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Abstract: With the rapid proliferation of intelligent connected applications in urban environments, the dramatic in-
crease in urban network traffic presents significant challenges. Accurate traffic prediction in cellular base station net-
works is critical for optimizing resource allocation and scheduling in various applications. However, the complexity
of urban cellular traffic necessitates the extraction of deep temporal and spatial features. To address this issue, a novel

deep learning framework based on graph convolutional neural networks (GCN) was proposed, named decomposable
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and interpretable spatiotemporal graph convolutional neural network (DISTGCN). The decomposability of cellular

network traffic and its spatiotemporal correlations were leveraged by DISTGCN to enhance prediction accuracy. Fur-

thermore, the decomposed traffic features were shown to provide improved interpretability for the prediction results.

Extensive experiments conducted on real-world benchmark datasets demonstrate that DISTGCN significantly outper-

forms conventional deep learning models and state-of-the-art GNN-based models in terms of prediction performance.

Key words: cellular traffic prediction, graph neural network, traffic decomposable, interpretable, deep learning

0 3l

b & T Le 5k 4G 4% [7] 5G I 265 (1) B FH
K, RERSGHBHH P EERNY . R R
HEER R (2018—2023) (% B, AFBH
WA HUE M 2018 511 88 4215 K £ 2023 4F 1)
13112 B/E i im bk 71X AN, XA A
(3K TN AR IR T 3 W) ELIR AN AT Je 4k 2
NE, IR A BRI A B TR SR AR AR IT A
L, R B TINS5 R e Ak
A B B S F B, EHEBEX RIS
TR OCAC R A 2 AR IS 3 T o e BT X 2%
A% O F2 AR S FH P 55 R ik 22 (8] ) 5 i O B
Feul 2z [A) (R i o e A% B N 2% R ) A% i o
SFZA T T3 A e 4 = AR L
M, H25 5 fER a2 3 b, 72
HEAT PRTH ) R A O IR 2o T R BN X e kR . d
T ST 3 T e A R AR R TN, e ER AT IR
F i eI e o ST, DT B g M AT X 4% B R
(o BC AT 2 o bk, A PR 0 S Y 2 T AE
DX 28 JE K B U R DA R i 2 I S At B
A HE RN A

SR, EH T 2 Pl DR 25 B S e, o i T g
ElEfEEE AR ARSI . Bk, &
B3 05 LA rE B B0 25 4 A S S TR R TR A 1
WEFE B, A [A) S B 1Y) e 53 i o T ) 1 AR 2
DRAERZEZN . FIR, RE R B
WG BA S A, (HHERRK, XX
A J B K A IS TR A4 1 22 G B L, E N () 4
by eI A B B I & S AT — I A B I R R

il

SR AL PR O Jeg 6 I [] (A T A5 B I ] £ R
ik =q: N SEN I b QS e o il 11 E S S 1 o
W 0 VAL R 2 S A S I AT L AR S TR BT
SN, B R R AL ) 2 I AN A PR
A AR R A

AR, DR oG o S TN BBk,
REWAT T KERRG LK. Gz K
PG I3 2 ST BR™Y, U B i 4
BT 7T RE MR, SR, X7 IRAE R A
Db oA YRk, XTI PR B R R
JL I R 2 R R RBLCRAR T« 72N TR BEIHHE
BN, A RRR L S ST HOR IR B T 45 g 5 T
Wb AZGEIRRIL ML (RNND O, K 4E i
12 (LSTMD #2177V S o 2 5] oA 4% Lok
IE P 0 5 O B 1) TN 1) A A ARG 45 R
Xt I S0 T e B AR T . AR [A] 4 R A
A AT TN 2% T e T U A A A T
fiEe O T MO PE 2 (AR AE A 1R, LSRR, 1A
WZE ML (GNND 1Oyl 2 (1 B 2 > J7
AN T RS S PRI, e RE S AL ERAS I
(B E g it 3 T 48 7= e 8 U o ) R 2% A
KF, MR B o

BIRIXITERTE 7 e RE, AR I
FRIBRYE. AT EEREZ G, HEEREAR
2%, WESEIREECRINZ, SRR, fE
BRI Zrid B b B4 0 75 SR ™ 4% . J3—A
BRI H TR 2 SRR B T R i 22 . i )
S [ A 30 B TR P 2 ST RO O — AN R
B X RRE IR W IR A4, DARAE
25 5B AT 55 Hh R L R AE B R R Ok T E A



« 05 .

BERNE 2025 FE 9

FARL, ST A R f) e S5 U R 45 SR,
A e i TR E PR R AR 2 HE,  RTREE
RKPEAR,  IXRE R TE 5y S B TR0 BT H 304 AN
R SR 1) 1) R L B

ACHR M T —Fi DISTGCN, T fi# v Fik
FE 06 5 It TR0 b B I RO R BT I
AT FRIRE R, BT DATT DL B S ) 5 U
it ) R RN M R BN AR ML S . R
BEEW BN AR, @SR T
B LA IR RN S R I SRR i, T 0 SRR
BEHATIA R B FE R SRR /AR
A A OCNE . AR R BUE BRI
SCH TR o, 45 3 4 45 2R 5 0T 40 1 U
IELA BT DS B TR & . A S E ETTEk
wrr.

(1) %F 0 53 I 465 4L ot BN 25 20 A ks ME 2R AT 40
B, RBUR RSS2 T DL g, v LLR R R
TN AR B R R VE A . AR X
OT, BB ARBEREREMAX, HH R
TR AR Ak, @ SIS ARG T B A S
BRI, R RGO BB s, ER)E
—EHEN TR

(2) $&H 7 —MBr ) DISTGCN 48, 1% il
MR H BB E M % (GOND X 23 [a] {5 5
BT R 2 AR M = B E v, g5 &R
(SR TR B, R DA ARk — B[] A 224 1 53
BE i B AT R0 o

(3) TR RS ARG 1) v e, fRtH—A
B A AR ORI B 3 A 38 i = AN R U
B, T LA M b o A in AR A e 5, FAR T i
B (AR A A . B e R R A R
KO BRI A5 B TR 25 5, TR s R % B
TR AT AR A

(4) fERSZMBERE LTI, Rz A
IREES SRR AT LU S, SRIE 7 MR 5 R
LFHITRINERE, JEEEERT T ISR . 50A

N

i

=

TS

0 o 22 AR I I [ BEAT X B, AR AR AE )1 2
P T L Y A ) 4 BE e

1 MR

Tt B TR P 285 B 5 H A A0 O — A B ]
R, AT 32 BN T R AR SR A G B YA & TN 7 T )
WFFRRAT N X BN AR A B
A I BRRN PR B 5 S PR AL, R I LeAp ok
— S 5 ] (8] 7 51 RS 2 7 0 8 7 o TN (1 . FH AN
B30T I ST A4 4 X 4% 1 X 4% 9 e TN 75 T )
LR o

TEGi TSR, ARIMA £ AT i H
2 IE AR A B AR R, RO I S TR T
Memaelk TR, aBEMETEEHERHE
(AR Z7r (D, #3FY (MA) 34897,
TP 5] P 51 2 o R, DT 735 B T 1
P AR . ARIMA 5 ) L 2% B ff (1) £ 2 2
WAL, TR ZE 1) 50 AT AR AT 4% . SR, XA
it A RN O (1 RO P, TR R 1
IERS AT ERMER RSB RAT . L, R
HRHISEPR R I erh, BB R TN BE AT RE
JIr B o

WLAR 22 SITEAR KRR LA T S B ) S5
PRME. W4, HERREE S 2 MRE, Pl
SIRERTAT DL E 3 i & R BCE I (B I RHE, B
T AE Ak 38 = 4E B i R T R G i .
BBAL, BLE 5 210 TO R RRE oA BRI & A1
AR A R AR 5 RRAE 52 . SR1T, IRENLER
OB T A TR, RERS A AR S
FRERA R, e HGT 0 AN~ R0 e 75 5
&, w52 S BRGTH. eah, HERL
A8 5 )RR I ARO Se 50 AREAT R B A, 3
T SRR R R R A B, SCRFR E AL
(SVM) ZEN R BB iR 5 2 0 E 2, A
7 1% B KPR 12 458 B4 52 B AR P TR 1k e, Rk
U Aok — oA AR 1 T B S R B R



iﬂm WRSFE

« 00 -

FIRTHIIEEN,

REE 5 2] BRI — RV 8] 7 51 7t
M)A HAS 7 BRI R AR
IR T, VI 22 St (R ph 22 I 28 Jle FH R P i e
wi Y, FE P 1A L, BT
FE T RN (1) 77 925 5K 4l 3R B[R] A4 68 e gk A7 Tl
RNN A1 5| N T BRORAS Rz 25 5. 28T,
BH T2 7 A ) A% R 3 R ks J K AR R 9 2%
(I R, X IR FRE 2 S AR AR 7 A B K A 110 43t O
FMERE 7 A R AR TN, R R s T
LSTM!*L fift RNN A2 44, LSTM 7 B A4 il v 5
AN T 3ANTTRINLE],  FH R 5 by s i A7 6 5 2.
PLYES BB D0 245 B o 118 B e 18 36 W 4%
(GRU) "7/ RNN [ — R84k, AT LUK AR
BRINBREZ, DUERAFPAES R, HarfE
RN FCA () 4 28 X 2%, 3X 4 RNN AR 44
18 T2 A NS TR] P 47 PR B () S0 ) R, {H 2
ANIE A NN 23 B E B I B 2 Fi 7] @ . ConvL-
STMI'™LE LSTM B B4 &, B4s& T HRMA
MIZ% (CNN) FILSTM 7R FE 2% S A5 AL, ConvL-
STM T4 FH T+ 25 F0ll [l @, & DA — R 51 —4E5E
B BN, AT LUK B I 25 A (R B il 3R %
P (023 T AR ek o & A7 WU VRT Transformer
X £ 200 A, 4 3IF B A i BT A B T ) R R
B

el e 8 DX 28 A Ry — B X IR B2 2 2 7%
CIRYESIE S| sl el IR SO N I RS 2
RAERR LB AF RN BS54, AH LT IS
MIZEte, HAERR L AT B 25 Ry ] DL I EE 22 (1) 2% )
R EREMZ (GNN) o] LR G EE ff
RS R, I8V B AR 38 L A0 Y AU
Bo STHR[217K 6 53 3815 &40 i 85 N IE S 28
BERIEAE B, DA 58 B 2 TA] 1) 2 TR ARG 1
BH T AT 3 (7 28 e 7 e 53 335 2 (1) ) B i) AR 2 ) 4K
A, R A GNN LAY SEI 4T X
FRTZHPRL L AT B TN o SCRR[22 R FH 5 Tkt 2 [ 3

P ) J R A T S ke S B P A AR I 245
SCHR[23]E Se e T i S B AU 48 (STGCND
K iR Ve 22 S0 A 3 R B T P 4 ) . ARATTHE 1] R
K, S e R I A R A A AR A, X i
RNGRREETE R, SHCE /D SCER[24]52H 7 —Fh
AL T 73 s 5 85 1 110 25 R T 0 ) s T e ) o
Z M4 (ASTGNND . SCHR[25132 H T —FpH T i
A8 8 TR 1 22 AR P A B R 2% (MVSTGND
T2 X 284 FE RS 1) 4 SR 1A 7 WL B B 7 1) 4
RSN, SR S 18 6 HE % 42 (1) CNIN 4§ 3R B 7E
4 JR Gt o 1) R A S AR O R

gk LR, BT H AR 7T A R R R
FH JR) 0 06 3 Jat 5 (R B TRD AR DG 1, LA R TR A A Y
AReF o R FH B 255 5, A o] wE A A 0 A
) 25 FH AT SR 2 — kR . BTl ARSI T
— /> DISTGCN MR JE 7 I HESR, ) i & 77 il
REATHPE S 2 I S HREE, DL R R 26
T4 53 D9 2%

2 Gth

21 HiIR&%

NT VAR ST IR, fEHESE B, A
BT ST A BRI 2 PR S A g B U
AR EIATI . R E TR WX
62 K141 E K G S PN E R, e AN X S k)
gy e (100x100) ) RIA%, B4 B A% K /N2 N
0.05 km?. %4 4 H A 10 min SR AR BEAN X 35 9 4%
hONFEENE, ALK ID. 5. AR
RS, i A R ZS (R AL T 2 08 1) AT A
AR, AR SO HR (1 0 g A A T TR

TEI S I 06 8 Y B A A2 F R, AR AR A Bl
EREMMNEREEL . ANE QS E S 6
AEHCHBEREHE, BEEWRT AR —RBAR
Hh SIS AS AR, AN [ 1 DXCLE AN [R] S J) B A
B ZER . AR BOK 22 06 5 (5 B2 8] 7 A0
L FTR, R R — R AT b X R 12 B AT



<97 .

BERNE 2025 FE 9

O B R ) 8 e R P A T R B LG,
A, AT P G A B A BN R, T IR
O M R . SR ERE B, 3T
MBI ERFEEASI 4w, EW &
XIS H R ER &, HRE S AR B
TR IR Sl I £ B A R M P e,
TIXBERRE A, SR E AT R, RERE 2 AR
REAEICHR ) o] BB
2.2 |aREENX

AR S 0 T I 5 Y ) A — e s T )

2000
+1 500

g

g &

a) ]

= P
= -1 000

500

0 5 10 15 20 25
X 451D/ X

(a) W12

1200

10

X 41D/ Vi
R

S}
(=]

[Se]
W

0 5 10 15 20 25
[X 31D/ X4k

(b) W F-om
BT ASFEET R BOK 220 53 45 8 25 ) 4 A

B DX 08 308 A R AT AR s D i

= {Xot=0,12,-, T} e RV fy i} 1] 2 31

il
X;

v T2 I 8] 18] B RS H X, A2 oI 2 R S
HRAERE, RERE R o A

xé(l, 1) xé(l,Z) xé(l, V)
t t t
X X X
X&t — s(2,1) 5(2,2) s2.V) ( 1 )
xé(u, 1) xi(u, 2) e va(U, V)

Horts s TR X5y TS I RTIN [F [ED BEG £
P g B AR AR S, I H AR R ) e A
SR LD, HT I 2% o AN TE] ] RS B
W, A ) M 5 B .
B RN
Xy =X LXTIR LX) (@)

2.3 MLERENE

X e 85 UL B ) 0 AR AR SO — AN EE AR
N T B8 UE IR 1) PR 41 FD e S U R T o R, R
I3 SRS J AR HOHE AL B, IR A3 iR 1 2 U 1
BHEMUEG IR EATH A URIEE . 5%k,
i I W 3l B R AR BE B AT o B E . BEE
B X5 W P BEH UL E i Bl 454, IR 4
B 7 — o B AEAS [ i B A, R P BB AL
FE N B TR AT AL, A AT 2 H bR
RN L RBOE . SR E SN E A
FEP 5] AN R BRI L AL, AR I [R] P
Bty T I B 8 by, by, -, by UM LR R
MO (w1 wa. - wic} IR

k

j=1
NTREIEF LG ROR, T R REON
W RE, REKIPL ISR R R

2

N k
argminz Vi— zwj-bj @
bjwii=1 j=1

HARI s A R AR T — E 4TI 70 A A
Beep VR o 1 SR A B A JE B R AT RE




iﬂ% WRSFE

« 08 »

2, JEN R REAE R AL B 2 4 N AT
W, SEHATRE, [RTNNEESRE.
)53 (I 1) i A B e SO R 20 TR AR k)
P BT NS HIN, L& RS [ 1 #ods
BWHE, HETRELRFTRAERE. KRN
Worfgscsh BT S 80k E . T ILE S 28
IR, XEMEEREKETREN
144, 25 [F] T2 808 46 b — R U B N TE) R R
A S PR R U AT R AR 2R R R ) R AR TR A
IS5 BAR ST o

T 35 g I P 50 x4 T A0 RS
AW E W . ORI GRS B AE AT B2 V0
W, HRX T HBEEERENEN, HEHSY
wZ (MSE) fERVWANIESS, M7 & A [F] 2k i i
HHE T A R E TS B SRR A 1A
IR 22 o AN [F) 4305 5 B U AU PR RS 7 52 T ] 2
Fios, SEEGAERH, B A Dk I BE s,
WA IR B 2l R i . 7E AR R B SE
FPHEILD S MR E R BT PR, O
Sl LR IR i B PL & R, R G SR SE R
H, BEBRERENRE NS MNIEKRE
1 2K o H A P 1 7 1 S B R R TR A 2 18] 1)
wE.

UM 2 A TEAREEAR B 50 A I o — R BGE R
TR S SRR IR . BRI S SR AR

1 2 3 4 5 6 7 8 9 10
ESUaEy e
K2 AFRE IR R ST

LA R I 3 B, A EB R RIR R T 1%
XA ESAE . FEBA AR i L AT A
A, Wl R R ERA BENH A, X
Toft I ST R A S Bl 1 22t X e 0 A E A T S
HI BRSO, A Bh T SE A AR 1 B IR A
etk BEU AR T M R R 1 R TR R
7 3 SEHCHR TR 55 7 93 7 R TR P41 . il
B R AR A A T W Y P (R AE G
PERFAE, DROBR EE TR AdE, frih
BRI Z B R A LA I T 124 DX 6 3
EE— RPN RRR

9T VP Ak ) 5 R SO ) VT G AR
W BL U RS B — R ESEHIR AT E A XL
I T R R B R A O R BT, f R
FH R FR B BT R R 30 S bR = U0 2 1]
2R AR DG, HE -1 (584 fuH 50
1 GEAEMI, 0RRLMAKME. & I/RE
FH DG R A3 I R U R B 0 G o Al 4 B sk
OB 0 IAVERRAE, R R R R E S
[ Fe s P A A o B R B8 AH O R AU T B
mr.

S(Sase)
[rse-(ss)][rsr-(58)]

X (5 RRA. B IMAE 2 [a] 1 45 5%
P, BARHE T RN REERE 5 1 SR & )
IRIMH G R AL, XSS AR IR 7 R ) B AR
IR W4 BT U B HH R B0 7 T A AR A — S .
FeOR @A R R AW R || > 0.7 KR 5RAH O,
05<|r| <07 RARPEMIAK, |r|<0.5EKRFGHM
Ko HEFME ST H R E R R A 5 & B
K4 PR, R RBSR— R E S8 2 18] 1
R R B LR R KT, BIATE R — /> 2
Ul R, IR R B AL R R S B L S
TR RHE AL o




<99 BERS 2025 4% 9 H
1.0}
| R i R |
0.8 F
i 0.6 |
g 04}
0.2
0 -
i il
(a) VAt i3 ) A B
LOF e G VLA —a— 57 1S A
—B— G2 —— B NGB
08k : —o— BF3UAE —— B 7B A
n —o— B N4BIA(E
i 061 Po @ >
:ﬁ% i n ‘ o o S (N ¢
# 0.4 0o nl O ‘ I
¥i 'q n g o ) N4 i ¥
0.2 '. © oy A ' :
0 -
i 1]
(b) WHZNET O A BT
B3 S B G T A R
so0sh 57 B o AN R L IX 2 0] B 2R MM G 2R B B
Rors| S o, AT LU HH A SR ) X 06 5 6 2
= N .
gmm [B) 7 25 7] A 5 AH G .
Qaﬁ-
1 2 3 5 6 7

F
K4 %ﬁﬁ%%ﬁﬂﬁ;%&mﬂﬁ%%ﬁ

MU 3 of A [ 4l [X i i 22 (8] B 370 B AT
BT o AT 10 2 it X 5k P i B A (1 R 2 AN TRD, - T
LICRE I AL TR 22 (AR OGP ey, i X 2 [ 3 3
fr B RSN 7 A S A R AR A7 Lk
DX PR 2 e B il AR A AR AL R S AR ], X
XL X AR AL B A SR A O X AT BL
FH Pl e 0 R 4% 25 = ST R e e g b X 2 TR) ) 3
HMRMERM T EEER . KRR R R R
FA R D 2 R AR STE, BERLBkE T 104
WX PR, IR AT 18] B R A R i ZR B

0.95
0.78 0. 66
0.90

0.81 0.77 -0.85 5%
W&

W
-0.80 K

o E
-0.75 E(
=
0.84 0.73 070
0. 74 0'65

HBIXT73 HBIX424 HEIX1 300 H1IX470 H1X498
KI5 ANTEI X 2 i) B 7R b A 2% 2R B ]

3 HE

3.1 1ERIZE
I3 fIEE AT fERR D B 2 ] A o £ o 2% A TR 3 g



iﬂ%

+ 100 -

WnEl 6 iz, ANSCo3 fif ml R I A B B B 22
P A T Ll 3 A B R AL AR, 0 i) AR A
B B AN HE PR o R B A R E
W A ] ) 22 R R e L e R A ) A 0 1 A B T
ZH B I R B, £ A TR AR B P R BN T
R RRFAE , IR A AZ B BOR A 31T RO
] 42 JR A2 1A O 2R, DAL B 2 1) 228 T AR At 1
FERF LG, R FHVE R B, 45 & b
2 (A AU S 5 A T AL A 38 30 )2
B¢ J E 70 AR ) B R TS B ) i s DL
SR I PP e 500 i RTINS R VR AR S A
BRAE.

/ AR Y AR FF P 2 P A U 2 o 5 A5 2 \
Vg (i

¥

Z R

MO | ez

$ —p{ it |

i} IRIASEE

[ WL [ A WL [588 J HL)
\V

R [R) 33
| AGCRAEH || 2R R4 B I

)

AR R F Y 2% — AR AL 25 204, b 4
M2l — B sy g, @i 2 2§35t
XF PP BT i, A BRORCIRAS P 1 A 25 T
TEAKIS 2350 RS, ] FH gm A 38 A B i) o R
BAERVILRIIN, FE25E B AT b A it
AT T -

AL Ge IR FE 2 2 T 754N E], DISTGCN
T 2 AR 3 A 2 PR B [ 7 1w R Ak B 15 38 )
TERFAE A, FRECE AR A S ) 4% 96 h 4
1, IR aE BT SR, BT AR
R I A SR R ] 3 B e i R B B

PI6 o0 fif vl PR A IR 28 PRI R 22 [ 2 AR L Ay

e N3 A R A 2% R 2 3T, T LA A T
TR RO, R R A S R
SRR b AT IS, WAL R
T B T 7 B
32 4fRIERR

Sk — 2 S 6 MO N R R SR, 7E
552,315 AR H 10 190 4 B A MR 1, SINT
SMRBETE, P TSR ER X R 1 v A R
B A o 1 7 0 B AT B 14
B, HIETHELEEE R (SGD) Hikik/CH i
ZAFER, TG B RS I3 X 7
T K 1 B UL M IRl ARy 3 AT DA 2K
SRS R 7 9B T (0 2 ROBERRAE, RE 08 SRS Vi
bR KR (1) Jo A AE A R 3 . b A, e
WEAT R R 2 B R T B, (R A
B, (BRI R P 5T A B RN A T P R
FR I SEILGRR I R 2 A T 7 {8 X B i b 3
W e R A B AT — (LA FE, T R
A B K E A TIF 91, AR i B 1) B Y 114
BE A B, A E O, FEEANEED,
5 TR0 2 S A [ 1) ) BRI . X — 1 R
5523 75 o £ A S B R B
17 T BB HE 2 ) — SO B

TEAREANET LT, P 22 A4 3k e B AL %
ke 22 AL T 1957 1) i 9 E R SO 2R 60 i A £
VIEALNBENUY, 755 Sk oh o ol B L b
T B S AT ST . D A T R O TR
ZEBMEE, BRI

o T8 kB AR Y, 8 — AN 1 £ 1
EEWOR

b " =b P+ n(yi— b)) (6

Mo, g oI, R4t O ) R O T U
FE LGB IR, e WRE T BT O E
FRHR y. BEUEFRE RS, TR E r=y— b
DI85 7 FA e i i, — PSR B — A



- 101 -

BERNE 2025 FE 9

g GENA,

b ="y —b"),j=2.3,-- N (D

TERE R m) S5 SRE S, 3 — A S
wilH TG, AR A . BN R
161 B by X R — ML E wy, 5T FIRE I T B ML
T, RAMUCSHESHMEZ ARRE. K%, @
A58 Xt 6 I AR AT IO, e o A 4
G ARBIE AN HFRAA -

wi V=l y(y; -5, )b} (8)
M

j}i: EW]‘,'bj (9)
Jj=1

3.3 BZEEZFIEE

(D EBERHT

AR 5Z PR 22 I 245 (1) A RS, R Sl 2 A
JUFE LR KA GON, - AT LUFI F B 45 04 77 A= 2 i)
BHE, s sz MR ER:, K GCN 21
& (SO Rl 1K = K DA <SR 2 E2 s /At - M (B
TN ER BTG, =4 T B RE A
76 (GCRU), ZHyow] LA 442 B A B b
71N 1 725 ) A A6 1A R P 2 7 ) B TR AR, AN
NI T W s I 2 IR ) BEE SR, i ELA AR BIAE
38 TT D) 28 v e 8 i T G S B T PR IR SRR AE
K B GRS BT TR 0E 30 5 o/ s [a)
B R A HLTT

K
H=0(XcO) =0(215kXWk) (10)
k=0

ut=sigm0id([X,,Ht,1]-g@u+bu)
r,:sigmoid([X,,Ht_l]-g@,+b,)
C,=tanh([X,,(rtOHt_1)]~g@c+bc)
H,=u,0H, 1+ (1-u,)OC,
Hrh, Xe RVHMH e RV /3 #or B AL 22
AN, O M W, e R B KI5
REMAIIESE, o RBIERE. u. rv CH)
E P FEZN MEGE AV D T N =R VA R PSR N
A, RREEHIAECAE T 2RSS I BE PR

(1D

1 Z DA RS REIA . A GCRUE B
INAREERERE P e RVV 5t B ¢ 30 0 1 4k B ME SN
B AR E AT LR RN
X'= Klek (L)XW, (12)
k=0

XFIRNAELE, T (D) 2B OIS R
I, RHTL, Wbl 52 ot R
EFFE, TEARN (din, dow ) VIHLE K2 TIAE
25 AR 285 B % e 2k SR A AN TR R G s
fE, AN UILL S R 2T T kaeig i 307y
S kAR IRFAE . A3 V) b Ok 2 Tk A
TR R BRI, ROR RS T BS54
MTHR R

(2) B4ty

AP PR 3 R e 4 R 4 56 I T8) 5 B33 AT 4
Br, W AUER G — ARG, S, A
Je R AN A ECHE Hh 2 > R 5 2 R M B
2 A D B S R . fE iR E b, AERE P
T A — e R e 0 R R 3R
U0 s )AL 1 BN O 38 A AT T AR AL B 5
IX BLRE SR FH AN T A2 TR B AR AL SR PR A &
o7 AT I 2 B2 5, T ST 2 (A
Br R R o IXFE AT LAY [ 45 4 2 o) 4R R B I 2 7
A1 AT D AR A, 3B PR AL T
T SUH

P=softmax (relu(EE ")) (13

S B P 3 3o B 1) A5 4 3 B LK N
(1) E e RV HmI I RAT s EER S 3 4010 — 1k
BHATH B R, WA LUHRNGS X, 5O Bk
A H, DAL 7 AT E X

P,=softmax (relu(H*W)")) (14)

B, SRR W BOECIRZS H ST 2 55—
AN A, B E R AR50 (14D i
i AL B T SR A 3 1D Bk T 1] e fe R R R

(e



iﬂ% WRSFE

- 102 -

T, LA SRR R AE AR % AR T e e i
ZIRIPIRZ, B B UE Bk,
T i v 2R (1) TN 4 e ATz A

X B A AR SOV T I AR () I A A )
Peo PR E 7 BEESRAR 0 RE, LIS B
A (B I 2 4 o IR AMBEER IR R RO B A2 I 28 1)
FARBIRF Y. 012 0 48 R A2 BT WREAS AR [
IS [A) PR LR SRR AR () e 45 R, DA — 22 B s =L
Bico 75 BB AH rh E 3R7R B S5 10 2 ST 1T i
NARG, HAIIN 7R & R 7 B A A )
AR R E R . LA, B R B0 A R ) B
ElUE | &5 RSP EEER. AREHE
ZRAME S, WG 2 RARAEAE BN
T EEA G e R, Hf g Md oy SR
T A R B AT AE RS o IX AT ALY
FEYREWR .

OV=H/*Wy+b, (15)
40 eXP(Q(zi)*‘pT[]'D
Y i .
2j=lexp(Q$)*¢T[]D (16)

[
M= a+a| ]
j=1

He, ()FRE AT AR 15 & AFC
M43 )2, KRR B MU 3R i .

X (16) Fomiit QF FAT W AF I BURE 5 R4
o j Il %558 a) o EER 005 @[]
FEALEE . 5 A1) B M, e RV R Rit— B A1
12 A o AT A 4 R 2 ST AN 1Y A I 2 TR B (S
B, MR e e U B AR A L B I S SR
g,
3.4 E}E)HELR
N T A R A5 R I 8 B TR AR AE
AL T — AN VE R IHLE 8 PR 22 2%
S P I5F IR P2 B0 B0 (R FIOAT 55 o A B DLy
SRR, SRR TN B BRI R AE I A
AE77, FIFH GCN [ = [V RRAE 24 2] B 5iE =
PLHI I BhAS IR RE 7T . TER— A RRE, AL
AT — I 220 ) BOBOIR S B A i N AR
XO=[x0 p" Py an
P2 S5 0 B R B85 7 24 i I 20 N R
FEFNE ERPIRSE R, 1ENE 21 GON #:4E 5
No AT HIIRAT AR R 2 2 IR v, B ALK
FH 7 B 18] 2 ST (T4 AL, AR S I P A AR B
M5 EEE.
[z, 1= 6(GCN gare (X, A)) (18)
HH, oK Sigmoid iK%, GCN A EHHIZH,
AT R A AR R, T 3R 7 [A] 2 [H]

[ —— — — — — ™ AT B2 r—- = = — -

| d>/§g| > | = / ‘|

| H'’ i M | |

| AN — : EEEEE
- _ _— — _ _ _ _ | - - J
oftmax G ReLu L i softmax @ ReLu
r __________________ lr====b-- e
P X X, o H Mo X, X Xp |
e i — |
GCRU GCRU GCRU GCRU GCRU GCRU

{ 2 A > b5 C - e? _____ I | 65 b5 6s :

e e e e e

7wl



- 103 -

BERNE 2025 FE 9

AR o 3 a5 v 25 TR R OIR 25 A0 2 %
ANEE o %, AT SR 0B ER
IO

R AN (R VA (19
4 SEWZER

41 ELWKE

TEARSCHI S, B T B g A
KA XA (3030 PA%) s —A> H g 5 i
BHE . HAASCRAA—RITE, KRR
HARANE0,1], AERKEAREMIIZGE. Wik
e MARAERI 7y, L9 2:0:1. S T E T 5256
SE LR, BOHE R B oy FI LG L A0 AR R
J73 SR TR B 1 ¥ 45 SCHR[34] — 8. AR AL 1 gAY
BRI 1A N2 2 AR, B AN R T
M HRA 32 M8, FENAETIRAE 7208
M B AR 64 R R S MR, A R
BB N8 N T M2 h (IS B,
)20 K% BN 6. f# ] Adam 16 28 Ul 25 9 4%
oA Ak 2% R & B S o TR AN
0.01, 4 HITE 50% A1 75% ) 2k A 11 )5 B& A% 21
0.001 £10.000 1, Hh&EK/NEEN64. I H
7 — K GeForce RTX 3090 GUPs . =, #HEZLN
Pytorch 1.9.1,

A3 K DISTGCN 5 it 2 e 83y &8 F5000) 7 2%
GRU™L, LSTM™ LI J7 368 FH (1) 52 7 1) IF 25 I 1) i
AR STGCNEY, AGCRNPY, AHSTGNNEZ
A7 T T R L
4.2 TENIEFR

AR R FH BLAE A 78 BTl ml (e 53 3 5 FI00 45
Fr, Y7 MR 2 (RMSE) « F 35 44 % % %
(MAE) FISP8 450 1 4tk 2 (MAPE), KT
Wiz,

P FE AR I N R ARRCR, p 2 TIIE
yERONHSLHFME. 3PP R bR AR AR, A

PR PRI 5 SR A0 SR o
« MAE s FAE 5 S B E 1 246 5t 2 18
M 2E

1 N
MAE:N;

RMSE &7 B 5 S b fE ) 22 {8

B IR P 2
RMSE = N;(y[—yi) QD

*  MAPE 4% 1 73 bl iR 112

100%
N

yi=yil (20)

MAPE =

J”_J”‘ (22)
Ji

43 WLER

DISTGCN A1 3 28 455 7Y 750K == 4 4 ik
REELER L 1, JEIR 1 JUAR JE 5 S B A K =2
K4 45 O (0 A AR R RE 1% AR Y DISTGCN 7E 1t
B 48 bk R A A, AR Gt 4 I 4% GRU I
LSTM X} kb, PEREAE RMSE [ fa s 3R TE T
30.37% F125.98%, X BT 1& G 2 W 2% 2
XoF B 308 43 EAT TR0, 2 T S R ARRAIE K i U
O R . E 2 LY PR 42 X 4% STGCN
P, RMSE ITEREFRTE 1 10.17%, X2KH
STGCN TEF H GCN [ 5 1555 B 21 ¢ 28 A
i5f, SbFFE. %k AGCRN ATAHSTGNN Fifh
B, RMSE ITERE 73 Al iR T 1 5.45% F11.92%,
XAERIXS L, AR A RE 5, ALk
FIRARILE R

&1 DISTGCN FELARB AR ZHIRE LROMRELLER

sic) RMSE MAE MAPE
GRU 80.53 45.28 18.76%
LSTM 75.77 43.08 18.53%
STGCN 62.43 34.65 18.21%
AGCRN 59.31 30.27 17.29%
AHSTGNN 57.18 27.96 16.92%

DISTGCN (AR E)  56.08 24.08 16.88%




iﬂ% WRSFE

- 104 -

-+- DISTGCN
1300 STGCN
..... GRU
1200 —— AGCRN
] AHSTGNN
1100 | i —— LST™
I B
S
21000 - i
® 900 s f Y
& i
g0
',:/
700 |
600 |-
500 E ! ! ! ! !
0 20 40 60 80 100 120 140
R} ) 5

K8 ANFBI P S F R X B

AN (AR 2R I 3 B 5 3 SV = (R B An 1) 8
Fiw, FEBLT AN [R) A% L 000 A0 3 S 1 X6 B
15 B o 8 0T 5 Ff AR B ) TR 45 S LL R 4 T
B8 UE 7 DISTGCN 7E 6 53 Uit & I o 1) ] S 4 .
GCN S 7% [A] A P () il 4 R b 17 X DA IF [ 7
B R B ot % () RF A 1 20, O e e A
fRFRIE N % I G IR 4 o, 5 B F IR R I =%
SRTEZNEREE, M B .

AN RIS R AE 22 AN ) 8] 25 7 P00 ¥ RMSE {42
B 9 B, AN [EAERLLE 22 AN I 8] 25 F0 1)
MAEEZ W E 10w, /R 7151 h N2 AE
[ T R . 45 R E W], A2 AN RS 1 7
MEEFKT,  ERHE AR LE AR 1 T g
FER T ARG PR, X REN,
2 IAE B 51 ONAE T e Aok T E AR
Tho Be4h, EMEER], DISTGCN £ 48 W A1 K
T A B e SE LA FEVERE , BIETE 1 h (R [A) 25
T, TR ZE MR R AR AR o X HE— D IRAIE
T DISTGOCN 1 A B 55 2% I 2% 44 it 11 e 53 It B2 %
35 73 THI A 2801

XDISTGCN. STGCN. AGCRNFIAHSTGNN
X EeE FH 2 BRI T ST R R AT T LR,

KEZHARE LR ERA L 2. AR
£ — Bt GeForce RTX 3090 GUP & F 1) iR 45 #%
BEAT ). TERA IR B TRPERE T, A SCHEH )
B I 25 ) AR TR H & B a5 1 1)
STGCN W A i &K . %% R MR AFEFE T,
STGCN 1E y— P fili (¥ I A e N 2%, 1 55 %
FERAR, B I SR R, F 2 H T O A i
55 3 e A T ATk 1 T e 8 I 4 A EL A AR — o 2
P o 5 Ll B b e N 2 R B, i R i
BRI T HE SR, HAERIKT
Y ZRI 1]

90

-0~ LSTM
AHSTGNN

g0 H ™ AGCRN

-4~ STGCN

~
(=}

¥ Mz

(=)
(=
T

40 =

[N

3 4
I
KO ANFIERLLE 22 AN E) 22 T FE (¥ RMSE (B2 L



<105 - HIERE 202545 9 H
45
-e- LSTM SEHk:
40 [1] Cisco. Cisco annual internet report (2018 - 2023) white paper[R].
e 2020.
% 3 [2] SRINIVASAN R. IEEE 802.16m evaluation methodology
g document (EMD)[J]. IEEE 802.16m-08/004r3, 2008.
30t [3] XUFL,LINYY, HUANG J X, et al. Big data driven mobile
traffic understanding and forecasting: a time series approach[J].
251 IEEE Transactions on Services Computing, 2016, 9(5):
796-805.
20 i 2' 3' éll é I6 [4] RIZWAN A, ARSHAD K, FIORANELLI F, et al. Mobile Inter-
LlES net activity estimation and analysis at high granularity: SVR
10 ARFBIAEZ MIRL 0 MAE (254 model approach[C]//Proceedings of the 2018 IEEE 29th An-
£2 KELEIEE L ERA nual International Symposium on Personal, Indoor and Mobile
Radio Communications (PIMRC). Piscataway: IEEE Press,
Y ZH YIZ5IT [8]/(s-epoch™) 2018: 17
STGCN 127420 o3 (5] R, WV KA R R SRALT). i
AGERN 724330 B HiR, 2023, 63(3): 441-447.
AHSTGNN 255 862 13.2

DISTGCN (AL %) 240257 12.9

5 ZRIE

AR STHIFFERT AR 277 B 0 3 I R R AT T I
in T TR ) Bk i -2 T e [
PER . TR, T
DISTGCN IR & 2 2] P 25 JE K, i R M) it &
K350 SR Al L IS T P 270 ) 2 1) 5 I TS S
TN HERR AT S, JRH, S AA R
U AR RREE s DASE B B A AR BOE R AR RF Ak ok
3 M AR B I R R T AL R OK 25
A8 5 1 T 1k B LL AL, AR SCHR HY 1) DISTGCN
FEFIIN 25 2R L FRAIE 4% St A I 1) P 51 A 70 0 = 3
i Pl 22 R 2 BT . R DISTGCN 7E it 2 Tl U
HRIL TS BT RE,  EATY A AR RAE S0 AN A
HOlE S 1 B R B A AR — R R P X
AFER B E e, 25 AT 1 B A
B AR TN H G IRRA R4~ 1 B
VB e SR, DAE— 20 B A R [ 1 A
R o

G

[10]

[11]

CHENG D G, ZENG H Y. Overview of network traffic analysis
techniques in wireless communication networks[J]. Telecom-
munication Engineering, 2023, 63(3): 441-447.

QIU C, ZHANG Y Y, FENG Z Y, et al. Spatio-temporal wire-
less traffic prediction with recurrent neural network[J]. IEEE
Wireless Communications Letters, 2018, 7(4): 554-557.

KHAN A, FOUDA M M, DO D T, et al. Short-term traffic pre-
diction using deep learning long short-term memory: tax-
onomy, applications, challenges, and future trends[J]. IEEE Ac-
cess, 2023, 11: 94371-94391.

TRINH H D, GIUPPONI L, DINI P. Mobile traffic prediction
from raw data using LSTM networks[C]//Proceedings of the
2018 IEEE 29th Annual International Symposium on Personal,
Indoor and Mobile Radio Communications (PIMRC). Piscat-
away: IEEE Press, 2018: 1827-1832.

i, Bl 2R T I TP I 297 A N FH ) 52 % D0 55 U
T A7k [T]. B R, 2023, 39(9): 21-31.

GAO Y, LU Q C, LI F. A complex network traffic prediction
method for IP network expansion applications[J]. Telecommu-
nications Science, 2023, 39(9): 21-31.

BHATTI U A, TANG H, WU G L, et al. Deep learning with
graph convolutional networks: an overview and latest applica-
tions in computational intelligence[J]. International Journal of
Intelligent Systems, 2023(1): 8342104.

KOCHETKOVA I, KUSHCHAZLI A, BURTSEVA S, et al.
Short-term mobile network traffic forecasting using seasonal

ARIMA and holt-winters models[J]. Future Internet, 2023, 15(9):



m

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

106 -

290.

DABLAIN D, KRAWCZYK B, CHAWLA N V. DeepSMOTE:
fusing deep learning and SMOTE for imbalanced data[J]. IEEE
Transactions on Neural Networks and Learning Systems, 2023,
34(9): 6390-6404.

ROMAN I, SANTANA R, MENDIBURU A, et al. In-depth
analysis of SVM kernel learning and its components[J]. Neural
Computing and Applications, 2021, 33(12): 6575-6594.
HUANG C W, CHIANG C T, LI Q H. A study of deep learning
networks on mobile traffic forecasting[C]//Proceedings of the
2017 IEEE 28th Annual International Symposium on Personal,
Indoor, and Mobile Radio Communications (PIMRC). Piscat-
away: IEEE Press, 2017: 1-6.

BENGIO Y, SIMARD P, FRASCONI P. Learning long-term de-
pendencies with gradient descent is difficult[J]. IEEE Transac-
tions on Neural Networks, 1994, 5(2): 157-166.

DALGKITSIS A, LOUTA M, KARETSOS G T. Traffic fore-
casting in cellular networks using the LSTM RNN[C]//Proceed-
ings of the 22nd Pan-Hellenic Conference on Informatics. New
York: ACM Press, 2018: 28-33.

SHIRI F M, PERUMAL T, MUSTAPHA N, et al. A comprehen-
sive overview and comparative analysis on deep learning mod-
els: CNN, RNN, LSTM, GRU[EB].2023: 2305.17473.

ZHANG CY, PATRAS P. Long-term mobile traffic forecasting
using deep spatio-temporal neural networks[C]//Proceedings of
the Eighteenth ACM International Symposium on Mobile Ad
Hoc Networking and Computing. New York: ACM Press,
2018: 231-240.

SHRREE, B, AL S TERIIHUB KR 2 45 4
R FHENLSBURAL, 2023(2): 40-49, 57.

HUANGFU X Y, QIAN H M, HUANG M. A review of deep
neural networks combined with attention mechanism[J]. Com-
puter and Modernization, 2023(2): 40-49, 57.

ZHANG Z W, YAN L, GU Y T. ST2T: a spatio-temporal trans-
former for cellular traffic prediction in digital twin systems[C]//
Proceedings of the 2023 IEEE 6th International Conference on
Electronic Information and Communication Technology
(ICEICT). Piscataway: IEEE Press, 2023: 1112-1117.

WANG X, ZHOU Z M, XIAO F, et al. Spatio-temporal analy-
sis and prediction of cellular traffic in metropolis[J]. IEEE
Transactions on Mobile Computing, 2019, 18(9): 2190-2202.
ZHANG H Q, LU G Q, ZHAN M M, et al. Semi-supervised
classification of graph convolutional networks with Laplacian

rank constraints[J]. Neural Processing Letters, 2022, 54(4):

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

2645-2656.

YU B, YIN H T, ZHU Z X. Spatio-temporal graph convolu-
tional networks: a deep learning framework for traffic forecast-
ing[EB]. 2017.

GUO S N, LIN Y F, WAN H Y, et al. Learning dynamics and
heterogeneity of spatial-temporal graph data for traffic forecast-
ing[J]. IEEE Transactions on Knowledge and Data Engineer-
ing, 2022, 34(11): 5415-5428.

YAO Y, GU B, SU Z, et al. MVSTGN: a multi-view spatial-
temporal graph network for cellular traffic prediction[J]. IEEE
Transactions on Mobile Computing, 2023, 22(5): 2837-2849.
BARLACCHI G, DE NADAI M, LARCHER R, et al. A multi-
source dataset of urban life in the city of Milan and the Prov-
ince of Trentino[J]. Scientific Data, 2015, 2: 150055.
SACCENTI E, HENDRIKS M H W B, SMILDE A K. Corrup-
tion of the Pearson correlation coefficient by measurement er-
ror and its estimation, bias, and correction under different error
models[J]. Scientific Reports, 2020, 10: 438.

PARK H, NOH J, HAM B. Learning memory-guided normality
for anomaly detection[C]//Proceedings of the 2020 IEEE/CVF
Conference on Computer Vision and Pattern Recognition
(CVPR). Piscataway: IEEE Press, 2020: 14372-14381.

CHUNG J, GULCEHRE C, CHO K, et al. Empirical evaluation
of gated recurrent neural networks on sequence modeling[EB].
2014.

ZHAO N, YE Z Y, PET Y Y, et al. Spatial-temporal attention-
convolution network for citywide cellular traffic prediction[J].
IEEE Communications Letters, 2020, 24(11): 2532-2536.

BAI L,YAO L N,LI C, et al. Adaptive graph convolutional re-
current network for traffic forecasting[J]. Advances in Neural
Information Processing Systems, 2020, 33: 17804-17815.,
WANG X, YANG K X, WANG Z D, et al. Adaptive hybrid
spatial-temporal graph neural network for cellular traffic predic-
tion[C]//Proceedings of the ICC 2023 - IEEE International Con-
ference on Communications. Piscataway: IEEE Press, 2023:
4026-4032.

GAOL, GUAN L. Interpretability of machine learning: recent ad-
vances and future prospects[J]. IEEE MultiMedia, 2023, 30(4):
105-118.

WANG X, ZHAO J, ZHU L, et al. Adaptive multi-receptive
field spatial-temporal graph convolutional network for traffic
forecasting[C]//Proceedings of the 2021 IEEE Global Commu-
nications Conference (GLOBECOM). Piscataway: IEEE Press,
2021: 1-7.



BERNE 2025 FE 9

BKFR (1988-), 5, Hid, WL TR X
HERSHET LREERAT TR, EER
FE 7 1A R J L 8% 2 >0 1 I 4% Ik i TR 5
PR L.

BB (1998-), Y, Wil L kK#E R
5l ISR EA, FEHRITEA
e 160) 3 271 94 6% 9 o T

HEW (1976-), B, L, WLTEK
HEREHT LR, FEHAT
T 9 0 2% A AS B . TR IR 45 AR A R 2%

e
YA,

BEZ (1999- ), ¥, WLTr K% ER
587 TREZEEM L, TEMATEA
EE S M.

BEN (1972-), 5, L, WL TR
HER ST TSR, FERRT
A BEMI L% . TELRHE .

Rk (1988-), W, ML LH K¥EELES
o TRESBE . S2g6 i, FEEWR
[ ATELR L -



