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4.2.3 g F &k

FEg R e LT, B FEHliE SO EICHEE 35 &0
SHb T Y INRFE (LU, HBEFER D) ez vz y >~
7 (CF) ZHW/ze NKODH 2% ZDF FHE T 2 LT
E1R, -V ORBIFIZH> TOEHBNFEEEZEL THARL
HEEPRER T 2HH I AN ) VT BT 22212k > T,
CORE., BFFETOBELRRb OO EEEM X E 2 2
. BEFHELCEI-TTEZDONEMALT %,

4.2.4 R - B

BN U T— @D % {1 T 3 2 —3 500 Aicx L
TIRERF R BT EEH O TERET > 72, FHMIOEHEW
2= DN |ur| ZEE L THIRL 7o UARICZORERERT,

£ 4 BEMICBIT SHERE

(i) |ur| = 100, N = 100 OHEE

FHEfERE  fRRTFIR O ERFIE L CF
Precision  0.292 0.245 0.315
Recall 0.331 0.279 0.524
F f# 0.288 0.242 0.382
nDCG 0.914 0.923 0.865

(ii) |ur| = 50, N = 100 DA

FHETERR  REBTE O HEFE 1 CF
Precision  0.326 0.244 0.345
Recall 0.435 0.285 0.573
F & 0.372 0.244 0.419
nDCG 0.910 0.925 0.947

(iii) |ur| = 200, N = 100 DA
FHEERE  RERFE HEFE 1 CF

Precision 0.287 0.245 0.345
Recall 0.321 0.278  0.573
F f# 0.281 0.242 0.419
nDCG 0.917 0.923  0.947

£ 5 EMONFE

(i) |ur| = 100, N = 100 D¥FHE

PR REFHE HBFEL  CF
Long-tail Rate  0.580 0.530 0.451
A D 2 -1 0.274 0.373 0.0985

(ii) |ur| = 50, N = 100 DHH

Atz REFIL EBEFE1 CF
Long-tail Rate  0.580 0.530 0.494
FTAE D 28 0.250 0.332 0.0802

(iii) |ur| = 200, N = 100 DIFH

ERaliit REFE EEFE1 CF
Long-tail Rate  0.550 0.530 0.494
B D 23 S 0.295 0.377 0.143
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—YIR—V F A XINTEL TR CHEZREREL TV
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RIMBIEZ N 728N E 1T - 72,

4.3 EBMER

OB BN —F DI 2 HlifEEFIAT 2 22 ik -
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* 6: IREFIE 2 OHLERE & N7

(i) |ur| =100, N = 100 D&

ERaliiEi=t = RBEFE2 #EFE  CF
Precision 0.474 0.292 0.315
Recall 0.582 0.331  0.524

F & 0.493 0.288  0.382
nDCG 0.908 0.914  0.865
Long-tail Rate 0.413 0.414 0.451
R D 28 0.145 0.290  0.0985

(ii) |ur| = 50, N = 100 DIHE

ERalilEi=g 2 RBEFE2 8#BEFE  CF
Precision 0.554 0.326 0.345
Recall 0.810 0.435  0.573

F f# 0.635 0.372  0.419
nDCG 0.891 0.910  0.947
Long-tail Rate 0.429 0.580 0.494
M D 28 0.118 0.250  0.0802

(iii) |ur| = 200, N = 100 D¥H5H

ERafilEi=t 2 RBEFE 2 RBEFE CF
Precision 0.544 0.287 0.345
Recall 0.727 0.321  0.573
F & 0.595 0.281  0.419
nDCG 0.912 0.917  0.947
Long-tail Rate 0.409 0.550  0.494
AT D 2N 0.167 0.295  0.143

D EofERICET 2 EEE2 RN 2,

BEMEEL T, BHELEARIMEN M ELE, Zh
3. 4.2 HIOARER» SELMEV IV OFMOFAT 2 2 &
T—EDREEMEMR IS Lz, FUEEEALLZZ2IZLD,
=PIV F T XENTZ LIRRT 2 T &
b0 Tz, W7 4 VR T ORE R L5 7-HH e LTI,
Wi 7 4 V&V ¥ I TIEREF DN T —F D3 EFHE & 5 727
mOHEE XN B0, B oANEREHET 22 H D,
Z DB EN YR I LTV, —7 T, BRTFiE
2 TIR—TEDMENMFAL XN T WS 7=, IR 507
P EHEE Lz LT 22— A Z ORIMICIRFEM 2 17 2 7l
BEMED 0, 2o & 5ic, BEFE 2 Tlda— 90Kl
1) 2R EHEEE T 2 7 — 23D I T2 IS RIS HEE S FE A3
M ELEEEZ S, NFEHIZOWTIE, Long-tail Rate, FFA
DORFEE, L HITTTOREFEL D iR DONZ, HEICHY
ZFHMAEOEN TN —FOEAERIZ 42 HOEKREED S
W, BLER & o CGHHiiEICEAZMII 22, Thb



B, A—HFITLIIAR—VFFA AL e BAFEOETDE
HEORRTH D, NP HEREZZ N — A 70BGRTD
2rEZBND, LhL, EER, FHE, o ko
WTIEBH 7 a2y Z7XbdmEL TV Zeh 5, BIfF
FIRICHARTHERE 2R EX 8225, —EDMEDED -
T EHE T2 Z e AHRETH D, T, REBREEL THE
ERERRERPONTFEEA XY 2 2 BARETH - /27
B, KR IHERE L N FEO YD b2 ER T 2 REHhIC
GV RINTEEEZ S, HlzE, —ERmEBAL
7tpic, BEFHT2VE—R—2APRVWE 5% ECHA T
3, HEENREEZEMRT 2 2 T —FORBIHICHES LA
HEXh, 2O —F Ok LFIHICHEOMN L Ze B EET
X2, ZOX3IC. MEFEOMHEOITIC X - THRA BT
DEADFRETD %,

5 fhim - SRORE

AR TIE, 2P E5 X 25MMOEICER L, FHiioE A
FBWL—YFOFEEZFIH L THE S 27 2281 2BMO AKX
PHBEEORD 2BMT 2713V RARRBE L, BEF
EEHOEARFERTIE, £ IZPOBEDERIIDH D
DO, 2ERNRERE LT, HEBELRE OO R M Lk
EEOLND DR TE, 2—HWINTE -V FF1 X
PR U7 BMERCTIIERFEL D DHEREL A X
BB ZENTERD, NFEHEEPRERDIN, ZOME»S
2=V OIEIFICHE G L 72 HERE & N % 8K U 7 HEE Ol 7
DL INAZT LoD, #EFIRICK-o T, KIUHT T
I—FOREIFDOER L A EEEDBREYIDBEX R OHET 2
ZEDARETH B & E X =,

SHOBLEY LT, FHEOBES WL —Y OFEETIER Y
WTREMZ T, HERESA TR DOSIBEOE R 5[ -
% HIEL DD, MovieLens UANDHL T3 —DT— &
ty MERAWEEREITRVL, 273V -2 D ANKPHiiD
FE RS 2 22 T BEFEEFUB LTV ERLY,

X 7

[1] Paul Resnick, Neophytos Iacovou, Mitesh Suchak, Peter
Bergstrom, and John Riedl. GroupLens: An Open Archi-
tecture for Collaborative Filtering of Netnews. In Proc. of
the 1994 ACM Conference on Computer Supported Coop-
erative Work (CSCW ’94), pp. 175-186, 1994.

[2] Joseph A Konstan, Bradley N Miller, David Maltz,
Jonathan L Herlocker, Lee R Gordon, and John Riedl.
GroupLens: Applying Collaborative Filtering to Usenet
News. Communications of the ACM (CACM), Vol. 40,
No. 3, pp. 77-87, 1997.

[3] El Pariser. The Filter Bubble: What the Internet is Hiding
from You. Penguin Press, 2011.

[4] Robert K Merton. The Matthew Effect in Science: The
Reward and Communication Systems of Science are Con-
sidered. Science, Vol. 159, No. 3810, pp. 56-63, 1968.

[5] Zhi-Dan Zhao and Ming-Sheng Shang. User-based
collaborative-filtering recommendation algorithms on hadoop.
In Proc. of the IEEE 2010 3rd International Conference on
Knowledge Discovery and Data Mining (WKDD ’10), pp.
478-481, 2010.

(6]

(7]

(9]

(10]

(11]

(12]

(13]

14]

[15]

(16]

(17]

(18]

[19]

20]

Xiaoyuan Su and Taghi M Khoshgoftaar. A Survey of Col-
laborative Filtering Techniques. Advances in Artificial In-
telligence, Vol. 2009, pp. 421425:1-421425:19, 2009.

Ziwei Zhu, Xia Hu, and James Caverlee. Fairness-aware
tensor-based recommendation. In Proc. of the 27th ACM in-
ternational conference on information and knowledge man-
agement, pp. 1153-1162, 2018.

Yunqi Li, Yingqgiang Ge, and Yongfeng Zhang. Tutorial on
fairness of machine learning in recommender systems. In
Proc. of the 44th international ACM SIGIR conference on
research and development in information retrieval (SIGIR
’21), pp. 2654-2657, 2021.

Himan Abdollahpouri, Masoud Mansoury, Robin Burke,
and Bamshad Mobasher. The connection between popu-
larity bias, calibration, and fairness in recommendation. In
Proc. of the 14th ACM Conference on Recommender Sys-
tems (RecSys ’20), pp. 726731, 2020.

Yu Zheng, Chen Gao, Xiang Li, Xiangnan He, Yong Li, and
Depeng Jin. Disentangling user interest and conformity for
recommendation with causal embedding. In Proc. of the
Web Conference 2021 (WWW ’21), pp. 2980-2991, 2021.
Qiuxia Lu, Tiangi Chen, Weinan Zhang, Diyi Yang, and
Yong Yu. Serendipitous personalized ranking for top-n rec-
ommendation. In Proc. of the 2012 IEEE/WIC/ACM In-
ternational Conferences on Web Intelligence and Intelligent
Agent Technology (WI-IAT ’12), pp. 258-265, 2012.

Zihao Zhao, Jiawei Chen, Sheng Zhou, Xiangnan He,
Xuezhi Cao, Fuzheng Zhang, and Wei Wu. Popularity bias
is not always evil: Disentangling benign and harmful bias
for recommendation. IEEE Transactions on Knowledge and
Data Engineering (TKDE), pp. 1-13, 2022.

Tobias Schnabel, Adith Swaminathan, Ashudeep Singh,
Navin Chandak, and Thorsten Joachims.
tions as Treatments: Debiasing Learning and Evaluation.

Recommenda-

In Proc. of the 33rd International Conference on Machine
Learning (ICML ’16), pp. 1670-1679, 2016.

Thorsten Joachims, Adith Swaminathan, and Tobias Schn-
abel. Unbiased Learning-to-Rank with Biased Feedback. In
Proc. of the 10th ACM International Conference on Web
Search and Data Mining (WSDM ’17), pp. 781-789, 2017.
Stephen Bonner and Flavian Vasile. Causal embeddings for
recommendation. In Proc. of the 12th ACM conference on
recommender systems (RecSys ’18), pp. 104-112, 2018.
Tianxin Wei, Fuli Feng, Jiawei Chen, Ziwei Wu, Jinfeng Yi,
and Xiangnan He. Model-agnostic counterfactual reasoning
for eliminating popularity bias in recommender system. In
Proc. of the 27th ACM SIGKDD Conference on Knowledge
Discovery € Data Mining (KDD ’21), pp. 1791-1800, 2021.
Yang Zhang, Fuli Feng, Xiangnan He, Tianxin Wei, Chong-
gang Song, Guohui Ling, and Yongdong Zhang. Causal
Intervention for Leveraging Popularity Bias in Recommen-
dation. In Proc. of the 44th International ACM SIGIR
Conference on Research and Development in Information
Retrieval (SIGIR ’21), pp. 11-20, 2021.

F Maxwell Harper and Joseph A Konstan. The movielens
datasets: History and context. ACM Transactions on In-
teractive Intelligent Systems (TiiS), Vol. 5, No. 4, pp. 1-19,
2015.

Kalervo Jarvelin and Jaana Kekéldinen. Cumulated gain-
based evaluation of ir techniques. ACM Transactions on
Information Systems (TOIS), Vol. 20, No. 4, pp. 422-446,
2002.

Yinggiang Ge, Juntao Tan, Yan Zhu, Yinglong Xia, Jiebo
Luo, Shuchang Liu, Zuohui Fu, Shijie Geng, Zelong Li, and
Yongfeng Zhang. Explainable Fairness in Recommendation.
arXiv preprint arXw:2204.11159, 2022.



