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Enriching NeuMF System with Full Data
Features Using Attention-Based Deep Learning
Models to Improve Ratings Prediction
Eng. Mohammed Deeb?, Dr. Nasser Abu Saleh*
Faculty of Informatics Engineering, Al-Baath University
Abstract

Recommendation systems use methods based on data features
related to users, products, and previous interactions between them
to provide the best products recommendations to the user. The
collaborative filtering-based recommendation system, Neural
Matrix Factorization (NeuMF) only uses users and products
identifiers in calculating products ratings to provide appropriate
recommendations to the target users, and does not use the full data
features related to the user, product, and interactions between them.
In this study, we improve NeuMF by harnessing all data features
using deep learning to take advantage of the non-linear
relationships between the data features and taking advantage of the
textual features. We also use the XGBoost model to aggregate the
output of the deep neural networks’ layers. Experiments and
comparisons were applied to the following three datasets: Book
Crossing, Shopify App Store, and Amazon Gift Cards. The
proposed improved model outperforms the  baseline
recommendation systems before using the textual features with an
error reduction of up to -20%, and after using textual features
NeuMF-XT by up to -60% for MAE and RMSE error metrics.

Keywords— Deep Learning || Collaborative Filtering || Word Embedding ||
Attention || Preprocessing.
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Lliay) Ak el b L Llsh 2kl Ws dis gl dgsesy LSTM )l
dal e 1532 aaay Dense (s ooy cdihall WDIA1 20% Jasey Dropout
o ReLU s ansivoddl Lol ali . ageatll Jidaty ilog@illy 3l dlee

.(4) Jall (LSTM «lids é sigmoid 5 tanh (Dense <lsk

Attention L) 4] -4-2-4

b cdlelall dadal dpsuad)) IS 8 aadnd Ay e olil) A

S ala Y ehal) o Sl 8 A acld Bl dgatie a3 4y gadll

26 <16 3] (pail e lial dlieall Lalisall cflally LS i) Jaall Al
[44-46 41 29

Gk J¥) (s e 05 i igmas zisad sl bl o3 S
Ol ge Bl zisall A LY ae olatV) A0 3) jSa Adda SNy (A48
g Ak iy RelU Lpanll ais 10 65 anay 64 5 aaey (s
Lol alis 32 WA s3ey BILSTM ik .20% Jaaay aliady Gadally dysuy
SLiy) Ailaly BILSTM (4 Zddall ddulall 3,aY) Al sl slw) 43k Ltanh
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ConvBiLSTMAt

+

Embedding

embeddings {28406x300)

ConviD

kernel (5x300x64)
bias (64)

RelU

MaxPooling1D
Bidirectional

BatchNormalization
LSTM <73x323|

gamma {64)
beta (64) TanH
moving_mean {64)

moving_variance {64)

Concatenate

Dropout

Attention

ConviD

kernel {10x64x64)
bias (64)

RelU

scale = 0.4899

GlobalMaxPo gl

GlobalMaxPooling1D

BatchNormalization

gamma (64)
beta {64}
moving_mean {64}
moving variance (64)

Dropout

kernel {64x5)
bias (5)

RelU

Dense

kernel (5x1)
bias (1)

RelU

embeddings (28406x300}

Embedding

embeddings {28406x300)

Embedding

embeddings {28406x300)

LSTM<73x(

gamma {128}
beta {128}

beta (64)
Dropout
Dense
kernel (64x32)
bias (32}
RelU

Dropout

Dense

kernel (32x1)
bias (1)

RelU

kernel {5x300x64)
bias (64)

RelU
MaxPooling1D

BatchNormalization

gamma {64)
beta (64}
moving_mean (564}

moving variance {64}

Dropout

ConviD

kernel {10x64x64)
64}

RelU

GlobalMaxPooling 1D

BatchNormalization

gamma {64)
beta (64)
moving mean (64}
moving variance (64)

Dropout

Dense

kernel (64x5)
bias (5)

RelU

Dense

kernel (5x1)
bias (1)

RelU

Flatten

Dense

kernel {21900x64)
bias {64}

RelU

Dropout

Dense

kernel (64x32)
bias {32)
RelU

Dropout

Dense

kernel (32x5)
bias (5)

RelU

Dense

kernel {5x1}
as (1)

RelU
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Datasets Preparation (60% Training + 20% Validation + 20% Testing)

3 Datasets Reviews Cleaning Reviews Vectorization

— .
m== Book Crossing - Replace #hashtag - - -
> isapp is so grea
Amazon Gift Cards Replace @username bp 8
— Shopify App Store Remove Missing Values Tokenization
—

Remove Punctuations @

90 8 20 42 15

Remove Stop-words —
Dl Expand Contractions l Convert to Sequence
Data Integration Eliminate Special Characters [90, 8,20, 42, 15]
Data Cleaning Lowering , Replace URL J Zero Padding
Feature Extraction Handling Emojis [0,0,0,90,8, 20, 42, 15]
Label Encoding (IDs) Lemmatization
~

NeuMF-XT (Proposed)

20 Text Models

! |
! |
! |
! |
I'| - Uses All Features Reviews All Features :
U Item ID All Feat 1D

: - New layers to NeuMF: e + ser/ltem IDs | eatures fus |
|| *BatchNormaliation Word Embeddings |
| |+ Dropout None (Uniform Initial.) MLP_all |
|| +Dense Word2Vec + BatchNormaliation :
| | - Replace concatenation: f;gt\;zxt + BFOPOUt I
I +XGBoost (GMF, MLP) \- \_ " Dense )|
1 * each method s N
I .

| : 4 Deep Neural Models ) \ ConvBiLTSMALtt_all ]
| Baselines Systems MLP 1
I CNN Output |!
;| NeuMF (baseline) BiLTSM 1
|| SvD \_ ConvBILTSMALt 1
|| NMF J, each model Evaluation Metrics :
: KNNWithMeans [ XGBoost (models_all) ] GMF, MLP || RMSE I
I NeuMF MAE :
\

Aariiuall (3 hlly Cag) Aagie 1(5) JS
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Jil) oam el Jumil @iy Z3lall sl Caagy cilijlaally ool
Calati Glilee g ildanall ljaal Al Aallaad) cllee Joiiy o Uas
Apaill Glipall Jysady
oYl Al ae gty led clylidly da gl zlall ely Aaye @
3 e ablid cw dua (Al CF duag dudaly NeuMF
MAE (aall ulie aladiuly bl 4leed] clhes lesene

. 50l 48y 43,6 RMSE 4
cldaral) il gana dasly dalles ddajpe —1-5

Book Crossing :4.lll &BEN cilblasall Gile gana HLial Liad Auall o308
dc gana (3ukis ([36] Shopify App Store [32] Amazon Gift Cards «[47]
ikt DA e duall )l dallaey clele Jiuadl dallad) cllee

.%JJ& LL“)-“‘ LAJ \.@J.‘J}A:I}
Data Preprocessing <lLheall d8uual) dalleall —-1-1-5

o Abalally sagiial) adl) 2 DA e Sllaad) daaay LS (e Gl L
iy ) Gainall l) S ad Leilaels Leasmaaiy Clilaall Cile gana Gl
) Eaally 3 Kl ciliaall e llanall Cadani 5 lae L) Agliall Ciliall o8
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“Amazon Gift :Jie ¢smll ddee A daal Gl i Y5 Laih sam dad (geal
e a8 il UST a8l ad aaea 3) «Cards(marketplace="us’)”
Cosbie Jie duball ehal b degadl e bl Gada Ll Aglad) cliud)
p) Bagyd il yea ala) P (e Baaa Clie zhaiuly Liad L jpaliall sualls Gl
s A guanll AN 3l dal e deadidl cillanall e ane (e Bae JS

Al JAS dane ol Gl

Glbee Jegene men lLd a3 Shopify App Store Adcgesall dnally

LS lacay cadanll aildae slals e Jpanll reviews.csv s Apps.csv
Slanbally (ol (rarindll Cliga jpasi sle) Y ALYl bl
oo e Cilileall chaly J3h (s pae) Ailide dayls S of e L5y
Slaially (ariiad) Bga) (ol dgaal s spme e e Jpuanl) Jal
e DS Taxe pain el ded laal &) 3 claale 3 e ST agal Gl
da Aiuall il aladiuly Led <Book Crossing de seaaell dnuilly Laganl) cilie
Adguanll Zilall JaxS Ll 3058 dae Glia zhatul Ldy 0] & WS

Aianl)

b Ja b (rating o Uiul) Lol a8 Gl zhadul 3 dajdiudl
Al 3l
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deadid) il adll WO
user_Age piall jee
rating GUSH aasiial) 4y
book_year_of publication GUSH 3 &
book_num_pages Gladall 2ae
user_ratings_mean axdisall ey Jaza
book_title_length QS ) ie Jsh
book_word_counts LS dae

w2v_lemmatized_title 100 e
phocs_PCA 1

Crslial 223 100 53 oY) O sSall Sl V515 el

lemmatization 4lee lgle (Guaall sl

w2v_lemmatized_title 100 e
phocs PCA 2

Oasbind 20 100 53 (a1 (0 sSal) bl 4l 5 50l

lemmatization 4k lele Guaall i)

book_isbn_mean_ratings

S Cilapi Jaza

book_isbn_counts_ratings Sl CilaggEal) dae
book_author_mean_rating alge S Cilapst Jana
book_author_count_rating alge JSI Cilayst aae

Amazon Gift Cards cillias dcganal da Aliuially dasiicual) clinal) 1(2) Jga

da_Aduall g daddioeall &) juall

Chua il

customerID Ol et A8
reviewlID dan jall iy jati G
productID geiiall iy a8
product_parent il Caia
product_title i) )
rating gl & g0 ) s
helpful_votes daal yall agiaacd cpall (il 3l sae
total_votes Aaal yall )l cpdl) (03I SIH aaal)

verified_purchase

u;—‘}‘dﬁuﬂcﬁu‘“ﬂdﬂ‘ .J:\S‘U

review_headline Zaal all o) g
review_body Lpaill daal jall s
review_date Laal yall g )
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Shopify App Store cliaa dsganal Ay Alually Aaddivial) Cfisall 3(3) Jo2>

da_Adal) g daddieeal) &) jaall Chua gil)
appld Gplaill Cay pa3 B
reviewld daa) yall iy yi a5
title Gl sl
developer 5 ) shaall A< LA
site_rating S gl aui
author dan) el i€ (Al ardid)
body Laill deal yall s
rating Gakaill aadiall 4y

Reviews Cleaning duaill ¢l cilits -2-1-5

Gadiiy liad 38 Aardied) Glladll Gilesene 8 dpatll cijall ol
Cada basiiall gl Cld limll Cada 1ie ¢ seaill Calati Cillee (o de sene
aalall Gijladly Gl S Cada eddainy Lelady algiinly il cildle
s (@ H# Gds) L Ll URLS (slics aodiuall auly z AL duas
<Yl Ala i «(“She should’ve” —> “she should have”) <ilaiay!
grinning face with :©) lgc me gai ) emMOjis Ayl jayll Jysad
-(smiling eyes

JSI (reviews) uerdivadl Gilaalie daaill sl e Sllead) @lli Gula
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&l sl mddl aa gl Wy jaleadd @l saley Lemmatization didee ¢y
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o=t dasady afs (lall L Apsuaell GIGAT JAxS dualie (5S3) Lelia Ao
paza Al 3y Bad Clipa leliay paill Gl e Glgatie ) Slealyal)
e Al Je Juasil Tokenization el Zolee aladiuly paldldl Gl
Aailll Judlal) el gfiay agis Agleill i AL U Lalall Cliprall lgad Jic
daadiona) L guanll SN z3lal Mas (&3l Culh golutia anny aall lial,

A b

@ladl Ciba) L) Giloas Glaalall Gl Jola Jasgia aladinly L
Aexifiaall Apaaell Judlull il adaed) Jshall o Jpeanll xphall lgayysil

cilalsl sy Alie Jaal) Audud alicd) Jghally cilalsl) aaza ana :(4) Joan

Shopify App Store  Amazon Gift Cards  Book Crossing bl de sana
73 54 264 Jaall abae Y J skl
28,405 31,516 12,755 AN |PEEPIENN

60% ) leewdh Lad 28 O Glblaaal) legana Chlapdl Al

aan Ll i) degensS 20% (3883 dcsensS 20% el de sensS

suill 48y il MAE; RMSE Waall uplie Leasinds L[30] 32=4adal
Al Sl lagnlly

Ao i) ziladl) gy Adape —2-5
«lblarall Glpe JalS sl NeuMF alas e cdboaill andl) 1~ 5d
By L lie e i) il Ll cljaal) ge Jaladll Aiganll 4 sucanll &z 3l
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Ly Ak MLP s GMF adsa Ly e 05S5 NeUMF L)z 3saill

dda Jhaxty Led cldanall Cljpe JolS aladind €45 Jal e .Concatenation
MLP zisai zma ailati Jal ey o(IDS \gilipes) cliaal) Jol€ Jadil Jaal)
sl zasalll cligh Jio sl 4yl BatchNormalization ks Leaai
Jal e il 8 o Jpemall A0 iy capsl Alae apadis lsY) RS
WA e 20% Jaxay Dropout Llawy) dada Leasinl 23l 45000 A8 ol

ETAR

e ohsY) Agdl Lecun uniform ik aoiivy NeUMF (L) z3sas ()
g Al alaiud G il ang [5] 8aY Al 4 oSIs RelU Ll o
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GMF ik z 4 Luil XGBoost uxXdll AV alxi #3441 Concatenation
sl &) .NeuMF_XGBoost I 5iall z3saill e Jiasil MLP_all
Aaby g 8 Al lee oal Z0l Ala) 4 acluws XGBoOSt zisa
.z dsall
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IS hail Capaill ALE Gl ) e seatll Judls Jisatl Embedding ¢psaal)
Clealye) pasall Bl 8 S JS ey jelide did gl clgatie dalS
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Wikipedia
(Joulinet al., 2017, UMBC
2017) 1 corpus and wiki-news-300d- Facebook
million statmt.org 1M vec Al Research FastText
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(16B tokens)
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al., 2014) 6\5(')':(;‘;” 2014 and glove.6B.300d.txt Usrf‘;"\?:fsrlf Global
[34] Gigaword 5 y Vectors
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sl Ll .z dgall 50 A8y Cuuatl olady) 401 s (BILSTM (CNN il
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Zisai ool Jeaail L(4) JSA olayl 4y BILSTM (S
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e Lellie pe o o 4S8l Z3lail) e S zpa GuwaSil XGBoost alY) alas
zilai 4 za () pisa o Jeant Gy e Gl GLKH e 2 3
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oSy i zhsat 8 CNN_all 3501 Ui .FastText «Glove <Word2Vec
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z3Lal) JSUAdam Gl il Jans 3 plaey L 388 ¢z Slaill el ol Aol
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Sy al) Jlaa < Al ) z kil
64 (64, 128, 256) units

. MLP
0.01 (0.001,0.01,0.1) learning_rate
64 (32, 64, 128) filters
5 (3,5, 10) kernel_size CNN
0.01 (0.001, 0.01, 0.1) learning_rate
64 (16, 32, 64) units _

. BILSTM
0.001 (0.001, 0.01, 0.1) learning_rate
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activation="relu’ Dense (& hapdiill 4

padding="same' sdalle 5
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BiLSTM cilids i LAl e
Attention 4ida (A& Jeudll Lass
Attention 4ida (& (s alasiu)
Dense <ilish 8 LAY sae

ConvBiLSTMA(tt

110



4 ila plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Alebes Gaayl) dzala dlaa

Cary 3

o g pali g cuddeaa s 2024 ale 9 aul) 46 Alaal)

Aasiiual) Ayl Aipanl) 7 Slaill ASjidial) Aalad) il b :(8) Jgaa

<l sa) ) o Ziail) b dalad) ) ial il
optimizer="adam' Cranill 44y 510
loss="mse' 3 luddl s
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WY 115816::3;;:}\‘ ws Y 32.?:3;; RO 11(1)7?33 ;A)\A’J\ 83 gadal) aial)
T 1 &0t 2 sl
0.369%  0.074% - 0.059% 2.164% 0.002% Cilapil) 445
- 1,9 - 1,5) - (1, 10) Clagsill Jlse
19 22 23 15 69 14 G all dae
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i) 43, ﬁ*ﬁ ulaa —3-6
Gl alail ae lgie JSI Al A8a) A)aes zilall sasa las) Jal e
5 RMSE Glhddl Waall hugie MAE Waall uplie lwasiu) NeuMF

] gl A8y S Lead Cippa WS Y ([37] Uadd) gy Jans s

N | _ 5. » 2
MAE = # ©) | rmsE = j—Z}Vﬂ(?]— ()

:(7) Aol (o i MAE 5§ RMSE (a8 (asdil) s

RMSE|MAE — [RMSE|MAE ;
Reduction% = [ | ]model [ | ]basellne + 100 , (7)
[RMSElMAE]baseline

Baselines _uluY) dakail —4-6

NeuMF Ll o ditiie CF Akl ae gl zised) 35)e dal (e
OSar Al Al e degana paii lly [17] Surprise ol A Lieadiud
A Aalal) Weadin) o sihall 2 dsaill pa Lgailin A3jliay lgde ldasall Ll
KNNWithMeans ¢[28] Non-negative Matrix Factorization (NMF)
.[24] Singular Value Decomposition (SVD) ¢[38]

dapal) Lagia Jalpe A @lijBally oyl =56
Ay cdagiid) =ikl el Jabd By cllial o desene audll 134 o0
NeuMF se lgiilies MAE s RMSE aall (uplie il 42 juleal dailly

R

?M\ & NeuMF_XGBo0oSt (sl G'J}a.ﬂ\ O)laay Liad ‘(10) Jsaall @

Amazon s Book Crossing wlhes icsess o cllyy NeuMF Ll
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o g pali g cuddeaa s 2024 ale 9 aul) 46 Alaal)
o Guadl z3sall Gia 3 (MAE 3 RMSE ladll gl 4oy Gift Cards
-46.87% 5 —66.24% =kis dwwsny RMSE=(0.87155 0.4049= MAE

oo Jialh .NeuMF L) a8 e 43,ially Book Crossing dal ¢ casislly
MAE=0.3189 af (sl zisall Gia <Amazon Gift Cards Jal
Ll laey cinlh —22.88% 5 —9.15% awds 4wy RMSE=0.6659 ;
dpde LS e sl (sn ONN eai (S 3gaiy el 7 3gail) i
Do Jumdl 5 Gia 2l; NeUMF_XGBo0st_CNN zi3ses Joasil Gae
Gasind Ly RMSE=0.8283 5 MAE=0.3133 aity (sl g 35ailly ull)
MAE=0.1750 a5 «Book Crossing 1 c.ijilly —49.50% 5 —73.88%

Amazon 1 il =50.90% 5 —50.14% (=eeds iy RMSE=(0.4240

Shopify App Store Cliass de seae aldiuly Loy Ld Gift Cards
2kl i e Jgeaall y

NeUMF Ll aa Uadd) (i dpady da i) 7 3ladl) 5k 4B 45)l8a :(10) Jgaa

Shopify App Store Amazon Gift Cards Book Crossing Ciliaa) 4o gana
RMSE MAE RMSE MAE RMSE MAE
il
0.8104 0.4111 0.8635 0.3510 1.6402 1.1993 (oY1) NeuMF

0.5960 0.2670 0.6659 0.3189 0.8715 0.4049
(-26.46 %) (-35.05%) (-22.88%) (-9.15%) (-46.87 %) (-66.24 %)

0.3333 0.1374 0.4240 0.1750 0.8283 0.3133
(-58.87 %) (-66.58 %) (-50.90 %) (-50.14 %) (-49.50 %) (-73.88 %)

NeuMF_XGBoost

NeuMF_XGBoost_ CNN

pasall ae doleill CNN ol z3gas alasind G Laas ALl 25)E) (e

lid AU (NEUMF (e Cpuanall 7 3sailly o) 350t (pe Juadl Lpas 2101 o8
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L e oyl Agdl 3y B Liaadilg dxiguand) z 3l (e de sana o liy
Gyl shals Lid & ey (NEUMF_XGBO0OSt (jusall z3saill ga leaads
Amazon Gift Glbladll Jegans (0 IS Jde MAE s RMSE ol 2ol (le
O Gasg galsaall (e .(12) Jsany (11) Jsas Shopify App Store 5 Cards
35 A8 Juadl 3in NeuMF_XGBoost+ConvBILSTMAtt ~5iaall 3 saill
Juadl IS5 LSl (ppaiat 3yl alaeal dpaily RMSE 3 MAE Uadl) uylia e
o g3y NeuMF_XGBoost+ConvBILSTMAL all 7z3saill 58 = ga
zisall o gpe dipl K e sadied) Aap¥l dpalll zilall il
sa5 NeUMF_XT . 4 bal ~jidall z3gall jlaialsy «ConvBILSTMAL

RMSE=0.3297 5 MAE=0.1080 & (s 3 Aubdll 4 zisa Judl

MAE=0.0585

ads

<Amazon

Gift

Cards

.Shopify App Store clihes dc sanal RMSE=0.2824

s Agpaal) lalS cpanai (gl ca S0 Apaaril) 7 laill qannny Ao ihal) 7 3adl) 5o A8 A3ja 1(11) Js2a
Amazon Gift Cards cllawal) s gasal

All Word2Vec Glove FastText No Weights Gl Cpacai ¢4 39l
RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE
il
0.3663 0.1202 0.4459 0.1846 0.4521 0.1874 0.4519 0.1847 0.4488 0.1864 MLP
0.3407 0.1088 0.4192 0.1697 0.4266 0.1759 0.4279 0.1732 0.4338 0.1773 LSTM
0.3396 0.1101 0.4231 0.1740 0.4210 0.1754 0.4163 0.1722 0.4240 0.1750 CNN
0.3297 0.1080 0.4094 0.1659 0.4103 0.1673 0.4159 0.1707 0.4244 0.1751 ConvBiLSTMALt
- - - 0.8635 0.3510 (wwY') NeuMF
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e Appaal cilal€l cpanai (55l (o IS dpnail) 7 Sall) ueny A el g Ml 05 483 A3jlRa 1(12) Jsin

Shopify App Store cillaall 4c gasal

All Word2Vec Glove FastText No Weights )
SilalSl) Cpranzad o) 3 g)
RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE
c:\uﬂl
0.3170 0.0708 0.3514 0.1411 0.3525 0.1419 0.3493 0.1417 0.3595 0.1521 MLP
0.2971 0.0635 0.3281 0.1310 0.3322 0.1321 0.3281 0.1294 0.3314 0.1310 LSTM
0.2841 0.0595 0.3243 0.1284 0.3231 0.1307 0.3314 0.1286 0.3333 0.1374 CNN
0.2824 0.0585 0.3189 0.1286 0.3293 0.1304 0.3108 0.1255 0.3199 0.1263 ConvBILSTMALt

- R R ] - ; - 0.8104 0.4111  (ww¥) NeuMF

5 gisai dumdl o Jpaally @lhlidls st eha) G slemVl s
&= NeuMF_XGBoost (sl zisall may oo cally sls) NeuMF_XT
1zl 4 e 0)s3 sAlly COnVBILSTMALE_all oatll S guanl) A0 2 3 ga
z3saill cpn lilia elaly Lad (el dipla JS e sadiaa CONVBILSTMALL
(13) Jsan cdadady) el _le NeuMF_XT (33& Lilaay «CF dakail 5305 jiaall
Glesenall e MAE 3 RMSE ol —60% . Jusi (asidd o a2 Ca
LA
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CF Zuasil) Aalasl aa Undl) (i Ay g hall g dgail) i 4By 43,a :(13) Jgan

Shopify App Store Amazon Gift Cards Book Crossing Cilaarall de gana
MAE RMSE MAE RMSE MAE
GSLA.'J\
0.4111 0.8635 0.3510 1.6402 1.1993 (oY) NeuMF
0.7103 0.8517 0.4948 2.6152 2.2970 NME
(+20.46 %)  (+72.79%)  (-1.36%)  (+40.98%)  (+59.45%) (+91.53 %)
0.3798 0.8289 0.4638 1.6399 1.2004 .
(+2.25%)  (-7.61 %) (4%)  (+3215%) (0.02%) (+0.00%)  NNWithMeans
0.3852 0.8224 0.4543 1.4868 1.1333 SVD
(-7.18 %) (-6.31%)  (-4.76%) (+29.43%)  (-9.35%)  (-5.50 %)
0.0585 0.3297 0.1080 0.9451 0.3297 NeuMF_XT
(-65.15 %)  (-85.77 %) (-61.82%) (-69.23 %) (-42.38 %) (-72.51 %) (g il z35ail))

\gailiag gilasl) —7
RMSE ;s MAE laa & (masil) Ca 2lasdle 8L ciljlid) i g
Guadl  zisall G Laay s ((10)  Jsaadl 8 Gulll) zisall
Wadll e e JSU B2 (el Aoy ) e (338 NeuFM_XGBoost
sl e A8Lia) g Gy (D) il Gle gana Je RMSE s MAE
NeuMF & MLP 4s ) Dropout Llawy) «BatchNormaliztion cilxsally
JBY e zasall Liskaiy oz asaill phEl o 255 SHI 2500 AlS0e el Al
e aadind ) Ayl dpadll Glhes degene Gl Glipa JalS
2l e Jpasll e GMF 5 MLP_all 0 JS 758 zen 3l XGBoost
zisall i A Lad Laay NeuMF L) e Juadl

B3y (Omaall zagall + CNN il z35aill) NeuFM_XGBoost CNN
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I -50% (s Jas 3l andd iy Cpenally el il e JS e
el daglia ) Lrad Lo 13 . EDN cilbasall Gile gane  Je RMSE s MAE (10

NeuMF ludU ggamll ¢ 13V (a3 \gdlal 40l Adliie dpai 400 ¢ Ml
Casidi G 23 BoOK Crossing degess b Gusall zdgaill G llaay L,
O iy ZE, Al Glilaeall e ganal Al Ganidtll Cant ae 35l e
(i) ualiall ST dlias Cliae e g3 Book Crossing 51 de seall
3l NeuFM_XGBoost_CNN sl z3saill & Laadls Jialliy ¢ peniiunalls
Uail) il (mddd o (3ia 38 dpail) Gl (ha 521 (o (el (80
Shopify 5 Amazon Gift Cards ldazall Jiesana (0 JSI RMSE 5 MAE
Book Crossing cillasall dcsenal agadll dus e Juadl App Store
D3 Y Al e g5y Book Crossing &Y @llis cumal) z3saill ae 43lially
Shopify 5 Amazon Gift Cards laiy xisall Jsa adiiivsal ¢l jelin oo
axdivall el e yuad ly (p2iiall Clealye) duail) 330l Glissy App Store
Agsanl) 283 el Baie Cilaglea 2385
B e lany cdpail) dbsuanll 3kl e sadieall dsjiall & 3aill dually
Ut o ciin 23l a1 (12) Jsaalls (11) dsaad) 8 A8 b lial
Sloaindl zisalll G Lhamdly (Wl z3sall e Ji RMSE ; MAE
Opaal 73l e ISV cnpladl abiee & Uas ) 38 35 ConvBILSTMAL
ZhAi 8 3adlll il 58 e adiay CONVBILSTMAL &l 3) ¢l
cJaall Gl il 8 (el e spmall) Dlaall LA il Gl
dosaill Jaall Gl gu dbhl clelaeYl Llwayl e BILSTM 3,

BILSTM z)a ) olaV) (fysl aain & Attention »layl 5y ) dslayl
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clapilly Abicall Gl jelie e i ) Aabida) il aal e S50
Laay Shopify App Store s Amazon Gift Cards clihaall e gasal dpnally
amy Al NEUMF-XT zisaill s clijliall o (o 75 zisad Jumdl (f
Sl paill Sguasll zigaill aa NeuFM_XGBoost  jusall z3gaill
84% (sslusi I 33 [37] NSE 4as z35aill 38a 385 .ConvBILSTMALt_all
Sl Ju daal & ) Shopify App Store 1 88% s Amazon Gift Cards 1
0% sl (100% 35— 00 G leasdy diial) lapdil) ao Cilguiil) 4l ot
Lol il ol oy =350t (61 100% Lol Cargl) o Javgie 43l = 35aill
Ll

e 338 NeUMF-XT il 7 35l G Lany (13) dsas I o3 byl (pe
4wl SVD (KNNWithMeans (NMF (NeuMF :CF dpiasill 4kl e JS
z3saill A uailly Lol ay 835 (s Jouadl (38a g (RMSE s MAE Ul oyl
z 3sailly Lualal) mpasil) i G Lay DA Gldandl) e gana e (ulY)
oda aladinl =y Lils CF dpagill dadail e 0S5 Jmil _as las sm 2yl
NeUMF #ils (uail XGBOOSt (1uaSa zigad aladin) Ao oo@ Al dagiall
e oLl (S Ayt Aigiiae o 3la Adlia) (Sand Gl alail alea auisiy
Z it J e (paadi wall el (e 5y ) Ay aill ) (e salin )
BILSTM 3 CNN o JS jailad e 3 iy 531 ConvBiLSTMAL_all
(Gl Ao iy () pualial) iy Lygal) 4841 5 oL
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Gluagilly clalitiuy) -8
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4 RMSE s MAE (sl 4€as o Jil; NeUMF Ll aUaill pe Juadl g5
Joanty 408 Liad (gAllg NEUMF=XT #3503 Auhall oda 3 Lyl . lap@illy gl
alxi z3sai aladiindy Blanyls cledally dysudll liga dilal; NeuMF ol 4y,
e zisal e Jpasll GMF 3 MLP_all ¢ S (uil XGBoost 41y
el gisuac zisal aa 4hyy Laf La gl NeuMF_XGBoost
zhaiul 4 el il 58 e adie g3y ConvBILSTMALt all
skl clolaeYL Llaay) Je BILSTM 3,08, ddaddl 4Vall ciljual Caliss),
BILSTM za ) oladl ofysl apai 8 oLV 5yd8 5 cApaill Jaal) Clise (p
colay@lly ABcia) Glall elie go A Zabibdl bl aal e 5l
aliy laed) Glipe JolS szl e NeUMF JUsill da jitall dagial) (S48
il el L lapilly g5um o)l Jumdly sam 2 e Jsanll e dpail
«Book Crossing &3l Glasall cileganal duailly dajiall =il G5
= om e Waall s (s Shopify App Store (Amazon Gift Cards
=70% 560%

D e e e agill B 25z 3l i) Jlee S Al
ey @y Ggall ¢l Geall e daielll ) Ciljae :Jie duaill
@lally BERT (i clall gpeail z3la sadinl oSy WAggllaall aledll
Dlials ol e GAN dudgill degadl) ciluiy GNN 4yyseall dysuaall
dpas Aakil oly B 2yl zisadll aladiul zisall gpmll oY) e laydl
zisall Bad Koy . luagll Juadl sl Ranking il gyl o adia
Gllially ylaill ehaly Cllaall Cileganas pleall (o diline glsil oz ial)
gde
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Jlaidy) Jalsll aall
NCF Neural Collaborative Filtering
GMF Generalized Matrix Factorization
MLP Multi-Layer Perceptron

MLP_all all features Cilbasdll Cilyie aras 2235 MLP
NeuMF Neural Matrix Factorization
XGBoost eXtreme Gradient Boosting
RelLU Rectified Linear Unit

Adam Adaptive Moments

CNN Convolutional Neural Network
BIiLSTM Bidirectional

RNN Recurrent Neural Network

ConvBIiLSTMALt
(TextModelName)_all

NeuMF-XT

RMSE
MAE
NSE

CNN+BiLSTM+Attention
Jal e
gl JU Al B dpne Gl e Al S
4 Sy st migai sa CNN_all 1 dls ¢ pmi Sigpac
None, Word2vec, FastText, s JS e saaina gl

.Glove

il 4 Ll XGBOOSt addiuy al zigal

A8 iy Jine NEUMF 350 (s allly o 73500
(MLP; GMF & Lyl XGBO0OSt (uiSa zigais
oS Jmdlly (Text model ai Guee zisall dalayl
Al ae alxill  ConvBILSTMALt all  z3sa
gadll
Root Mean Square Error

Mean Absolute Error

Nash-Sutcliffe Model Efficiency
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