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Abstract

The deep integration of 5G technology with e-commerce platforms underscores the profound
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research significance of achieving efficient matching between business requests and service function
chains (SFC) to ensure the smooth operation and successful implementation of diverse e-commerce
transactions. A pivotal challenge in the current e-commerce domain is matching these diversified
business requests to SFC that meet their specific needs. To address this challenge, this paper con-
ducts an in-depth analysis of the inherent characteristics of e-commerce business requests and SFCs,
and subsequently constructs a precise matching model between them. Innovatively, we design an
optimization algorithm based on deep learning evolution, tailored to efficiently solve the estab-
lished matching model. By ingeniously incorporating convolutional neural networks (CNNs) to pro-
cess business request features and solving the fitness function to provide an optimized search en-
vironment for the genetic algorithm, the proposed algorithm significantly enhances the accuracy
and efficiency of the matching model while effectively reducing computational complexity. This pa-
per thus presents a novel and practical solution to the problem of service function chain matching
in e-commerce environments.
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1. 518

W% 5G HoR 5 7RIS HIR RS, RATEBA— NIRRT Ie, sl siERks
JIR 45 T RES%E (SFC) 2 18] (1 R 280 R AEDTIC , /NS0 BRI BIF K AT YR, B R TR S b 1A% 0 75 3R [1] [2] -
MERHT TR A, MR RUHERI IR REAs AL S BRI L, SRR 25 3%, 3RTH S5
AT, N R TR 45 B AT RR R B RS I FRAR FE A [B] . IX ERIRA TR 5 1 55 ML 9518 SR B 2
V5 SRR, DAR IZE RS I ThRE 2 e 5wl FI A, BETTOT A Y SE IR RE . F 3 L A DL e A 7Y 5 5
o FETRESCER)Z, X —VLECHLHDG T PR B HL 7 7 55 2 2Rl 35 (KT AR AT 5 i RSt B AT AN mT A 2 110
A o TR LIV ARSI, IERRELIE . &5 RS G R I, MR TR E . "L
TN 2% AR 55 A B DR L 55 (R S PE S IR 1P [4] [5]. BRIL, SEBLHLT RIS %R S SFC B &L
FEUEVLED, ALRERS 4RI RS, R S AL 38 4 /0, BRSBTS AEE R
GUNERK . X — BFRISEIL, RO R SS AT R AT TR A R L&, B AR A 5 R
SCHLBE e o B PR A R [6] -

£ 5G 5T RHSRER AR, WBiERE SFC SR 2L BT P AR A K KR, 1X
AR G I S5 AL B R . AR LR L 55 SR IN TR TR 1 B O S T EE AR 7] (8] 4
FELEM 2% GEIRAIN A IR DL T, An AT DR Bk — A HL R M 5V SRR RE RS S i AT 2K i N, o 17—
AN IR A I 1 5 1] 9] o

X T LR 95 OIS TRV EURR RN 5%, AR BN SOA BN EEAF ST BT . AELRAT BB RS, AT AT
B IR H AT REXS F P AR B A TS, HE B SRS, SEGRAEMAFF R [10]. R FE—ASsEmt
H R R FR 5, MR B Rk 3538 R BRFPE AR 2 SRR A SERPIRES, shS s, Aot L e a A i)
SFC k%5, il LA & 2Pk

P M 51 SR 37 S A S5 A AR BAT e L PRI () ABURR R oK, BRI VLS O b I
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YA FEARAE M 55 SRR A RIS AR FE A P11 o % 0 A e — Nk

KI5 S SFC [ UTFELAS £ 5t /& — A NP M i) i o

NTRRCLEPRER, JE R NEE, AR SE . R PR A RSCRE O Ak, S R A kA R A
TN, ARNAE AL S A AL B [11] [12]. (EAERRIGEACH, 75T 5008 B RE BR S LAPPAt 2R AR
A, I TRER (BRI T R AR . IR, R B R SRR RES I UERA A R, (BRI R
(S P AR X 208 o S 1 B R SR AR R, TR B 27 ST A 22 I 45 (CNIN) L 48 FH A B AR S T A B4 2
TR, BRI &SR] [14]. 287, EHEEMRL S, CNN &2 05, HEREn
R F AP EAGT R P OB gk K, BN 7 B 42 [15]. EARSCH, BAIAERE R ES CNN A
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2 EPTR, EH TSR, SRR AR S SFC ULES 7 B R E T A IRM . A5 ar 4 1)
VCFRAT 45, IR LE T FL 7 7 45 A B b e K L 2 BRI 45 5 SR I BAF AR Mt e BT 0k, AR T —
T 05 0 0 0 S v A R B 2 IR AL S5 (GADLO), S 7EIEIE i CNN I AL SEms, A5 v 1 3
T3 QT LR 45l 25 Bt P R B IR . SR AMU BE NS AR T UUEC I HERA I, IR RELE R R
BRI T, S YERRIEL %5 SFC Z IR (RS HEILAL . i#id GADLO BIEMGIN, FRATKRIHTER
TR R A0S A, SeBl 7 UCHCHE R S5 UCECSCR O E R, T4 & 1 s R0s S A
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LRSS 5 T ¥ = AL UL AL

TATCH MR GA 5 CNN AHLE &, $2HH T — R R SRS RS B AT SR AR, 1% 07 VA S0 T 7E L AR
Ao SIS R B e 11T
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2. RGHRE S(el ik
21 RGHEE

B TR S 2 ST B KA %51 3K 5 SFC Rk VLM 8] 1 fitas . & 1 R 1 294N A & %
e RIBME IR E RIS, RGN SFCs H ok 555 RITE A AL i) SFC, Hirh SFC J& H&AH A [F M
LBINREI T S B R . W55 RE RS0 G P AL RIS R, LS SR Ak 4518 SR AT
T VNF, B4~ VNF BT 0 &P R E AN R4 . SFCs Ron N SFC %4, &—> SFC ] 3RiR
JNHI 2 VNF $2 JRRR 2 T SR IBERT R, 6L &4 8 BEUR AR AN 08 YRR = R R 2%
2.2. \LBiEKRS SFC &8¢

e TR S5 R P AR ER) SFC A NS ={s,,s,,-,8,} - S €S EFUL SFC MRS fE
%:mwﬁq,&ﬂﬁ%%mﬁé’A%%%mﬁJﬁﬁw%E@%ﬁ’@=h;%um%}%Am
P B A M S5 SRR SO U = {uy, Uy, )5 Uy €U FORE | MBS IR BELE R, =(B;;_ ,Quj) ,
Bi%ﬁﬁ%i,Q?:hyﬂpwﬂgﬁﬁﬁAm%*ﬁ,Qﬁpg%sg%ﬂ%ﬂuﬁﬁmﬁﬁ%%
QoS [16].
2.3. QoS =&

QoS FRAEMLIEAI[17]: 5 RE B ST IR VE M B AAT Z R brife,  BATRR 55 I 1 A UEYE BBl E N[0, 1].
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Figure 1. Efficient matching architecture
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TEHT R 955, P MRS 3R 03t o A B2 o B2 L IR 55 Bd 2 IR S5 R34 A i o 6 T okt
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max 2(X) = (Q(X) 0 (X)) &
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0,: ZUBjij X Yy, SRy(VS €8S) (6d)

FEA A (Bb~6d)rr, LI EAT O W IR IR 55 3% AN B F P SO AT . 290 O, fRAIE SFC # AL IR 553 2
P RARIR ST 2K . Ly AT O, fRIE S SFC ILHC A 2517 K AN kdid SFC HIRE
RSM & A PN R H AR R 8, e At — Mg sk 72 RSM [ b, SAEAT QoS &M HAw.
L, SEAM XL Q(X)2Q(X ) Hao(X)2d (X )i, X" EHEMRHI[18]. AT f#tk RSM i B3k
153 Pareto fiF£E[19], FRAIE AL IEL-& DBURI 75 VR Al B 1X A H A%
maxE(X)=aQ(X)+ B0 (X), 7
H, o, fRHERE, a+pf=1. BERLIFARMRFE X H bR B0y, w2 . @
W ENA TR EATE, 132 Pareto S AREE H 2 M.
3. AS5iERM SFC LR34
NTAER TR SRS, Sk S1ER S SFC R ILET, ASCAIFVERIR I 1 —Fh i TR >
BEALEOME S5 5 SFC VLR NS (GADLO), = BRI F VR B2 25 SIRS HER B2 20 MMl 551 5K b 45 JERFALE
I I8 A S0 (G A) IV 5 A7 JF g 1 a2 b 25V SR LA T SR I 55 D REBE . e D5 vk B AR LRI 2, 7
TR R 55 RGE 555 IS5 RIS HEX 2 55 = s 47
3.1 iEFE. ZTXMETRRE
AT R A8 SORAR B n 5% 1 firs[20] [21].
Algorithm 1. Selection, crossover, and mutation operations
B L EE XX TRERME
N SABTTSR X, P X BRMFEN py pps Py FHEERANS
Bt TACRIRTT R s,
1) X, « RH @A RN, CREEREHT c% i/ MA
2) While [X,|<|X||
3) M “Hefilg” LB EHEEKRN
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4) T8 A ORI 550 B IR T gL
5) X, « X,+{g1}

6) End while
7) BEHLEFE AR X, TS
8) Xy « X,
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3.2. GADLO tEZ
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YIB R I B IR B It . RIURIF I N2 — N, BT 7 RIERERR AR . EEX
MR, BERIEFEL

BRAGEFHRE

HHMBHERN
&R (CNN)

VAR R
(CNN)

|

‘ M k2 B-RBEME ‘

’—%?%EWE%&N—‘
HEF

iﬂ‘u‘ﬁiﬁiﬁ&&&
<ctIN)

TRAEIHEE HFH M

k2

ZRBEME ‘

\—iﬂmm D‘—/
B

SLEE
RN
=144

VRHIE R S
(CNN)

‘ TROBEELFEIN

k2

ERJA

Figure 2. GADLO algorithm logic
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4.1. SCIIAERE

N T EAIE GADLO J7iE U St ftt e, 3T 1 hA ST 7 — RO E L. XL
SIS 2 B pE 8 A B R SR O FhSRA HEEN 25 AN VNF BENLALEL, NFC M HEMR 9, $EN
20~35 1~ VNF FEHLIE . B4 VNF B & TUANMRFE,  SEEUAS [ W48 ThHE 75 EE W FE — & B RE 400 R R B (IR 2%
SRR TR IR LA S ARAE IR [23]. B LIS B A, EHE T ASE SRR [ R L TR AN A

Table 1. Table of key simulation parameters

T 1 KEEUSHE

S 1B
Windows 10 Python 10.0
W Intel(R) Core(TM) i7-8750H CPU @ 2.20GHz 2.21 GHz
TWRHE 4
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T RE 20~35 25

FEARTE T, FATE S BTl B 8 X 7 AN GR e SRR P 7, L AR 4 1 e e
M 10%. N T e m B RN R S ALk RE,  FRATA Bl St 1 WAL EP R, B AR SR HOE b i
WAL FEBRINZRR B, AR T RLEFL T IRSE, @ B IIEACA T SR I 2% (R A
SMESE . MR ERRITE 152 5UEk, JATE0E 1 10,000 4>k Wl (epochs). 4 7 H R
bR B AL, BATGIN THRAME AL 35 AR R A S 2 NS AR PR 2 T
B, NGRS AT 28 1E . IZRGRG, FRATA IR G B R PR REREAT 1 4Tl At DALY
(I AE AR
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Figure 3. Objective function
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RAR ST [RGB o 3 A FER I ZE 7. WSS SRR LU, GAL PSO FIEHE (1) GADLO iU S [
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T A R
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Figure 4. QoS versus service benefits
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