10.1%, RBDQN % 7% 1] ACDR
B 9.9%, OGA [f] ACDR 73 5 [ T 15% Al
13.1%; ‘BEESEE N 117 %0, OGA ] ACDR %
i 16.2%, IGAGCT % () ACDR #% it 20.3%,
RBDQN % % ) ACDR #% iT 21.8%, OGA [
ACDR 73 7 FEAK T 20.1% H125.6%.

(3) I 534 1% %2 % (CFN load er-
ror rate, CLER) FTI/RAN:

CLER = (#5532 5 bR A0 H A AR A T A2 P — IR
PRI BTRE L)/ I MBS Ex100%  (14)

AR bR FH R A 5% B SR v B A X 4 47 2
P17 L 5 TR TN 6% 07 8 35 1 1 00 () R ZE AR
1 38 1) 1y 2 1) 432 b e ok % 4% 22 ) R A A O FE
FE, B sy, AR (R AT BEASAHAZ o

SIS 5. R ST TEIRAA (L5 153 %%
BERE ) DAL ST R S5 03 SR sl B AN T 1S i) 2% A
T, W &SRB CLER. &% 2R HE 1 CLER

AR TE LA 6 FT R o

0.3%

| mOGA ®8IGAGCT ©BRBDQN |

0.2%}

CLER

0.1%f

10

25 4 334 40 4
THARER A
Ko RGN CLER LTI

HE 6 77 A, 15 REE N 25 1M1, OGA |
CLER # I 7.5%, IGAGCT % i% ) CLER #% it
8.15%, RBDQN H %] CLER #£1 8%, OGA [
CLER 7 IB&MK T 7.9% F116.25%; & REE N334
i}, OGA ] CLER £2if 11.3%, IGAGCT 5.k
CLER i 13.2%, RBDQN % % ) CLER 4% it
14%, OGA ¥ CLER 73 7| FEAI% 1 15.1% #119.2%;
T SR B 40 NP, OGA ) CLER #23 18.9%,
IGAGCT #.7% 1) CLER #2il1 26.3%, RBDQN #.7k
ff) CLER #23f 25.2%, OGA [f] CLER % ] &A% T
28.1% M125%.

JE i % HRSR. ACDR A1 CLER FJ U 7] 41,
IGAGCT #.32: 1 RBDQN A LE fif Ut HCFRR [1] /@
I SRR REAE LSS, R (D) AT & —Hh
PRAZAHAC ) 2 0] 2 B AR FENL, 5 5 = A AR
R 5555, AT PR D 2, B kA
PRI ZE DA KB = 2% F1 38 (2) e 2 — iR
5 8% A B AR AL, 8 Bk R
PR, BEIEAT PSRRI RS
PP, NI TCIE DR AL f s T 2 . R S808 2 LA
LA E . OGA MIRAL 1 BL ESERIAZE,
I BE B 2 1 SR R AR S YRR, R EE
EER @

4 ZERIE

HAM BT AR R RO, A
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