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Co-pairwise ranking model for item recommendation
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Abstract: Most of existing recommendation models constructed pairwise samples only from a user’s perspective. Never-
theless, they overlooked the functional relationships among items--A key factor that could significantly influence user
purchase decision-making process. To this end, a co-pairwise ranking model was proposed, which modeled a user’s pref-
erence for a given item as the combination of user-item interactions and item-item complementarity relationships. Con-
sidering that the rank position of positive sample and the negative sampler had a direct impact on the rate of convergence,
a rank-aware learning algorithm was devised for optimizing the proposed model. Extensive experiments on four re-
al-word datasets are conducted to evaluate of the proposed model. The experimental results demonstrate that the devised

algorithm significantly outperforms a series of state-of-the-art recommendation algorithms in terms of multiple evaluation
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metrics.
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Video Games 8 057 26729 157 494 731107 19232 2.7%10°°
Pet Supplies 7417 33798 117 385 4.68x10° 22980 2.0%10°°
Cell Phones and Accessories 9534 53479 139 141 2.73x10° 28578 0.9x10°°
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e ] 5 PRI ARIRE T B — Ik ) HE P 4136, IR AR
YT IEAEAHE L A REAC

5) WARP (weighted approximate-rank pair wise
ranking) ;[ Weston 252 ) —Ff plont HE
SOV, AR EE IR R A NS A A7
FEA, {HY5 AOBPR A, ‘&5 T R b B B 4 2K
(hinge loss) PR HCR KA H br k£

6) UPR (uniform over-sampling pair wise rank-
ing): ASCWIHXEVEZ —, AL %S
TP =5 AL B R R 2 MAETh g b
KR, HRHASRFE RIS IEIAAFEA, L HbR
PR (5) s o

7) APR (adaptive over-sampling pair wise rank-
ing): AW ILEVLZ —, %555 UPR H
PReR B, (HR 5 AOBPR AHIFIf) 386 WK AR
T AN FEA

FES T, B SE MR AR P 1 P s e Sl
SR () I R A5 R HEAT HEFP , AR5 1B HCHT 70% %04 1F
PG, 10%H THAUESE, FIR T 20%4E A M
WA . P HEFE Bk ) 5 o) Ak B [ R
{0.001, 0.005, 0.01, 0.05}, 1F V) £k 2 5 11 3k HX
a2 {0.001,0.001,0.1,1} o CPR 1 o IEHLE
H{06,081,12,1416) , B W = b,
{0.1,1,2,3,4,5,6] . AOBPR $ik 1 p it Hl
{0.01,0.03,0.05,0.07, 0.1,0.3,0.5} . GBPR i+
X REALH RN BOE 5 IR SCERERFE— 2, %
BN 3. AP LR AE Windows 7 #:4F R 4¢,
64 GB W 1%, Intel(R) Xeon(R) CPU E5-26200 @
2.00 GHz JIr %5 %% L 2EAT .

54 KWHERS59H

T 1 Ak

ARSI T 0) B & HEAR VAR 4 DA B
s B 4 PR o ASSI I Ve BB R A 1)
FYERE d 5350 50 F1 100, #EEFIRKE N A 10,
3 PRI R T K- BVEAE Precision. Recall. MAP
Hl NDCG X 4 MR HRFR I SE50 25 1 (3 O Tk LA
100), ML 3 affFHELT 4 45k,

1) 7£ 4 MdlE4E L, BPR. GBPR Al AOBPR
I T A A HESE 5002 POP, IX K WIAMHEAL,
HEFESTIL NS o L ok 4 7 =4

2) FHER 2 NN 4 AN EH R 1V g SR Sl s 3 )
HHifi. BPR Al UPR Sy RIS KA Sems, H

UPR [R5 2% L& T F P B9 7 S0 0 KA s F ) i 7] Bk
BTl W 3 AR i, UPR IHERERS S
LA T BPR, XUt EHINE B — e hgg
fift T HERE R G ) B At 1), [P BGUE T AR
ARV 2 BT

3) I B R AR AR SRS ) APR HETE RS
TR BAL T8 385 57 R AE S mE 1Y) UPR, 33X i B
R AN P 36 9% 5 s 6 TS 28 (1) M el 4 2 DG R B
ER .

4) K HHEFBENSES 1Y CPR B AL T APR.
KIER A CPR RRKIEAIY % FE IEREA I M ar HE 4
P TR R, ShAE TR 2% ]
BEIE

SKIG 2 ARSI E T PEREXT T

H T RAESHERE R IEAEA ARSI R KN T
(FTERE, ASLIAEIETERAE I 2R 100, 4
HIRAKJE N ={10,15,20,25} (4 F FIEAT T 5556
T PR, ASCALREIR T Precision@N Al
Recall@N fabr ERSEIG SR, WK 3 P, MWE 3
AT DU AR

1) GEARFHEFEFIRKE N, §EEHAMF T
WS BEE N IR, fERSVLN Precision
BT N %, Recall Wi 7T

2) CPR BVEAE 4 N AR AN FIHERR B R K
AT I R S, XU T A
SCERE AT S0 B A 2 A .

SKIG 3 AR s SRR R RS T

KT AMEAF P S HEEEE IR, A
SE U0 A I R A v FH P 0 T S e SRR P )
430 1~10, 11~15. 16~20, >20 X 4 41, K4 BoR
T a MBI R T . K 4 Rl E
T S AR AT 10 AN PRy, B2
B P AR P o A P 16 D7 S ) S 4 1t
1Tz )G, RN S EE, Ra
FEMAREE B TS 4 ) P R . &5 )@
KT CPR 5 3 Bt} LLELVLALE Precision@10 L[5k
e, ke LIRS R

1) 7E% —HHH )M E, UPR IR BT
BPR. X2 R A i 41 H P g S ) S5 4t B A it »
RN it 2 1) ) Ty 8 AR D6 RN AT B T 22 A 4
I B B e R, [ WS R A B R X P R4 AT
TR
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=3 EANMNIBE LWXELER
_ d=50 d=100
Precision Recall MAP NDCG Precision Recall MAP NDCG
POP 0.499 3 1.070 1 0.5529 0.989 5 0.499 3 1.070 1 0.5529 0.989 5
BPR 12112 3.268 7 1.328 4 2.408 2 1.268 5 34135 14395 25810
GBPR 13362 3.4397 1.563 5 2.703 9 1.446 3 3.746 0 1.703 7 29703
AOBPR 1.428 8 3.736 1 1.629 0 2.8882 15337 3.993 4 1.8189 3.1571
Health and
Personal Care WARP 1.607 9 3.994 5 1.861 0 3.208 7 1.6711 4.1585 1.9795 33639
UPR 12828 35127 14272 25830 1366 2 3.836 7 1.609 6 2.8778
APR 1.591 0 44073 1.948 2 33994 1.7232 4.798 7 2.148 7 3.730 2
CPR 1.8620 49336 23077 3.904 2 1.9623 51236 24075 4.0778
POP 0.5877 1.599 8 0.608 7 1.1713 0.5877 1.599 8 0.608 7 1.1713
BPR 24456 6.649 6 25946 4.859 8 24795 6.626 0 25759 4.879 4
GBPR 33372 9.106 0 3.8810 6.898 2 3.5224 9.614 0 4.164 6 73575
AOBPR 3.4142 9.4719 4.1649 72642 3.500 2 9.677 8 42267 73822
Video Games
WARP 35328 9.743 5 42027 73993 3.5810 10.02 6 43552 7.6222
UPR 2.501 6 6.6847 2.6872 49632 2.5629 7.0717 2.650 1 5.0233
APR 3.5432 9.753 6 41795 7.407 6 3.706 2 10312 43074 7.6778
CPR 3.7375 10.44 0 45795 7.994 6 3.909 5 11.013 47953 8.330 6
POP 0.670 2 1.979 4 0.652 3 13523 0.670 2 1.979 4 0.652 3 13523
BPR 1.647 1 48627 1.8362 3.4857 1.678 6 49546 1.862 1 3.5317
GBPR 1.7329 5.069 4 2.040 9 3.756 5 1.9257 5.648 3 2.298 8 42140
AOBPR 1.864 3 5.482 4 22157 4.0818 1.968 6 5.8456 2.264 0 42406
Pet Supplies
WARP 19714 5.847 8 23880 43453 1.9929 5.8222 24535 44379
UPR 1.694 3 51239 1.996 1 3.6955 1.751 4 5356 8 1.8876 3.6572
APR 2.101 4 6.453 1 2.6916 4.854 8 22643 6.914 1 27773 5.0719
CPR 22329 6.778 9 2.856 6 5.1119 2.360 0 7.101 6 29722 53257
POP 03127 0.969 5 0.360 6 0.688 5 03127 0.969 5 0.360 6 0.688 5
BPR 1.1949 4.0932 1.600 0 2.8452 1.296 9 4.406 8 1.7718 3.1114
GBPR 12117 4.0702 1.780 2 3.0107 1376 5 45763 2.0012 33929
Cell Phones AOBPR 1340 7 45338 1.863 1 32351 1.443 8 4.966 8 2.107 7 3.5889
and Accesso-
ries WARP 1.462 8 4.9422 2.186 1 3.6532 1.498 7 5.042 7 21545 3.6585
UPR 13339 45316 1.762 3 3.1549 13978 4757 4 1.928 7 33787
APR 1.6153 5478 4 2306 3 3.990 0 1.776 7 6.0118 2.5657 43923
CPR 1.780 1 5.968 9 24959 43073 1.8115 6.0917 27146 45430

2) BEFE W AR g, e RE AT B AN AR, TR ISR R B
[¥) Precision@10 fEL Btz B0 IR R SORKESRG A RE S AR IR A5 20 2 50 85 5 24
W SRR 2, IR T AT I B e/ s AL 5 T .

. SR T AR AL 1 B EARE K 4 WSt b
ML, CPR HLME 4 AAM 7 LW BT % AT 73t CPR SLEAEWCSIE _EILH, A S

M, KRR ZEEAMNER TN SR EREIRIEER L B YEE d T 50, JFik
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££1 000 . 1 6 FEAHER TIZSEREE R, b
BB RIERIKEL, PRIFRIAS TR PR LR R 2
Felk 100). HTSHEFEFILAE 4 Mabs L HAHLL
(4518, ARSCIGAV 7R 1E Precision@10 F5h5 N &5
o K 6 AT LU 3 Fhgh R,

60%
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EHAHANERSCERE . WE 6 fTLIEH, fE44
AR FRAY) G M IhREEANC R APR Bk
W Shd e TR . X B A B S S RNAT B TR
B 52 ) R P ORI (P AE R 1) o, AT IR
T HRIE RSO L .

3) B Pet Supplies LA4h, EFHABAAE 1A
30~50 JAS FHAN IR RAF 50 (1) APR FlI CPR W SIGH
JEIEARTE A 2 APR S TSI, CPR ik
UAREHERERE . L3R TH o 3% Kl CPR SR
T HE IR AT S, A A AR RS 1 X
ARIAFEA, T REARYE IEAEA I Y T HE A4 B 5)
AT IR (02 SRR

A e SO RFRINEA L]

T M CPR $ikh 2 ANE B S Ho T
FEFERIEM, AAE 4 MRS EEghg T AR
BUE NSt as g, Wk 7 fios. 2, #35a B
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*4 £ 4 MERE LR EIRBITRH(R: 5 7)

Sk Health and Personal Care Video Games Pet Supplies Cell Phones and Accessories
BPR 00:05:21 00:02:55 00:02:08 00:02:37

AOBPR 04:06:06 00:47:30 00:48:36 01:32:36

WARP 04:50:55 01:26:49 01:38:23 02:08:46

GBPR 01:39:21 00:45:46 00:41:39 00:49:36
UPR 00:06:18 00:04:11 00:03:16 00:03:42
APR 05:18:46 00:56:17 00:58:19 01:46:41
CPR 04:37:01 00:48:44 00:51:42 01:27:53

s T HEFEPERE

I8 6 A HVIISATI A6 L

h TR A SCRIE AR, S 6 TR T
ANFIHERE R IE VIR 0] o ASRIHERESRIEAE 4 N
A LIRS T 413K 4 FT7R(d =50).

M 4 FTAELH, AOBPR il WARP 7 4 M
e ERII RN 342 T BPR o X Ui B 7EAF AR
Hh 36 B o U IR SRR A T B A I I ) T
GBPR HI UPR fERUZFJ7 159 T BPR, X&HKH
BPR {\Ufd FH 7 (1)) 52 354 5%, 1 GBPR A UPR
h T S HER B PR g N TR R
7E 4 N L, ARSCHL CPR RUCRIE T APR,
TX U5 B AR ST B T B I SR S s AL TS
BR[1O1FT eV IR 1 TG Y RAE SRl o 2f BT, AASK
WA R KRG ARSI RS P -2 A8 B G
AN 2 0] H AN R ) CPR S AE 4 M B4
JLHEREHER O T S 0 Uy 7622 IR S50
WERTTIH, ASCEES H AT ER e BEA Y .

6 ZHERIE

USRS, R IO SR SR T H B
B, W DI RE AN R R AR .
ST, ARSI A 2 A B Pk
REREREATHAR, SR PR O HE e (K b AR
L BI85 2w R P [(TI=TPNT o = o7 N U e X 2% VA
AR AS PR e ER SRS K T2 50 T 5 8 PR RS T2 S Wi
SIGERE . B30, ASCBE T — Mo HE e R
S, JFEE T IZSRI A Tl e R 22 2 Bk
CPR I TRMRPTHBILIN S H. KRR LIRE
W], ASCIHEAL R T B fi g i, A
PRTRIRCS, TFRENSAEAN R D S SR A
RO A A RE

FERKIITUH , A SCRAR R Uy 2545 AR )

R, WIS B AR R R
[ 45 APPSRt 2D Bt TR L AL
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