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Research on Dynamic Graph Recommendation Based on
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(School of Information and Artificial Intelligence, Anhui Agricultural University, Hefei, Anhui 230036, China)

Abstract:  Current graph neural network-based recommendation studies rarely consider the repetitive behavior pat-
terns of historical interactions and their frequency characteristics in the temporal dimension, making it difficult to capture
the “shift” in node interactions over time. To address this, we propose a repetition and frequency-enhanced dynamic graph
recommendation model (ReFDGRec) that integrates repetition-aware neighbor sampling with frequency domain analysis.
ReFDGRec introduces a repetition-aware neighbor sampling strategy that not only considers the immediate neighborhood of
individual nodes but also deeply explores node pairs with prior interactions, leveraging relevant historical information to en-
hance the understanding of node relationships. This approach enables more precise identification and extraction of high-fre-
quency interaction patterns between users and items, capturing the dynamic evolution of user behavior and providing richer
input features for the model. Additionally, considering the multi-resolution analysis capabilities of continuous wavelet trans-

form (CWT), ReFDGRec effectively handles the non-stationarity and dynamic changes in user behavior across different
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time scales, capturing periodic trends and abrupt preference shifts. By CWT transforming user behavior time series into the
frequency domain, it simultaneously captures long-term trends and short-term fluctuations, effectively addressing the limita-
tions of existing methods in handling non-stationary user behavior. This enhances the model’s performance in managing
abrupt user preferences and dynamic interest shifts, delivering more accurate personalized recommendation services. To
comprehensively evaluate the performance of the proposed model, systematic experiments are conducted on four public da-
tasets, namely Wikipedia, UCI, MOOC, and MovieLens, covering both transductive and inductive dynamic recommenda-
tion scenarios. In addition, three negative sampling strategies, including random, historical, and inductive sampling, are em-
ployed to ensure the rigor and fairness of the evaluation. Experimental results demonstrate that ReFDGRec consistently out-
performs state-of-the-art baseline models such as DySAT, TGAT, TGN, GraphMixer, and RepeatMixer in terms of average
precision metrics, achieving an average performance improvement of 2.3%~6.9%. Ablation studies further confirm the criti-
cal contributions of the node interaction frequency encoding scheme and the CWT-based enhancement module to the overall
performance gains. Moreover, comparative analyses of time-frequency modeling methods indicate that the continuous wave-
let transform is markedly more effective than the discrete Fourier transform and the short-time Fourier transform in modeling
non-stationary behavioral sequences. By leveraging a theoretically guided repetition-aware mechanism and signal process-
ing-driven frequency-domain enhancement techniques, this work provides a solution for dynamic graph recommendation
that effectively captures interest evolution and behavioral drift, and has certain theoretical innovation and practical value.
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e E KA e R AT B R 5 2 1A
MV FEIR 2R, 7 IR 78 F P R B sf 1) 2 2 A8 AR 1 15
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SRR 5 e 40 BRI, RRIE A TR PR G 5
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M. SR E L e DL — A A % 2 1 R B BE
W e R D DL i 07 4858 CW'T 22 B0 I FP B0 05 % Al
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o <R R LR TR X o TR RS 10 CWT

BORRE . Ben B 0m 5 B9 CWT 22500 [0 75 46t [m] s dk
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Horpr, OV R0 CWT 284, HoH CWT R B0 FR e 5y

SRR L 4R Okl 8% 2% 3% 35 RN dropout )2
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x!= X!+ Dropout( X" (8)

(2) Z )2 BAHLIR A )2 (MLP-Mixer). >k H £ )2 8%

ba I RERE = S vl s 2 K ik &/ IV E | Sy S SN e s

£ 5 WP S A B 2, AR 5T A P 2D I 5 P2 R 2% (Feed-
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HUZFLEIEIR & 2 )2 MPU2 , L (9) . (10):
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(10)
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G2 R BAWLZ oy, 70l DU w sl AR
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SGHE . B, R F AR & Jr R X st () 38 ¢ 5 P w
F) b 1 B4 IR PR (3 AY) e RYRIT At e RYFRR)
RAEAMEIA ().
T T
= ((Wagg-X*{chml) -X;chme]) (11)
Hor e e RUKE—ANAT ISR p i it S F [ &
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3.4.3 EFMRAL
X T8 — A HICH (uyiyat,) 0T LA A
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Y FEN 7 B 0 2 B 21T P A
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Loss= 2

(wpiit,) @
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7R R UK 5 0 (+ ) J2 sigmoid BT PRER . B 42
15505 S 08 i A Bl 2 P HE R R P AR S A vk
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3.4.4 EZEDW

R A TE VA T O R BRI S ReFDGRec
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SR LR 1.t R AR E ¢, T LLE
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SERLH (AN CWT) 1T B HA 3 1 i (] &2 24 B (HE ]
FERRHE P AT R sh AR 10y T HA EAEH . Ak,
T AT A B RS (AN A8 S8 1 SR K i AZERE d)
AT LA SOP- A8 fR P R AR

4 I§

4.1 XWEE
4.1.1 HiEE

RS IE ReFDGRec BRI AT 0M: , AR SOR YA FF
BAREVEATILL . Wikipedia: BREE F F 78 4838 5 R} 0T 1
iR EE A Ros h— A P S YA R U 2
B) 4 58 B (G ) B9 — 20 22 B . UCT: A5 i R 2 Rk
S 2 A 8] B — A 24 Facebook | 2 71 J& A4 78 2k 18
5 M BHRSE . MOOC : — NELR IR — 4 B8l M &%,

_lna(y/,ﬁ(trn) _yj.p'(tm)) (13)

HiE1 ETESRMSMERIGRNNSEEFEEZHRE

BN SWEE 6=(U,LE), HFRT 15 target_node, Tt AP JEE K RFETR
B L/ N AR S5 wavelet_params, B KB B iter

i« AU S B O MBILE R (1, )]

BEGIN

1. MR AR 24 0

2. FOR epoch IN 1 to iter do:

3 # 3t [ AN P -1 28

4. FOR (u, i, t) IN G:

5 # H S BARSE SRR (P IL 3.3)
6

NA{i) (i t)e Gy <t|N|<K|
7. N={u it )e G <t N|<K |
# ity )2 - b FRAR FE T 51 4 B TR A P (B DL 3.4.1)
9. A/,f:XfL"'A/,f X lf,F
10. Xit:Xi.tL"'X:.rf"Xi.l/-'
11. # BIRIGOR 20 FH CWT SEAF45 A (P I 3.4.2)

1. Xw.=Jx;¢*(%) dt # o BN L R s 5 -
BHRE 2%

13. Xiicwl:f)(‘.‘q;*(%)dt

14. # ORI A TR

15. X, =0 Wi X, b)) #weR™ beR

16. Xi =W X oo+ D)

17. # IR (PR UL 3.4.3)

18. score=X,, g ¢ i_final

19. # TR BPR A bR AL

20. Loss= 2 —lno(y,lp(tm) —yj_p,(tm))
(wpipipt,) e

21. # IR T o S A

22. 0« 0—n-V ,Loss # 5 N>RV Loss W E

23. END FOR

24. END FOR

25. RETURN score,f

END
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(3)TGAT™ . FFH [ & Sy AL A s 1) 43 ()

TR PR S RRAE 5 0T I SR ) g 8 A A
FEAE A BT 5 3R, IO R T e

(4) TGN, —Fh JLF RNN H1 [ 13 2 1 9L i
. TGN 1 5600 FH RNN i 3B [a] 45 2 (ZELJODIE) , 28
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(5) GraphMixer ' : — il 3 F MLP 22 # () J7 3%, &
e 1461 52 FsF 1) 24 ) o K5 AN 2 T IR RRAS |, I8 HA

ez o] SR EAT AR (A B s A ok SR A
SRFAE .

(6) RepeatMixerBl: s — B ) W) A S A L BT
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s I e P 27 o] v AR AT AR e
4.1.3 FfEIEHR SRR E

AR SCHITAR L3l 28 O AT 55 JE IT, 2R FH - 08
J% AP (Average Precision) Fll ROC (Receiver Operating
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Under the Curve) fE RN P HE bR R BEAT VP4 . 24T 55 A
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R 2. XFF ReFDGRec £ R1  f d 35 & 4 100, [R] A
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A ALY AR s 7 ot A5 b i B SR A T RS 1
R A ik P30 PR R, T A
= g A R kA 52 = R TE I 45
NIRRT Wik 10745 20F o 4 f?;ﬁiﬁfa ;fj;,j %g:’;fjﬁ;@ lﬁ}: ; S T 26 AT T 199 7 4
HASORRE | fREA SRR I B ety | e PR R e kR B B 1 1
e T U BT A 2B B T | A E AL RE ) 3 4 AL T B ‘ e
B4 6 SR AR s S e ST 5 IR B S
AR BRI VA5 5T RS
k2 57/t SRR RS D 4.1.4 MHEELLEL

BN AR S TS B={(u i, ) | TR S8 TN B4 DA ]
REIIAC TSRS Dy = Ux LU BOW SR B0 BT A A D i T
FEA R KGR £ s =0 T AEE LR BSF ] 58F FT[2
£ TUREEHE W strategyelhistorical.inductive)

W AR ES N
BEGIN

L # MR T s A
2. H={ (D31t 1, )€ Dt o ST <}

. Couen = {(w, D3, i, )€ B}

- # AR A

. IF strategy == historical THEN:
C=H\Cyyq, # I 2 FURFEARE D
D g :Dall\cbatch

. ELSE:

© oo N oL a W

C=H\(D s U Croe) # I GURAE G

10. D g =Dy \(D i U Caen)

11. END IF

12. IF ICl = K THEN:

13. N=UniformSample(C,K) # 1% 450 & 0% B4R
14. ELSE:

15. N=CU RandomSample(D

waK=1C)
16. END IF
17. RETURN N

END

IG5 B B S 25 N EE 4 IR, oL 5o
AT B 45 . R = Fh RS IR S5 R,
ReFDGRec 5 R 75 K 2 8054 45 L5217 ALk g
R v AT e, 3R 4 rh ) SRR AR AE S RS R LAl
e BT 100, M SZEEEE AT LA H

(1) 5 R BT ORISR A & 7
G119 771 (TGN L JODIE) A b , ReFDGRec 7 R FE— B 4B
JEBSE, FEAI T T 22 B RS AR XA Tk BE S AR
AN 05 2 T 8 AR S DA R e A1) =22 1) A B o B[] £ 7
R XX TR P RN S B OCH

2)5 RepeatMixer FIRIAH L, ReFDGRec BENS 2 2
b Ab FHAS ] 288 R0 9 97 SR SRS, 3X A5 45 T AR Y /1
W AR P e nm ML, ML BB B 15 I Mo HE P AT
A R B PR N s S AR AR . 7E MovieLens 30 HE &£ F
ReFDGRec [ AP {2 % 5 T RepeatMixer, Ifif 9 & 7 AUC
s FFRIAHIE , B ReFDGRec 725 i 4147 7 T FS 70
g, IS TS

(3) 5 4l #i2 = By i 1] 45 2 (9 185 8 DyRep . TGAT .
GraphMixer #] 1 , ReFDGRec H1 2% 18 21| 745 55 7] A By
LBIE T A, LAHE = B A B A G TP C R L S
"1 ReFDGRec U5 T #AR MIRCR .
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F4a4 PAMETETHEBMEEELLE AN : %

AR RS | fORFESRNE | BuldE JODIE DyRep TGAT TGN GraphMixer | RepeatMixer | ReFDGRec
Wikipedia | 94.82+0.20 | 92.43x0.37 | 96.22+0.07 | 97.83+0.04 | 96.65+0.02 | 98.50+0.03 | 98.96:0.01
o ucCI 79.86+1.48 | 57.48+1.87 | 79.54+0.48 | 88.12+2.05 | 91.19+0.42 | 93.66+0.12 | 95.08+0.03

B ML 7 R
MOOC 79.63£1.92 | 81.07+0.44 | 85.50+0.19 | 85.55+1.82 | 81.41+0.21 | 82.53+1.96 | 93.11:0.04
MovieLens | 66.50+0.23 | 66.84+0.73 | 63.46+3.28 | 67.71x0.45 | 65.75+0.42 | 69.45+0.19 | 81.71+1.40
Wikipedia | 68.69+0.39 | 62.18+1.27 | 87.170.22 | 81.7620.32 | 87.60+0.30 | 86.54+0.69 | 82.82+0.25
_ ucl 63.1122.27 | 52.47+2.06 | 70.52+0.93 | 70.78+0.78 | 82.66+0.49 | 85.09+0.36 | 85.34:0.31

AP [ 52 R AR
MOOC 63.2241.55 | 62.93x1.24 | 76.73:029 | 77.07+#3.41 | 78.10+0.02 | 80.37+5.34 | 81.41:0.42
MovieLens | 49.72+1.93 | 53.44%0.79 | 52.43x2.76 | 56.70+2.78 | 50.16+1.83 | 83.37+1.09 | 87.61+1.46
Wikipedia | 68.70+0.39 | 62.19+1.28 | 84.17+0.22 | 81.77+0.32 | 87.6020.29 | 86.54+0.69 | 86.58+0.36
— ucI 63.1642.27 | 52.47+2.09 | 70.49+0.93 | 70.73+0.79 | 81.64x0.49 | 85.09+0.36 | 84.31+0.28

EAWIPS

MOOC 63.22+1.55 | 62.92+1.24 | 76.72:0.30 | 77.07+3.40 | 73.99£0.97 | 80.36+5.34 | 82.46:0.58
MovieLens | 49.72+1.93 | 53.44%0.79 | 52.43x2.76 | 56.68+2.77 | 50.15+1.83 | 83.44+1.09 | 87.74x1.49
Wikipedia | 94.33x0.27 | 91.49:0.45 | 95.90+0.09 | 97.72+0.03 | 96.3020.04 | 98.38+0.02 | 99.00+0.02
o uCI 78.80£0.94 | 58.08+1.81 | 77.64x0.38 | 86.68+2.29 | 89.30+0.57 | 90.90+0.16 | 93.05+0.03

BERL 7R
MOOC 83.16+1.30 | 84.03+0.49 | 86.84:+0.17 | 91.24+0.99 | 82.77+0.24 | 82.97+2.31 | 93.94:+0.05
MovieLens | 64.72+0.35 | 66.04+0.74 | 64.87+3.56 | 67.30+1.09 | 65.44£0.33 | 69.09+0.28 | 66.86+2.79
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