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Summary

In this study, we propose a method for adding time of action information to a Variational Auto-encoder (VAE)-
based recommendation system. Since time of action is an important information to improve the accuracy of recom-
mendation, many methods have been proposed to use the information of time of action, such as purchase or review
of a product, for recommendation. And VAE-based recommendation systems have been reported to be more accu-
rate and robust for small data sets compared to traditional deep learning-based recommendation systems. Existing
research on introducing time information into VAESs includes a method of weaving information on the order in which
products are preferred by passing the encoding layer consisting of RNN, but the time information of the product
preferred is not considered. If the absolute time information is not taken into account when recommending a product,
for example, when a temporary boom causes many users to prefer a particular product, it may be judged to be a pref-
erence based on the user’s preferences, which may adversely affect the recommendation results. Based on the above
problems, this study examines a VAE-based recommendation system to improve the recommendation accuracy by
adding time information of each action to the input information, and finally proposes Time-Sequential VAE (TSVAE)
and confirms its accuracy. In addition, to verify how to add time information to improve the accuracy, we conducted
experiments using multiple models with and without absolute time information and different encoders of time interval
information, and evaluated the accuracy.
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VT DRER, BT TIVIE 705 KOMEGSD S/ 1—H
PIRIZE DIEF MBS 2002 FHIL CHET 2 Z 212
otz (T -2y MX 21974, N)F—=vavb
FOFANTF =2y NEENFTN2004THS. Tz,
K3n600ndE51L, =Xy PHNDOEZL DL I—
RTAt=0&7%>TED, At OPHENRREZANIAE -
TWBEDIZHERZBZ NN 5. Z1ld MovieLens
F—XZtwv b TO t BKIZ unixtime (FPEA7) TiogkX
NTWVWBHDOTH D, FFRHZZEDOIER%FHG%E U7k
HNALEEINT WS, 2O ehs, THAFIT—FNE
BUZEGIZEEN 2 L7z R 1 2 v 2 Tl l, O
WBNESIN-HLTHEeEZO5ND. TD=d, H
—A—YDEEOHT At =0 THEI N TV SHLEOD
EF Iz DWTiE, BHEMIZEME IZMEINTNWS ID
EIZ U7z, 728, UBIZRREZTF—=Z 2y MZBWVWTH
At=0THhBLDIZDOVWTIZAOWNEEZ L TW5.
§2 Last.fm

ZOY—VE A L TEBICEIMZTIC Z & 2 AR50t
RETHHTHTHD AL, TOI—FHIRIZEEL 2
BHizEHET AR AT L L. #RiHiliEH 5 AL 2000 2A
TOI-FDAEHREEL, THhoa—9055 ALE
WZEHfi S N e DA ZHEEON R E L. LED T ¢
VAR VT DR, BHEEE TV 3898 ADMEMD S
BA—TDPRIZEDHZEELS 22 FRLCHETLZ &



TEINR 2 BRI EEN A — by a— R KB HEEY AT L 7

3 2 MovieLens EFEER (P BWIERDOE D% KFETRL)

HEE L DCG@10 Recall@10 Precision@10 | DCG@100 Recall@100 Precision@100
GRU 10.09 9.59 7.95 26.38 51.89 4.49
LSTM 10.70 10.59 8.85 25.96 51.26 4.35
Time-LSTM(3) 10.98 10.44 8.50 26.17 50.86 4.31
CVAE 10.01 9.59 7.95 25.93 51.34 4.39
Latent Cross 8.50 8.49 6.75 24.30 50.60 4.28
TSVAE 11.31 11.19 8.95 29.24 52.29 4.90
Witz AT =22y NI 8, NVF—vav
BLUOTANTF =Xy MIELETN30MHTH 5. n i
AMERMBHESIT, ZOF—Z+ty kTlk MovieLens IM@@HZZ;HQG?E (13)

DEIRT—EZDRAIVIIZE>T At=0,%57~
F— XIS, MovieLens & 13572 % 04 &2 fak L
TWa.

§3 Amazon (Beauty Products)

ZDY—E A LD 5 BRI T 5 & A 1 72 e il & A
EDONRETHITHTH S L AKRL, TDLIRTHZ
RIITEMEHET XA Uiz, #REHHED 5 LA E
2000 A FDZ—FDAEHREL, ThoaT—Fh5
5 NPA LR S 7z fEf D Az HEE O H & L7z, B
EDT7 4N VT ORR, HHEEE TV 32892 FHH
DD 5 & L — DRI L O % 5 S 2 0% T3l
UCHEES 5 Z L2757z, JlfiiT— X & v bk 13880
e, RVF—=2avBLUOTFANT =Xty bMEZThT
N 15004 TH 5.

84 Goodreads Datasets (Comics & Graphic)

ZOY—Y R LD 5 BIEFHNT 5 % 1) 72 F 5% At
BDONGRETEHEHTHELARL, TDXDRiTHZ
HMITEELZHETLIX A7 U, BIEIED S BAL
2000 A RO L—HFDAENREL L, TNEHI—Fr5 5
AN EIZFHi S B DO AZHEEONSRE Uz, Bk
DT AR VT OFER, SHEEE T IV 30268 KDIE
PRSI —YRRIC EOEFEEFMT 202 FHILT
WepEd 2 Z 2o 7z. AT — X &y ME 49290 £, N
VF—varvBiUOTFAMTF—2tEy MEEnEFh 5000
HTchs.

53 FF i & &

A ERBRIZ B W, EHBETVIZI - T EITE
& EAin =102 n=100 AHEL, T oL T
FEIE 2 S0 S 5. K& ORI, BUTIZZI % DCG,
Precision@n, Recall@n Z £ L 7-.

§1 Discounted Cumulative Gain (DCG)

DCG & 13, #EEY AT L DR U 72 NEA S ERRDIEN
LENEIIIEWERTEETH S, vy 1k BEHICHEE
U7 Ef % Bl L 728 h % 0,1 TET. DCG I AE W
filiz & ZIFEMREPRNI EZ2RLTWVWS.

§2 Precision, Recall, F-Value

HERE U 72 AR DS 72 P SEBRIZ o — D33 U 72 5 %
79 Precision GHGR) &, 2—¥LHEEY A hfE
i % SEBRIZ L — YDA U 72 E4 % £ 9 Recall (FHEIR)
ZiMiifEE e UL THWS. SV 5725, Precision (%
Ef#RTH D, Recall ZENZITEME AN—TE
EETIRETHS. R BHBLET 1 7 LREET. &
HEH5b LD KEWVEEZ EBIFEEEIPBNZ EEZRLT
Wwa.

Hits = Z s (14)

i
Precision@Qn = itsan (15)
Recall@n = HT];@” (16)

54 £ B % R

FEFE R %, MovieLens {2 DWW TId# 2, Last.fm (2
DWTIEFR 3, Amazon IZ2WTIEFE 4, Goodreads 122
WTIRES RS, BEFERT Xty bR RRS &
HEORUBUISENDENTVEY, RETETHS
TSVAE (22 W T, O WThOBFFIELRTS
SEIBE L2 OFHERET XL D SWHEZ R TR
N7 Z LR S Tz,

Hlt S & U= TR D WTHHET 2 &, Time-LSTM(3)
1%, MovieLens T —&X t v ks TIIHEEIE VDY, Last.fm
F—=Xty MIDOWTIE, At ZT>a—FKL7%ZWGRU
X LSTM IZHARTHEMEWFR Lo TWns., 2D
&5, Ju% 0 Time-LSTM(3) Tld, At DIEHRAKEEIZ
EPETWARWAREMELYH S, TORKFE LTIk, EhR
IZHHTE T =22y NNDOI—F ORI Do
e FEZOND. BEFHETH S TSVAE TII/NE
WT—&Ey MW LU THREE %5 VAE 12 X 5 HE#
EIDANTWEZD, BWEENHEEZEEZONS.

% 7z, Latent Cross [Beutel 18] 1%, MovieLens 7 — &
v N TR FIE L LR THEE D FERE MRS R &



8 ALEIRE 2GR 36 %35 C (2021 4F)
K3 Lastfm ERFER (RERWEROS D% KT THRR)
HEEFIE DCG@10 Recall@10 Precision@10 | DCG@100 Recall@100 Precision@ 100
GRU 2.38 1.07 2.33 3.12 4.27 1.10
LSTM 1.93 0.62 2.00 3.20 491 1.67
Time-LSTM(3) 1.89 0.66 1.33 2.29 2.50 0.76
CVAE 1.31 0.30 1.40 1.32 2.46 0.70
Latent Cross 4.46 1.62 3.00 3.72 4.85 1.07
TSVAE 4.31 2.30 3.40 4.24 5.29 1.90
%4 Amazon (Beauty) EFASFE (HERBWHERDOS D% KT THKE)
HEREF 1% DCG@10 Recall@10 Precision@10 | DCG@100 Recall@100 Precision@ 100
GRU 1.73 0.22 1.17 1.66 3.17 0.53
LSTM 1.71 0.14 1.20 1.45 3.66 0.72
Time-LSTM(3) 1.51 0.39 1.11 1.94 3.42 0.56
CVAE 1.31 0.41 1.25 2.64 4.13 0.72
Latent Cross 1.72 0.58 1.47 3.05 4.10 1.01
TSVAE 1.83 0.61 1.61 3.16 4.19 1.14
o TWADY, Lastfm 7 —& v N TlX, TSVAE 2L ZIIEHW A2 FZEEICE D ANS Z D3 TENIE, HEEREE
WEWHEEZRLTWA, 2R, Latent Cross 7% At @ D EIZDRIFENEZENEZ SN,
THASERC T — 2 KRS NTO B HAI A TS %72, Lastfm ¥ — Xt v MIB 3 EREEHAML L
BH, TOTHBVHBIBMEETHTLES ZLER  RRTHASEIERS, F—Rey FHORLDIES

BLTWBEEX5. TR LT TSVAE TiE, &5
LDOT—REYy hTHEWHEEEZRLTWS.

RIZ, TSVAE % H\W 7228 WT, CVAE 73—
X CHMRT 2R L U TR i, DRFFZITTIERLSZ
ORI DRI L, HRHE U, FDOEBREDELER
WINELK B XTIV EFEHIE., F LT, Lastfm
F—&Ey MZBWTHDOET I & REOHEERZ1T-
2. ZOFEBRMSREEZR6IHT. BRILORTHNZE
D, CVAEIZ &> TIRZIZ R LR VWETILDIFES A
HENEL 25 Z e R aI N, HEEAZE2/NE <
THONHREFHDOAIRE UZIED DY, &I & D
HEROKEVNSERZ LD RBINS.

6. & =®

MGEESEERIZ & 5T, RNN > 3 —&1Z Time-LSTM %
AL, VAE IZH% %4013 72 CVAE 2 W72 1%
FiETHB TSVAE DI WY, MMOBFFRIEICHRTH
ERELS b e E Y.

MovieLens {281} 2 £ TlX, RNN T I — X IZHf
ﬁhﬁé%wamﬁ%EGMIPuﬁM®i9# IRE
¥ % W % Time-LSTM IZLER THERE 172, Z
DI s, EMRTERLEREY 7)Y v/ TET
WEWTF — &ty MIDOWTIE, FEECREEERS
A RS> TUESTVWAAEEMENEZ ONS. 72720
WA % W 72 AR EFIE TSVAE TiX, ToWTh
OFFELIDEEELIH->TWBEZ s, 728 Z G
WHAEMIZIKMI N TV RWT =Xy N TH-TH, K

DENDBIF E‘K]&%%?E@ﬁ?ﬂ‘l‘iﬁféh& Z AR
BEXhd, Kz, REERZ BEEFZEH T —2ICH]ITE&D
52 L THEIZ KM X E 5 Latent Cross DMREAMHD
F=RIZHARTED Tz, ZTOIZ s, FREHRI &
D IEREIZINEE T & T\ A E121% Latent Cross 12 & % &
YINERHEOEHL AN TH S I EWRRIND.

PAE& b, FEREIER At 21GH T 2 2 & A HERER I
A#IThHY, HEATLEEZNEIEHTESL512T
Lo THERZH ESERIENTEEI N E
ZoNd. 7L, REERVPERIZNEINTHRY
F=Zty b, FEEMOVERERIZIES D EH
BWGHE, TNEHEERICHND Z PR EEZE RS
BEEKNE LN H D720, AFEE2EHTLE
WZIETF =Xty hAD At DINERRPZDONH %2 DH 5
MUDTHRLTELL ZDRRBETHEEEZIOLNDS. —
HT, LT —RIEDHS TIERE R IFFIE HAE 5
TVWRWEAIZBWTE, 0O (Mixh) Kt Oz
O ANDEZ2IZL-T, HEEA2EDLIENTES L
Zzond., LEXD, TnoEEE S HHEERIZIEH
TEARIBEFETH S TSVAE 1%, HRICET 2R
FHTIER U THERE 2 SO -FETHLLEE R 5.

FREFEOHF E LT, RO BITET
MWz B EEMETLTW ZeREZIOhS. Zh
i, FEICHW T =Xy N XD REDORLELMAEL L
TAFEZ#EHAUZGA, FEHINTORWEROR
TORELR EPHEMSRBIIKMEINLR L RE2N5TH .
FEHWET =Ry SO & 0 EORZNIZB W T
ELHEFEREENHMAEIND X5 IT B2 L, SHOWLE
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£ 5 Goodreads FEEaFEHR (BH HWERDOL D% KT THRKRD)

HEE T DCG@10 Recall@10 Precision@10 | DCG@100 Recall@100 Precision@100
GRU 1.51 0.47 1.15 1.94 3.71 0.93
LSTM 1.51 0.42 1.46 1.92 3.82 0.98
Time-LSTM(3) 1.10 0.57 1.49 2.25 3.85 0.93
CVAE 1.41 0.53 1.13 2.70 4.12 1.04
Latent Cross 1.82 0.57 1.26 2.84 4.01 1.14
TSVAE 2.04 0.68 1.69 3.29 4.20 1.23

% 6 TSVAE RZIEMO TR OE I & 2 IWERERR (Lastfm, HHRBWHERDOS D% KT THKAL)
THAE AR ‘ DCG@10 Recall@10 Precision@10 | DCG@100 Recall@100 Precision@ 100

x 4.31 2.30 3.40
z,t 2.21 1.62 2.40

WETH 5.
7. & & &

AL TIE, AJ1& T 2BFMICETEIORLIEHRZ A
5922 THEREZ DS VAE X—ADHES AT
LEBREL, BIEMIZ TSVAE 28 L, TORE %2
AU, BARYIEHREZ VAEIZ AT ARIOT Yy a—&
& LT Time-LSTM [Zhu 17] Z$£fH L, VAE ZH\W7-H#E
BT AT Lk UIRZIE % 5k & L7z CVAE 238 A
TBHI Itk ->T, BHiZ VAEIZ X BH#EEY AT L %5
P EHE Y AT DR THEERR LT 5 2 & H R
ENniz. £72, VAETI—=Zh oD HBIIEWT, 7§
e 72 Tl S RG22 IR I RS 9 2 ik %
MEEU 7278, EROFER, ZOHECIRHEEREN LR
SRWZ PRI NT. 2720, KFEDREV AT
DFR=2 L UFIRIZHARTR T A =2 DIN$ 2 2
CTRIREENKES LD, IO ABIELT—X &y b
HLUTHEMALISL >TWs. ZhiE, [Liang 18] A*
FEET S, /NI TF—Xty N TOHEERBE OMEMSR
WS A Y FEHKELTWEEEZS. 20D, &
BIFEHEEZHIK L 22, TSVAE & FEOHEERE %
TS LD, HIZRNN TV 32— XEHIZDNTOWRE
EHETLZW.
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TEFE . SRS - YRR R
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2014 4EIZ ERRAER Y BE AR (s, &
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