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Abstract

Board game players often face difficulties in discovering suitable games, finding players, and
locating places to play board games. This research presents a novel website addressing these
issues by incorporating a board game recommendation system and a dedicated community
platform for board game players. We developed and evaluated various recommendation
models, including content-based filtering, user-based collaborative filtering, item-based
collaborative filtering, and deep learning-based approaches. While the deep learmning model
exhibited the highest performance, the item-based collaborative filtering emerged as the most
practical solution due to its effectiveness and implementation feasibility. Our experiments
demonstrate the effectiveness of the item-based collaborative filtering model in recommending
suitable board games to users. This website, equipped with this recommendation system and a
community space, holds significant potential to enhance the overall board game experience for

players.
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Deployment Production

a)

| Containerization Arhitecture
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2.1 uvasuaya

Turuideillamsysannsteyaanuasunasoya laun
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2.1.1 BoardGameGeek

ulen BoardGameGeek (BGG) [5] 1iu Forum aaulau

E?w%'w;ﬁ%u%wmm'uva%@mmamﬂugm%@gamuﬁ

TIUTVBYAVDIAANNI 125,600 10y wonniiTulen

dilmlaanansoluazuunuma 4 1o (6]

® BoardGameGeek APl L3uleail sl API (BGG XML API2)
[7) dw¥uineveyania 1 veaiulen BoardGameGeek

®  BoardGameGeek Wiki [8] Lufiuiidmiuaumveya

AN 9 i iulen BoardGameGeek

2.1.2 Wizards of Learning
Wizards of Learning 1dutiulenfiluuinisesnwuuuesa

nu wagdinsTuswanuiiauvesangla [9]

2.2 M3IA38NYIYA
luduneuniswisuveyatuuinismiouveyasenidu 4
TunauLey Aanaluil
2.2.1 M3813529%8Ya Exploratory Data Analysis)
® 1599974 Feature lnuuafidvayagaymie (Missing
a = Y a =3
values) Usuauunn smmﬂwuagaqzwwmmﬂuiﬂﬂ

omarlianinsath Feature Sululsusslomla faguii 2
o d1519nsmsnsEanEiveLAas Feature tiauiluly
WUA Filter 0933 VUL IUBSAINY
o dsrasauvesanuluwnazUsean (Category) Wil
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®  #15798UAU (Rank) 983UBIALNY 1NNAIUI YA
wulnnelulssmalneg sgduduuszanannilus e

nsadlnssuuwuzdamznuaunsanaulale

Missing values in dataset

Atari ST Rank

Video Game Rank
Arcade Rank
Commodore 64 Rank
RPG Item Rank
Accessory Rank
Amiga Rank
Customizable Rank
Party Game Rank
boardgamecompilation
Children's Game Rank
Abstract Game Rank
Thematic Rank
boardgameintegration
Family Game Rank
Strategy Game Rank
War Game Rank
boardgameimplementation
boardgameexpansion
alternate
boardgameartist
boardgamefamily
boardgamemechanic
boardgamedesigner
boardgamecategory

features

o 5000 10000 15000 20000
null

gﬂﬁ 2 Missing values 983umag feature Tu dataset

222 n’usﬁ’m’mua:mﬂﬁaga (Data Cleansing)

® i Features Aluddy, srgeu wludinsizsien wie
Missing values worauillolila

o dnawizvosnnuiiuifylvlnazuuy >= 300 o
voyans3hiiuesifuly eraviilmAn Bias

e Falawizuasanudl Rank <= 6,000 uay Publication
Year >= 1995 1l asa1ninudiinuAvlunIesusulud
fnazdunuiivaniadlesn Tnsamzludssmelne

o unuiishilglyauiuiiunuiuvaisadinsaais
desmnnsihidifnnnnisiienugdnvesyludifing
ity q Wasuld wezveyafisiusuanlulassylin
Ihilwuduiiianan Sunuiimeaiadedasidunis
AausAnvesyliifineiny

® 33 Rating Ueenan 1 (Rating & 1-10)

e aylyfisianosnan 450 1w (VedaimSeaniwens

A o Yo ¥
LagN1sUTTLIaNa ﬁNLaaﬂLQWWDﬂ‘U‘VIZJGUEm‘JaLEJ%)

2.2.3 n1suuasvaya (Data Transformation)

® One-Hot Encoding wUase aaiaaumﬂa;u (Categorical

data) Tviegluguiuuyesnn 0 wag 1 (Binary values)
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2.2.4 mﬁ'm‘l]’aga (Data Integration)
‘vaﬂ’1ﬁamyaga‘ﬁ'N"]uﬂszmumsmmfumauﬁ' 2.2.1 4
223 LﬁaasywLﬂuqm%ay)aé?muuﬁLm%mzﬁ'}lﬂa%dim,ma
moly ﬁ]zlﬁ?ﬁgaaﬂaﬁwiai‘uﬁ

®  ToyauDIALAY 4,582 1N

® %oyadi 2,018,715 T

° %agaﬂismwuawa%mﬂu 20 UsgLnn

e wayauasanuiiunden 50 1y a WIwIEIT 9

2.3 Tumauuzthuasana

Tumalun13vinszuutugd (Recommendation system) il
vane3anns Ingluauidedilavnasdluma Content-based
filtering ae Collaborative filtering [10, 11]. Content-
based filtering IsgqmauﬁﬁmawaémmuLLa::mwmamJaﬁ;;
oy waflvesiaesmnumannvane (over-specialization)
a7 Collaborative filtering U Item-based collaborative
filtering [12] T%GJaaﬂam'ﬂﬁumamswm;gl,éul,l,azmaf[.uaﬁm
FaluFuugihiivanuaisnan Lmﬁﬂzymﬁmﬁdua;ﬂams%’m
N5¢91¥ (data sparsity) @24 Collaborative filtering VU
Model-based aanunsaiasenauduius idugeula
waziiauanunsalunisuduaun (scalability) wanesly
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2.3.1 Content-based filtering
Content-based filtering Lﬂumiaiwiﬂﬂv@amamLauLLmaz
Aukeniull wadkuzdtuasaLNy mﬂﬂﬂﬂ/\lamammuﬁu

wWueu q 1U [13]

7
Wonders Agricola .
Duel

Ticket

- rmin
Dominion J

Terraf
name Pandemic Carcassonne  Catan Codenames "1

7
Wonders to Ride Mars

name
Pandemic 02; 11390 02 41890 88 .. 0.000(
Carcassonne 1000000 0138159 0.13 3 0 2 7¢ 3 2528 0081;

Catan 0113901 0138159 1.000000 . 0 0.000000 0.107134 .. 0.000¢

gﬂﬁ 3 nadnsveslima Content-based filtering

14

Taelunasei lnvihnnsnaassasisluwma Content-
based fittering Inely Cosine similarity lunsyauaane
Y9aLNL B9 Features Mwazdisnenisly Numerical data uag
Categorical data

mﬂgﬂﬁ 3 fon1uluna Content-based filtering
srlamadwsiduming (Matrix) A1AANEY8ILARELNY 39

annsaihlulvsslunswusihvesanyle

2.3.2 Collaborative filtering

nann15u84 Collaborative filtering A mﬁﬁwszjya;ﬂamnﬂu

wgmmwma 9 ﬂumﬂaaﬁu%Lﬂiwsﬁiw@%ﬂuﬁaz%aua%

geftanunsarinlanansuuuruiu [13] Inelusmudsedas

npaoslolunaUssin Memory-based tay Model-based

® Memory-based Lﬂjumﬂ% Nearest neighbor Aonsil
151A1ALAT Rating ‘\]’Iﬂﬂ’li@ﬁ]’]ﬂﬁﬁﬂ? (User-based) %38
vasana (Item-based) 7 lna 1A sary [13] Tnely
uideil Tavinisnnassasidliina Memory-based
Tnely Cosine similarity Iumsmmwmg'msuaa;EiﬁgLLaz

ATITUAATYVBDILNU ﬁﬂzﬂﬁ 4 ey 5

ser TFMYoorpm  28green  42amu

549sd AHforever AJBrandon ASSaali Aarkas AaronBES5 ...
Meeple

user

1 Family

1000001 03513 441230 0463583 0431945 0327051 0307018 0.348; 65398 0422336 ...

Meeple

1000rpm 1.000003 0314870 0343502  0.15! 27590 0341947 0277185 03:

28green 0414176 0.423904 9 0311133

g‘d‘ﬁ' 4 luwna User-based Collaborative Filtering

10
.and Minute
10 D: 10 D:
then, .und 10Days 10 Days = Yo Zooloretto
weheld tschiss! inAfrica inAsia o R N * Junior
hands. = Wizard's

Tower

d 1000000 0080115 0158781 0108183 0140938 0.108727 0127127 0147714 0141141 0061741 .. 0075312

": 0080115 1.000000 0.164283 0.135121 0.228677 0.10¢

131682 0.073456 0054965 0035074 ..  0.121544

g‘d‘ﬁ' 5 Tuiea Item-based Collaborative Filtering

® Model-based ifun15undeym1ain Memory-based il

Hvedninues lulsesvoinunszinnszae (Sparse)

wagANaNITaluNIsue18vUIa (Scalability) Nagmnos
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\ulm3ng Rating mm"wuaumaa@%l,l,awa%mmmﬁgmm
Tugnuwes Model based axdumslalinmania 4 Tunis
‘vrmﬂma%ﬁﬁmmmLéﬂﬁawﬂﬂlﬂuéﬁLmumm;ﬁ%uaz
duan [13] Tnelunwised lnvimsmeassasiduna
Deep Learning 1 Elisuyiu Laa Bilateral Variational

Autoencoder (BiVAE) [14]

rui ~ EXPFAM(ryi; n(0y; Bi; 0))

user sampling S g ; sampling |/ item
¥ encoder > fui =fOub) | B | < & encoder

Uil 6 an1dnenssuves BIVAE

Tneialu Collaborative filtering (CF) 9zUsENeUnY

wmsngnistaneusznnglowazduni Tnaidusuuuunis

User Profiles & Game Rating ~ Cosine Similarity

3U# 7 Pipeline luinauugtuasainy

User Profiles & Game Rating Recommendation Model

U

Game Score

3U7 8 Pipeline vasssUULUEINUBIANY

Similarity Matrix

15

vosrayalaoin (Dyadic data) oendlsiiniu luaaussiny
Hiduiinsrufuniiauanunsaiisada esenanunsady
LawwgﬂLLUUL%@LguﬁgﬂuﬂTa;gaLLamﬁuﬁLLﬂJq (Latent spaces)
wintiu Faufaluea Variational Autoencoder (VAE) “I/]d'Qﬂ
ity cF Tag VAE Tulanesuissugnisnszany
funy sennsassuisanulunuveuluiuiiudsle
Bilateral Variational Autoencoder (BIVAE) 1ulsina
‘ﬁl‘dﬁzﬂaumyw Generative model 984 User-item based,
Uesr-based wa Item-based 7 f1suanis1d10es ety
Tasswneuszamiisuvansdu desauimmaminefudmsu
L%ﬂiﬁﬁ%@gﬁlmazﬁﬂé’miuﬁﬁ (Auto-encode dyadic data)
1y BIVAE mmsa%’ummhiLLﬁuaumaa{aaﬂalmzaﬂﬁu’qaaa
P (1111119997 Users Uag items) FsazifiuUszAnEAMYDS
TouauUUNIzdnnszae WelFeuidieudu VAE [14] ne

Tuina BIVAE fian1dnenssy (architecture) faguii 6

Recommended Game Scoring

La Fall

Timeline:

e Dot Product

C> » Normalize C:>

e Scaling

0

User Profile

Board Game Filtering

Recommended Board Games

ruussshuotainy

© E@ ®

-
B £ :
& 7]
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2.4 nswauulen (Web Development)
ArswauTulaa i o lulysrunvluiea @1vsu

ﬂ‘i%U’]“LJﬂ’ﬁﬁGMU'I’RJSLLUQLﬁU 3 @IUNAN A

2.4.1 FrontEnd Development
FrontEnd tunsiamnlugiuvemuniiulen axdudu
Vi;gslsgmuLﬁuLLaanM'imIGTmauﬁ’Usgi%aﬂuiﬁﬁu
iuﬂﬁw'"ﬁumugu%Lﬁumsgmw‘u Single Page
Application ﬁ?fdﬁﬂ%?%gﬂLmuﬁnfamwulmmﬁﬂﬁ?’m
%yaaiaﬁllmymﬂ server Ing'ly 0957015 Reload L uLna
wonand daiaudinend suneiu Service Sutitoly iy
ﬁjua;_ga VYU LARIUHUT (Longdo Map API) LLaxmﬂsgﬂ’zy%

Social Media Tumsiungszuuiivelyau

2.4.2 BackEnd Development

BackEnd Jumsitaunluaiuvead emdsil @ FrontEnd
anunsndeunenu AP (Application Programming Interface)
lumsinnedeansiu fminiiddamansesns linesdums
Uﬁzmamaszjumﬂaai’wmumﬂ 1n13nTIEeULard uduAIves
;ﬁ%mu (Authentication) ﬁmsﬁi’ﬁmﬂmszjuwﬁﬂusﬂua;dammpﬁu
Tnefimueslulailans (Authorization) in15id eumariu AP
¥i38 Service 817 Tmauf"lsz?aaﬂamﬁ’mmaqwﬁyauﬁ’uéﬂﬂLLamwa
fiaruves FrontEnd LLasLﬂué’hﬂmﬂumﬁwﬂaﬁugm%@aﬂa

(Database) iiislglunsiivveyavos oy

2.4.3 Model Boardgame Service Development

\esanTumanuzivesanuimuilaglys iwlusunsy
Python ﬁqmyaqﬁmmamﬁu API Service Iviyay’gusuan
Backend losudnit ilomnuenfulavesniilusunsudls

uazAUISEUMYlUN1SIANIS Package

2.5 AINSIUNISNIIUVDISSUULUSUIUATANY
diehveyanlyaniulealuiine 2.4 wuanluea wugi
vasanuluive 2.3 aglaszuunusiivasanulagdl

MNTIAFUN 7 uae 8

16

3. NANISALLUIUIRY
3.1 nsUseiUNg

3.1.1 Precision 8z Recall
Precision (L?Emadﬂaﬁlyﬁml’l positive predictive value)IGg
ﬁ’ﬂ%%’ui’maa‘uﬂuﬁliumaLLuzﬁwVLULLayaﬂﬁsl}u%aUﬁmﬂu
Sasrauwlnsanninuilumanuztilunmn

Recall (38n8noe19 sensitivity) ludmsuianan
nuilisanugitluuay lseuAndusnsaumilvade

Wieuiuinuiglyveuiaue laeilansaaguil 9

.. tp
Precision = ———
tp+ fp
t
Recall = _P
tp+ fn

5Uil 9 gnsves Precision way Recall [15]

Toedi

® True Positive (tp): mMa3audu True wazsinnel True
® False Positive (fp): masadu False umviunela True
®  True Negative (tn): ana3aidu False wazviunele False

® False Negative (fn): avzadu True wavhunsla False

3.1.2 Normalized Discounted Cumulative Gain (NDCG)
NDCG 1Juinaauninnisdnsdusu (Ranking quality) lne
Ty 9ol Tunakuzinua AU I UBNINNLLULLLNL

e lyvounad aznedinisisesaduinulngnaeniy

AuYauvesyly ieln NDCG angs Ineilgnsnagui 10

NDCG = 2

G

5Uil 10 gnsves NDCG [16]

%9 NDCG 1udwns1auves Discounted Cumulative
Gain (DCG) 89810 UM bULU1mD DCG YDIG1AUT WNA39

(IDCG) Tney DCG Tamssiaguil 11
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&

rel,

IDCG, = —
b ‘1 log,(i+1)

Ul 11 gmisvas DCG [16]

e
® Kk 91UNUIITIINITIEINAITanTuUa1eU (Top-k)

® rel ii A1A21ULA BIUB3 (relevance) Y095180151U

v

audl i lneaazidudaviusuenisrudidgyaes

S18A151UU

3.1.3 Wisuifleuuszansnmassunaziung

AT Elnnavsneanaluived 3.1.1 uag 3.1.2 uly
Tunsi3euiieuyssansnmussunarlunaluvinved 2.3
Todlduneusid

. ejuﬁwa%mmuﬁpﬁ%ﬁaumm (Rating >=9) 80N 10 1AY
® i1 user profile wlnanuzthuesan

o madns 10 LﬂuﬁiumaiﬁmLLuu’hmmsazm”wﬁ%
fiaaluusziduandunudiylyvounioly (Rating >
ALadE rating va K1)

L] *ﬁ'ﬂwa(;w precision, recall, NDCG, execution time

Tanaveunazlumadnnsned 1. isilntaueluaa

Alalunisnnassianun 6 Tuina @ 95908933 Content-

Based Filtering lutaa 1-3), Collaborative Filtering W

WUU User-Based (lutaa 4) uag Item-Based (luina 5)

s2ufsluina Deep Learning (luna 6) 1l aluFsuiiisy

UsganSnrneeeldnisndanunainvane n1sidentuwma

v v v v v
o

méwﬁLﬁmmﬂm‘amaqmwmaawﬁﬁmiﬁLﬁusﬂuaaﬂamaa;ﬂ%
wazAuan (Content-Based), n15lvvoyanislaneuvesy v
(Collaborative Filtering), safsnslalumaidugouiiodu
Auduiusilaidudadu (Deep Learning) vt elnnns
wuzthilnnuvannvansuaziluganniy umaiidently
mﬁmaaqﬁﬂsauﬂqumiﬂimsgaaﬂawm&JU'ﬁxmmazmﬂﬁﬂ
Funnaatu Wiawseuiisudssans nmuas Anuunzay
Tuunaznsal lnstanizluiaa ltem-Based Collaborative

Fittering Faudulumaiifmnumunzauigadniunislyau

17

339 LlpsandaugasymeauLuuguazANaNnTaly
n1susulvluanmuinasuidveyaduiuunuaznainis

UszuIanangIng?

A1519% 1 Tanalumauuztiuesany

Models Precision Recall NDCG Time

1) Content- 0.352 0.011 0.306 0.34
based filtering
Taely
Numerical

Data

2) Content- 0.309 0.010 0.281 0.37
based filtering
Tagly
Categorical

Data

3) Content- 0.301 0.009 0.276 0.42
based filtering
Taely
Numerical
Data uag
Categorical

Data

4) User-based 0.566 0.018 0.493 1.28

Collaborative

Filtering

5) ltem-based 0.708 0.023 0.680 1.26

Collaborative

Filtering

6) Bilateral 0.765 0.050 0.779 29.17

Variational
Autoencoder

(BIVAE)

] v
A

91915199 1 luma BIVAE Tﬁgwaé’wgwmﬁqmﬁdmw
%ﬂ“g Precision, Recall, NDCG wag Execution Time NSwenns
Alalunsvieddednig IntelR) Core(TM) i7-9750H CPU
® 2.60GHz 2.59 GHz unluimasanaiifiveldsis osns
Usvsnanafiutuuazsudunes Retrain nnw%&ﬁﬁ;ﬁﬁwﬁ

Wududainlulvasdudulenlaein 3adanlvluna ltem-
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based Collaborative Filtering FafiuszananmiiAseasun
wadiauislunisuszananags Tngdanauszansamues
Iumalﬁ?é’fﬁgﬂﬁ 12

uaﬂmﬂﬁmﬂmﬁwﬁ 1 é’qmqiﬁ?’h Recall ﬁuﬁmﬁ
sfwmmluv!ﬂiuma %qmngmmﬂszw%ﬁwmsLLu::ﬁwLmJ
s 10 wnu wanuiiylageuduiifaunavdnsessufinat
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