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A KAN-CTR Prediction Model Integrating Hybrid Community and
Cluster-Level Feature

QIAN Zhongsheng*, RAO Yuxian, WU Minxuan, PENG Shaoqiang, WANG Rongrong, XU Kewen
(School of Computing and Artificial Intelligence, Jiangxi University of Finance and Economics, Nanchang, Jiangxi 330013, China)

Abstract:  click-through rate (CTR) prediction is a core task in recommendation systems, whose goal is to predict the
probability that a user will click on a candidate item by modeling the user’s historical behaviors and item features. However,
existing CTR methods still have problems in modeling global interaction structures, extracting multi-hop neighbor informa-
tion, and improving the efficiency of high-dimensional feature interaction learning. The interactions between users and
items usually exhibit multi-level and strongly structured association characteristics; direct modeling will lead to excessive
computational complexity and difficulty in capturing the semantic relationships between different levels of neighborhoods,
thereby limiting the in-depth exploration of potential semantic associations and user preferences. Moreover, most existing
CTR models rely on fixed activation functions of traditional neural networks, which lack flexibility in modeling high-order
nonlinear feature interactions, and are prone to problems such as feature redundancy and weak generalization ability, result-
ing in difficulty in further improving prediction accuracy. To address these problems, this paper proposes a kolmogorov-ar-

nold networks (KAN)-based CTR prediction model integrating hybrid community division and cluster-level feature extrac-
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tion (HCCF-KCTR). Firstly, a hierarchical hybrid community clustering strategy is designed, which combines coarse-
grained global community division and fine-grained intra-cluster optimization to decompose complex global interaction rela-
tionships into cluster-level units with clear structure and coherent semantics. This strategy significantly reduces the model-
ing complexity while retaining key structural information. Secondly, based on the results of global community division,
multi-hop neighbors are mapped at the cluster level, and a cluster-aware attention pooling mechanism is introduced to dy-
namically evaluate the semantic importance of each hop of neighbors within and between clusters, adaptively assign atten-
tion weights, and generate high-quality cluster-level embedding representations of multi-hop neighbors, so as to fully cap-
ture the multi-level interaction characteristics between users and items. Finally, the learnable function of the KAN network
is used to replace the fixed activation function, and multiple cross-hop and cross-cluster feature combinations are construct-
ed to convert complex multi-hop interaction features into interpretable low-order function combination, realizing the in-
depth fusion of structural information and semantic features, and further improving the prediction accuracy and expressive
ability of the model. Comparative experiments are conducted with 13 mainstream CTR models on four real-world datasets,
namely MovieLens, Electronics, Book, and Taobao. The experimental results show that, in terms of the three metrics of
AUC, GAUC, and LogLoss, the proposed HCCF-KCTR model achieves an average minimum improvement of 2.74%,
2.19%, and 3.68% respectively compared with the existing optimal baseline model, verifying its superiority in feature inter-
action modeling and prediction. In addition, this work verifies the necessity and synergistic effectiveness of each module as

well as the balance of the model in overall efficiency through ablation experiments, parameter sensitivity experiments and

2026 4F

model efficiency experiments, further demonstrating that the model has excellent generalization ability.
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%(http : //jmcauley.ucsd.edu/data/amazon/) §1 ¥ Electron-
ics BUAEHE F Book BHE£E , UL A Taobao B #E 4 ( https://
tianchi.aliyun.com/dataset/42) . X 4 MR EE T T H
R TR S IR REZ ML H Y5 K
4T 36 UE CTR A AU AE A 6] F AT AR T iR 3,
BT Ry JLAE B R 2 3 el T AT 90 1) 28 B 4
B T i BT, A Le PR L T 5 A CTR 7 ik
HEAT P L[] I e 30 i A S5 B A AN [ 1 137 ¢
A RCEFIZ AR T, BARME BN 2 s .
F2 HIRSHHEIESITR

Table 2 Data statistics of the dataset

Hdladk M TiH eS| FEAKL
MovieLens 71567 10 681 568 464 10 000 000
Electronics 192 403 63 001 801 1689 188

Book 603 668 367 982 1 600 8898 041

Taobao 987994 | 4162024 9439 100 150 807

(1) MovieLens: |32 H T #fE 1% & G W 5% 19 £
A RPEEOE . B AR EE P S R Y AR
FRAE PE4 (1D M 52285145

(2) Electronics: )z H F #E 1£ & Gt #F 52 1) 5 ¥
L O RSN 9D Ol R R S 4 B R A N A (o Y
B PR T AR B BT SOE OB R B

(3) Book : Amazon-Book £ & 5 & 47 & 4 i
PIBREE 2 — AL T P A 28BS B 1B
0 T P X Sith G P R OGS B .

(4)Taobao: | {Z Fl 14 £ CTR &N IT , % 54
Ay ] L AR AT R I, A0 2015 4F 5 H —2015 4F
L1 RS B R 55 & R P AT sl o
3.2 TFMMMERR

S B AIEASE A HCCF-KCTR f T 4 2 75 A BT 42
L BT vz Y B £k T 1 FR (Area Under Curve,
AUC) . P IALE ¥ (Group AUC, GAUC ) At %t 44 44
2R (Logarithmic Loss, LogLoss ) iX 3 ™34t #5 Fr % H P
RETEATIFAR

(1) AUC I & BEH LI PR IEREAS i T IAEA
MR, IZE AR, FIARIAY X 40 1E AR AR Y BE ) i
TEEE R 1 B A O M RE R AT, an=X(25) R .

! EZP( P te) (25

neg i=1;=

AUC=

n,.n

M, gy T ny g 3 RN TE UREAR KL 5 D0 B D, 53
I AEA BT 5 H; P () SRS B 1, A
H0.

(2) GAUC FH T 5 KS i $th Aty 2 455 780 %o 454> FH P A4~
W HE P BE 1, J& AUC 6 AR P 40 41 b 9 i AR
¥IgE B GAUC BE 4y b R BB AU o> 1 FH P g 3
fie 1, =t (26) Fin .

-

PSial

|
J

=

n

inu’-AUCu’
GAUC= = —— (26)
>,
Hrh \wiFoR F P8 AUC, S P u 9 AUCHH , n,, 2
w, I REAEC CBIZ P 0 i 5 R s BEAR B0

(3) LogLoss JH = Tl A5 7Y 1) 751 0] HE % A1 B 5K 4
iy 22 B AR 1R 22 2 T A 55 rh DAy A 23R Y3100 ot £ 1
FHFEFR . AR /)N, 2 s A0 (7% 101 000 HBE 46 6 42 3 L 5K
SRR, s (23) FiR .

3.3 XfLbiEE

A4 T R T HCCF-KCTR 5 2 M S i 11
13 FpAH SCRE R VEA T EL B, A0 46 S5 FpRRAE 8 LAY 4 Fif
FH P LR A D K 4 3 T R AR A

FRAE A B - ST QN fa] R A\ RFAE 22 8] (1 28 X
LA Z, IR S50 2 8] 59 e 22 FAR

(1) Autolnt "5 A £ 3k A 13 I HLH], 16 H#x A 28
(] d 2 AR g B SRR AE A8 L, JE L T Transformer 4244
B4R e CTR P 0 A5 7Y

(2)xDeepFM[“]%%IZJ/I\q%‘?JEiEX@T%E@’PE% , fil
A FM AR 2 R AE 22 L HE A 5 DN (6 35 26 1 4
fIE 263K, 51 AJE S 28 LM (CIN) , 1 5 8 455 4
fEZH 4

(3)KAN'UR AT 24 2 i — 0 B FE S 3L bR 500/ h
Ap e P i S BT S a2k R ST B AR S 2 2 UL, 5
BT 5 B A ek 28 B AR R L R G
Fik A1, 5 A SRR KAN-CTR 500 HL I 25 #4 — 2.

(4) TWIN 55 & 38 3 43 8 5 FRAF 28 X i 20 e
HAPmHBREXER, SARAERALZZREERS
HH I

(5)TPA"" S Fi — Fol i i (109 45— HE 48, i ad 32 1
PR Z Ak L K2 A A8 =AY B T A T2 B
WA M NI SRS HE A K2R A

FH P QLI L SR P B S AR A 55 T
FPA B AR 3 T AL BRI S s B R S TR

(6) LREA" i JFH {I% %k &0 B4 43 f 5 0 B4 W i L
il AT R ERAE 3 TR 3 D48 3R R 1 R 4
SRk,

(7) DIEN" 5| A {3 # 77 % %7 1] (Attention Update
GRU,AUGRU) , X JJ 5247 Ay v 4 4 it A ifE A 7 3 A
5L, fel ASE R0 68 o o A L FZ 48 5 M AT B AR I H A O
A

(8) SIM "% FH 9 By Bt X4 ik R ML, 25 — B B
i F GSU B L0 , 45 — B B F] FH ESU KRS 40 4l 32 1
705 AR H 2 8] 18 5 2, DA B 22 3% FH
P LS 480



406 H, ¥

EE 2026 4F

(9) MIRRN"*'J2 f5 3 F 5% 5 A 1 0 300 0%
B 2200 5 G 2R 5 0 e A A AR Y o 22 B ) R A
TR R ZH0 5 2481 1751, 51 A 223 18 B2 e 2% 55
BB P A R R S H IR A 2k EE AU, A
T8 I VTAT A0 BE 24806 B BR ) a1 52 )

BT E A RR K P 530 H 22 8] 58 BAT O
Sy PR 45 44 38 s GININ 45 L 1 4 412 45 440 1 U8 5 4B
liF i g

(10) NGCF"> 2 [&] i 2 4 4 0010 6 v O i, AL A
GCNYE I /-0 H B b b A7 R AE A% 1% | 4% 6 2 Bk AR
SRR P 5100 H AR R, B R 1 45
FikBETT .

(11) LightGCN"*J& NGCF 4 itk i AS , % 15 1
L MR PR B S FREAE AR F G B, AR BE B S 2R
BERAE TR P THE AT B ROR [ IO BR 1k

(12) NRCGI'™'5] A [ 5 25 AR | 58 3 7 &5 4 1
FH P -3 B A B PR 5 AR SRR 11 R 4 BURR
BA K

(13)KarSein ¥ J& B 3£ T KAN 244 1 CTR 0
B3 3T 5 A KT SR TE A 5 ] I 465 2 2] Sfe ik G
Z, DN B 4 b A A 5 AR AE AS H AR SO R (Y
KAN-CTR Fi 45 4 #H 3¢
3.4 ZWRESSH

FESZ R T A5 ARG 28 S S 50 R AR

[F]{E 52 T PyTorch SE 3, JFf H Adam LAk 5 47V
Yio WFIGAR P R E B SR AT AR R S
R A . X T AR SCRL R HCCF-KCTR , BRI\ 2%
3R R 0.1, 78 18 UE M BE 3% 2 3 1~ epoch TG T+,
B2 2] B B AR /N 10455 o X IT AT BT B S
BAT SR, FEAE U4 h BE B A IR

TS 3 Fh 2R A S0 B AR AR SO A A R b
K Hp g, Horp ) %FHE 288 (I 3.4.1 795 ) AR SCAse Al
513 R M BORT B HE B R AT X L, S R AIE S
B B V-1 2SR BE B ) I e B A B A i 4R
153 Lo A8 o) BH AR SCBE AL () A 32, D RIZS RQ1 5 T i 52
55 (UL 3.4.2 77 ) [ 34 AR SRR TR ) R 256 K80 2 X A5S 700 4 4
PEREPE = I AT AT PR 5w &80k, DA IEI2E RQ2 5 2 i ik
BE S (UL 3.4.3715) 40 B =5 B2 S B0 AL 8 D T 1Y)
SEMm A TSR AL S E AL, DL RQ3 5 & 4= B
B (I 3.4.4 75 ) 3 22 [ 3R A SCBE Y 53 2% BE G 0, LA [l
25 RQ4; SR AT (UL 3.4.5 ) 18] B A SO ()38 47
BORE SHOIBLE L, LLEZ RQS .

3.4.1 XWHERSHSHRQL)

F 34 T A SRR HCCF-KCTR 5 13 Fl ) e As
RUTE AN AN TFE R 4E B kBRI . M T Lu e, F
FH HE 26 IX 00 FRAE A A AY | R P 4 A%E A A 3L (51 (1)
LA 3 Fofr S [r] 2K 70 f X AR AR

R3 BSREMRELLR

Table 3 Performance comparison of each model

. MovieLens Electronics Book Taobao
AUC GAUC | LogLoss AUC GAUC | LogLoss AUC GAUC | LogLoss AUC GAUC | LogLoss
Autolnt 0.6813 | 0.6925 | 0.6074 | 0.7886 | 0.7864 | 0.5575 | 0.7987 | 0.7569 | 0.5478 | 0.8035 | 0.8243 | 0.5298
xDeepFM 0.6786 | 0.6792 | 0.6421 | 0.7703 | 0.7725 | 0.5596 | 0.7321 | 0.7289 | 0.5634 | 0.8149 | 0.8111 | 0.5359
KAN 0.776 7 | 0.7885 | 0.5714 | 0.8267 | 0.8267 | 0.5322 | 0.8521 | 0.8624 | 0.4457 | 0.8039 | 0.7982 | 0.5422
TWIN 0.7864 | 0.7924 | 05741 | 0.8432 | 0.8455 | 04989 | 0.8976 | 0.8923 | 04291 | 0.8945 | 0.8924 | 0.4824
IPA 0.8029 | 0.7878 | 0.5673 | 0.8515 | 0.8423 | 04991 | 0.8726 | 0.8947 | 0.4432 | 0.8843 | 0.8652 | 0.4809
LREA 0.7998 | 0.7919 | 0.5862 | 0.8489 | 0.8478 | 0.5012 | 0.8878 | 0.8905 | 0.4322 | 0.8798 | 0.8788 | 0.4882
DIEN 0.7369 | 0.7235 | 0.6127 | 0.8169 | 0.8021 | 0.5489 | 0.8046 | 0.8175 | 0.5124 | 0.8188 | 0.8213 | 0.5313
SIM 0.7305 | 0.7196 | 0.6203 | 0.8198 | 0.8176 | 0.5208 | 0.8486 | 0.8221 | 0.5136 | 0.8546 | 0.8611 | 0.5039
MIRRN 0.8025 | 0.7969 | 0.5668 | 0.8477 | 0.8317 | 04953 | 0.8898 | 0.8917 | 0.4184 | 0.8929 | 0.8754 | 0.4858
NGCF 0.7015 | 0.6998 | 0.6597 | 0.8122 | 0.8109 | 0.5265 | 0.8674 | 0.8501 | 0.5088 | 0.8677 | 0.8703 | 0.498 1
LightGCN 07011 | 0.7102 | 0.6341 | 0.8186 | 0.8365 | 0.5182 | 0.8715 | 0.8610 | 0.4581 | 0.8512 | 0.8562 | 0.5104
NRCGI 0.7486 | 0.7407 | 0.5907 | 0.8386 | 0.8389 | 04945 | 0.8917 | 0.8986 | 04195 | 0.8798 | 0.8848 | 0.4934
KarSein 0.7933 | 0.7938 | 0.5721 | 0.8457 | 0.8461 | 04941 | 0.8891 | 0.8907 | 0.4205 | 0.8824 | 0.8973 | 0.4878
HCCF-KCTR | 0.8125 | 0.8045 | 0.5546 | 0.8668 | 0.8607 | 0.4808 | 0.9304 | 09358 | 03927 | 09287 | 09211 | 0.4629
HERER T % 1.1900 | 09500 | 2.1500 | 1.7900 | 1.5200 | 2.6900 | 4.1600 | 3.6500 | 6.1400 | 3.8200 | 2.6500 | 3.7400

T AR SCHERY HCCF-KCTR (9S50 5508 LU S AR 7R, ST L, T Rk 5¢ W AR AR v 2 B AR X B, Jocf5 — 47 43 SR A X
T I AR AR A MERR AR THE L LIRS )
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bao %5 4 4 vh Ay SC g 25 R UL 3 3. Hirh AR S A

HCCF-KCTR 7£ 45 £ 5 th 3 A R B R 47, 7 AUC,
GAUC J LogLoss iX 3 > PEA 4 A 1 AH 28 X6F L A5 74 1y
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Table 4 Component description of each model

- RAFXIZK | HEHRIEF: | KAN-CTR
N ; - .
ACRASTRNE | IEERIUBIE | TALR
Ours-1 J X X
Ours-2 X X N
Ours-3 N N x
Ours-4 J X J
HCCF-KCTR N N N
XA AR R AL, N A A AL

1 MovieLens . Electronics . Book & Taobao iX 4 ZH /%
TEECHE SR EATIH Al S 50y, 2% 0 3 AR (AR 1) H I 2 0
TIEA$ A4 1 Xk T 4 BE A9 52 ), 31X HLE £ AUC . GAUC
K LogLoss 1 R IFM T8 5 . LI LR UK 5 Fis .
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Table 5 Impact of each component on model performance

eyl
PAEIE S PR bR BOERT%
Ours-1 Ours-2 Ours-3 Ours-4 HCCF-KCTR
AUC 0.7709 0.782 8 0.7812 0.7911 0.8125 2.71
MovieLens GAUC 0.780 2 0.769 6 0.790 7 0.791 6 0.804 5 1.63
LogLoss 0.598 3 0.5779 0.5926 0.569 2 0.554 6 2.57
AUC 0.805 3 0.8395 0.8312 0.845 1 0.866 8 2.57
Electronics GAUC 0.7972 0.820 4 0.843 5 0.822 8 0.860 7 2.04
LogLoss 05121 0.5106 0.514 4 0.507 3 0.480 8 522
AUC 0.890 4 0.886 8 0.9029 09143 0.930 4 1.76
Book GAUC 0.865 6 0.8753 0.896 8 0.901 2 0.935 8 3.84
LogLoss 0.4575 0.4413 0.436 6 0.429 2 0.3927 7.34
AUC 0.886 2 0.905 6 0.874 2 0.9103 0.928 7 2.02
Taobao GAUC 0.854 7 0.894 6 0.8752 0.9279 09211 0.73
LogLoss 0.5182 0.49717 0.488 1 0.492 4 0.462 9 5.99
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Table 6  Impact of cluster-aware attention pooling mechanism on model performance

i CIE S LR L BRI %
W3 P A Pt Ak HR AL

AUC 0.793 7 0.8032 0.8125 1.16
MovieLens GAUC 0.788 1 0.7976 0.804 5 0.87
LogLoss 0.5720 0.5624 0.554 6 1.39
AUC 0.8512 0.860 7 0.866 8 0.70
Electronics GAUC 0.8549 0.843 5 0.860 7 0.68
LogLoss 0.503 2 0.488 3 0.480 8 1.54
AUC 0.9056 0.901 7 0.9304 2.73
Book GAUC 0.889 4 09105 0.9358 2.78
Logloss 0.4419 0.400 3 0.3927 1.89
AUC 0.896 1 0.9142 0.9287 1.59
Taobao GAUC 0.9145 0.903 6 0.921 1 1.94
Logloss 0.498 7 0.473 9 0.462 9 2.32
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