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Introduction

® What is personalized recommendation?
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Introduction

® Each user/item can be projected into an embedding.

¢ All embeddings form a distribution.
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Introduction

® Goal: Find a distribution that is good for recommendation.

~ Good for |
Rec.? +

~ Good for
Rec.? ‘
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Preliminaries and Observation

® Bayesian Personalized Ranking ( BPR )
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Preliminaries and Observation

® We observed that the distributions £,,(®) learned from BPR are usually
right-skewed—Skew normal distribution!
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Preliminaries and Observation

® Under the assumption of skew normal distribution, there are two main ways

to enlarge the p(X .(®) > 0) should benefit recommendation performance:

uij
= Shift the distribution right-ward. right-skewed | | p(x>0):r° o]

distribution | 0 :
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Skewness Optimization Ranking

¢ Inspired by the observations, we manage to leverage the features of skew

normal distribution to better model the personalized ranking problem.

~ NOTE: For personalized ranking, the estimator _Xm] ‘u] is to
describe as the random variable X which is assumed to follow the skew

normal distribution.

© GOAL (1): To push the distribution right-ward tor a larger p(%,,(©) > 0).

© GOAL (2): To have a larger p(x .(®) > 0) by adjusting the shape parameter.

uij
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Skewness Optimization Ranking

® Skewness optimization ranking (Skew-OPT)

~ We design the likelihood function of Skew-OPT

¢ (@) — |
p(l >uj‘®9(§9a)9;7))ZG[(XWJ(CO) 5) ]

where 7 is set to be odd integer.

~ The location parameter & allows Skew-OPT to push the distribution of
the estimator %, ;; right-ward.

~ The scale parameter w reduces the model over-fitting for large &.
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Skewness Optimization Ranking

® Therefore, the optimization criterion of Skew-OPT becomes maximizing

o Skew-OPT :=In || p(i>.4l6, (& w,n) p(O©)

(u,i,7)EDg
= Y Inp(i>, j|6,(&w,n)) +Inp(6)
(u,i,7)EDg
2uii(0) — €\
— Z lna(( i(©) €) )—)‘@”@“2' (6)
W
(uaiaj)EDS

- Skew-OPT is maximizing by utilizing the asynchronous stochastic
gradient ascent for updating the learned parameters @.
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Skewness Optimization Ranking

® Now we start to describe the relation between shape parameter a and
Skew-OPT and how Skew-OPT optimize the skewness value.

- Lemma 1. Given the case that 1 Tuij follaws a skew normal

dzsrlbutwn ‘With ﬁxed Tocation parameter “and scale pa-

rameter w, maximizing the first term of Eq. (6) for a cer-

tain 1 Szmultaneously maximizes the shape parameter o«
and the skewness value of the estimator, T,;;(©).
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Skewness Optimization Ranking

® The relation between Skew-OPT and AUC

-~ We here consider micro-AUC :

o 1
AuC™icre . — Y 8(duij > 0)
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Skewness Optimization Ranking

® The relation between Skew-OPT and AUC

- Skew-OPT seeks to maximize the estimator by shifting the distribution
to the right, so we just discuss when & > 0.

lim AUC™ :=E [§(Zyi; > 0)] = p(Zyi; > 0)

=1 — U (Oi€> - li_l‘}l QT((Oi€> .a)
e () o ()

=1

~ Therefore, when a - 0, then Auc™co _, | .
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Experiment Results

® Datasets : Five different public real-world datasets.

. . . + Wonder Woman (2017) * 84
< Tra n SFe ri n'I'o Im p I | C"’ feed ba C k . | PG-13 | 2h21min | Action, Adventure, Fantasy | 2 June 2017 (USA)

- Above 3.5 points treat as preferring item.

- Below 3.5 points treat as dislike item.

Amazon's res ponse to COVID-19

Today's Deals  Yu-Neng's Amazon.com  Customer Service  Browsing History v Gift Cards  BuyAgain ~ Registry  Sell
ON
. . . 0 WHO'S WATCHING? v
l l Sers Itel I IS I i'dges I i'dge type prlmewdeo Home Store Channels Categories v My Stuff Watch Party @ \uNeng Chung @

CiteULike 5551 16,980 210,504 like/dislike .-
Amazon-Book 70,679 24916 846,522 5-star
Last.fm-360K 23,566 48,123  303,4763 play count
MovieLens-Latest 259,137 40,110 24,404,096 5-star The Lord of the Rings: The Return of the King
Epinions-Extend 701,498 110,235 12,581,748 5-star

battle that will decide the fate of the world -- and powerful.
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Experiment Results

® Top-N recommendation performance

CiteUlike Amazon-Book Last.fm-360K MovieLens-Latest Epinions-Extend

Recall@10 mAP@10 Recall@l0 mAP@10 Recall@10 mAP@10 Recall@10 mAP@10 Recall@10 mAP@10
WRMEF [10, 4] 0.2159 0.1236 0.0950 0.0374 0.1308 0.0576 0.2122 0.1061 0.1025 0.0415
BPR [11] 0.2217 0.1332 0.0972 0.0390 0.1394 0.0690 0.1952 0.1097 0.1137 0.0584
WARP [14] | O_‘185 0.1033 , 0. 0356 10.1763 10.0937 102748  10. o _0147 _— 711
Hop-Rec [16] 0. 0.1319 10.1072 7 14 O 1701 : 0 0870 0.2557 0 1419 - 017 ]‘O 08 ?
NGCEF [13] (.7 0. - 013 . 81 __0.0335 | - - - -
Skew-OPT (n = 1) *O 2413 *(0.1541 0.1069 *(0.0467 *0.1976 *(0.1051 0.2809 0.1636 *(0.1743 *0.0914
Improv. (%) +3.96% +12.72% -0.27% +9.62% +12.08% +12.17% +2.21% +0.12% +7.79%  +12.42%
Skew-OPT (1) = 3) *0.2481  *0.1591 | *0.0173  *0.0504 | | *0.2032  *0.1103 | *0.2852  *0.1686 | *0.1768  *0.0941 }
Improv. (%) +6.89%  +16.38% | +9. 42% ~ +18. |+15.25% 7 +3.78% +3.18% [ +9. 33% 7

WOI63 00522 02012 01083 [ F02879 70699 ] *0.1758  *0.0915
+8.48% +22.53%  +14.12%  +1558% | +4.76% __ +3.97% | +871%  +12.54%

702553 ‘

Skew-OPT (n = 5)
Improv. (%)

~ It is worthy to say that Skew-OPT win against HOP-Rec and NGCG without exploiting
high-order information. <
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Experiment Results

® Sensitivity Analysis of the best performance

CiteUlike
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Introduction

Preliminaries and Observation

Skew-OPT

Experiment Results

® Distribution Analysis
CiteUlike

0.12

0.10 _

0.08

0.06

0.04

0.02

0.00

20
0rn
0.150 i
0125
0.100
0.075
0.050

0.025

o0
0.000 55

UAI'20

Amazon-Book

a =10 iy
a=2 ;"If‘
a=4 il \
A
a=38 ! '\
Skew-OPT i |
Hl
:
Ny
[
IS
[}
)
[
[
M
[ |,
/i
20 40 —20 (0 20 40
"""" a=10 "
—_— =9 ! §
a=2 i\
—e— =4 IR
!\
--- a=8 i\
i/

Skew-OPT ] |
iv

[ L
| [ I
/I \ [
4./ \‘N--.__ _____.'___;_/z,
20 40 =20 0
Logi ] iL'uzfj

Epinions-Extend

Last.fm-360K

Experiment Results

a=10 0 1 | e a =10 N - a=10
=2 f,"‘.\ a=2 f{"\\ =2 i
== a=4 i; \ —— a=4 il \\ - a=4 I \
Moy i | |
Skew-OPT | Skew-OPT 1] \ Skew-OPT |
| )
; | |
- F : \ y - B B \
R \ /i{ b \
1! \ I : (e \
|’ * | .
4 . : [ . \ - L . \
S : NS . N |
[ s [ i ) - | ‘] )
i \ AT WL
I' \ I‘l /) \
ol MR N, L L LT
—20 0 20 40 60 —-20 0 20 4() —20 0 20 40
........ a=10 =) I".‘, a=10 .l"
— =2 a=2 ; =2 'Il\
ey =t —= a=4 | —— gy == 4 :""\
=== a=8§ === a=38 -—== a=28 4\
Skew-OPT Skew-OPT | Skew-OPT |
!‘
l
g |
: ANIE
_ I S
. | “: \
’r " \l' .. \
'. | “" "vl i } \
: — s _ _;‘:./;‘f —e _J \\;
—20 0 40 —20 0 —20 0 .20 40
Lyig

(o4

MovielLens-Latest

60

CFDA and
CLIP LABS



Conclusion

® Skew-OPT provides probability distribution perspective to analyze the
personalized recommendation problems.

® Skew-OPT leverages the feature from skew normal distribution and
provides three extra degrees of freedom for ranking optimization.

® This work is first to analyze the learned embedding space for
personalized recommendation task.
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Skew-OPT Implementation

® Skew-OPT is now publicly available on GitHub:

A4

~ Repo: https://github.com/cnclabs/codes.skewness.rec

® Skew-OPT is implemented on the framework of SMORe:
~ Repo: https://github.com/cnclabs/smore
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