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A55] thFoly 2 Zlo] Atdolty, E5], BXSH AdFA17 W (Neural
Network) 725 zh= dgjyd 7]HF Rdlo] =2 X9 7] QA=

815 TAoA e w7 (parameter) S

2o golg o] A, olE sl

= Aldz #4571 At

71 diolgMle] A1d E4e Aq5sHA] e sl

gal  Z74H9l et HolHE  shusis

glole HAE] ZHA
°191A Q] W=
‘Hlolg  F7H(Data

Augmentation)’ 71%°] 4% AAE 98] 4857 BeE 4

A HeEld Zlee AHEo] st olFolA

(Computer Vision) HoFe] Z-¢ dHo] tpekst dlolg F7F

ol FE2 W oA dHlolHE A5t

s doleAe] FRg

sHoRN R He& FA7I= HIHel dE HEEH 23

AT=o] (4] AAAAA = (NLP) 2ok 7

O olHy

3¢ dite

griF] olRold grou}, M e F7 /MY Aguwos €iE

* Incorporating with attention mechanism Loss function
= Combining with traditional methods Miini-batch
= Adding explicit user representation Sampling strategy
-------------------------------------------------------------------------
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I Structure Modification }—'[ Model Training ]
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AEAE A Azl HAe F 4 7HA] dlold 4 719
Di-o]=2 F7HNoise Injection), 2)5=4 37} (Redundancy Injection),
3)otoldl ufAZ](Masking), 4)-FAF otol®ll thA|(Synonym Substitution)
= Faste] 4 4T WHEE Slsiilth. oA £ R4 AF
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A2 A A+

Mdst F4 Ala"2 dRbEoz ARgARe] mEw] SAEF

(historical feedback) = w#HEgo=n
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g AgAS otolg 1]

28t (compatibility) & ZEHsH= 7

o

Hoz gty o u
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AFgAre] e 5 Hro] H4(rating) I 2 HAIAS (explicit)
FH7t 2 = Y, B ol 5 2(og) e EE=(click),
oo 9] :,LHH(purchase), “Fuf

2H9st YR (review) U

o

FHWE(comment) T ST HEHo] FEAS=2] oAHE T



A5 (preference) & ZQloh= AAIAJAGmplicit) FEI7F 2 F= Ut
dutz oz QFAIAQl FEHS mEdle YA sl 95517

folgt Ho|} ‘UEH 2] Le(non—observed) HlolE o] dAo]
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EA(property) & Z8ot= ez 7|9t "E®  (Contents—Based
filtering, CB) ¥} ofoldll (&= AFEAH 7FO] FH3F(preference) <
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YA ES|(Matrix Factorization, MPFE)|[8] 7]HE H|WZH
St YT FHold AsS Holm AAZAE B2 A AHoA
HeAoz &85V Qe Y ZEHIECH 718t J2W9 sholtt,
g 71 ARgA-otelde 27t Pt d= sto] B AREARY

=74 ofolde] diet dE FFo| A& goez zhs - s,



AFo] Eolgt Eoll(Singular Value Decomposition, SVD) & 43§35}
Ao ARG PP} ofold] PHozm oA LE Hofch=
Zoltt. o]E ol ZF AR 9 Zb ofo|glo] gk A ‘3 (latent

representation), = YHIE HEE 25514 =W, AREA AH|F}

e 4= Hlolez AR 7beSt A €8], Factorization
Machine(FA)[9] A2 ofoldlle] wett|o|E|(metadata) °F &2

H2H E4Gide feature) & AH Y HolEe] AR Flstol

o
o
2

% gleke WelAl Folsh nh

ot ofol”l [AE R @ (Item Similarity Models, ISM) 2 Z+
Arg2e] sl A QA(latent factors) FEfS] HA[AHQl REHS
S| ¢l tfAl ofolEl-ofoldll FAME PHS obERitheE HollA
71&9] 99 "HE Rdiye= oE 29 HIde Fstl ok
FISM(10] Rdo] timzo= oo sigst, sigd = AMGA7}
o]do] A-Hl(interact) ?t ofo|dlEHe] FAIEE AAIoRHN EF
ofoldlo] tigt AgALY] AT s A=t Hrt.

Ad= J)d YECB) WEe] %9 7 ofeldo] Z 1ol

e AHE(Cold-sar) BAVE WA hthe Aol Aol
gtk Zet 2EAOE ofold 1R S4L Aoz Pt ol
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=

o 3 Ato] QlFA7d(Neural Network) ¥ 571 ThA|
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=
)

YZ2 A(Netflix) 7} ZAHAF AH] A9
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<
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MLP),

Perceptrion,

11

A EEMulti-Layer
(Convolutional Neural Network, CNN), HE <@ El37H(Variational

Auto—Encoder, VAE)
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THF FY HEHHYCE) WA oEs HAEZMLP) X E

e85t A= NCHNeural Collaborative Filtering)[13] ©] Tz o]t}

%
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-
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N,
N
10
)
e,

2ol (MF) 71l A AR A mdT}
ofoldl] A &Y Tto] HJHABAE Shadhe Hol s HAEZ(MLP)
HYEHIE ArEsI¥t.  SHH  DeepFM[14] =  Factorization
Machine(FM) 7|9l o5 HAYEEMLP) FXE H-83 Ao =ZA

ol FM & &3 AHx¥(low-order) & EA It

r
)
N
o
I
—
c
=
o)

interactions) & g5ot=  BAlO, AS  AdF3AFAYS Fdl
T2 (high—order) ¢ #HAE 5 4 th= Zo] EA o},

Mlst 23014 GHBAAWCNN) T2E S48 A7: Be

FZE &8st At VPON15] = POI(Point—of-Interest) 7o
Aol AAA EAd(visual features) 7} mX|= Gl s ZAlste

ol AlZF HEl= EAS &8 POl 4 A|A”HS AMSH Zojn.

SR AT (Recurrent Neural Network, RNN) +29] 79 A|fEA
tloleE dgez wrol Ak AAIE ¥ (sequential pattern) =

shgats dlo] Sstuo] Qb HelA F2 ofoldle] AwlE %4

12 "':I'H-_E 'kl:_ 5



AR Frrdos  a#ehE oAb F%(Sequential Recom-—
mendation) QoA 2P Wl HFA 0w SgEo] Pt

FH AAHOA @EQIFAE(Auto—Encoder, AE) Fx9] &g
A = 7HAZ, 1) Bop Axpgde] EA 3 d(feature representation) =

shshs dlo] A8, 2) HEE (Decoder) HH-S B8ate] 24

ftlo
=)
o
rlr
i,
)
u

Fo 2 & (interaction) Hlol¥ dPHSl Hl  h
AutoRed17] & 718402 ¥ THPB(CH 7o dFo=A,
AMEAE HE E= ofoldl WEE QERIFH(AE) X9 dEo=
ol of|Egks Zotst= FHie] #WlHE t]F Y (reconstruction) St
e ZEZ Sttt CDAE [18] & 7182407 A9 HL(rating) &
o&5t= Ao] ofd z} ololdle] X5 49| (ranking) & <=3=
drgFolet= HolA oldel AFET Aolrt Ut sfiE Rd
QR dloJgo] 7F$AI¢H ko] Z(Gaussian Noise) & 5715t Hlo]HE
tlicold @ EQIFH(Denoising Auto—Encoder, DAE) %9 ¢lglog
dop - Azttt ZbZ WRE QEQIFH(VAE) ¢ fkolF
QEQFH(DAE) #Z2E 83t Multi-VAE ¢ Multi-DAE[19] <]

A9 mdol weulE  dFe] oMt F2 W Howe

H—]

APo=M CDAE o] o Held g Uehjit 5, H2os

reE

i LEQIFH(VAE) Fx 7|9 Eddlo] thefet fix|uta dlo]g Al

s SOTA Ad5-& 7153t SsiA A= .

13 MEZT



ol ofo|glof] ot ARARS] At A (static) o™, AREA:
ofold] 7+e] R Ao A& (interaction) ©] F&?t T8AS 7Kt
HMe QAR b olE "oz ARRARS] d¥bAQl A (general
preference) & ot5ote] F35 8st7] wiZol dlold (&, ARgARe}
ofold] Xt AHoAg) 9O w«Ae RUEF I 4 A Hoh
wrepA] AEA Hloly W] AAIE 'l (sequential pattern) =
mofshE dlof F22Q HAVE EASIE R, ofoldo] AH|H HAE

aHsteE w2 FH Al2EE fside B2RY HEWol f+H

2

ol-&3t HIH, 2) K-FH o2 (Nearest neighbors, KNN) 7|5 ¥4 3)

—

Pd EsJ(MF) 7|9t 2dl 4) ufz I A l(Markov Chain) 7|5t &

5o EAtH21].

DA [20] 9 2ol ABAAY FEE Y Be ol HEsH WA
AP~ ARE @A mdYst 24 34 99 BeYS FEY ATE



el mpold-2 FAE FEd(co—occurrence) = HIFOE HolH
oAl AIA N (explicit) AAE RS wHefstalzt st HEHo,
BAAR R Ty A oEFE 4 Hiol gleBnz FSisH
ZeubA] o2 FAIA Rl Gimplicit) WH-S &
K-Z]Z3 o] 2(KNN) Ao -9 ofold] 7|¥to] W eyt AJM(session)
7IdF Rdlg U= 5
FAMS Gimilarity) & TSkl ©lE Z|Ftem  FXo] o]Fox=
Tt Al Wolth, 3E ESi(MF) o] ¢ dRbAl AjQlst
FHNE E8Ee HHECIA|THSE]
otold] 7+ FEF HFH(user—item co—occurrence matrix) =
+oll(factorize) Sh= ©loll HIsl, w2 FH AZolAe AREA-olo|dl

7t H35} Y (user—item transition matrix) = <2ofste] ZHzEe] Ay

ahmE FOIMO) 719 Bde 7] Ay shed A FRAA

Hagdste Aol di4elrt. L-2 ntEz A¢l (L-order MC) &
=74 Al dHiet Fde #As) ol L i dHely (e =
asie, el BREE W] s At ofeld] 1] wisiira

wshe 1 A R AQlo] F2 @gEo] grt HEAQ nhRz

AQl 718t melo] skl FPMCI22] & ol#lgt 13 ofolsl] 7t W3}

woloRn %S AMstgon, olold 54T Fossil23) BEe

g H2HE ®Boh 22 high-order) 9] npa X #glo g 451t
3
15 -":I'H._E -kr = 1



A 32 Az

dolEg Ags @9z wob ng

sl olsolA itk

a7

£

7t 71

B
To!
alo
o
il
N

(RNN)

=1o)
ﬁo
<A

o

]

PARIES

)

o__

Q.

o]

[e]

=

AolE &8 §4l(Gated Recurrent Units, GRU)

o

10

o

2>
=

[s13
of

“(ranking loss) =

Sk
=1

Al
=

<]

o

—

B VASER[27]
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Inference) A2 &8st tha ofoldlE <S5shAH. «

A2 AAE Qow, Aof(natural
golgE Zddgst= dlof] EgtEo] 9l

g AAGH o WA EAshe

mdo] A AAA WA 7Pg HAY

T2 (multi—order) o8-S #8350 24

language) ¢t £

LowE, g ool

8

m}r

[e) 1O
—1_‘/2:}'6—3‘14'

1=}
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g 4
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2 HloJEoA o FiZ(otol|l)

A s+t MARANKI28]

7H =2} o}o] g A= 1l

1:1“!‘—"'7<

A FFAA9 o= BA(dependency) & mretobalzt

STAMMA29) 29| S 23U4Y 722 Tt BE

Ax ofoldte o=

o}o] =]

shsaet.

SRS

g4l ol2 ofeld dololz dhAski AUL npAE} ofolgle] M-

ol§l A (Self-Attention) ° SJA|sh= HEHIE F+45HAH. °l&
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A AHe BEol= Aol kAol AB(nteres) 9 ThA
ofolglol A Ut Aol Ass §7] goldoay &eizAwe

ol g3t 7120 ATE Hws] Hh AU FA A2HL W

|
<2

ot, #A4lo] A d+se o FHEUETCNN) B AL
of &l (Self-Attention) ©] AL HEFo] SQlojd o U AiE

A 5 glgol SIHUA, o

oft
oy
BN
rlllrl
ftlo
ik
o
el
e
oy
fijr
l_r[
i
4>

SHstgch Z1Ee ofdd WAYZel dY dAUZE FHeke

=2
A, 7], BF A 245 BT T ofojdler It

2ozt Qlrk. ZFAOIAZ(NLP)  EZopellA  Aote EfiAzH
(Transformer)[30] 9F WE(BERT)[31] HE-& o]A ] dA-Eo] ojdA
HAYSS o8 HEQZ FXE Hosh] 9 F7H4Q a4=
8ol AT g, 245 Ax-ofdld wAYUSS HEYT #1299
Hel g4s Rt Aoz, HAE AL HUH] glo] o
SOTA As= 715t ZAs Hol 79 Ad= HRE dofd=
el Axr d#A Uk JASRed32] & AIL-odlA HAUSS

S F2 ATelM BEW Hzel mdA, HY AAUSS

o

°

2 §H ofoJdl59] H(score) & AXISHL +9(rank) & A FH
%
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>

4% mae] it § dFetn

& 4 Ut BERT4Rec = A1o] A#| Zope] HE Rdo] HAE

ol

A (&) E gEcke deol &8 st9ld MLM(Masked Language
Model) EjATE ofold]l A|FAQ] Sho] =Yoo 2H upriz =
FeF(bi-directional) A9l QIFYE  JhsohAl @ mdo|th
TiSASRed34] 2 <A Awst SASRed32] mEg HHHo=
7Rk ® sto] o mHlE AR Aotk SASRec o] 71E9

ol
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juy
o
o,
M
B

Fd rdy oA R /1FY dPFA AEAE
TASH= ofoldll 7+e] ‘LA (order) ARTS ARESH= HbAlo|zhH,
TiSASRec RE°| 7% olo] Hsff Z} ofodlo] AH|(interact) ¥ 3
fo] AIZF AH(timestamp) & AHERF AC=RA, AEA Y ofoldl
7re]l AHdizel Al7F 7HA(time interval) & AXSle] o] Fr71A<l

HZ AH(side information) 224 mel=g] 1o &8&35F9ch

o

H, HFH A (Computer Vision) EOoFE FHORE AT o] 2
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EA(local features)
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classification) A= HISEth= Aol Bt zpolrt EAfet.
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Al 3 A "oy F%

do] H2E foJHo| dHisiME: dHrel (generalization) & & SH==

d

=)
|n
N
do
ret
b
2
lo,
o
rE
Mo
in

ju|

=}
Mo
fin}
o
o,

I

S sheroll AMgSHE Aoltt.

=

(classification)” EA4o thallA dlolg] Z7o] A HAL=E 4 Q=

Aoz 484 Qdu. ged RE2 shue] ER7I(classifier) ZA]

stutel ZHEAEE E9sHA =W, ol tEA #ASHH /77T
A dlolHo] AHAQ EA} Tt tpefet WY (transformations)

o AL BHSHES (nvariand) 8 A7l Aolety @ 4 9

o
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AT H]A(Compute Vision) £oFo|l A 2] Holg F7

=]

AFH WA Bopel 4] olefgt Hlolg F7o] 58] AR Ao

A

gelxlo] & "HiAads 459 25 wA digshe A 14(Object
Recognition)’”  ©o|th. W Z%o olu|x] fo[go] FHg oln|AE&E
3H A ZI AU (rotation), H&= Aot AU(scale), T (pixel) & LH
7= 59 ZH(operation) & siogte EAH o it o]u]x]|7}

Uetli= ®(object) o FJAA 1 eJm|7} wslshA] of7] wiZel,

v}

olgl Ao B wWo] saxl dolHE AHH FHAQ ot

ozt sh= d4-E0] FE35] o] FolA $t.[2]

gEdoer A olu|X|(natural  image) B  FAH
ImageNet dlo[E[AlS] A, [42] AolA AP Ao ZHehr
(random cropping), °lv]Z] "] & (mirroring), A4 W3 (coloring
shifting) ®+= 3to]EYd (whitening) ¥ #-2 dHlolg 34 7S &8

G A ol =Rl He Zdoezm #IHeH, o= oF

Ay Aoz et A

M
=
o
i)
O
jo
o
—
()
O
g
i
H
it
ol
ol
rr

MNIST dlolgAle] 3e 2t A= HEd EdsS2 F=

f23(elastic  distortion), H-8& XA (scale), 0]%5(translation),

o] (rotation) T2 T4 7IHe A& Aoz LA Urt.[43]
e
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AutoAugmend3] = @A dust A= 2 st EAS
glolg Ao it Zo] ofye}, Usk= dole] Ho|EAle| s H

Aot dlolgl 34 7IHe dse o Aeezr e FA(search)

232 5l okt AA] At Y dAFol= Smart Augmentation[44]
7F o o REe sddt S A(class) o &5k 2 7 oA
tlolg] ME52 A (merge) sh= Ao T4 HlolHE A5l
AAsH= HEYIOIt SAIAl Tran er all45] o A= S
dlolEAle] £RE St5ole] o] "o m H|o]X|q IS &85t
=7 dlole& AAsHe RS AoHstA.oH, DeVies and Taylod46]

o] Ao M sh5H EA F7H(feature space) AFollAe] HES o

st 2ol AR (Generative  Adversarial Network,

GAN) & XA =29 (Generative model) = Z8sto] F7H4<l

273 (Speech) Hopol|A 9] Hlolg F7 .
26 M =T



ARE v Hopel Hio] Heoly F7o] muHoR g
e

Recognition) BlAZE ThFe AolA BTsHA A= et sig

o]l -
AR

HH

o= 34 (Speech) 224, 5351 34 <A (Speech

s

wopo e o] Yoz whe= AE QrQ(raw audio) °f AH
g did eHe 4Aes 7hestel At AATERTH(Mel
Spectrogram) FE{S] HoJEol| A8 bRt trfet WE 7|He]
A= o] gt

[48] & Sk5 dlolgl7t Adjdor BESH HxY(ow resource)

=7§oﬂ/\-] o_g'_xqo tﬂo]]—:]?: /\HH}\]%oiyﬂ _g_/d c?l/}jl /\4%_‘%

et folge] g5 A& (noisy audio signal) & FYsh= WA=
F&(noisy audio) & @AWl dloly F7tol &-&stdlen, [50]
oA P8 et &x WA (Speed perturbation) & BT T
dolgE AAUNE Aoz tfo]d] A%534214] (Large—Vocabulary
Continuous Speech Recognition, LVCSR) EjA =] Qlo] F& /A
TRtk [511 9 AL oE Eg(multi-stream) 24
N2EO] & TN EA EFgol2(feature dropouts) & Z-85}o]
tlole 4= a¥staltt.

SH, FH T AIME SpecAugmend4] = 4 Hle fEo] ofd
21 WadEZIHM(Log Mel Spectrogram) = Hlolg F7FES
FPck= 7IMeR, 21 WAHERTIHS nhx] skt ofm|A=
Eeta F 3 71A19] ¥ E(deformations) & 7hshe o] EA ot

Z42ke] ¥y WAl 1D ARE /B (Time warping), 2) Fut wkAF
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(Frequency masking), 3) A1ZF oA (Time masking) ©f al@stH, o]

HY2 HTHoz YEYIAZL {83 EAES g5ty oS A
EANS ZILE B A5 ZHog Jit} dig 7|He 28k¢l Shsol
7Psst Arg sty A4b(computation) SHO 2R e H|ES

Ztgo] A2 (NLP) =opollA 9] Hlolg 57
Aoz =S #H F2E A+ Adol(natural language) 9]

flo]ele] MY (transformation) ©f ¢lo]  LErsiE

=] ©
2g

=y

g el Zlo] WS ofgrt. ol WMol zalo] A Hops %A

et e WA, 54 Zokeh vushd Aoz doly S

slold o]z g 1 g JsPsAo] ARo] FEuy 9t}

Aol Ael Hopld Hlold F4e BEY

wEd Bge FUlE AMsIA stgd EoE dvas 9e
dlolele] o|l=E Frlstel 7% dolelE MY (53] 7} 9low,

ol A FEAHO7 7|AH HMY(machine translation) EjA3o] )5l
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Aeg ZAogx dolg 742 B BLEU A4S tta FAd 4

HAE 27 glaze] SloiAe [54] A7 K-FZH 0% (KNN)
G ES 8t ©ol dWd ol FARE AASIHAL ol

Higro 2 folo] thA|(Synonym Replacement, SR) 7|H-& Z-85}

2

FI-230] 7% F 14%°9 Ads &dstalc. o el s
BofellA & FHE WD EDAS] £ folof diA(SR) & Z3tst

% 4 79 Hole 57 AWe Aksin e whelo] geh 4R

o
2
i
!
o3

iAok frolel tiAI(SR) #lol® oF gojof et
dolol Azl HAdst= A9 AYRandom Insertion, RD, &%
Aol F dojof tis| A= A& HHE Y9 w¥HRandom Swap,
RS), & W 9474 Bl&9 TolE A= AAIsk= 4o AAI(Random
Deletion, RD) 7IY& <@AIFTRNN) 7 AF5AEH(CNN)

TxE 7litez oF HEdo] AHgsilew, F 5 JHe] HiAmpA

AL Foha Slohs Helld 2 A7et 353l Atk EF dlolH
Z7be) wI1E AZSL FAGAE UB oS o e Fro
3 ty |
29 A =TH



2 (low—resource) A&He wHE0]

7 =
otk AellA g2 "ol 2 dve] F8 7dbe] He
i

FA Zofol M9 Heolg F3

ol e wieh o]l IEet HIde Ecte oY
=HQlel A dglole 7 7ol EdsHA AHEHIL =olso] fEolk,
g 7Mool 34 AlaEle] A8H A= o7 Al e

AugCHS55] = 71&9] stelHa= g BHP(hybrid CF)
A+s2l FAE AHsHH Altd EHd=A, Hx  FH(ide

information) = 2|3 o]&sl= Zo| oYzt dloly S ¢

et

P24 BEsHE Aol EAolth. s|Ee sfolnels

incls
e

i
=2

o,
o,

AoHe] 34 dolE(data sparsity) EAIE &3Fstr] f& AREAE
2™ (user profile), ofol&l A (item description, & metadata) 2}t
22 Hx ARE s 7R 4= HolH=A  ARgShe
WAoo, e Al dE dlolEet A ozt Hx
ARE AR AQAAZD(Conditional GAN, CGAN) Fx9]
ooz grgslo] gA-ofoldl 7F A& &L (interaction) T|OJEE
F7t= AAdddle HIHE Fstr doh FARe=R, 2R
AP YELA(CGAN) HEHZE A AAdAH(generator) & 24

(discriminator) ¢ F 842 FAHHM o5 2 @A A= Fl



2
=
rr

A= ©<es] 573 dlolE A& (augmented sample) & W&
dets T, FEAE AL wEold AEol AAl 9E
tlolEl(real) <121 F74 dlolE(fake) Q1A= Tlold FEskA] gl
g dolgol FolE AH(like/dislike) TS FEPHE I
FestA Hoh ol HIHE Bl oid A= HeolErt FERt

(inactive) ARgAtell disf AEdoz folg FAd= 2Edo=zH

—_

7129 AW oiH] 84 5&39] 2E-E vhEo] Yt

Matthias et al[56] © A5t 2m=Ql AwiHolAe] A&
FH (product recommendation) A& dfsl dloly F7S AH-gotn
Atk o dAFolA iR ezl AgolAel AE =4 ZA19
3% AgtA el dlole &84 (data availability) ¥} &2 8|44 (sparsity)
Oog Qs Sy At FHo] oy Zo=m AdHA Utk ST

Ao 71l dHlE 718 HIHoe=AM AR prodZved 57]

)

etvE]ES vigro g wul A4 (Point—of-Sale) AEE F7}6hH= <F

(previously consumed item set), &= ste] dlojg ME Z717l m ¢
o, o]& HIFOEZ m(C2 (m=>3 ¢ A m(C3 7)) i 289 A=F

A (pair) & THEoYE= oz 37 dglo|l"E sttt

o|N

QHH, Yan et al[58] 2 = FH(fashion recommendation) A
s o] o5 (Transfer learning) W49 dHlolg F7te] dsf 24

I T (Knowledge graph) & &gsto] FH A5 AA
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TSk gt shie BT Rde EHAZ7I) ddiA HolH
TE7F dAdier FESHA 2 Aol dHeolH & AAE sE=
e 7HEPIAL OE shute dHolHAMe fREe AR FREG

27 glol dolHMoRRY 8¢ EAuribues) & oyl
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A AmE AFSo] AurAQl F7

Aol s Hole $74=

r
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o

85t gohd, 2 HECAE 58 24 3 BAGA AR

gelee 5%

o
-lo>

A% A7So] s dRuR @k Improved
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o
il
=
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u
ds) Edobs(dropout) & HgsHe BT Yol F4L APstol

N
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M

F7 AEHWe B oAy 9 AHAd

M2 Qick g AFoA el AF-L RecSys Challenge 2015 & 53

tu

FHE Wxurz fo]EAl YooChoose ©f tisiAqt  AlghE o

FPENeH, olF g Aol AgH dHeld FA M2

A2 FH oz Hg5o] $irt.[39]

ot

oA £ FH] FABA

A72 AFUY  CASER3S] & dolH F4Y ZdelAo] A

mQl Y AFAE TS AL (o)) L 9 AEAAAR RI|=
Zetold w9 (sliding window) 7]& #-&35t3 9lov, g ¥
288 A9 shte] YE AJE2A (m—L+1) 7He] ABAFEATL

sl Ate oz dlolg Ml vt 3A S7sHAl Hot

2174249l WP (direct corruption) & 7FoheE Ao® F7 HloHE

HEollttE HolA ZEAQ Aot EAIRY. ERE ol HEH o
=

)

2 BEIE V129 7 WSS F4L 59

ik

=] gy
(?_OH T'ﬂ:;}g

g = e delH et 9 AL Aol

1o
rh
iy
o

(dependent) ®FH, & @AofA A¢tst= 7IME2 €&
AL oot BisHA dots = $7F HolHE Addd &

A= G-l At
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2~ 0
nE N]\

RoluA g}, matA

o
o

AN A AxdY AA B =d

1o

TxE HolE T4
2gsl7] ol Holaztel Redg meA Hu, 2 Ao &
Fd Aad mdgo]  AI-ofdld(Self-Attention)  HAYSE

Agom ZEI AT SASRed32] & Hlo|AERleg 4fa o]

SRR She 23 20 BAE obefel 2ol Holstuzt rk AEA
(EL ogel A AR U o ofeld A 1 7 A ©, %
AR weu o s olde] 4ulgh ofoldlEe] AW~ st = (sy,
SY, ., Sty), SEEl 7b FolATHE, WA ofeld  Ageld s

Agare] Azel AAse A-N Al AFF g ofolds
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2 Aol gey sl H4 2% 4 mde Jwom

st HolEE otoldl AHA Blold FAATE 4 7K WAl

w2 34 ZoflA @A A dFs= S AAE dolE F4

.|.4

e Q= dolge] REQNF 2 AHAAA(ubsequence) B 7

dlolezA Argste Aol vh 2 Ao Aljtshs HlolH

1_4

Corruption) = 75t} 4 HIolHE AAdsitl= Aol sigeitt.
A& dofEl, & ofoldl]l AfAo] UFO Lo]=E ot AH
Aok A2 71EY A dAFsolMe oEolxA] gud
gaoz B Ao AEAHOoZ ‘Lo]= F7H(Noise Injection)’,

7HRedundancy Injection)’, ‘ofo]®l ufAZ](Masking)’, FA

W

ofold] tfA|(Synonym Substitution)” o] U] 7}x] 7S A|SFsRil}
gheh. otH, & ofold] AL REHTS AMESh= WAY A%

AHgHer dHloly 4= Fl

23 2del g5 ANS ZRstgd
7179 AHATFS9] oA AN el Asel, B Aol

ol Hsll CASER[3S] ==l dHeold HAAE s &8d

sk, 2 Aol B el ABA Atk & 4 7 57
A mE ol A9 A7SolA thRelAd Held 37 7]
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7hed & A-olA wolagler A gt 2 74 Z1H Zrzte] s

FAH R Hastadt dt

5% 34 714 B 3
nogg g | o FEAHE = Subse Spliv A Aol A

(Subset selection) | 4  Zato]g) 9= 2 (Sliding Window) Al e

e o]= Z7HNoise Injection)

o THA N

A W3 (Redundancy Injection) B Lo A

(Direct Corruption) | o o}o]&l m}A%) (Masking) Al e

oS4 ofold oA
(Synonym Substitution)

B

L 3% 3] BE doly 57 7ol BR

dole 574 T2 ngy=k 2 st 34 A48T A%, %
ofolg) AFAE shte] Qi Adzse Al (k—1) o] 7 Held

ALz SHiEE, drFor o5 HolHA RV Hof k HiE

stRem dig m ol ofejdem 4" AlExe] disiAer S

Yol8g A4S shart.
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1.1 xo]= F7} (Noise Injection)

ol

olz F7F WAl E ofoldll Ao EIEZ] o=
olol®l(negative sample), & *=0]Z(noise) S sht WE A= sl

Az Y dele] Qe 4elske o]t

golg 3734 W4 oA
AE A FA [1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15]
S AEA [1,2,3,4,5,6,7,8,9,10, 11, 12, 9, 13, 14, 15]

E 2 Loz F71 71y A& A

ol wj, Bl 72 & F4& Tl otold Al@x9 dole dE
AlEse] Hojet FUsHAl FA|EfoF SRR o=Vt FTbEE
Artag g2 AL Wie] ofeldlo]  AAEooF <t 7]EQ]

A7Ee] wze 54 ofold AW thee] & ololdo] dlZo
glofAl b #Ale] ofoldle] Fad Y WAL W ARHoR

de] "olgl ofojdl2 Adidor @2 e nAe doem dHA

£
b
e
.y
2
R
rr
>
iy
[
1o
N
)
e
i
2
do
@
rr

Atk °olE st

—

A ofoldle ohg diAdelA AlQlstal umzle] siddle dE

1.2 584 7} (Redundancy Injection)
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dole 57 ¥4 oA

i AJEA [1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15]
I e Ea [1,2,3,4,5,6,7,8,9,10, 11, 12, 9, 13, 14, 15]

B 3. T84 77 71 A8 AA

P AEYT Loz Fb AW mRZAR, F& oleldg
zrlele il PR A@sNH Atjdem He JPEe sAE

AR ololde AAGOEA ofeldl ARz olE FUsH

1.3 ofo]dll nfAZ] (Masking)

ofolsl mRaz’ WAL QE ofold AWiRH Uoje] k A
s ofolgo] mHy gl AAH mhAY
Aelshe WA sk golHelA A7 Holtt

o] W nA7 Tl Hi ofoldd] 4t AR ofold AU~
Zolo] 9% W& Agst], Y H&e B Tl 24 (design
factor) 24 AR AA ghe AaiFolof sk stold mhehulo]
sl ek 2Ao] stolw mhehule ke ol AAs] o8] &

ATolMe mradd vHles AA ofoldl AJEXS] 10% / 20% o=

B
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Q9] shitel ofolgug

apA 7]

AR Aol de] BHREML-1M) oA Ees A
Hgkth 7 A3 QR oleld Afxe] 20% o s AL

a1
3= o 7Fg ds i 23 324 deides Al

A Al

HAE A A [1,2.3.4,5,6,7,8,9,10, 11, 12, 13, 14, 15]
S AHEA [1,2,3.0,4,5,6,7,8,9, 10,0, 11,0, 12, 13, 14, 15]

= 4. ofold mtA7 71 A4 61X

1.4 A ofeldl thA] (Synonym Substitution)

fAb ofoldl oA WAL

ofeldle sht Ay

g8 ofoly APAzNE Qo]

S ofelde 7% FAF n 7

ofolgloz thAshe Aot

Ik, ofeld g SherS
AL THe

A}910) 2] 2] (NLP) Hofol A ko]



AHEEE FEFHE(Word2Veo) €ale]E2 &3l AP otssd ofolHl
3

e SSakgich
Heold 37 34 A
HAE AEA (1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15]
[1,2,3,4,5,6,7,8,9, 10, 11121, 12, 13, 14, 15],
3% Afz
(n=3) (1,2,3,4,5,6,7,8,9, 10, 11,110, 12, 13, 14, 15],
m:

(1,2,3,4,5,6,7,8,9, 10, 11,101, 12, 13, 14, 15]

E 5. A otoldl HiAl 71¥ A§ oAl

el

of u, S YRAZL T & ool gulge] AA ool

J

7o) gAEE Ak} Adz wesim 9eA Sls] ofdths
247 gtk Zejme @R AAAY ofoldle fAE ofoldow
BASHE WA wesl B RARE shid ololglomst
QA e 37 deldel B9e A5t Selrt gk ol &
AIAL Shtel Al W4 oteldel del 49 m Aol A
ofelglom HAG 574 dolHE wEelgt WA Astdrh o2
S0, nag =10 91 A%, Bl hyel He ofolde WY MEIL

ol 3 0 AAR H, Azl Hs) A 3 A A ofoldle® ARt

1.5 FEHE & (Subset Split)
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A 28 UAS 2ol m 1 ¥E ofoldl Aol dis)
247t dol 1~m 1 m 7o MEAHALR ZFste] T HolHE

, A9 ARl [59] oM Agom AEE A,

dgolg 373 B4 oA
UE AJEA [1,2,3,4,5,6,7,8,9, 10]
(11, [1, 21, 1, 2, 3], -
7 AL
[1,2,3,4,5,6,7,8,9],[1,2,3,4,5,6,7,8, 9, 10]

B 6. AT 2 7Y A& AA

%
ofl
N
rE
rlo
-
EN
)
lo
f
i/
e
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>
2
ke
o
i
£
ol
o
e
.
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o,
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R
L
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=
~
Z
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N

ol
1:1
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o
oli
el
rir
ol
o>
lo
lu)
ol
ol
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c

AFoME Al 4= wet Fd HeQ5%) = Eforrs

woots Aoz, Md ARl CASER[35] oA @445 AZH(CNN)

TxE o|8s7] ¢ tlolg WA e WHN TLE A

7rel fApdol ¢
T &ot2(dropout) =

gote] Aol 3 FH(overfitting) & WA|StAF SERATE. ol E

tlolg 7 W4 A

[1,2,3,4,5,6,7,8,9, 10]

Z% ABs

[1,2,3,4,5],12,3,4,5, 6], -
(L=5) [5,6,7,8,9],16,7,8,9, 10]

B 7. &old 99 71 A& A

¢ F (m-L+1) /NS FF dolEE
Ao =m, A8 dAolde 9 A7) L & 5~10 ool 22
T2 7Aool shte] ABAEA ol 7haA wigE ofelglo] gles
staich. W ol 7WE REHY £ W v R dolH

T4 A wEoAE MEAIEAS vt @ AL ol

4gzog westnz L & A 43T A% dole Aol uet 27

= (e}

p

42 "':I'H-_E _'H.I: ok i |



dlojg] Aol #27F wie AR & Qo & AFolAE Holy 4

TE ngy & 58 stol¥ mgfule=z v=jsty glomz 7F A3

o2

Ul Al ngyy 5 ILASEL A2 otold AL do] m of g A=¢

271 L & ZAske s Fslt o &2 71del dsidx

5= 7ISck= A9t EASEITE ol wet Efolx A&
oJH (boolean) DA s}l slold mialu|glz =31 zF glo]g Al

we} =] goz 4ystel BY &2 WS
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Holxzt

Zol A
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1o

oF

SHA]

o
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s

5
Aol =gol 2 &+ 3

dlolel el =7t

1

—

AT

—

A 2 A FEAT dolEA A4
H

o T T KN of W X OB o
F oo O T W = S T
O & o m g H
N B e — 8 B I K
,ﬂol ,O# mﬂ _:TL \.W lo ﬂ_ol z_o 0
oo oo B o= Tomomwm N = 4
Gl = M:H = R o
toeos T og Ng I 2]
LU arooMoool o R
r w0 57 voR w5
B A ol 9T = N B
N
- w2 —
X W % 5 oW CO R VI
1FL i, o} — rA.A —
PR Lz e I LEER
— o 3 m = —
o X o A d T o= 2 B om0
N - 5 =
N 1_,.A1H 5 - .&E M.w WL mm‘b ﬂo E_E ﬁl
HoOoM o5 e %o o N . oxm TF
e B [ mwo- X7
M < oz T o o= 9
o| ™ /] o do = g = b = =
wm = . % o w2 I
ja ‘WAE A R X s ) B o 5 2
2 % os oz L T B e
W ! = S TGS TR CH W_ 8
T4 T 82 _FE Y
A=A N’ w o R
M ~ ﬂ/uA Z_u o ,__LmD ,,W _ J,ql
i o P oo T XY w
L U S T
. T T o R T B W T
T E K T . T o IR Ry
B I U= S = ® P T 5

dloleAle] A3 A Aol

44

(description table)
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Al 34 rd st

n:l>

dlole] S dlolel AA 2] JANA AEEHe 7Ie=A, ozt

o

AAe g AZ dolgHE dHo= Hhop AAAE FASH= ofoldl
7to]l A 2 H3} of¥ (transition pattern) = HEY ot FFAHo=Z

24 dgel He o ololde dZsh] deldE 8 AAH

A2go] op7ldAE MY @ 1= ohe Ao
Gonw szel A3y 4TS B 4840 AFH GEdd mdL

HASA AHgSHE ot st

>
fol
i)
[Ulﬂl
o
o|N
ol
ol
N
=
e

= AolA AlaF o] wiolzt s A

(Transformer)[30] EHo] <Q1FH(Encoder) x5 &8st 2
AELE FAske otoldlo] dHdS Shastal, olF HiEFoR o=
Al A= otolfl fAtE RF(ISM) F2E 7HA et thg otolglo]
S5 ofo]’lZ0] H(score) & AXtstAl +9l(rank) & WA FF2

&9 k7 ofoldle]l digt A5, & FH AHE =&t



L
rH
ol
ofl.
r
-+
rr
N
rM

=21 33 Fofo|A] SOTA(State—of—the-
art) S UErA thEAHQ A TiSASRec(34] ©] 7]4to] =
Hloj~gkel Helo]7|k sirt. SASRec(32] o 2 AAde FAste
ofo[”lE Afolo] A AR, Z HrfA<Ql 92 (absolute positions) T
g o= o dolEof] WAt AAE  Es Ax-ofdlld
HAUSS ol8s] Rdd Sh= opElAetd  TiSASRec & o]t
wA QEo| ofo]’l Zko] Al AIXF THA (relative time—intervals)

2 lHom 1@ mYolEm F & Yk Aot wE A

ra
)
o)
|
:
X
8

H
e
o
N
nj
o
>
ret
i,
i)
i
=
rir
Py
lo
f
i
o,
v
lo
e

S Zlo] ohal mird Weld AU & 2d mdelo AHg



SASRec32] mHo] AwbAQl Fx+= [19 2] 9 EAe S5

glo
pa

lot

&

At o REe dFo] AEA-FE-AEA(seq2seq)
TFE=A, otg AANME A2 vpx|e ofoldl S & AR
(¥, S3, o Sjsumy) = 9EoR dob ol WA o|F3(shifted)
FHIQ (83, SY, ... S(sy) = Bl AJEA(target sequence) EA

zs7 "tk dY 29 opEAE B Apeld Ao s|osts

i

il ZreshAl drgete

[¢]

ol ofyER HAH] 43 o] o

Expected
Next Item —c l
+ + + Prediction Layer
Point-Wise
I FEN I I FFN I I FFN I Feed Forward
A Network
One Block
(Can Stack More) Self Attention
Layer
A
- Embedding
f * f Layer
Training Action g '
Sequence > ~ l
51 S2 S3 S

a9 2. SASRec BE19] HdtAQl Lx[32]

SASRec 2dl 74 % o5 A4

o] op7|dld= A 1) UMY A S (Embedding layer), 2)
A I -ofelld A F(Self-Attention layer), 3) = A& (Prediction layer)
o8 gk i ofolg] AAA (SE, SY,..,Sfw_y) £ UHIY

Aoz A=) g Rdo] Hotsd

P
%9
r
1
BN
o
ot
o
fu
I

AA2E AAA "k 2 QR ojolg A@AEL thkd sj4)
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ofelgloz sl e zolh Y mde pxzoz
DAHxed) Zold AW~ dolHE gom wop Aejstzs

ot wEhA RE ofold] AlEAE Stoln upEtulEzA  nlE

Jhu

A]

o
i
By

W AP Zol n B ZES WY (padding ofolHS
(5150050 7F Bk 2 d3: g BA oo s=

(51,82, ,Sp) T YHOE o} N, T F7 HolHE A=

qHE ASANAME 2 ofeldloll tiet d-2hde] dHlde= 74
AulEg FH merl e ] dE ALY A HEHE
goiHEA He Az-ofdd wAYFS TAE Hdsh] s
7HHog 2AMY JHE P e R o tigt S50l o]FojFi o]

ZAMAE AP o|H 9] Transtormerd30] R4 &gt A}

N

Zol Az U 2 91X ojsl 1R AMY e Helsh o]
ofd, Wxo| wetuleg A0 8% Hstearnabl) WHIPE
AgFOoRA Bk e H5E 15T 5 Urkn ek B9 o
BAAA ololg AMPH EAAD dvge] 24z saHE U

dole Aldae oHd ASS 7AW d¥ dH" PH(nput

rt
)
o

embedding matrix) E € R™¢ ez W

Mg + P,
M, + P, | (Ms, € RY : niiA oto] |l s, o] ofol el <lHg)

(P, € R® : ni1 7] ofo] |l o] 2|2 1| T)

E=
Ms + B,

y by y
48 A1 =-TH T



Ao-oldld ASS AzZ-olgld E=(Self-Attention block)
ZRIE &9l f=x29E YEL A (Point—Wise Feed—Forward Network)
og A= o] W el Haere Transtormerd30] RET} 5 A5
AAYE S 2HE(Scaled dot-product) WAlez  AAEE| QAL
AALE G-m2eE HAL2 e (query) Q, 7lkey) K, ®R(value)
vV o] BAE ofet Z2 sAer ALlsd ZomA, ofold] |
=) <& j (D) 7te] ArSF-&(interaction) & HfEgo g ofoldl
(#H=]) o j (87) 7to] 7] (weight) & A4tste] R Wzl gt
79t (weighted sum) = ¢ Zojth, iz dfd R Ax-

of|lA WAUZS AEStT Qlonz of uf 7 o, 7] K, BR V £

FA MY ASS AA G5 ofold AMd FE E = 44

2 7FA qE weowk,wv e R

o
oft
o
R
odll
|El
fr
i)
r>~
=5
@]

o

=

projection) & AH AZ-odld 259 Qo FolxA Wi} of

wl, (¢+1) WA ofelBE ol Zat dol glo] AAsks ¢ A ofeldo]
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et JEuS F8ole® i>j < BY Q<K

X
o
1o
H
rr
re
iih}
filo

2ptsto] Q1394 (causality) & SHHSHA st

S = SA(E) = Attention(EW? , EWX EWV),

54 2. AZ-ojdA B5)A0] A

olgdA Azm-odlid EFZ Sofl ZEE ol ofo|dlo gt
S3Haggregation) ©] o]FXH sg A EQIE Y] mExQE

YEIE AXH v|AFA (non-linearity) & 712 Sh53HA Ht.

F; = FFN(S;) = ReLU(S;W'!) + bYW 2 4 p(2)

44 3, FEXYE YEY A AAit

g RdloA Ao-ojdd E52 B4 NE A2 =H (stack)
Hop E9E ofold]l Wehitem transition) YAIE srESHA &
uoH, & Aedode F/HE HlolAgke]l Rl FE=29] 7|2t (default)
= U2 55 MeE 2 ViR AAslr &I 540 E5& AME
B¢ UEYAZE Zolfel wet Rde]  wpAH(overfitting) B
IHYAE  AA(vanishing gradient) =A7F HAAT 4 glomz
Hloj~ekel  Wdyt  FASHA Efobz  (dropout) W FIAFA
AZA(residual connection), A% A3t (layer normalization) &
Ffsto] o] WA= SH3iH

rdo] SHut(forward) A= AA2E X ofold] AlE~

s = (51,52, ,5,) 7F Yo ® FojHS W Fd(positive sample, &

50 A = ‘]| ol



target) ©| H= s = (52,53, ,Sp41) = 50 HAAE s
ol wj Z} A AJFXzof tis) A AE2et Hol(pair) 7t He &H

Al (negative sample) & A& sto] ol wx QIE=Zn &4

(Binary Cross—Entropy Loss) & #4353} sle= 2E-S Agh(fit) A7t}

&9 B9l A% WS % A3 WAL b M-

ol 222 AA8 258 oA ¢ 7 ofoldSo] g Hu, = £

it

oz 7 Thge] & ofoldl su,y ol Tie dZo] ool
FAReR, Az Ao ofolel i 7 the ofolEl sy, o HPE

AP (relevance) & 7H71= r, o AL FZENME) 71

riz = F\OMT

24 4, A% AZANAY A
(rye = otold i 7} & oFeld sy o HF

msh

ki)
Z-gsto] o]Fojxirt. o] wf ofoldl i of tiet UMY M = HHIF
ASNA kst dHld FE M oA 7HHR Aoz A, of2fqt ofold]

UHE  Ffr(share) & Fof EHo #HRE Sole TH At

FHeA 7k ofoldl | 7} e FGcore) B T 5 Qo] ol
o 2EHd A9 N A ofoldl ZHE 9T £9(ank) 7}
| A7A e},

ol o, g weEcNE TeAN A% WAL 95 otold [ I
of EFEE wE ofoldlo] tsl £912 Hi7le Aol ohe,

4 (ground—truth) o sigst= ofeldl shuer Y MEY =



100 7He] Q%(negative items) =2 FAH F 101 7B ofo]dd

dsiAet o= 95 WA des= B7Iska.

52 S a e ks



A4dA 3

RQL: 2 74 Atshs dole 27 sWsel %
2R A0 A% FHE AL

RQ2: dlolel 27 Aol met HUF dlojesel jshAx

RQ3: dHlojg] 34 qfRo] w2t Fdt dHeolg Aol disiHe

A 1A HolgA H Ad A

ok
|
o,
o
A
rr
)
i)

AT F2 2R F s Aol
golelde] sl ElolE 7o mAS AZSe Aomm,
APoAE 95, A HA(Point of Interest, POI), O|AHMA(E-
Commerce) 5 Zatshe tiaket wolcle] dlolelAo] dis) eL
Sastlnt 2 Ageld AgE dlolHAS 1) Fuld= (Movielens

IM, olst ML-IM), 2) 1ge2HGowalla), 3) ofrE HHQ A

7 ) ] i
53 M EZTH¢E
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qorg | VEE | gaga | A |(NE23I) A2 3=

AR %) JEHA 5 Zol? (sparsity)
FH#A=
6,040 3,416 999,611 165.50 95.16
(ML-1M)
D& Gowalla) 85,034 308,957 6,442,892 52.83 99.98

ofitz ulr e

64,073 33,614 568,508 6.88 99.97
Al (Games)

E 8. A& dolgAle] gt 7l& A (FA Hel"Al 71¥)

(Amazon Video Games, ©]3} Games) 9] & 3 7|2, Ztztof| digt 4
A= ool [& 8] & Fofl &I & Ut

FHA = (MovieLens) HoJHAlZ FH  A|A" A Hubof A
B AREEHIL Qe tiEAQ)] #xut= Ho|HAlC 2 A Gt
et AREARES] H7Hrating) & FAEC] Q. 2 A= A
dlolg Aol A 1 wigk ZHe] ARgAR QIE|#H(interaction) AR
EGFete FHEHZE IMML-1M) #HAS ARESH. siE dlo]HAle
ofet #Mz|ut= oAt vlws 34 HIk(sparsity) 7} Wom Hat

N~ Aolw

™
rE,

o7 Aoz ZHgHdense) EAS Ze
golgAdle g 7rFHT
& (Gowalla) + 1A 7I¥F &4 YEYA AH[A (SNS) 9

g0z, FPY dolEMe Y YAClES ol8F AgAE]

lo
]
o,
i
g
&

[t
of
Jo
S
=
e
)

il

A=A (check—in) & Ea A4

olt

zgela ok g dolEAe A Fmsh 23 HE Ada

d

AR g W ofoldl 4
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St ofukE(Amazon) HlOlEHA AE 2 F2E o|AHA ZIH

um

oftEGH(Amazon.com) oA HtR= £HE AEAES] AlFE
gRE FAEl glom, A9 AEwel wmEt HEo folEAlo]
Z12AQ WS Ffok FHEo] ok oget AEL Jhed &
At dE HYe  AA(Games) o  dFcHE dHelHAE

Agstgon], g golHie e s

l&

A ALt theFA (variability)

o

= 4HA ek

dlelgAle]  Axge Z|E2How  Ady  Hlo|iAEel A

e,

0|

SASRec32] 3 FA WA oz Psket. AREARS] ofoldle] dhh

25 = YU EXcteE A g Al-(timestamp) ©f ofol€lS
AR o= 7hgsto] FAA HIF e HYL 4H] of Rk
AAlA o= (implicit feedback) ©2 g5ttt RE oAl
sl 24 5 Slp7F 5 u|ekel ARgRR ofoldl2 WHl sk 9|9

SEY AE7L AFTEHA dev gaste] AAsA. skt AlA,

il

7+ ofold] A|@WA Y= FAst= do]H(interaction) 5L A|AHL
UEtf= EFIARIE (timestamp) FEE 7|02 AR &= HEE

3 78 dolelAl BE ZF AEAo] s 7P FHZol 4w
ofoldl e Hulo] JF BF7HE IR AI@ dlolE (test set) &, 71 o]
AHE ofo]dlg stoln mEuE FY2 % AF HlolE(validation
set) =, Y] ofol@lE5S o5 Tlo]H (training set) &= Afal o]

ot glolelE E&(split) st Far A HI dAoE 7]E9]
¥ =
55 M=—L

X0
o



ro

shelstuzt stgonz, 7Fo] Hi 24 A2 ofrjEHE g

1.4

=% SASRec(32] shue] disiARr Ao sttt ok, HolH

54 71e A8sHA] @2 vhdet SASRec ®E o, sig HiEet

e
K

g,
filjo

gdle] A% ATENA AR FHold 74 NS A8
27179 WlolAgtel mulE A3 B AFo]A Alzo] Agtste Hold

74 Me A8% 2de o) Bio ozl mdw

HlojAgkel  ZHEol  He =3 AR o5 HAZSZS
(Tensorflow) 1.12 ¥ 2 mo]H(Python) 2 & 7|§te=z FAEO]

A@(Github) * o FAA=el gloe], B AglHE Y =g

1:1>4'

1ste]  mo]EX|(Pytorch) 1.6 7Z|¥tez #HES Fc& 42

oo
Ol

tdch E@ dole F74e A8% 2dol T glol, Heold

ek

olN

O

7 wate] AZT B 7124 v opr|EHsl BAR sl
Hetulgs lEgos wolaztel mulolx AAE @z optimal)
3 5s] AHstart. BE dolgAe] dis] EAos 2 9
Am-oldd 223 (b=2) &4 ARE 9§ SuE zZAAY

AH|J (learned positional embedding) ©] AHE-E|$10 ™, St5E(learning

3 https://github.com/kang205/SASRec
* https://github.com/pmixer/SASRec.pytorch Ava
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rate) + 0001 = AAstAer. HiA =27t Efobx HlE2

golgAle] Frel sl AHEE st o=A A4S

Arjdom e Fuel FHAAML-1IM) 92 Holgae 717k 128,

0.2 2 A4stH, dolg $4= Sl T27F ng,M=E 715k e
T

st Attt 27T A4 94 ARE w2 18@HGowalla)
7

ol

i)

&5 deolgAle] disiMe ZHzt 512, 05 =

olr

A

o|N

Egoly HlE&Z 05 & AAste] A¥FS JAYsioirh 4 ofeld
A2 Hdf Zole g dHolHAl B AlEA Holo] uwh
RelA=(ML-1M), 1€2HGowalla) o talAs 50, ofutz HlHe
A (Games) ol daliAE 25 o2 AA5IE o8 57 TR ng,,

L 10 g JlEgeR Agstl 4ug Aystdon, P sl

57 ME=T



Al 2HE s B AR

Heo] e A AFolA AREE AT FASHA dutHo=
A9l K 7N A5 As Brtel 885 v F 7HA A E(metric) &
AHgste] Brhsldth: HR(Hit Ratio), NDCG (Normalized Discounted
Cumulative Gain).

Hit Ratio & ©<=d] Rdlo] 53t A9 K 7| ofol’ll Fof Aeo]

ZASREA) oy

1—

o
r
o
ol
rir
ol
N
N
ol
1>
lo
bl
T
=
D
~
1o
N
rlo

A (ground—truth) <l

:O%
ofl
ol
ol
rlr
.,
l
O
o,
0,
)
5
(@]
P
—t
o
g
ol
3!
e
o,

A9l K 7l ofelfloz oSSl H&ES ou|gitt 2 AYoA= ZF
MANAEZL) o dis] FEol sidst= A5 dlolE (validation set) 2

B7t dlolE(test set) 7F ZHZF St Eo|EE AAE (Recall@k) Tt

r

Zn’h =9
DCG,=X.%"

=1 IU‘Q‘(p +1)

{REL,}

iDCG, =Y, 21

- Inx_,(,'+ 1)

DCG
NDCG, = .

,)
DCG,

;

%4 5. NDCG A ®2] A%t 54

3 NDCG = d% £912 27dog nejsis 7} Amad,

Aol B £ 9= AFHYS A9l © 2 AFAE Rofsit
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i i <K 24 A9 K

o)

e i =

S AE e,

o=

£ #HE 5

log,(i + 1)

e 9=

©

A otold %

A =

5

o] (N=10)

9 7%

A 10 7 ofe]

&

o
87

94

(il

o

Tod
o7
ToIr
ol

Jo
‘..,_Alo

H A=(seed)

571 A

Lo
o 1=

Zk mde} A4

ot.

e 23] 23 A5 (best

]

og s)=aigon,

gt NDCG@10 =

AHom 17

2 @9 A %

performance)
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A 32 Add A

= HoMde 7lZ2Her FHHZML-1M), A& Gowalla),
ofitE  HIT AU (Games) HOIHAM  Zhzel| dis] dHeolH Fie
Agstde wWeo ds B Aol dsf Med & olg ZAWE

oz ohd AMadh A7 ol "sta . 2 AFolA

=
o
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i)
ro,
>
rx
o
re,
=y
=2
=
2
r o
s
__(‘,1_,‘
o
o,
o|N
o3l
N
E
o

o U HlolgMlolRt: HEEEe T4 7IHol met s ®eht

L2 gy

o
il
it
v
o
v
W
2
i
iy
o
K
4
N
)
&

=2
2
X,
e

o R= dHolgAe dis] e ¥ F2 dold T fEet
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TR

Z(ML-1M) dlo[gAl A3 At

FHFAZML-1M) dlolgAlof tigt 45 ®7F A= off 9] [#
9-1~9-6] & Sof AT 4 Ak,
ML1M_10% NDCG@5 NDCG@10 HR@5 HR@10
Hol Azl 2518 +.0156 3114 +.0118 3705 +.0149 5493 + 0125
o ESE | 324850110 (+290%) | 3786 +.0086  (+216%) | 4685 £0111 (+265%) | 6335 0083 | (+153%)
o Zold | 3401 £.0091  (+35.1%) | 3936 +.0045 (+264%) | 4821 +0143 (+301%) | 6473 +0119  (+178%)
Lol | 3381 0071  (+343%) | 3902 +0038  (+253%) | 4818 +.0134  (+300%) | .6427 +0160 = (+17.0%)
FEA | 3491 +0114  (+387%) | 4003 £.0098 | (+285%) | 4924 +.0091 | (+32.9%) | .6507 +.0061 | (+185%)
s AT | 3437 £0089  (+36.5%) | 3955 0072 (+270%) | 4877 +0053 (+316%) | 6483 +.0101 | (+180%)
FAHERA] | 3283 0069 (+304%) | 3822 +.0053  (+228%) | 4689 +.0082  (+266%) | 6358 £ 0116 | (+15.7%)
E 9-1. = 10% FEISE 71E % 371
ML1M_20% NDCG@5 NDCG@10 HR@5 HR@10
Hlolr 2Rl 3791 +.0134 4305 +.0104 .5270 +.0151 .6858 +.0069
) H5F | 4001 £.0108F (+5.5%) |.4434 +£.0095: (+3.0%) | 5614 +.0160 (+6.5%) | .6947 +£.0098 : (+1.3%)
as &2told | 4125 £.0065 (+8.8%) |.4576 £.0038 (+6.3%) | .5659 £.0152} (+7.4%) | 7050 +.0089 | (+2.8%)
LO]lZ | 4088 +.0044 (+7.8%) | 4536 £.0042 (+54%) | 5639 +.0033 (+7.0%) | 7025 +.039 | (+2.4%)
. SEA | 4157 £.0055 (+9.6%) | .4609 +£.0040 (+7.1%) | .5679 +.0106 (+7.8%) | 7066 +.0079: (+3.0%)
s upA7) | 4037 +.0122) (+6.5%) | 4510 £.0100 (+4.8%) | .5576 +.0101 (+5.8%) | 7038 +.0039 | (+2.6%)
SXRHA | .4063 £.0076 (+7.2%) | 4532 +.0061 (+53%) | 5607 +.0039 (+64%) | 7055 +.0069  (+2.9%)

# 9-2. FH[AZ 20% F
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ML1M_30% NDCG@5 NDCG@10 HR@5 HR@10
Hel=il 4454 +.0066 4876 +.0053 .6041 +.0097 L7340 +.0082
. EsE | 4381 £.0054 (-16%) | 4805 +.0044 (-15%) | 5950 £.0055 (-1.5%) | 7262 £.0077 (-1.1%)
o &2tolgd | 4469 +.0071: (+0.3%) | .4903 +.0057; (+0.5%) | .6000 +.0091: (-0.7%) | .7336 +.0041: (-0.1%)
LO|R | 4576 +.0029 (+2.8%) | 5012 +.0035 (+2.8%) | 6116 +£.0025 (+1.3%) | 7462 +.0066 (+1.7%)
FEA | 4551 £.0068 (+2.2%) | 4974 +.0050  (+2.5%) | 6116 +.0107 1 (+1.2%) | 7418 +.0047: (+1.1%)
e upA7) | 4504 £.0075 . (+1.1%) | 4937 +£.0051 1 (+1.2%) | 6084 +£.0063  (+0.7%) | 7414 +.0064  (+1.0%)
BARRA] | 4523 £.0024 (+1.6%) | 4955 £.0012 (+1.6%) | 6066 £.0043 (+04%) | 7393 +.0027 (+0.7%)
H 9-3. FHIH= 30% FEH% 7 s B71
MLIM_40% NDCG@5 NDCG@10 HR@5 HR@10
HolA= Rl 4671 +.0085 .5090 +.0086 .6276 +.0081 7566 +.0078
W' | 4579 0046 (-2.0%) | 5016 £.0042 (-15%) | 6184 +.0037 (-15%) | 7527 £.0050  (-0.5%)
o Z=lolgd | 4751 £.0022 (+1.7%) | 5155 +.0023 (+1.3%) | .6371 +£.0013 (+1.5%) | 7611 +.0019  (+0.6%)
Lo)Z | 4773 £.0042  (+22%) | 5179 +.0027 (+1.8%) | .6387 +£.0043 (+1.8%) | 7635 £.0030: (+0.9%)
. FEA | 4812 +.0038 (+3.0%) | 5215 £.0047 (+2.5%) | 6432 +.0052 1 (+2.5%) | 7677 +.0036  (+1.5%)
e apAF] | 4758 £.0030 (+1.9%) | 5165 £.0021 ; (+1.5%) | 6400 +.0038 | (+2.0%) | 7654 +.0043  (+1.2%)
SARIA | 4781 £.0044  (+2.4%) | 5189 £.0030 (+2.0%) | 6412 +.0064 : (+2.2%) | 71671 +.0057  (+1.4%)
B 9-4. FHIZ 40% F-23F 71E s 37t
MLIM_50% NDCG@5 NDCG@10 HR@5 HR@10
He 2Rl 4822 +.0086 .5233 +.0078 .6389 +.0087 7656 +.0053
W | 4638 £.0042 (-38%) | 5071 +.0034 (-31%) | 6230 £.0063 (-25%) | .7561 £.0056 (-1.2%)
o Zlo|d | 4805 £.0048  (-04%) |.5205 +.0041 (-0.5%) | .6425 +.0055 (+0.6%) | .7656 +.0021 ()
Lo|& | 4880 +.0039  (+1.4%) | 5287 +.0052 (+1.0%) | 6504 +.0041 (+1.8%) | 7728 +.0019 (+0.9%)
. FEA | 4878 £.0039 (+12%) | 5278 £.0027 (+0.9%) | 6492 +.0032 (+1.6%) | 7717 +.0040  (+0.8%)
s apA7) | 4810 +.0015 (-0.2%) | 5208 +.0008  (—0.6%) | 6421 +.0051 (+0.5%) | 7648 +.0029 | (~0.1%)
SAIHA] | 4873 £.0019 1 (+1.1%) | 5276 £.0027 (+0.8%) | 6495 +.0136 . (+1.7%) | 7737 £.0048 | (+1.1%)
B 9-5. FHIFR 50% HEA 71E s Bt
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MLIM_100% NDCG@5 NDCG@10 HR@5 HR@10
Holr kel .5225 +.0098 15592 +.0091 6796 +.0057 7929 +.0044
Bsl | 5068 +£.0071 (-3.0%) | 5443 +.0059 (-2.7%) | .6670 +.0061  (~1.9%) | 7823 +.0032  (~1.3%)
A3y
<oy | 5167 £.0041; (-1.1%) | .5543 +.0035 (-0.9%) | .6763 +.0048 i (-0.5%) | .7919 +.0026 | (-0.1%)
LO)Z | 5228 +.0059 (+0.19%) | 5611 +.0019 (+0.3%) | 6868 +.0019 (+1.1%) | 7977 +.0012; (+0.6%)
ZBA 15270 +.0025 (H09%) | .5631+.0021 (+0.7%) | 6877+.0026 1 (+1.2%) | 7989+ .0018 | (+0.8%)
AF
apAZ) | 5198 +.0038 (-0.5%) | 5558 +.0033 | (-0.6%) | 6797 £.0047 . (=) | 7906 +.0030 | (-0.3%)
OXFHA] | 5259 £.0031 1 (+0.79%) | 5622 +.0019  (+0.5%) | 6852 +.0043  (+0.8%) | 7967 +.0011 | (+0.5%)
E 9-6. FHF= A glo|gAl 7& A5 Tt
FH-AZML-1M) HloleAle] 7%, AA dlolgAle] 10~40% &
AHERE A BE S 71HolA femet e Fdo] SIE
Eo] AAS] 10% TS ARESE Hlo]EAle] A9 AP ko] F7}
7IHE HE5t9S A Helagkel diH] NDCG@10 7]+ ¢F 28.5%
o ¥ 4% e AT 5 A9k
chat A7) doleldle] 50% ol ALgR A%, dlold F7 /1Y
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1&2HGowalla)

dolEAl 49 a3

a2 (Gowalla) dlolgAle] Higt A5 H7F Zit= ol [&
10-1~10-6] & &afl <A 4 Ut
Gowalla_10% NDCG@5 NDCG@10 HR@5 HR@10
Hlo =Rl 4864 +.0027 4981 +.0022 5163 +.0032 .5524 +.0017
BSE | 4904 +.0040 (+0.8%) |.5031 +.0033 . (+1.0%) | 5247 +.0032 (+1.6%) | .5643 +.0026 (+2.2%)
A3
Zglold | 4935 £.0016: (+1.4%) | 5060 £.0018: (+1.6%) | 5275 £.0017: (+2.2%) | 5667 +.0025: (+2.6%)
o]z | 5030 +£.0035 (+34%) |.5149 +£.0028 (+3.4%) | 5350 £.0043 (+3.6%) | 5720 +.0026 (+3.6%)
ZBA 15025 +.0014 (+3.3%) | 5147 £.0014 1 (+3.3%) | 5341 +.0026 (+3.5%) | 5719 +.0025 (+3.5%)
A ¢t
apAZ) | 4965 £.0008 (+2.1%) | 5088 +£.0006  (+2.2%) | 5286 +.0018  (+2.4%) | 5667 £.0011 (+2.6%)
SARHA] | 4986 +.0048 (+2.5%) | 5115 +£.0047 (+2.7%) | 5312 +.0055 (+2.9%) | 5711 +.0049 (+3.4%)
X 10-1. 1g<t 10% HEAS 71 A5 371
Gowalla_20% NDCG@5 NDCG@10 HR@5 HR@10
HolA=Rl .5465 +.0016 5612 +.0017 .5856 +.0028 6314 +.0029
BSF | 5521 +.0037 (+1.0%) | 5676 +.0031 (+1.1%) | 5948 +.0027 (+1.6%) | 6428 +.0014 (+1.8%)
A3
Zalold | 5567 £.0043 1 (+1.9%) | 5718 +£.0042 (+1.9%) |.5997 +.0044  (+2.4%) | 6465 +.0047 (+2.4%)
Lo]Z | 5676 £.0034 (+3.9%) | 5821 £.0030¢ (+3.7%) | 6103 £.0032 (+4.2%) | 6555 +.0029  (+3.8%)
ZHA | 5693 £.0034 (+4.2%) | 5841 £.0030 (+4.1%) | 6117 £.0048  (+4.5%) | 6575 +£.0041 : (+4.2%)
At
opA7) | 5605 £.0027 (+2.6%) | 5754 +£.0026 (+2.5%) | .6027 £.0020¢ (+2.9%) | 6489 +.0047 (+2.8%)
QXA |.5584 £.0027 (+2.2%) | 5736 £.0025 (+2.2%) | 6010 +£.0028 (+2.6%) | .6479 +.0028  (+2.6%)
X 10-2. gt 20% RELS 715 A 57t
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Gowalla_30% NDCG@5 NDCG@10 HR@5 HR@10
Hlo =Rl .6024 +.0049 6174 +.0045 .6493 +.0049 .6954 +.0038
o BE | 611240092 (+15%) | 6269 +.0082 (+1.5%) | 6582 +.0088  (+1.4%) | 7067 +.0058 (+1.6%)
o Zalold | 6149 £.0062: (+2.1%) | 6304 +.0062 (+2.1%) | 6633 +.0076 (+2.2%) | 7112 +.0075 (+2.3%)
LOlR | 6177 0020 (+2.5%) | 6334 +.0026 (+2.6%) | 6669 +.0019 (+2.7%) | 7156 +.0050 (+2.9%)
. ZEA | 6168 £.0025 (+24%) | 6330 +.0030 (+2.5%) | 6642 +.0023 (+2.3%) | 7145 +.0036 (+2.7%)
e apA7] | 6087 +£.0028 1 (+1.0%) | 6243 +.0025; (+1.1%) | 6556 +.0016: (+1.0%) | .7041 +.0010 (+1.2%)
SXHRA] | 6113 +£.0030 (+1.5%) | 6266 +.0031 (+1.5%) | 6608 +.0027 (+1.8%) | 7083 +.0033 (+1.8%)
F 10-3. 11ge} 30% FEHE 71 45 Bt
Gowalla_40% NDCG@5 NDCG@10 HR@5 HR@10
Hol el .6419 +.0050 .6579 +.0046 16922 +.0048 7417 +.0039
} B | 6534 £.0118 (+1.8%) | 6687 £.0113; (+1.6%) | 7060 £.0122; (+2.0%) | 7533 +£.0104: (+1.6%)
a &2fold | 6568 +.0063 (+2.3%) | 6723 £.0060 (+2.2%) |.7109 +.0069; (+2.7%) | 7589 +.0060  (+2.3%)
LO|R | 6555 +.0032 (+21%) | 6714 £.0024 (+2.1%) | 7088 +.0035 (+2.4%) | 7581 +.0015 (+2.2%)
N ZEA | 6563 £.0022 (+22%) | 6716 £.0019 (+2.1%) | 7079 +.0021 (+23%) | 7550 +.0017; (+1.8%)
A opA7) 16499 +£.0020 (+12%) | .6658 £.0017 (+1.2%) | 7005 £.0022 1 (+1.2%) | 7497 +.0013 (+1.1%)
FARHA] | 6511 £.0021 1 (+1.4%) | 6663 +£.0026 (+1.3%) | 7037 +£.0032 (+1.7%) | 7508 +.0045 (+1.2%)
E 10-4. 11g} 40% FEHE 71 5 37
Gowalla_50% NDCG@5 NDCG@10 HR@5 HR@10
HolA =Rl 6795 +.0072 .6947 +.0068 7328 +.0081 .7801 +.0073
o ESE 601540128 (+18%) | T064 £.0121 1 (+1.7%) | 7457 £.0144 | (+18%) | 7917 £.0118 | (+1.5%)
a3 Zalolgd | 7006 +.0088  (+3.1%) | 7152 +.0087 (+29%) | 7578 £.0096 = (+34%) | .8029 +.0092 (+2.9%)
LolR | 6922 £.0020 (+19%) |.7074 £.0020 (+1.8%) | 7495 +.0025 (+23%) | 7967 +.0021 = (+2.1%)
. ZFEA | 6895 +.0052 (+15%) |.7050 +.0048; (+1.5%) | .7457 +.0055 (+1.8%) | .7937 +.0045  (+1.8%)
A opAZ) | 6836 +.0034 | (+0.6%) |.6992 +.0038; (+0.6%) | 7380 +.0025 | (+0.7%) | 7861 +.0039 | (+0.8%)
SXFHA] | 6857 +.0035 1 (+0.9%) |.7015 +.0034: (+1.0%) | 7407 £.0033  (+1.1%) | .7894 +.0029 | (+1.2%)
# 10-5. g} 50% FEH 71 s 87t
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Gowalla_100% NDCG@5 NDCG@10 HR@5 HR@10
Hlol el 7993 +.0030 .8110 +.0012 .8586 +.0031 .8968 +.0014
=& 7980 £.0031 (-0.2%) | 8109 £.0032 () | .8595£.0037 (+0.1%) | .8990 +.0041 K (+0.2%)

u Zalold | 8169 +.0055 (+2.2%) | .8279 +.0053 (+2.1%) | .8802 +.0062 | (+2.5%) | 9139 +.0056 | (+1.9%)

1o]Z | 8007 +£.0036 (+0.2%) | .8134 +.0034 (+0.3%) | .8636 £.0050 (+0.6%) | .9028 +.0045 (+0.7%)
FHEA | 7970 +.0038 (-0.3%) | .8096 +.0035 (-0.2%) | 8590 £.0028 () | .8978 £.0023 (+0.1%)
s opA7) | 7962 £.0033 1 (-0.4%) | 8091 £.0030  (-0.2%) | .8571 £.0024  (-0.2%) | .8979 +.0036 | (+0.1%)

(Substitution 7|2 AR vl&] ZA[2A] AA HH

E 10-6. 2&=t A go[elAl 71 s

7

V&2t (Gowalla) ©lolEAlS] S, AAS 10~20% & AH&3t
2% ARbete BE 37 7IMAAA 2% olFe] feolulet A ol
sl lov, FEHY A7t 7Kgl wer As Y Ho
Hashs Fgol =t Blud st 2 i dolHA 544,
A9l 10% T ArgstoEte AdiEoz gl deg Hold
tlold Z7o] o A Zr tamtgstA 2x]E gtk

A dlelelle] 30~40%9 Argsto]l ShsS et Fel



otafE H|t] @A 1 (Games) Hlo[EHAl A At
ot HIY AU (Games) HlolEAlY] it A5 B7F Aites
obfo] [& 11-1~11-6] & Edf AT 4 glrh
Games_10% NDCG@5 NDCG@10 HR@5 HR@10
Hlo =Rl .1504 +.0055 .1830 +.0059 2170 +.0074 3184 +.0096
Bslt | 1580 +.0039: (+5.0%) | .1863 +.0052 (+1.8%) | 2197 +.0042 (+1.2%) | 3077 +.0085 (-3.4%)
A3
Zolold 1681 £.0041 (+11.8%)|.1991 +£.0031 (+8.8%) | 2333 +£.0041 (+7.5%) |.3298 +.0029: (+3.6%)
Lo]Z | 2060 +.0033 (+37.0%) | 2350 +.0036 (+284%)| 2744 +.0027 (+264%)| 3645 +.0036  (+14.5%)
ZHA | 1949 +.0053 (+29.0%)| 2252 +.0045 (+23.1%) | 2647 +.0049 (+22.0%) | 3609 +.0031: (+13.4%)
A ¢t
opAZ) [ 1713 £.0113 (+13.9%) | 2022 +.0099  (+10.5%) | 2377 +.0095: (+9.5%) | 3336 +.0076 (+4.8%)
SAERA] |.1566 £.0049: (+4.1%) | 1887 £.0047 (+3.1%) | 2260 +.0060; (+4.1%) | 3256 +.0069  (+2.2%)
E 11-1. ok vt A1 10% REAE 71& A% 7}
Games_20% NDCG@5 NDCG@10 HR@5 HR@10
"ol .2103 £.0085 2462 +.0088 2961 +.0106 4072 +.0120
B3E | 2239 +.0085 (+64%) | 2613 £.0089 (+6.1%) | 3113 £.0095 (+5.1%) | 4274 + 0110} (+5.0%)
A3
Zdold | 2617 +£.0046  (+24.4%) | 2965 +.0046  (+20.5%) | 3519 +.0064  (+18.8%) | 4599 +.0062 (+12.9%)
Lo]Z | 2903 +.0033 (+38.0%) | .3240 +.0028 (+31.6%)|.3823 +.0047 (+29.1%)| 4868 +.0050 (+19.5%)
ZHA | 2874 +.0015 (+36.6%)|.3217 £.0008 (+30.7%)| 3796 +.0030 : (+28.2%)| 4860 +.0038 (+19.4%)
At
upAZ] | 2734 +£.00241 (+30.0%) | 3081 +.0024 (+25.2%) | 3638 +.0019 | (+22.8%) | 4713 +.0041  (+15.8%)
SXHA] | 2667 +.0043 1 (+268%)| 3015 +.0043 1 (+22.5%)| 3570 +.0032 (+20.5%)| 4647 +.0028 (+14.1%)

B 11-2. oFE H|H A9 20% F=33% 71 85 B71
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Games_30% NDCG@5 NDCG@10 HR@5 HR@10
Hlo =Rl .3379 +.0023 .3728 +.0016 4419 +.0026 .5499 +.0021
B 3016 £.0037 (-10.7%) 3393 +.0032 (-9.0%) | 4054 +.0044 (-83%) | .5218 +.0031 (-34%)
o &atold | 3161 £.0048 (-10.7%)| 3532 +£.0047 . (-9.0%) | 4225 +.0096: (-8.3%) | 5374 +.009 (-3.4%)
LO|R | 3417 £.0003 (+1.1%) | 3774 0012 (+12%) | 4457 +.0031 (+0.8%) | 5558 +.0027 (+1.1%)
. ZFEA | 3456 £.0040 (+23%) | 3808 +.0042 (+2.1%) | 4520 £.0039 (+2.3%) | .5609 +.0041  (+2.0%)
e upA7) | 3352 £.0041 (-0.8%) | 3725 +.0040 (-0.1%) | 4423 £.0043 (+0.1%) | 5576 +.0040 (+1.4%)
SARRA |.3257 £.0028 ¢ (-3.6%) | 3614 +£.0027 (-3.1%) | 4279 +.0056 (-32%) | 5383 +.0058 (-2.1%)
H 11-3. opE vt A9 30% FEAE 7= 5 7t
Games_40% NDCG@5 NDCG@10 HR@5 HR@10
HoiRl .3638 +.0023 .3993 +.0017 4729 +.0042 .5834 +.0023
O HRE 32450026 (-10.8%)|.3628 £.0019 (-9.2%) | 4338 £.0024 (-83%) | 5522 +.0022 (-54%)
o Zalo|d | 3398 +.0088: (-6.6%) | 3778 +.0082: (-5.4%) | 4508 +.0119 (~4.7%) | 5685 +.0107 (~2.6%)
LolR | 3665 +.0028 (+0.7%) | 4026 +.0019 (+0.8%) | 4777 +£.0030: (+1.0%) | .5895 +.0040  (+1.0%)
. FHEA | 3627 £.0009 (-03%) |.3990 £.0012 (-0.1%) | 4741 £.0014 (+0.3%) | 5862 +.0006: (+0.5%)
A upAZ) | 3546 £.0029 (-2.5%) | 3918 £.0025: (-1.9%) | 4630 +.0039: (-2.1%) | .5780 +.0028 : (-0.9%)
SARHA] | 3491 £.0031 (-4.0%) | 3860 +£.0030 (-33%) | 4599 +.0039 (-2.7%) | 5741 +.0036 (-1.6%)
E 11-4. opEE HY A 40% FEH% 7% s 87t
Games_50% NDCG@5 NDCG@10 HR@5 HR@10
HolA =Rl 3922 +.0044 4290 +.0033 5062 +.0048 6197 +.0034
o ERE 3471 £.0043 (-115%) 3855 £.0031 (-10.1%)| 4616 +.0043 | (-8.8%) | 5805 £.0021 (-63%)
a3 £alold | 3589 +£.0065 (-8.5%) | 3976 +.0071; (-7.3%) | 4774 +.0082 (-5.7%) | 5970 +.0098 (-3.7%)
Lo]& | 3931 +.0016 (+0.2%) | 4293 +.0018 (+0.1%) |.5095 +.0022 (+0.7%) | 6212 +.0030 (+0.2%)
. ZFEA 3856 £.0025 (-1.7%) | 4218 0026 (-1.7%) | 5026 £.0039 (-0.7%) | 6145 +.0048. (-0.8%)
s upA7) | 3775 £.0024 (-38%) | 4145 0022 (-34%) | 4928 £.0029 (-27%) | 6071 +.0024 (~2.0%)
SR | 3724 +£.0019 (-5.1%) | 4093 +.0023 (-4.6%) | 4889 +.0026 (~34%) | 6029 +.0028 (-2.7%)
E 11-5. oplE vt AIY 50% 283 71 45 B7t
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Games_100% NDCG@5 NDCG@10 HR@5 HR@10
Hlol el 4684 +.0051 5017 +.0044 5941 +.0034 .6968 +.0031
. BSF | 4135 £.0031 (-11.7%) | 4500 £.0029 | (-10.3%)| 5372 £.0050 | (-9.6%) | .6493 +.0051 | (-6.8%)
4 &atoldd | 4225 £.0023 | (-9.8%) | 4586 +.0018  (-8.6%) | .5468 +.0035 | (-8.0%) | .6582 +.0042 = (-5.5%)

Lo]R | 4688 £.0034 (+0.1%) | 5031 £.0031 (+0.3%) |.5936 +.0045 (-0.1%) | .6993 +.0059 (+0.4%)

. S8 | 4604 +£.0037: (-1.7%) | 4938 +.0030: (-1.6%) | 5817 +.0022; (-2.1%) | 6848 +.0021: (-1.7%)
A opA7) | 4488 +£.0032¢ (—4.2%) | 4830 £.0038 ¢ (-3.7%) | 5707 £.0036 (-3.9%) | .6763 +.0053 (-2.9%)
SAHEIA] | 4508 £.0028 (-3.7%) | 4853 +£.0025: (-3.3%) | 5766 +£.0041: (-2.9%) | 6832 +.0031: (-2.0%)

E 11-6. o= vt A1 1A glo[elAl 71& g5 ¥7t

ofatE HY A Y (Games) Hlo]E|AIS] H¢- A9 10~20% =
AHERE A BE S 71H oA Ho] Akl thH]

stolsglon, S&] 10%KF A14a 49 ole

A FY Ex ofE off7 td2A Yehs Bgo] EFHolh o]
o, A8 7RSS 10% Hel & %9 4% stete] yehd whd, 2
AFoM Aokt FHES 1-5% R Aoz 3l Zo
Agom, Es] o]z F7b 7|H2 HAE dHolHA HAAE AL
Aol oAl {ARE HF aES FASH s siAA
or

] © -1
.-'-\,,_= - -
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dold 3742 58 4% T ol

= A7l Adske dHolH 4 JdMss A8Y A

—

°f 78.9% ol sigste 56 7N Aol e Fgol FelEeH,

WAdol Uehhs Fddol EAskEen, M= dojgle] §23] 2
e ol FUHeer AYE HolHt 4 Al

=
2] Al 3|7 Lolzr ZESte] F dese AHsH7le A=

FAHoR, Zt deolgAdel ds) 74 T 7He HE89e o
#lolxgkel tiH] NDCGR10 7% A% Fd&S offe [HE 12-
1~12-3] ¢} [z 1-1~1-3] & Baf 1T 4 9lew, o] o
AAAQ] Ay HnE S8 2 A At H® opdat Mg Aot

7IM 7 7M. B aekste] Aelsht.

At ololdl oAl Jl¥el A9, I¥eHGowall) AA dleleAe] sl A& A
F4F ofol@le Fohe TP A4 Hlgo] AUXA Eobde] whet s Alolak
g AgetA e,
weba] [ (A dlolelA x (674 S2AW x @A 27 7 - 11= 717 Ao
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FHlA@=2ML-1M) (N=6,040)

glo] Al
10% 21.6% 26.4% 25.3% 28.5% 27.0% 22.7%
20% 3.0% 6.3% 5.4% 1.1% 4.8% 5.3%
30% -1.5% 0.5% 2.8% 2.0% 1.2% 1.6%
40% -1.5% 1.3% 1.8% 2.5% 1.5% 2.0%
50% -3.1% -0.5% 1.0% 0.8% -0.5% 0.8%
100% =2.1% -0.9% 0.3% 0.7% -0.6% 0.5%

dlol g Al
kolz  FEHA
10% 1.0% 1.6% 3.4% 3.3% 2.1% 2.71%
20% 1.1% 1.9% 3.7% 4.1% 2.5% 2.2%
30% 1.5% 2.1% 2.6% 2.5% 1.1% 1.5%
40% 1.6% 2.2% 2.1% 2.1% 1.2% 1.3%
50% 1.7% 2.9% 1.8% 1.5% 0.6% 1.0%
100% 0.0% 2.1% 0.3% -0.2% -0.2% -

dlolE Al

B 12-2. 318 V1€ 4 7 71H A8 Al e TEE

otulE H|t] 2 AU (Games) (N=64,073)

wolx | FEA  wag | SARRA
10% 1.8% 8.8% 28.4% 23.1% 10.5% 3.1%
20% 6.1% 20.5% 31.6% 30.7% 25.2% 22.5%
30% -9.0% -5.3% 1.2% 2.1% -0.1% -3.1%
40% —-9.2% -5.4% 0.8% -0.1% -1.9% -3.3%
50% -10.1% -1.3% 0.1% -1.7% -3.4% —-4.6%
100% -10.3% -8.6% 0.3% -1.6% -3.7% -3.3%

T 123, ol HdeAY AE 7 2% AW A8 A A% FUR
A ] -
4 A =dfst

e
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Impry.

30% H|O|A2tQ1 CHH|

ST
25% (NDCG@10 7|F)
20%

15%

10%

5%

0%

n
Coaw o B 'm%'ﬂ 'mﬂ oo 1
-5%

-10%
oy, (NE6140) (N=12325)  (N=18501)  (N=24671)  (N=30840)  (N=64073)
= 0

M Split M Slide Noise W Redundancy M Masking M Substitution

Iz 1-1. FEE= 71 4 34 719 A8 Al 4 8

H| o] A2kl b

Ne 2212
(NDCG@10 71&)

10%

5%

0%

10% 30% 50% r100%

- (N=604) (N 1208) (N=1812) (N-2416) (N=3020) (N=6040)

mSplit  mSlide Noise  mRedundancy = mMasking  m Substitution

JA= 1-2. 1=} 71E 4 3 71H A8 A B TEE
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gfjoj A2l b

o ds228
(NDCG@10 7|&F)

2%
\
1% |
0%
10% 20% 30% 50% 100%
- (N=8564) (N=17114)  (N=25446)  (N= 33949) (N=42560)  (N=85034)
= (]
mSplit mSlide Noise m Redundancy m Masking ~ mSubstitution

A 1-3. otupE HIH LAY 71 &4 F4 71H A& Al A5 SHE

Nayg =10 & 71522 7MY &2 A5 (best performance) & 7FH Q=
e F7 71 ol A9 NDCGelo 71+9 A $7H&

Aejet Aifolth. 7 7| A 7IMy & AT A 7R
TEote] A2 mrlstalow, A 7Py Al ZHES ok=d oY

Aejxe] 1 AHese ded Aol dsi =7(bold) A5t



FH- = nget ofutE H|H QA ¢
Hlo] Al

A AE Gy At A3y At

<dtold 54 Setold Lo|% Zetold Loz

10% et *7t A= 7} A 27}
(+26.4%) | (+28.5%) | (+1.6%) | (+3.4%) | (+8.8%) | (+28.4%)

&eto|d 54 &etold B84 <dold Loz

20% AE 7t Az Z7t Az o 27}
(+6.3%) (+7.1%) (+1.9%) (+4.1%) | (+20.5%) | (+31.6%)

<ol Lolz | SEold Loz | &¥o|d 54

30% Sl Z71 Az Z7} S-S 27}
(+0.5%) | (+2.8%) | (+2.1%) | (+2.6%) | (-53%) | (+2.1%)

&told 354 &etolgd 54 &fo|d Loz

40% A= F7t i & Z7} A 27}
(+1.3%) | (+2.5%) | (+22%) | (+2.1%) | (-54%) | (+0.8%)

&dtold Lolz | &do|d LB Loz

50% Ae$ 7t SIS 71 - 7t
(-0.5%) | (+1.0%) | (+2.9%) | (+1.8%) | (-7.3%) | (+0.1%)

&told 354 &etolgd o]z | &#to]g Loz

100% Sl F7t A= F7} A= F7t
(-0.9%) | (+0.7%) | (+2.1%) | (+0.3%) | (-8.6%) | (+0.3%)

% 13. gojg Al d HAH F4 71¥ A8 A A5 T
AA 187 Ao~ 7] AREel 97 FEH9 djo]efAlo] thafiA

2 o
Aoz 1t
g ol
7}

Ao
R

ol el 10%5 AHEE AS

A = (ML-1M)

11—

Aol A ARt eol= F7t 7Ho] ZH

AL Fo| FBE Wik Atoltk

o}

30% o Ve 2 Eo] 4

E5] wolz/F8Y Z7b slEe

ofn}

A}

won, olojd FEA4 F7H6AN), &=teld =537 7t

geoa dolga

H| ] 2 Al (Games)



Hol

A

TFRAHE ¢ o]A
W7F A e As

o
~—

a

_‘I

WA

[}

a AdHem o %

g, ofoldl whaZ, fA ofoldl wA 7]
dEEI

o
=

I

7

v EoB B om oW o m e o
RO Mo e -
o 0
oA o o oy T H T =~ oF -
W% do B T B o T -

Z_O " ;Qn_ "r " E‘O ‘_lqmo = BT
4 T oo W R w2
X T B E o T ox K L
bSS > N = Ko mm o ol 4 1
p o5 P T o2 P om0
o o M 2 T = % g N
g oo e F LT oom 7oy

r

m = M_ ) 00 MM J7| e W Gl wn W.W
3 S g5, fa %
- 0 = Jo oo T LS -
0 o _mm‘_ I N " Ca!
X = 0
T w BT OF R F g

°© Cl B i Y ~o X

o ) = X T
- =% T v » T &
Jo O M 3 ° fFoogn N ol
i wﬁ I & E T o B g X mm
T XL o O _ o5 ® &5 E
T M TOw oo B 2w -
—_ r o "y X —~ — -
OL (T8 ‘_LI oy 1E| . —_ & O% m.b _z
Ao T B B B T |
o & Jo o Wy Bo T 05 W o
E I O L E T E oz

5101 ngyg €{2,510,15} &

1

[l
|

e ngy, = 10 & %
75

=
—

AAel 7]

=

o
dlole 57 w=et H 25t

Al
=



7(‘} _—|:|LE7]— naug

=

o

, HlolE]

w40

<k

ol
ju

o
ol

_
fife]

Jo

oju

al

o e,

T

11—

o

gloleAle] Ay

=

]

==
i

[e)

J]

g o] &

I

s}

bgout

S

ol
X

<+
ol

o

4

4

o] uiet

=]
=

H

S

SLAS
oh<5

o
=

oltt.

s Aol 10~20%T At

% Rt A1E kel

=

==

[

=i

=

K

EIRLS

gl Ale] o

7t Rt
g JeEiAY ©

T
50l
o1y

Ey

N
e

o4
_

A

3§

2ol

Tt 7 E

H ©]

L
—

FRlou, 1 2

o)

s

A2, . 7]

fYEY o 27

R

ssiet.

[¢)
¥ o

15 2 7]

[e)

=

shet
Naug
76

gtold A 7]

=
=

A

=

19 A%

°

g TR
= it

=

|

o] B

1=]
o]z F7F 7|He] B¢, B dolHAle o

]

A

[¢)

1—

1 o] E]

-
i
1
-

&

o]

15 A

e}

<
B!



2
112
R=)
rr
4d
R
B
IN
)
e
)
2z,
1
(U]
(@)
S
)
oz
ftlo
>,
ofo
ot
el
32
o
R=)
rl
[P
e

M
i,
i
=
o
>
)
S,
E

A% sheto] UEEOL, ng,, = 15 22 Z7HA]

AT A5 ES B o ofilE Hl oA o] A1F

i}
o
o
o|N
o3l
o

o)
oo
ol
ol

-
-,
o
o
2,

S8 TR mE 4 Wt A2 ol [E 14~16] B [T 2-

77 SEask



MLIM_10%

NDCG@5

NDCG@10

HR@5

HR@10

Hlopi]l

.2518 +.0156

3114 +.0118

3705 +£.0149

5493 +£.0125

Ngyg=2

1953 £.0219

(=22.4%)

2475 £.0140

(=20.5%)

3041 £.0397 (-17.9%)

4669 +.0211

(-15.0%)

Ngyg=S

.2809 +.0085

(+11.6%)

.3424 +.0018

(+10.0%)

4189 +.0116: (+13.1%)

.6060 +.0216

(+10.3%)

Nguy=10

.3401 +.0091

(+35.1%)

.3936 +.0045

(+26.4%)

4821 +.0143 (+30.1%)

.6473 +.0119

(+17.8%)

Ngug=15

.3649 £.0166

(+44.9%)

4104 +.0132

(+31.8%)

5121 +£.0124 (+38.2%)

.6540 +.0029

(+19.1%)

iy 20

1920 £.0105

(-23.7%)

2498 £.0195

(-19.8%)

2974 +.0191 (-19.7%)

4785 +.0219

(-12.9%)

Ngyg=S

A}t

2952 £.0121

(+17.3%)

.3484 +.0120

(+11.9%)

4363 +£.0079: (+17.7%)

.6010 £.0103

(+9.4%)

Nguy=10

.3381 +.0071

(+34.3%)

.3902 +.0038  (+25.3%)

4818 +.0134 (+30.0%)

.6427 +.0160

(+17.0%)

Ngug=15

.3623 £.0104

(+43.9%)

4087 +.0106 : (+31.2%)

5061 +.0141: (+36.6%)

.6479 +.0110

(+18.0%)

E 14-1. FHRIZ 10% 7289 715 374 12 @ 45 371

ML1IM_20%

NDCG®@5

NDCG@10

HR@5

HR@10

Hlel2iel

3791 £.0134

4305 +£.0104

5270 +.0151

.6858 +.0069

Ngyg=2

2992 £.0133

(=21.1%)

3543 £.0116 | (-17.7%)

4404 +.0186  (-16.4%)

.6106 +.0164

(-11.0%)

Ngug=5

3741 £.0032

(-1.3%)

4232 £.0028 (-1.7%)

5287 £.0050 : (+0.3%)

6805 £.0065

(-0.8%)

Ngyue=10

4125 +.0065

(+8.8%)

4576 +£.00381 (+6.3%)

5659 £.0152 + (+7.4%)

7050 +.0089

(+2.8%)

Ngyug=15

4256 +.0060

(+12.3%)

4697 £.0057 (+9.1%)

5748 £.0043 - (+9.1%)

7108 £.0047

(+3.7%)

Ngyug=2

.3229 +.0100

(-14.8%)

3796 £.0070  (-11.8%)

A674 £.0219  (-11.3%)

6416 £.0169 = (-6.4%)

Ngyg=5

.3799 £.0031

(+0.2%)

A337 £.0048 (+0.7%)

5298 £.0044 = (+0.5%)

.6956 £.0089  (+1.4%)

Ak

Ngye= 10

4088 +.0044

(+7.8%)

A536 £.0042 + (+5.4%)

5639 +£.0033 1 (+7.0%)

7025 £.039 | (+2.4%)

Ngyg=15

4251 £.0072

(+12.1%)

4683 £.0044 ¢ (+8.8%)

5825 £.0132  (+10.5%)

7158 £.0047 - (+4.4%)

B 14-2. FHRIZ 20% 24 71E 3794 12 @ 45 7L
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MLIM_30%

NDCG@5

NDCG@10

HR@5

HR@10

Hlopi]l

4454 +.0066

4876 £.0053

.6041 +.0097

7340 £.0082

Ngyg=2

.3549 +.0088

(=20.3%)

4098 +.0056

(-16.0%)

.5088 £.0163 | (-15.8%)

6778 £.0059 | (-7.6%)

Ngyg=5

A3

4261 +.0027

(-4.3%)

AT12 £.0033

(=3.4%)

5780 +.0036 + (-4.3%)

174 £.0045 ¢ (-2.3%)

Ngyg=10

4469 +.0071

(+0.3%)

4903 £.0057

(+0.5%)

.6000 £.0091 | (=0.7%)

7336 £.0041 | (-0.1%)

Ngyg=15

4650 +.0012

(+4.4%)

.5071 +£.0014

(+4.0%)

6186 £.0039  (+2.4%)

7485 £.0061 - (+2.0%)

iy 20

.3785 £.0066

(=15.0%)

4299 +.0060

(-11.8%)

5341 £.0032 | (-11.6%)

6926 +.0040 | (=5.6%)

Ngyg=5

.4298 +.0021

(=3.5%)

AT762 £.0034

(-2.4%)

5845 £.0061 | (-3.2%)

1278 £.0065  (-0.8%)

A}t

Ngyy=10

4576 +.0029

(+2.8%)

5012 £.0035 | (+2.8%)

6116 +£.0025 | (+1.3%)

7462 £.0066 - (+1.7%)

Ngug=15

A622 +.0085

(+3.8%)

.5044 +.0061

(+3.4%)

6179 £.0070 | (+2.3%)

7465 £.0022 - (+1.7%)

¥ 143,

o= 30% BEAS 1E 7 12 9 S 57

].

ML1IM_40%

NDCG®@5

NDCG@10

HR@5

HR@10

He2kl

4671 £.0085

.5090 £.0086

.6276 +.0081

1566 £.0078

Ngyg=2

4014 +.0069

(-14.1%)

A512 £.0042

(-11.4%)

5607 £.0132  (-10.7%)

7142 +.0049 | (-5.6%)

Ngyg=S

4597 £.0049

(-1.6%)

5021 +.0027

(-1.3%)

6199 +.0036 | (-1.2%)

7506 £.0082  (-0.8%)

Ngyg=10

AT51 +.0022

(+1.7%)

5155 +.0023

(+1.3%)

6371 £.0013 | (+1.5%)

1611 £.0019 . (+0.6%)

Ngug=15

4829 +.0027

(+3.4%)

.5239 +.0026

(+2.9%)

6412 £.0022 : (+2.2%)

1668 +.0024 . (+1.3%)

D2

4207 £.0040

(-9.9%)

A672 +.0036

(-8.2%)

5822 +.0067 | (-7.2%)

7256 £.0059 | (-4.1%)

Ngyg=3

Ak

A637 £.0015

(=0.7%)

5068 £.0029

(=0.4%)

6256 £.0037 | (-0.3%)

7583 £.0091 | (+0.2%)

Ngyg=10

ATT3 +£.0042

(+2.2%)

5179 £.0027 - (+1.8%)

6387 £.0043 | (+1.8%)

7635 £.0030 - (+0.9%)

Ngyy=15

A805 £.0022

(+2.9%)

5197 +.0011 © (+2.1%)

6406 £.0035 | (+2.1%)

7612 £.0051 ¢ (+1.7%)

¥ 144,
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MLIM_50%

NDCG@5

NDCG@10

HR@5

HR@10

Hlopi]l

4822 +.0086

.5233 £.0078

.6389 £.0087

7656 £.0053

=25

4258 +.0034 | (-11.7%)

A703 £.0027 | (-10.1%)

.5889 £.0007 | (-7.8%)

7265 +£.0018 ¢ (=5.1%)

Ngyug=5

4692 £.0027 i (=2.7%)

5096 +.0015; (-2.6%)

6311 £.0051 | (-1.2%)

7555 £.0031 | (-1.3%)

Nguy=10

4805 +£.0048 | (-0.4%)

5205 +.0041; (-0.5%)

6425 £.0055 | (+0.6%)

7656 £.0021 0 (5)

Ngyg=15

4940 £.0026 | (+2.4%)

.5335 £.0021

(+1.9%)

6519 +.0056 = (+2.0%)

735 £.0042 1 (+1.0%)

Ngyug=2

A355 £.0008 : (-9.7%)

A806 £.0015  (-8.2%)

6002 £.0045  (-6.1%)

7386 £.0016 : (=3.5%)

Naug=2d
At

AT54 £.0053 (-1.4%)

5175 +£.0044 ¢ (-1.1%)

6358 £.0049 : (-0.5%)

7653 £.00421 ()

Ngyug=10

A889 £.0039 | (+1.4%)

5287 £.0052 : (+1.0%)

6504 £.0041 | (+1.8%)

728 £.0019 - (+0.9%)

Ngug=15

A924 £.0042 . (+2.1%)

5315 £.0038 | (+1.6%)

6516 £.0078 | (+2.0%)

739 £.0049 - (+1.1%)

R 14-5.

2HA= 50% BEAS 7)1E

=7

[eXde]

28 s B}

MLIM_100%

NDCG@5

NDCG@10

HR@5

HR@10

He2kl

.5225 £.0098

.5592 +.0091

.6796 £.0057

1929 £.0044

Ngyug=2

4929 +.0051 | (=5.7%)

5332 £.0011: (-4.7%)

.6528 £.0061 | (-3.9%)

7769 £.0055 ¢ (-2.0%)

Ngyg=5

A3

5163 +£.0030 | (-1.2%)

5537 £.0020; (-1.0%)

6742 £.0027 . (-0.8%)

7895 £.0021 ¢ (-0.4%)

Ngye=10

5167 £.0041 | (-1.1%)

5543 £.0035; (-0.9%)

6763 £.0048 | (-0.5%)

7919 +.0026 | (-0.1%)

Ngyg=15

5276 £.0025 | (+1.0%)

5635 £.0014 | (+0.8%)

6842 £.0032 | (+0.7%)

1945 £.0026 ¢+ (+0.2%)

W2

5039 £.0014: (=3.6%)

5417 £.0016

(=3.1%)

6642 £.0018

(=2.3%)

7806 £.0028 (-1.6%)

Ngyg=2
Aot

5216 £.0014; (-0.2%)

.5574 +£.0010

(-0.3%)

6821 £.0016

(+0.4%)

7922 +.0018 (-0.1%)

Ngye= 10

5228 £.0059 ¢ (+0.1%)

5611 +.0019

(+0.3%)

6868 +.0019

(+1.1%)

977 £.0012 ¢ (+0.6%)

Ngyg=15

5311 +£.0044  (+1.7%)

5662 £.0031 | (+1.2%)

6883 £.0047 | (+1.3%)

7961 £.0023 | (+0.4%)

= 14-6.

FHIRZ A dloleldl 7& % = E
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Gowalla_10%

NDCG@5

NDCG@10

HR@5

HR@10

He2kl

4864 £.0027

14981 +.0022

5163 +.0032

.5524 +.0017

Ngyg=2

A027 £.0006

(-17.2%)

4196 +.0033

(-15.8%)

4692 +.0007 (-9.1%)

5215 £.0004

(=5.6%)

Ngug=5

AT36 +.0029

(-2.6%)

A868 +.0030

(-2.3%)

5099 +.0020 (-1.2%)

5509 +.0021

(-0.3%)

Ngye= 10

4935 +.0016

(+1.4%)

5060 +.0018

(+1.6%)

5275 0017 (+2.2%)

5667 +.0025

(+2.6%)

Ngyug=15

5070 +.0020

(+4.2%)

5194 +.0024

(+4.3%)

5398 +.0032 (+4.6%)

5785 £.0047

(+4.1%)

Ngyug=2

A148 £.0058

(-14.7%)

A307 £.0056

(-13.5%)

4813 £.0072 (-6.8%)

5304 +£.0066

(-4.0%)

Ngyg=5

4823 +.0014

(-0.8%)

4949 + 0008

(-0.6%)

5188 +.0023 (+0.5%)

5582 +.0017

(+1.0%)

A}t

Ngyy=10

5030 £.0035

(+3.4%)

5149 £.0028

(+3.4%)

5350 £.0043: (+3.6%)

5720 £.0026

(+3.6%)

Ngyg=15

5135 +.0015

(+5.6%)

5260 +.0009

(+5.6%)

5442 +0033 (+5.4%)

.5832 £.0019

(+5.6%)

E 15-1. 38 10% 72389 71E 378 12 2 45 7t

Gowalla_20%

NDCG®@5

NDCG@10

HR@5

HR@10

Hel2kl

5465 £.0016

5612 £.0017

5856 +.0028

.6314 +.0029

Ngyg=2

4635 £.0006

(=15.2%)

4804 +.0008

(-14.4%)

5251 £.0023  (-10.3%)

STTT £.0042

(-8.5%)

Ngyg=5

A

5248 £.0071

(-4.0%)

5406 +.0069

(=3.7%)

5485 +.0079 (-2.9%)

6175 £.0075

(=2.2%)

Ngye= 10

5567 £.0043

(+1.9%)

5718 £.0042

(+1.9%)

5997 £.0044  (+2.4%)

6465 £.0047

(+2.4%)

Ngyug=15

5812 +.0029

(+6.4%)

5962 +.0029

(+6.2%)

6248 £.0033 (+6.7%)

6716 +.0036

(+6.4%)

Ngyug=2

AT739 £.0069

(-13.3%)

4918 +.0064

(-12.4%)

5327 £.0074 (=9.0%)

5879 £.0059

(=6.9%)

Ngyug=9

.5400 +.0018

(-1.2%)

5548 +£.0018

(-1.1%)

5845 +.0004: (-0.2%)

6307 +£.0017

(-0.1%)

Ak

Ngyug=10

5676 +.0034

(+3.9%)

5821 +.0030

(+3.7%)

6103 £.0032 (+4.2%)

6555 +.0029

(+3.8%)

Ngyg=15

5825 £.0011

(+6.6%)

5973 £.0021

(+6.4%)

6241 £.0028 (+6.6%)

6701 £.0057

(+6.1%)

= 15-2. Te} 20% HEAT A% 27 AR A W

81



Gowalla_30%

NDCG@5

NDCG@10

HR@5

HR@10

He2kl

.6024 £.0049

6174 +.0045

.6493 +.0049

.6954 +.0038

Ngyg=2

.5048 £.0006

(-16.2%)

5232 £.0004

(=15.3%)

5637 £.0006  (-13.2%)

6213 +.0008

(-10.7%)

Ngug=5

5724 £.0045

(=5.0%)

5889 £.0047

(-4.6%)

6208 £.0041; (-4.4%)

6719 +.0058

(=3.4%)

Ngye= 10

6149 +.0062

(+2.1%)

6304 +.0062

(+2.1%)

6633 £.0076; (+2.2%)

J112 +.0075

(+2.3%)

Ngyug=15

6369 +.0028

(+5.7%)

6521 £.0030

(+5.6%)

6865 £.0026 (+5.7%)

7335 +£.0032

(+5.5%)

Ngyug=2

5172 £.0031

(-14.1%)

5352 £.0028

(-13.3%)

5755 £.0017  (-11.4%)

6313 £.0003

(=9.2%)

Ngyg=5

5845 £.0021

(=3.0%)

6008 +.0026

(=2.7%)

6333 £.0014 (-2.5%)

6848 +.0017

(-1.5%)

A}t

Ngyy=10

6177 +.0020

(+2.5%)

6334 £.0026

(+2.6%)

6669 £.0019 (+2.7%)

7156 +.0050

(+2.9%)

Ngyg=15

6376 £.0012

(+5.8%)

6525 £.0013

(+5.7%)

6870 £.0027 (+5.8%)

1332 £.0026

(+5.4%)

E 15-3. 18 30% 28 V1€ S8 2 2 4 Ut

Gowalla_40%

NDCG@5

NDCG@10

HR@5

HR@10

Hel2kl

.6419 +.0050

.6579 +.0046

.6922 +.0048

7417 +£.0039

Ngyg=2

5264 £.0118

(-18.0%)

5454 £.0113

(=17.1%)

5855 £.0122 (-154%)

6443 +.0104

(-13.1%)

Ngyg=5

A

6072 £.0018

(=5.4%)

6243 £.0020

(-5.1%)

6597 +.0027 (-4.7%)

7125 £.0037

(-3.9%)

Ngye= 10

6568 £.0063

(+2.3%)

6723 £.0060

(+2.2%)

7109 £.0069 : (+2.7%)

7589 +.0060

(+2.3%)

Ngyug=15

6863 £.0036

(+6.9%)

7007 £.0036

(+6.5%)

7383 £.0042 (+6.7%)

1829 £.0047

(+5.5%)

Ngyug=2

5447 £.0032

(=15.1%)

5624 £.0024

(-14.5%)

6052 +.0035 (-12.6%)

6600 £.0015

(-11.0%)

Ngyug=9

6133 +£.0097

(-4.5%)

6305 £.0096

(-4.2%)

6669 +£.0100; (-3.6%)

7202 +.0094

(-2.9%)

Ak

Ngyug=10

6499 +.0020

(+1.2%)

6658 £.0017

(+1.2%)

7005 £.0022 (+1.2%)

7497 +.0013

(+1.1%)

Ngyge=15

6781 +£.0031

(+5.6%)

6928 £.0032

(+5.3%)

7307 £.0026 (+5.6%)

7760 £.0030

(+4.6%)

B 15-4, 18} 40% FRYE 7% 5 2 8 45 Wt
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Gowalla_50% NDCG@5 NDCG@10 HR@5 HR@10

el 6795 +.0072 6947 +.0068 7328 +.0081 7801 +.0073
naug=2 5623 +£.0128 | (-17.2%) | .5815 +.0121 ; (-16.3%) | .6212 +.0144  (-15.2%) | .6809 +.0118 | (-12.7%)
- Ngug=5 | 6436 0018 (-53%) | 6595 £.0023 (-5.1%) |.7008 +.0024 (~44%) | 7498 +.0033 (-39%)
4 Nguy=10| 7006 £.0088 | (+3.1%) | 7152 £.0087 (+29%) | 7578 £.0096 (+3.4%) | .8029 +.0002 (+2.9%)
Ngug=15|.7245 £.0023 | (+6.6%) |.7385 +.0020 (+63%) | 7819 +.0028 (+6.7%) | .8252 +.0022 (+58%)
Naug=2 | 5736 £.0020 (-156%)|.5931 +.0020 (-14.6%)| .6355 £.0025 (-133%)| .6959 £.0021 (~108%)
o naug=5 6541 £.0096: (-3.7%) | 6710 £.0090: (-3.4%) |.7099 £.0082: (-3.1%) |.7622 +£.0066: (-2.3%)
A Mgug=10|.6922 £.0020 | (+19%) |.7074 +.0020 (+1.8%) | 7495 +.0025 (+2.3%) | 7967 £.0021 (+2.1%)
Ngug=15| 7094 £.0015  (+44%) |.7241 +.0022 (+42%) | 7655 +.0026 (+4.5%) | 8108 +£.0052 (+39%)

F 15-5. 18} 50% F23% Ve S 1R E s Bt
Gowalla_100% NDCG@5 NDCG@10 HR@5 HR@10

Hop2Rl 7993 +.0030 8110 £.0012 8586 +.0031 8968 +.0014
n,mg=2 .6906 +.0031 : (-13.6%)| .7102 +.0032: (-12.4%) | .7616 +.0037  (-11.3%)| .8221 +.0041 | (-8.3%)
e naug=5 7733 £.0033; (-3.3%) | 7874 £.0034: (-2.9%) |.8398 +.0032 (-2.2%) | .8832 +.0038; (-1.5%)
43 Naug= 10 | .8169 +.0055: (+2.2%) | .8279 +.0053: (+2.1%) | .8802 £.0062 : (+2.5%) | 9139 +.0056 ;| (+1.9%)
Ngyg=15 | 8265 0038 (+34%) | 8374 +.0034 (+33%) | .8880 +.0008 (+34%) | 9214 0003 (+2.7%)
Ngug=2 | 7020 £.0036 (-122%)| 7198 +.0034 (-11.2%)| 7713 £.0050 (-10.2%)| .8264 =.0045 (~7.9%)
. naug=5 7786 £.0069: (-2.6%) |.7921 £.0064; (-2.3%) | 8463 +.0058 (-1.4%) | 8877 £.0050: (-1.0%)
A Naug= 10 | .7962 +.0033 | (-04%) | .8091 +.0030: (-0.2%) | .8571 +£.0024 : (=0.2%) | .8979 +.0036 : (+0.1%)
Naug= 15 | .8135 +£.0020 | (+1.8%) |.8249 +.0012: (+1.7%) | .8735 £.0040 : (+1.7%) | .9089 +.0021 | (+1.4%)

F 15-6. 11t A4 HlolgAl 71& 4 1R 2 A Bt
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Games_10%

NDCG@5

NDCG@10

HR@5

HR@10

Hlep#i]l

.1504 +.0055

.1830 £.0059

2170 +.0074

.3184 +.0096

Ngyg=2

1120 +.0052 ; (-25.5%)

1429 +.0044

(-21.9%)

1647 +.0066

(=24.1%)

2611 £.0061

(-18.0%)

Ngyg=S

A3

1474 £.0034 (-2.0%)

1790 £.0036

(=2.2%)

2099 +.0036

(=3.3%)

3085 £.0043

(-3.1%)

Ngyy=10

1681 +.0041 ; (+11.8%)

1991 +.0031

(+8.8%)

2333 +.0041

(+7.5%)

3298 £.0029

(+3.6%)

Ngyg=15

1781 £.0011 ; (+18.4%)

2076 £.0023

(+13.5%)

2467 £.0020

(+13.7%)

3383 £.0055

(+6.3%)

iy 20

1216 £.0053  (-19.2%)

1532 +.0053

(-16.4%)

1779 +.0066

(-18.0%)

2766 £.0064

(-13.1%)

Ngyg=5

1761 £.0052 (+17.1%)

2069 £.0058

(+13.1%)

2404 +.0066

(+10.8%)

3361 £.0085

(+5.5%)

A}t

Ngyy=10

2060 £.0033 ; (+37.0%)

2350 £.0036

(+28.4%)

2744 +.0027

(+26.4%)

3645 £.0036

(+14.5%)

Ngug=15

2158 £.0035  (+43.5%)

2453 +.0028

(+34.6%)

2863 +.0065

(+31.9%)

3778 +.0041

(+18.6%)

E 16-1. oflE HH A 10% 728 7% 574 12 @ s 71

Games_20%

NDCG@5

NDCG@10

HR@5

HR@10

skl

.2103 £.0085

.2462 +.0088

.2961 £.0106

4072 +.0120

Ngyg=2

1394 £.0020  (-33.7%)

1781 £.0013

(=27.7%)

2171 £.0033

(=26.1%)

.3373 +.0009

(-17.2%)

Ngyg=S

2212 £.0032; (+5.2%)

2577 +.0030

(+4.7%)

3082 +.0028

(+4.1%)

4215 +.0017

(+3.5%)

Ngyug=10

2617 £.0046 | (+24.4%)

2965 £.0046

(+20.5%)

3519 +.0064

(+18.8%)

4599 £.0062

(+12.9%)

Ngug=15

2822 +.0010 (+34.2%)

3168 +.0008

(+28.7%)

3781 +.0015

(+27.7%)

4851 +.0009

(+19.1%)

D2

1880 £.0067 : (-10.6%)

2233 +.0066

(=9.3%)

2645 +.0087

(-10.7%)

3742 £.0086

(-8.1%)

Ngyg=3

Ak

2638 £.0027  (+25.4%)

2994 £.0015

(+21.6%)

3513 £.0041

(+18.6%)

4617 £.0022

(+13.4%)

Ngyg=10

2734 £.0024  (+30.0%)

3081 +.0024

(+25.2%)

3638 +.0019

(+22.8%)

AT13 £.0041

(+15.8%)

Ngyy=15

3010 £.0028  (+43.1%)

3340 £.0021

(+35.7%)

3943 £.0039

(+33.1%)

4963 £.0010

(+21.9%)

B 16-2. oflE HIH 2 AIY 20% F24% 71 578 2 2 s Bt
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Games_30%

NDCG@5

NDCG@10

HR@5

HR@10

Hel2kl

.3379 £.0023

3728 £.0016

4419 £.0026

5499 +.0021

Ngyg=2

2124 £.0226 | (-37.2%)

2535 £.0211  (-32.0%)

3012 £.0266  (-31.8%)

4285 +.0223

(-22.1%)

Ngyg=S

2977 £.0033 (-11.9%)

3357 £.0026 . (-9.9%)

4016 £.0015; (-9.1%)

5191 £.0052

(=5.6%)

Ngyg=10

3161 £.0048 : (-10.7%)

3532 £.0047; (-9.0%)

A225 +.0096  (-8.3%)

5374 £.0096

(=3.4%)

Ngug=15

3285 £.0021; (-2.8%)

3665 £.0022 (-1.7%)

4376 £.0015; (-1.0%)

5554 +.0021

(+1.0%)

Ngyug=2

2534 £.0137  (-25.0%)

2919 £.00131; (-21.7%)

3476 £.0150  (-21.3%)

A672 £.0131

(=15.1%)

Ngyg=5

3134 £.0046; (-7.3%)

3505 £.0043 (-6.0%)

4143 £.0040 (-6.2%)

5292 £.0030

(-3.8%)

A}t

Ngyy=10

3417 £.0003; (+1.1%)

3774 £0012 (+1.2%)

A457 £.0031; (+0.8%)

5558 +.0027

(+1.1%)

Ngyg=15

3553 +£.0016 | (+5.1%)

3898 +.0025 (+4.6%)

4604 +.0023 ¢ (+4.2%)

5670 £.0042

(+3.1%)

E 16-3. oflE H[H LAY 30% T2 71E 574 1= @ s 7L

Games_40%

NDCG@5

NDCG@10

HR@5

HR@10

szl

.3638 +.0023

.3993 +.0017

4729 +.0042

5834 +.0023

=

2467 £.0042  (-32.2%)

2881 £.0043  (-27.9%)

3448 +£.0042  (-27.1%)

AT32 +.0047

(-18.9%)

Ngyg=3

A

3236 £.0022: (-11.1%)

3630 £.0016: (-9.1%)

4353 £.0041 (-7.9%)

5572 £.0021

(-4.5%)

Ngyg=10

3398 £.0088 (-6.6%)

3778 £.0082 (-5.4%)

4508 £.0119 . (-4.7%)

5685 £.0107

(=2.6%)

Ngug=15

3481 £.0028 (-4.3%)

3868 £.0031 (-3.1%)

4626 £.0048 (-2.2%)

5818 £.0058

(-0.3%)

Ngyg=2

2835 £.0038  (-22.1%)

3247 £.0052 (-18.7%)

3918 £.0053  (-17.1%)

5192 £.0097

(-11.0%)

Ngug=5

3420 £.0020 (-6.0%)

3792 £.0011: (=5.0%)

A514 +.0026 (-4.5%)

5663 £.0009

(-2.9%)

Ak

Ngyg=10

3665 £.0028 (+0.7%)

4026 £.0019 (+0.8%)

ATTT £.0030: (+1.0%)

5895 £.0040

(+1.0%)

Ngyy=15

3810 £.0018 (+4.7%)

A161 £.0013; (+4.2%)

4919 +.0034; (+4.0%)

5964 +.0043

(+2.2%)

F 16-4. oflE HIH 2 AIY 40% F24% 71 578 12 2 s Bt
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Games_50%

NDCG@5

NDCG@10

HR@5

HR@10

Hel2kl

.3922 +£.0044

4290 £.0033

.5062 £.0048

.6197 £.0034

Ngyg=2

2791 £.0050  (=28.9%)

3207 +.0052

(=25.2%)

3880 £.0075  (=23.3%)

5171 £.0083

(-16.6%)

Ngyg=S

3473 £.0029  (-11.5%)

3869 £.0034

(-9.8%)

4642 £.0049 (-83%)

5866 +.0068

(=5.3%)

Ngyg=10

3589 +£.0065; (-8.5%)

3976 £.0071

(=7.3%)

ATT4 +.0082; (=5.7%)

5970 £.0098

(=3.1%)

Ngug=15

3658 £.0034 (-6.7%)

4050 £.0025

(=5.6%)

4816 £.0054 (-4.9%)

6025 £.0028

(-2.8%)

Ngyug=2

3115 £.0030  (-20.6%)

3522 £.0023

(=17.9%)

4211 £.0031  (-16.8%)

5470 £.0018

(=11.7%)

Ngyg=5

3653 £.0032; (-6.9%)

4032 £.0028

(-6.0%)

4818 £.0024 (-4.8%)

5990 £.0014

(=3.3%)

A}t

Ngyy=10

3931 £.0016; (+0.2%)

4293 +.0018

(+0.1%)

5095 £.0022 (+0.7%)

6212 £.0030

(+0.2%)

Ngyg=15

4031 £.0028 (+2.8%)

4392 +.0022

(+2.4%)

5211 £.0038 (+2.9%)

6328 £.0019

(+2.1%)

E 16-5. oflE HH AN 50% T2 71E 57 1= @ s 7L

Games_100%

NDCG@5

NDCG@10

HR@5

HR@10

Hel2kl

4684 +.0051

5017 £.0044

5941 +.0034

.6968 +.0031

=

3589 £.0025  (-23.4%)

3983 +.0036

(=20.6%)

A805 £.0024  (-19.1%)

6022 £.0060

(-13.6%)

Ngyg=3

A

A071 £.0024 £ (-13.1%)

4445 +.0020  (-11.4%)

5331 £.0014 ; (-10.3%)

6484 £.0021 | (-6.9%)

Ngyg=10

A225 £.0023 | (-9.8%)

4586 £.0018: (-8.6%)

5468 £.0035  (-8.0%)

6582 £.0042  (=5.5%)

Ngug=15

4307 £.0033 | (-8.0%)

4666 £.0027 1 (-7.0%)

5568 £.0040 | (-6.3%)

6674 £.0015 ¢ (-4.2%)

Ngyg=2

3862 +.0021  (-17.5%)

A250 £.0019

(-15.3%)

5162 £.0028  (-13.1%)

6361 £.0027

(=8.1%)

Ngug=5

A370 +£.0028 (-6.7%)

AT738 £.0016

(=5.6%)

5631 £.0049: (-5.2%)

6769 £.0025

(-2.9%)

Ak

Ngyg=10

A688 £.0034 (+0.1%)

5031 +.0031

(+0.3%)

5936 +£.0045: (-0.1%)

6993 £.0059

(+0.4%)

Ngyy=15

A809 £.0027 (+2.7%)

5144 +.0031

(+2.5%)

6039 £.0040 (+1.7%)

7075 +.0055

(+1.5%)

E 16-6. oME vt A1) AA glo[elAl 71 $7F = 2 %
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Al 2 A dglolg =7} a3}t9] E3}(saturation)

AA ol T4 TR (ng) o HlolE S avke] 4 dAE
Ao 23, doly $4e A8ske HelHAl RVt Ae s

Ao e Holy $Hor: F 9 A% MHeS de &+ do

g Font ds A adE dish] AAside 2o 2 4R
dole $4<= 8= Ie Ae & & A0 oA e, dHlelH7t
SE Rz gHEPe] mEr Holy Fe A8si: de i

NDCG@10
0.55
0.50
0.45
0.40
. SRus 72y
ds Bs 3
(NDCG@10 7|&)
0.30
10% 20% 30% 40% 50% 100%
—o— Baseline  =-x=-Split =—-e=-Slide Noise  =-a=-Redundancy

JHz 3-1. FHIAZ golHA FEAY R 45 W FB

93

o
-
F
P

A&t 5}

iTu



NDCG@10

0.47
0.42
0.37
0.32
0.27
S A=Y
0.22 £:005 & B &4y
€7 (NDCG@10 7|F)
0.17
10% 20% 30% 40% 50% 100%
=—0=—Baseline ~ ==¢=-5plit =-s=-Slide Noise  ==a==Redundancy

JHZ 3-2. ofufE MY LAY HolHA FEAY FRE 4T W FB

[ Z 3-1~3-3] 2 HolH T4 #H2E LA (ngyg =

10) A% A 7t dloleAle] RENT e HAx F7HAAl ot

Hloj~ekel mdl gl 7} dloly 7 7| A& A9 Aol ofEA
Rstel/i=A] 1 P4k LhERd ol

FHAZML-1IM) ot oftE BT A (Games) H|o]E{ Al

B el =7 AA| dlolgAle] sidste 100% & sl

et A JPEERar dolxtel Aded A tE=A g2 ez



NDCG@10

0.83
0.78
0.73
0.68
0.63
0.58
SEUY 7Ry
053 s s ot
(NDCG@10 7|F)
0.48
10% 20% 30% 40% 50% 100%
—0=—Baseline ~ ==x=-5plit =-s=-Slide Noise  ==a=-Redundancy
adm 3-3. mget doleAl RENY FRYE A% Wst Y
ol AE HIFoR AA &AF T AA'f Holy S
gl & g AAEE olZo]l W 4 k. FH Aade] B

Autgoz tholAi dolest A AHgAte] PS5 2(log) =
E4; g Rolol] Hj3| 1Al dlold Fwrt oL

5] A" 2370 2 FRo] HolgAlorE Lo Ao 23
Nzele Tdsts dof A7t EAehe, 1A dlolHE 53]
Sus fin] AHor we Aoz F A8 WER Ass

43 el gleh, SR S £ Aado] AgEE Aula 27,

. 5 N eT) 8w



A 3 4 SOTA 249 7} /A 74

A 3 ZY 3 HoA Aesiix 2 dFolA HlelsEler

==
N
(N
1o

Ao mdl SASRed(32] & 2018 do AStH AHog Fx
SOTA(State-Of-The-Art) 459 Rde ofyrh ofo] £ A9
AgeA AHgE ZF dlolHA Cof] dis] @A SOTA mHe] Aedt
dole 72 Bdl FIH e vusiEgen, g AWE

Baja = otutE Ht2AY

gloe Al

NDCG@10 NDCG@10 HR@10
SASRec’ 0.5592 0.7929 0.5017 0.6968
SASRec +
0.5662 0.7961 0.5144 0.7075
DataAug®
TiSASRec 0.5706 0.8038 0.4797 0.7087
SOTA tiH] A% 99.23% 99.04% 107.23% 99.83%

E 17. do|gA & Hol F7F 232t SOTA 459 vl

¢ ngT} dHolEAMe] 79 TiSASRec[34] ATolMe S8HA dgtern], 2 A<t
T4 ZLL(metrlc) = *}ﬁo}cﬂ o= B A A5 FHSHA Fstol ¢4

—_rL°1W AdS %ﬁﬁ A+ (reproduce) ¢ G5 71F. HAZ TiSASRec =E-2
= 2. ML-1M: 0.5024 / 0.7929 , Games: 0.4714 / 0.6952
AeS UEhd ol TV TS ng, =15 TEE

=
o,
i
%
=
-}
%
ﬂ
N

.

96 ,ﬁiﬂ —i E” '43'}



ZEE S & & Ux FHEZE, ofuE HheAY Hlo]EAld

s dlolel 57 A8 A9 4% @A SOTA 29 F shiel
TiSASRed34] 9] A5 FARF competitive) 591 A2 e

dlole 27 71We A8ethd 74491 A% Aol Lehd 7Hs Aol

N
2
ol
ol
rlr
Sl
0
ul
>
2
55_
=
=
[0
o
filo
=
ot
s

olg] SOTA Zdlof thsj
o

T B a7 g2

97 "':I'H-_E 'kl:.' -I |



Al 4 A dolgAl B4 e 2§ Zho| =Y

A

nfxeto R R Aeldi dlojE|Ale] S et

o= et

o AH&=e dlelgAle]l AY+=

37} o)
AFAHE 22

go|gAle]l 52, 2) 3l& AL (sparsity), 3) Bt

dlolEl o] g 54 AR o [=

dal Mgk

glole 279

=

W AA2 Aol
Hlo] 5 Al TR (size)’ 5]4 A (sparsity)
(avg, sequence length)
B = (ML-1M) Small Low Long
(6,040) (95.16) (163.50)
L High L
3142 Gowalla) alge 6 ong
(85,034) (99.98) (52.83)
ofuE H|T 2 A4 Large High Short
(Games) (64,073) (99.97) (6.88)
F 18. AHgH dlolHAlY] g E4 HE
o dlolg &, & MM (session) £E oujst= Aoz 7hES
M o Bt ofoldl &
08 H 21



of, "lolg Al

] t2A vehton] dolgAle] i/

1K

N
NJo

2 Holw, dlo|gAlle] et

5}A]

= TReE A4

AAHe] =

7] o2 vepie

o
ot

—

<N

—

o)

"
T
I

10

glolE Al

ol

Ao

]

E

glo]

Jo 4 AL¥]

=]
=

ﬁo

1 A=/

1 &l (characteristics)

5

L=y

oF
5

ol

ot HlolE Al

AE TR (ng,) 2 UolE 34

ol

Aol A

ayel

A

ol Ak, glole] Hlolele]

LotH 7]

A]

7 7PEe R

o)/ FEA F

99

5

o o, 2 AollA AljE



of
=L
glo

ol

1Y
2 1” ol
':'--

A -

100



=

A ool

=
T

]_

A6 4

EL I

1

-

2 Ay

o o e mp W BT W K< T oW W Ty
R %_o Ko o AF T () ) M o o_ﬁ
— 0 ~ r o A - ol X
= X r 8 o ¥z 2 D " S
BhS —_ & 4 - =) ~ o
W ® 8 LT om W o W W o= T
Ko N grl_L W w. _w_.“ Jm ol ) W o| qw )
U s R o R X UM 3
R S SR " o 2 Ko X
TP om T ox L HOEON o« E
Ll jrd 3 ..__L — ..__,._ B _ZT N =
0 3 o ~ o N = e i~ <}
T_W —_ __OH H_A| Fo_l — Hq W O‘w O_E —_—
R R I o oo X
L T W o o E TR M ooz £
S I X w5 5 B
= T It o o o X 0 =
R_ﬂo wnl woor M = ﬁ 70 of ™ B o =
W o B 5 ROOEON B g R
ol 2ok o5 B9 ! W Do Wr
T o ¥ oFm W8 e N ~ p N OE L
- ,M . = .A_I ﬂ,_AI Z_O _ ,M O_I
S R L RO
RO - S SO BB I ==
o P 5 o S~ TR = o ™ o— o T
G o o/ X R= N —— o “— o
) o s N © % oS &
ooy o W ow g P B
] O L ue) 5} ra
XH i O_ o__.: — X m [ of L_L = N
N2 o mr o o B = S 70
2 o o BT O 2 SR =TH N S (R
= 2 o o4 0 om TR G =
~o | o H v = v B3 = T T
N = X I — ~ K
Nlo =} < —_ 3 oF ~7 B w Y
T o W oW W K m T m M e T W or o
T X ¥ B g W T T &K 1 ol RO
T R OT RN OB R T M K o BT A N

glolH
101

T

1—

o

bl ooy

°



n
e

Wste] 28 S sl 5 AdeH, Yol dole F7ol

3
filo

A2 gApele] qlol HEzQl A2 71| shuz 75T &

dlofe A= [ Ko A, FAHCZ dolg FT7ol| FEo}o
ol disf ol A wE shHel dFEA FFE PH dIs=

WA BN A2 AR g TF5T Holdt,
SHASE @AM Alghslel & chakg el A 2% #7129

Zhzdl ARt skt mEo] disiMtr AHge] Hote H2 2

102 A _ 1]| =1



a2

ot

[1] H. Fang, D. Zhang, Y. Shu, and G. Guo, 2020, “Deep Learning for Sequential
Recommendation: Algorithms, Influential Factors, and Evaluations”, ACM
Trans. Int. Syst. 39, 1, Article 10 (Nov 2020). 42 pages.

[2] C. Shorten, T. M. Khoshgoftaar, 2019, “A survey on Image Data
Augmentation for Deep Learning,” / Big Data. 6, 60 (2019).

[3] E. D. Cubuk, B. Zoph, D. Mane, V. Vasudevan, Q. V. Le, 2019,
“AutoAugment: Learning Augmentation Strategies From Data,” In CVPR.
IEEE, 113-123.

[4] D.S. Park, W. Chan, Y. Zhang, C. Chiu, B. Zoph, E.D. Cubuk, Q. V. Le,
2019, “SpecAugment: A Simple Data Augmentation Method for Automatic
Speech Recognition,” In Interspeech, 2613-2617.

[5] J. Wei, K. Zou, 2019, “EDA: Easy Data Augmentation Techniques for
Boosting Performance on Text Classification Tasks,” In EMNLP-IJCNLP.
ACL.

[6] J. Leskovec, A. Rajaraman, and J. Ullman, 2020, “Mining of Massive Datasets
(3 Edition)”, Cambridge University Press.

[7] Y. Hu, Y. Koren and C. Volinsky, 2008, “Collaborative Filtering for Implicit
Feedback Datasets”, In JCDM. IEEE, 263-272.

[8] Y. Koren, R. Bell and C. Volinsky, 2009, "Matrix Factorization Techniques
for Recommender Systems," In Computer, vol. 42(8), 30-37.

[9] S. Rendle, 2010, "Factorization Machines," In /CDM. IEEE, 995-1000.

[10] S. Kabbur, X. Ning, and G. Karypis, 2013, “FISM: factored item similarity
models for top—N recommender systems,” In KDD. ACM, 659 —667.

103 2. | ui 1_]| -_.;J“_



[11] O. Barkan, N. Koenigstein, E. Yogev, and O. Katz, 2019, “CB2CF: a neural
multiview content—to—collaborative filtering model for completely cold item
recommendations,” In RecSys. ACM, 228 —236.

[12] R. Salakhutdinov, A. Mnih, and G. Hinton, 2007, “Restricted Boltzmann
machines for collaborative filtering,” In /CML. ACM, 791 —798.

[13] X. He, L. Liao, H. Zhang, L. Nie, X. Hu, and T-S. Chua, 2017. “Neural
Collaborative Filtering,” In WWW, 173-182.

[14] H. Guo, R. Tang, Y. Ye, Z. Li, and X. He, 2017, “Deepfm: a factorization—
machine based neural network for ctr prediction,” In /JCAZ 1725-1731.

[15] S. Wang, Y. Wang, J. Tang, K. Shu, S. Ranganath, and H. Liu, 2017, “What
Your Images Reveal: Exploiting Visual Contents for Point—of-Interest
Recommendation,” In WWW, 391 —400.

[16] D. Kim, C. Park, J. Oh, S. Lee, and H. Yu, 2016, “Convolutional Matrix
Factorization for Document Context—Aware Recommendation,” In RecSys.
ACM, 233 -240.

[17] S. Sedhain, A. K. Menon, S. Sanner, and L. Xie, 2015, “AutoRec:
Autoencoders Meet Collaborative Filtering,” In WWW, 111112,

[18] Y. Wu, C. DuBois, A. X. Zheng, and M. Ester, 2016, “Collaborative
Denoising Auto—Encoders for Top~N Recommender Systems,” In WSDM.
ACM, 153-162.

[19] D. Liang, R. G. Krishnan, M. D. Hoffman, and T. Jebara, 2018, “Variational
Autoencoders for Collaborative Filtering,” In WIWW, 689 —698.

[20] N. Sachdeva, G. Manco, E. Ritacco, and V. Pudi, 2019, “Sequential
Variational Autoencoders for Collaborative Filtering,” In WSDM, ACM.
600 — 608.

[21] S. Wang, L. Cao, and Y. Wang, 2019, “A Survey on Session—based

Recommender Systems,” arXiv preprint arXiv:1902.04864.

104 Lt



[22] S. Rendle, C. Freudenthaler, and L. Schmidt—Thieme. 2010, “Factorizing
personalized markov chains for next—basket recommendation,” In WIWWW,
811-820.

[23] R. He and ]. McAuley, 2016, “Fusing Similarity Models with Markov Chains
for Sparse Sequential Recommendation,” In /CDM, IEEE.

[24] B. Hidasi, A. Karatzoglou, L. Baltrunas, and D. Tikk, 2015, “Session—based
recommendations with recurrent neural networks,” arXiv preprint
arXiv:1511.06939.

[25] B. Hidasi and A. Karatzoglou, 2018, “Recurrent Neural Networks with
Top—k Gains for Session—based Recommendations,” In CIKM. ACM,
843 -852.

[26] C. Xu, P. Zhao, Y. Liu, J. Xu, V. Sheng, Z. Cui, X. Zhou, and H. Xiong,
2019, “Recurrent Convolutional Neural Network for Sequential
Recommendation,” In WWW, 3398 — 3404.

[271 F. Zhou, Z. Wen, K. Zhang, G. Trajcevski, and T. Zhong, 2019, “Variational
Session—based Recommendation Using Normalizing Flows,” In WWW,
34763475,

[27]]. Li, P. Ren, Z. Chen, Z. Ren, T. Lian, and J. Ma, 2017, “Neural Attentive
Session—based Recommendation,” In CIKM. ACM, 1419—1428.

[28] L. Yu, C. Zhang, S. Liang, and X. Zhang, 2019, “Multi—-Order Attentive
Ranking Model for Sequential Recommendation,” In AAAL 5709-5716.

[29] Q. Liu, Y. Zeng, R. Mokhosi, and H. Zhang, 2018, “STAMP: Short—Term
Attention/Memory Priority Model for Session—based Recommendation,” In
KDD. ACM, 1831-1839.

[30] A. Vaswani, N. Shazeer, N. Parmar, J. Uszkoreit, L. Jones, A. N. Gomez, 1.
Kaiser, and I. Polosukhin, 2017, “Attention is all you need,” In NZPS. 6000 —
6010.

105 Lt



[31] J. Devlin, M—W. Chang, K. Lee, K. Toutanova, 2018, “Bert: Pre—training of
deep bidirectional transformers for language understanding,” arXiv preprint
arXiv:1810.04805.

[32] W-C. Kang, and J. McAuley, 2018, “Self-Attentive Sequential
Recommendation.” In /CDM. IEEE, 197-206.

[33] F. Sun, J. Liu, J. Wu, C. Pei, X. Lin, W. Ou, and P. Jiang, 2019, “BERT4Rec:
Sequential Recommendation with Bidirectional Encoder Representations
from Transformer,” In CIKM. ACM, 1441 —1450.

[34] J. Li, Y. Wang, and J. McAuley, 2020, “Time Interval Aware Self-Attention
for Sequential Recommendation,” In WSDAM. ACM, 322 - 330.

[35] J. Tang, and K. Wang, 2018, “Personalized top—n sequential
recommendation via convolutional sequence embedding,” In WSDM. ACM,
565-573.

[36] F. Yuan, A. Karatzoglou, 1. Arapakis, J. M. Jose, X. He, 2019, “A Simple
Convolutional Generative Network for Next Item Recommendation,” In
WSDM. ACM, 582—590.

[37] A. Yan, S. Cheng, W-C. Kang, M. Wan, J. McAuley, 2019, “CosRec: 2D
Convolutional Neural Networks for Sequential Recommendation,” In
CIKM. ACM, 2173 -2176.

[38] S. Wu, Y. Tang, Y. Zhu, L. Wang, X. Xie, and T. Tan, 2019, “Session—Based
Recommendation with Graph Neural Networks,” In AAAL 346—353.

[39] R. Qiu, J. Li, Z. Huang, and H. Yin, 2019, “Rethinking the Item Order in
Session—based Recommendation with Graph Neural Networks,” In CIKM.
ACM, 579-588.

[40] O. Vinyals, S. Bengio, and M. Kudlur, 2016, “Order Matters: Sequence to
sequence for sets,” In /CLR.

[41] 1. Goodfellow, Y. Bengio and A. Courville, 2016, “Deep Learning,”

MIT Press.
106 Lt



[42] A. Krizhevsky, I. Sutskever, and G. E. Hinton, 2012, “ImageNet classification
with deep convolutional neural networks,” In NZPS, 1097 —1105.

[43] P. Y. Simard, D. Steinkraus and J. C. Platt, 2003, "Best practices for
convolutional neural networks applied to visual document analysis,” In
ICDAR. TEEE, 958-963.

[44] ]. Lemley, S. Bazratkan and P. Corcoran, 2017, "Smart Augmentation
Learning an Optimal Data Augmentation Strategy," In /EFE Access, 5858~
5869.

[45] T. Tran, T. Pham, G. Carneiro, L. Palmer, I. Reid, 2017, “A Bayesian Data
Augmentation Approach for Learning Deep Models,” In NZPS.

[46] T. DeVries, G. W. Taylor, 2017, “Dataset Augmentation in Feature Space,”
arXiv preprint arXiv:1702.05538.

[47] X. Zhu, Y. Liu, Z. Qin, J. Li, 2017, “Data Augmentation in Emotion
Classification Using Generative Adversarial Networks,” arXiv preprint
arXiv:1711.00648.

[48] N. Kanda, R. Takeda and Y. Obuchi, 2013, "Elastic spectral distortion for
low resource speech recognition with deep neural networks," In ASRU. IEEE,
309-314.

[49] A. Hannun, C. Case, J. Casper, B. Catanzaro, G. Diamos, E. Elsen, R.
Prenger, S. Satheesh, S. Sengupta, A. Coates, A. Y. Ng, 2014, “Deep Speech:

Scaling up end—to—end speech recognition,” arXivpreprint arXiv:1412.5567.

[50] T. Ko, V. Peddinti, D. Povey, S. Khudanpur, 2015, “Audio augmentation for
speech recognition,” In Interspeech, 3586—3589.

[51] S. H. Mallidi and H. Hermansky, 2016, "Novel neural network based fusion
for multistream ASR," In /CASSP, IEEE, 5680—5684.

[52] R. Sennrich, B. Haddow, A. Birch, 2016, “Improving Neural Machine
Translation Models with Monolingual Data,” In ACL. 86-96.

107 Lt



[53] Z. Xie, S. I. Wang, J. Li, D. Lévy, A. Nie, D. Jurafsky, A. Y. Ng, 2017, “Data
Noising as Smoothing in Neural Network Language Models,” In /CLR.

[54] W. Y. Wang, D. Yang, 2015, “That’s So Annoying!!!: A Lexical and Frame-
Semantic Embedding Based Data Augmentation Approach to Automatic
Categorization of Annoying Behaviors using #petpeeve Tweets,” In EMNLP,
ACL.

[55] Q. Wang, H. Yin, H. Wang, Q. Nguyen, Z. Huang, and L. Cui, 2019,
“Enhancing Collaborative Filtering with Generative Aug—mentation,” In
KDD. ACM.

[56] M. Walbitsch, S. Walk, M. Goller, and D. Helic, 2019, “Beggars Can't Be
Choosers:  Augmenting Sparse Data for Embedding—Based Product
Recommendations in Retail Stores,” In UMAP. ACM.

[57] M. Grbovic, V. Radosavljevic, N. Djuric, N. Bhamidipati, J. Savla, V.
Bhagwan, and D. Sharp, 2015, “E-commerce in Your Inbox: Product
Recommendations at Scale,” In KDD. ACM.

(58] C. Yan, Y. Chen and L. Zhou, 2019, “Differentiated Fashion
Recommendation Using Knowledge Graph and Data Aug—mentation,” In
IEEE Access, vol. 7.

[59] Y. K. Tan, X. Xu and Y. Liu, 2016, “Improved Recurrent Neural Networks
for Session—based Recommendations,” In DLRS. ACM, 17-22.

108 SEask



Abstract

A Study on the Improvement of
Sequential Recommender System

through Data Augmentation

Joo—yeong Song
Department of Intelligence and Information
Graduate School of Convergence Science and Technology

Seoul National University

Recommender systems, which have been developed based on the
maturity of the information society, have recently achieved high
performance improvement with the development of ‘Deep Learning’
technology that makes use of artificial deep neural network. Owing to
the improved performance, its influence as well as its importance have
been increasing today. Generally, it is known that the recommender
models based on neural network structure can achieve higher
performance than those with traditional approaches, but it premises a
large volume of data in order to estimate numerous parameters of the
model. However, it is quite expensive to obtain additional data when the

size of dataset being in hand is small. Especially, recommender systems
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have more difficulty in obtaining additional data compared to other areas
in that they deal with actual user behavior logs.

In the field of Computer Vision, where Deep Learning technology is
being actively applied, it has been seeking to improve the performance of
the model by greatly increasing the volume of training data using various
data augmentation technologies. It is also expected that recommender
systems can have significant benefits using these data augmentation
technologies, but the research on data augmentation has not been
sufficiently progressed yet in the recommender systems, especially in the
field of sequential recommendation.

Motivated by this situation, we aim to show that various data
augmentation techniques can improve the performance of sequential
recommender system, especially when the training dataset is small. To
this end, we describe how data augmentation changes the performance
with the extensive experiment based on the latest sequential
recommender model of neural network architecture. Our suggested data
augmentation techniques are 1) Noise Injection, 2) Redundancy Injection,
3) Masking, 4) Synonym Substitution, all of which transform original
item sequences in the way of direct corruption. Experiments performed
with three benchmark datasets — ‘Movielens—1M’, ‘Gowalla’ and
‘Amazon Video Games - demonstrate that overall performance
improvement can be found when our suggested data augmentation

techniques applied. It's notable that the performance improvement can

¥ 1 2 11 3
110 H -.;-‘.H-



be large if the size of dataset is relatively small. It can be said that applying
data augmentation techniques can be effective to boost the performance,
especially when the sequential recommender system doesn’t have enough
dataset on the early stage of a service.

The contributions of this study can be summarized as follows: 1) it
has confirmed with quantitative experiments that data augmentation
technology can improve sequential recommendation performance when
training dataset is small, 2) it suggests the possibility of further
performance improvement of other current SOTA(State—Of—The—Art)
models, in that data augmentation is applied in the pre—processing step
and does not change the overall model architecture, 3) it has described
how the performance changes in different manner according to the
extensive application of various data augmentation techniques, and it
furthermore verified that data augmentation can work as an universal
pre—processing technique in the design of recommender system, 4) it can
be referred as a basic research result in the process of developing the
research on data augmentation in recommender systems, which has not

yet been fully investigated.

Keywords : Sequential Recommendation, Recommender System,
Data Augmentation, Data pre—processing, Deep Learning
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