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JOAATOK b
®parMeHTH MpOrpaMHOro KOay CEPBEPHOI YACTUHU

b.1 Kox cepsicy aJis iIMIIOPTY JJaHUX PO HACTUIBHI IrpU

internal class BoardGamesCsvImportService
IBoardGamesCsvImportService

{

private readonly CsvConfiguration csvReaderConfig =
new (CultureInfo.InvariantCulture)
{
Delimiter = ";",
MissingFieldFound = null
}i
private const string bggIdHeaderColumnName = "BGGId";
private const string categoryHeaderColumnPrefix = "Cat:";
private const string rankHeaderColumnName = "Rank:";
private const string themeHeaderColumnPrefix = "Theme ";

public BoardGamesCsvResultDto GetBoardGamesImportedData (Stream
csvStream)

{
csvStream.Position = 0;
if (csvStream == null || csvStream.Length == 0)
throw new ArgumentException ("CSV stream is empty.",

nameof (csvStream)) ;

using var reader = new StreamReader (csvStream) ;
using var csv = new CsvReader (reader, csvReaderConfig) ;
var records = new List<BoardGameCsvInputDto>() ;

var categoriesProperties = typeof (BoardGameCsvInputDto)
.GetProperties|()
.Where (prop => {
var attribute =
prop.GetCustomAttribute<NameAttribute> () ;
return attribute != null && attribute.Names.Any(n =>
n.StartsWith (categoryHeaderColumnPrefix,
StringComparison.OrdinalIgnoreCase)) ;

}
.ToList() ;

var rankProperties = typeof (BoardGameCsvInputDto)
.GetProperties|()
.Where (prop => {
var attribute =

prop.GetCustomAttribute<NameAttribute> () ;
return attribute != null && attribute.Names.Any(n =>

n.StartsWith (rankHeaderColumnName, StringComparison.OrdinalIgnoreCase)) ;

});
csv.Read() ;

if ('csv.ReadHeader () || csv.HeaderRecord == null)



throw new InvalidOperationException ("CSV header is
null.");

var categories =
GetCategoriesFromImportedData (csv.HeaderRecord!) ;

foreach (var record in
csv.GetRecords<BoardGameCsvInputDto>())
{

records.Add (record) ;

}

var families = records
.Select(r => r.Family)
.Distinct ()
.Where (f => !string.IsNullOrEmpty (f))
.Select(f => new ClassifierCsvReturnDto (f!))
.ToList () ;

var boardGames = records.Select(r => new
BoardGameCsvReturnDto (
r.Bggld,
.Name,
.Description,
.YearPublished,
.GameWeight <=1 ? 1 : r.GameWeight,
.BayesAvgRating,
.AvgRating,
.MinPlayers,
.MaxPlayers,
.ComAgeRec is not null?
(int)Math.Round (r.ComAgeRec.Value) : null,
r.LanguageEase.HasValue &&
(int)Math.Round (r.LanguageEase.Value) >= 1 &&

(int)Math.Round (r.LanguageEase.Value) <= 5
?

RBEHRHRKRRRBRKRK

(LanguageDependence?) ( (int)Math.Round (r.LanguageEase.Value))
null,

.BestPlayers,

.GoodPlayers,

.NumOwned,

.NumWant,

.NumWish,

.NumWeightVotes,

.MfgPlayTime,

.ComMinPlaytime,

.ComMaxPlaytime,

.MfgAgeRec,

.IsReimplementation,

.RankBoardGame,

families.FirstOrDefault(f => f.Name == r.Family) ?.Name,

r.ImagePath)) .OrderBy (r => r.BggId) .ToList() ;

KRR KRKRRRBHR

var boardGameCategories = records
.SelectMany (r =>
{
return categoriesProperties
.Where (p =>



var gameInCategory = (bool)p.GetValue(r)!;
return gameInCategory;
}
.Select(p => new
BoardGameCategoryRelationCsvReturnDto (
r.Bggld,
(categories.FirstOrDefault (
c => $"{categoryHeaderColumnPrefix}{c.Name}"
= (
p-GetCustomAttribute<NameAttribute> () ?
.Names
.FirstOrDefault(n =>
n.StartsWith (categoryHeaderColumnPrefix,
StringComparison.OrdinalIgnoreCase))))?.Name) 2?2 "",
rankProperties.FirstOrDefault (
rankProp =>
rankProp.GetCustomAttribute<NameAttribute> () ?
.Names.FirstOrDefault(n =>
n.StartsWith (rankHeaderColumnName,
StringComparison.OrdinalIgnoreCase) ) ?.Replace (rankHeaderColumnName, "")

p.GetCustomAttribute<NameAttribute> () ? .Names.FirstOrDefault(n =>
n.StartsWith (categoryHeaderColumnPrefix,
StringComparison.OrdinalIgnoreCase) ) ?.Replace (categoryHeaderColumnPrefix,
ll"))

?.GetValue (r) as int? ?? 0));

})
.ToList () ;

return new BoardGamesCsvResultDto (boardGames, families,
categories, boardGameCategories) ;

}

public ClassifiersWithRelationsCsvResultDto
GetClassifiersWithRelationsImportedDataDefault (Stream csvStream)
{
return GetClassifiersWithRelationsImportedData (csvStream,
null) ;
}

public ClassifiersWithRelationsCsvResultDto
GetThemesImportedData (Stream csvStream)
{
return GetClassifiersWithRelationsImportedData (csvStream,
GetThemeNameFromHeader) ;

}

private ClassifiersWithRelationsCsvResultDto
GetClassifiersWithRelationsImportedData (
Stream csvStream,
Func<string, string>? classifierNameTransformSelector)

using var reader = new StreamReader (csvStream) ;
using var csv = new CsvReader (reader, csvReaderConfigqg) ;

csv.Read() ;
csv.ReadHeader () ;
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if (csv.HeaderRecord == null)
throw new InvalidOperationException ("CSV header is
null.");

var classifierRecords = csv.HeaderRecord.Where(r => r !=
bggIdHeaderColumnName) . ToList () ;
var classifiersDictionary = csv.HeaderRecord
.Select((name, index) => new { name, index })
.Where (r => r.name != bggIdHeaderColumnName)
.ToDictionary(x => x.index, x => x.name) ;

var classifierNames = classifierRecords;

if (classifierNameTransformSelector != null)

{

classifierNames = classifierNames.Select(classifierName

=> classifierNameTransformSelector (classifierName)) .ToList() ;

}

var classifiers = classifierNames.Select(p => new
ClassifierCsvReturnDto (p)) .ToList() ;

var boardGameWithClassifiersRelations = new
List<BoardGameClassifierRelationCsvReturnDto>() ;

while (csv.Read())

{
int gameIdFieldIndex = csv.GetFieldIndex ("BGGId4d") ;
int gameId = csv.GetField<int> (gameldFieldIndex) ;

for (int i

{

0; i < csv.HeaderRecord.Length; i++)

if (i '= gamelIdFieldIndex && csv.GetField<int> (i) ==
1)
{
boardGameWithClassifiersRelations.Add (new (gameIld,
classifiersDictionary[i]));
}
}
}
return new(classifiers, boardGameWithClassifiersRelations)

}

private static List<ClassifierCsvReturnDto>
GetCategoriesFromImportedData (string[] headerRecords)
{
var categories = headerRecords.Where (headerRecords =>
headerRecords.StartsWith (categoryHeaderColumnPrefix)) .ToList () ;
return categories.Select(c => new
ClassifierCsvReturnDto(c.Split(":")[1])) .ToList() ;
}

private static string GetThemeNameFromHeader (string header)

{
if (header.StartsWith (themeHeaderColumnPrefix))

return header.Replace (themeHeaderColumnPrefix, "");

return header;
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b.2 Kox meTomiB 1151 anroputMmy peKoMeHAaIlii HaCTITbHUX irop

public List<BoardGameRecommendationResultDto>
RecommendGames (List<int> favoriteGamelds, int topN = 10)
{
var favorites = _games.Where(g =>
favoriteGameIds.Contains(g.Id)) .ToList() ;
if (!'favorites.Any()) return [];

var userVector = AverageVector (favorites);
var favouriteProfile = BuildFavoriteProfile (favorites);

return _games
.Where (g => !favoriteGamelds.Contains(g.Id))
.Select(g =>
{
var vector = GameToVector(qg) ;
var similarity = CosineSimilarity (userVector, vector);

var explanation = BuildExplanation(g, favouriteProfile);
return new BoardGameRecommendationResultDto (
g.Id,
new BoardGameRecommendationExplanationDto (
similarity,
explanation.Categories,
explanation.Mechanics,
explanation.Themes,
explanation.Subcategories,
explanation.SharedFamily)) ;
})
.OrderByDescending (r => r.Explanation.SimilarityScore)
.Take (topN)
.ToList () ;
}

private Vector<double> AverageVector (List<BoardGame> games) =>
games.Select (GameToVector) .Aggregate((a, b) => a + b) /
games.Count;

private Vector<double> GameToVector (BoardGame g)

{

var v = new List<double>() ;

double weightTags = 0.31;

var tagVector = new List<double>();

tagVector.AddRange (_allCategories.Select(id =>
g.BoardGameCategories.Any (c => c.CategoryId == id) ? 1.0 : 0.0));

tagVector.AddRange (_allMechanics.Select (id =>

g.BoardGameMechanics.Any (m => m.MechanicsId == id) ? 1.0 : 0.0));
tagVector.AddRange (_allThemes.Select (id =>
g.BoardGameThemes .Any (t => t.ThemeId == id) ? 1.0 : 0.0));

tagVector.AddRange (_allSubcategories.Select (id =>
g.BoardGameSubcategories.Any (s => s.SubcategoryId == id) ? 1.0 : 0.0));

var normalizedTagVector = NormalizeGroup (tagVector) ;

v.AddRange (ScaleGroup (normalizedTagVector, weightTags)) ;



21),

300),

double weightAttributes = 0.12;
var attributes = new List<double>

{
Normalize (g.GameComplexity, 1, 5),

Normalijize (g.RecommendedAge? .ManufacturerRecomended ?? 0, 3,

Normalize (g.PlayTime?.ManufacturerStatedPlayTime ?? 0, 5,

Normalize (g.Players?.MinPlayers ?? 1, 1, 20),
Normalize (g.Players?.MaxPlayers ?? 1, 1, 20)
};
v .AddRange (ScaleGroup (NormalizeGroup (attributes),

weightAttributes)) ;

double weightRatings = 0.15;

var ratings = new List<double>

{
Normalize (g.BggData?.BggScore ?? 0, 0, 10),
Normalize (g.BggData?.AverageRating ?? 0, 0, 10)

};

v .AddRange (ScaleGroup (NormalizeGroup (ratings), weightRatings)) ;

double weightRank = 0.12;
var rank = new List<double> {
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NormalizeReverse ( (g.BggData?.RankOverall == null || g.BggData.RankOverall <
1) ? 30000 : g.BggData.RankOverall.Value, 1, 30000) };

v.AddRange (ScaleGroup (rank, weightRank)) ;

double weightPopularity = 0.10;
var popularity = new List<double> {

Normalize (g.BggData?.NumberOwned ?? 0, 0, 100000) };

2025) };

v .AddRange (ScaleGroup (popularity, weightPopularity))

double weightYear = 0.12;

var year = new List<double> { Normalize (g.YearPublished, 1950,

v .AddRange (ScaleGroup (year, weightYear)) ;

double weightFamily = 0.03;
var family = new List<double>

{
g.FamilyId !'= null ? 1.0 : 0.0,
g.IsReimplementation ? 1.0 0.0

}i

v.AddRange (ScaleGroup (family, weightFamily)) ;

double weightLang = 0.05;
var lang = new List<double> ({

Normalize ( (double) g.LanguageDependence, 0, 5) };

v.AddRange (ScaleGroup (lang, weightLang)) ;

return DenseVector.OfEnumerable (V) ;
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b.3 Kog cepBicy 11t pelieBaHTHOTO COPTYBaHHS MO1H

public class EventsRecommentaionService : IEventsRecommentaionService

{

private const double W ONLINE = 0.7;
private const double W DISTANCE = 1.7;
private const double W_FAVORITE = 2.0;
private const double W CLUB = 1.5;
private const double W_REGISTERED 1.0;

private const double W NOGAME = 0.3;
private readonly IEventsRepository _eventsRepository;

public EventsRecommentaionService (IEventsRepository
eventsRepository)
{
_eventsRepository = eventsRepository;

}

public async Task<List<EventRecommendationReturnDto>>
GetRelevantEventsAsync (
List<int> favouriteGames, LocationCoordinatesDto
playerlocation, int page, int take, CancellationToken cancellation)
{
var events = await
_eventsRepository.GetActiveEventsWithDistancesAsync (
playerlocation.Longitude, playerLocation.Latitude,
cancellation) ;
var scoredEvents = events.Select (e => new
{
Details = e,
Score = CalculateEventRecommendationScore (e,
favouriteGames)

});

return scoredEvents
.Select(e =>
new EventRecommendationReturnDto (
e.Details.Event,

.Details.BoardGameName,
.Details.GameClubName,
.Details.OrganizerFullName,
.Details.OrganizerNickname,
.Details.Distance,
.Details.RegisteredPlayers,

e.Score))
.OrderByDescending (e => e.RecommendationScore)
.Skip((page - 1) * take)
.Take (take)
.ToList() ;

®O®0000

}

private double
CalculateEventRecommendationScore (EventWithDetailsDto details,
List<int> favouriteGames)

{
double score = 0.0;



if (details.Event.IsOnline)
{
score += W_ONLINE;

}

if (details.Distance !'= null)
{
// £(dist) =1 / (1 + dist), MHoxmMo Ha wDistance
// SAxmo dist = 0 => f£(dist) = 1, ummM 6inepme dist, TuM
MeHIe Bara.
score += W _DISTANCE * (1.0 / (1 +
details.Distance.Value)) ;

}

if (details.Event.BoardGameId '= null)
{
var isFavourite =
favouriteGames.Contains (details.Event.BoardGameId.Value) ;

if (isFavourite)
{
score += W_FAVORITE;
}
}
else
{
score += W_NOGAME;

}

if (details.Event.GameCLubId != null)

{
score += W_CLUB;

}

// g(RegisteredPlayers) = 1ln(l + RegisteredPlayers)

var playersFactor = Math.Log(l + details.RegisteredPlayers) ;
score += W_REGISTERED * playersFactor;

return score;
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v w’-nsnmc + I"Vriuh + m-s Tabletop
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Ban.
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Huszexmit 6an, 50 HeElnomo, I0
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Hmybri nopti epaaroTeCT

Connect

Pucynoxk I'.13 — Crnaiig Nel3 (pucyHOK BUKOHAHO CaMOCTIITHO)

IHTerpavil: BoardGameGeekAPI

Add  Update Doard Game

BGG XML HTTP Client

"4 | Tabletop
| 72 | Connect

Pucynok I'.14 — Cnaiig Nel4 (pucyHOK BUKOHAHO CaMOCTIITHO)
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IHTerpauil: EnekTpoHHa nowTa

T—T Tabletop "_" Tabletop T—" Tabletop
#& | Connect & Connect # | Connect

Hello, vicvik! Hello, vicvik! Hello!

Conim Your Emat Event Mams: Taxagrd imperiam play o
Event Dates: 22 192 42

Staus: Orgong

— S r““Tabletop
Bitwar ﬁ Connect

Pucynox I'.15 — Crnaiig Nel5 (pucyHOK BUKOHAHO CaMOCTIITHO)

IHTerpauii: [eonowyk

Geo Names Nominatim (Open Street Maps)

— G 1"“ Tabletop
oftwar ﬁ Connect

Pucynox I'.16 — Crnaiig Nel6 (pucyHOK BUKOHAHO CaMOCTIITHO)
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IHTerpauil: Google OAuth?2

e e = Google Auth Service

Welcome back!

BoiGepure akxayHT

iy
Pucynox I'.17 — Cnaiig Nel7 (pucyHOK BUKOHAHO CaMOCTIITHO)
[eHepauiq 3BITIB
Player Events Report
o Plaver: Viadyslav Tsvyk
Twighlight imperium play upd Organized Events R o
Participated Events

— — L
— G 1727 Tabletop

| ® | Connect

Pucynoxk I'.18 — Cnaiig Nel8 (pucyHOK BUKOHAHO CaMOCTIiITHO)
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IMOopT paHUX NPO HaCTINbHI IFrpU

BgglmportService

% HacTtinbHux irop: > 20,000

% KnacudikaTtopis (kaTeropiun,
TeMaTuUKW, XaHpu..): > 5,000

< BignoBigHocTeu Mix irpamu Ta

Knacudikatopamu: > 200,000

s S— ‘f’ﬂ‘ Tabletop
siswer. | ﬁ | Connect

Pucynoxk I'.19 — Cnaiig Nel9 (pucyHOK BUKOHAHO CaMOCTIITHO)

TecTyBaHHSA: MaHyanbHe

MNe  Ormmic EMIIAOEY OuikyEanMil pesyinsTaT BrcHOBOK

1 'V bazi manux e cTEOpeHATOfNiA, a KopHcTyead, kit [lomiro MoxxHa cracyeaTH depe: API IIpoiimeno
il CTEOPHE. 8B TOPH30EaHHIT

CxacysaHas moaii

MNe  Ormmic EMTIAOEY OuiryEanMil pesynsTaT BucHoeoK
1  Hapicmatin POST-zanmt oo /apiEvents/{id}/cancel Cepeep noeeptae HTTP-ctatye 200 (OK), IIpoiigeno
ABTOPOM MO Mofis MosHAYAeTECA JK CKACOBAHA
2 Hapicnatin POST-zanmt oo /apiEvents/ {id}/cancel, Cepeep noeeptac HTTP-cTatyc 400 (Bad IIpoiimeno
AKIO TIOfiA BIKE CKACOBAHA Request) 2 paninariiiHow TOMHIKOID
3  Hapicnatn POST-zanmt o /apiEvents/{id}/cancel, Cepeep noeeprac HTTP-craryc 404 (Not IIpoiigeno
ne id — HeicHyrog0l mmomi Found) 3 noeinomnennam "Tlogire He sHaiimeHo"
4  Hapicnatn POST-zanut oo /api/Events/{id}/cancel Cepeep noseprae HTTP-cratyc 400 (Bad IIpoiimeno
KOPHCTYBadeM, KM He € aBTopoM Request) 3 nosimomnensam "Hemae npae zHa
CEACYBAHHA Liel [omi’
——
— G 7—1' Tabletop
i isvan | % | Connect

Pucynox I'.20 — Cnaiig Ne20 (pucyHOK BUKOHAHO CaMOCTIITHO)
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TeCTYBaHHﬂI dBTOMAaTU30BaHe

Unit-TecTyBaHHSA

IHTerpauiHe TecTyBaHHa (Cepsic + PenosuTopii)

'ﬁ&j‘ Tabletop

| M | Connect

Pucynok I'.21 — Cnaiig Ne21 (puCyHOK BUKOHAHO CaMOCTIHHO)

[y6nikayia pe3ynbTaTiB

YUK 00459

JOCTUTKERHA BHROPHCTARA AMTOPHTMIB LIA

NEPCORATTOBAHHX PEROMEILIAIUN HACTUILHHX 1TOP
1 {

@ Tabletop

| 24 | Connect

Pucynox I'.22 — Cnaiig Ne22 (pucyHOK BUKOHAHO CaMOCTIITHO)
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[ipgcyMKu

" Po3pobneHa cucTema uinkoM Bignosigae no4yaTKkoBoMy BauyeHHK Ta

nocraejieHHMM BUMOTram

*

* MoXnuMBICTb NoganblUOl MOHeTU3aLil Ta nonynapusauil

*,

<+ CTBOpeHa cucTeMa MoXe ByTH NOBHOLIHHO BUKOPUCTaHa nicng
HanawTyBaHHS IHPPaCTPYKTYpH

% Mopanbluni po3euToK: Mobile (PWA), 6inblie aHaniTUKK, NPOCYHYTI

pekoMeHpauil

F | —

— G Tabletop
Connect

Pucynok I'.23 — Crnaiig Ne23 (pucyHOK BUKOHAHO CaMOCTIITHO)
IakyeMo 3a yBary!

o —

— G 2 | Tabletop
Connect

Pucynok I'.24 — Cnaiig Ne24 (pucyHOK BUKOHAHO CaMOCTIITHO)



102

NOIATOK [
Komii Te3 monoBijii Ha 29-My MIXKHAPOJIHOMY MOJIOALKHOMY (opyMmi

«Pamioenexktponika ta mosoas Y XXI cromiTTi»

YJIK 004.89
JOCJIIZKEHHSA BUKOPUCTAHHSA AJITOPUTMIB J1JIA
MMEPCOHAJII3OBAHUX PEKOMEHJIAIII HACTIJIBHUX ITOP
[Buk B.I., I[Tocykas L. 1., JIsnora B.M.
email: vladyslav.tsvyk@nure.ua, inna.posukan@nure.ua, vitaliy.lyapota@nure.ua
XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET pajioeneKTpoHiku, kad. I11
M. XapkiB, YKkpaiHna

This work is devoted to the analysis of recommendation algorithms for board games
based on the content-based approach. The study explores various recommendation
methods, including vector-based similarity calculations and hybrid techniques to improve
accuracy. The problem of cold start and data normalization is addressed, ensuring better
personalization for users. Additionally, the effectiveness of the proposed system is
assessed using precision, recall, and Fl1-score metrics. The research highlights the
importance of combining multiple filtering techniques for enhancing recommendation
relevance.

Ha croroaHimiHiil 1eHb Cy4acHI porpami CHCTEMH BCE YACTILIE BKIIOYAIOTh B ce0e
pEKOMEHJAIIHI TIACUCTEMU JIJIsl IEPCOHAI3AL] KOHTEHTY Ta IMIJIBUILIEHHS 3aJTy4€HOCT1
KOpUCTyBauiB. BOHM BHKOpPHUCTOBYIOTBCS B PI3HHUX cepax, 30KpemMa B €JIEeKTPOHHIN
KOMeEpIIli, MOIIYKOBUX CEpBICAX, COLIATBHUX MEpPEkax Ta OCBITHIX miatdopmax. B
OCTaHHI POKH 3POCTAE IHTEPEC JI0 BIPOBAKEHHS PEKOMEHIAIIHHUX aJITOPUTMIB Yy cdepi
HACTIJIBHUX 1TOpP, 10 OOYMOBJICHO 3HAYHOIO PI3HOMAHITHICTIO iTPOBOTO KOHTEHTY Ta
HEOOXIHICTIO JIOMOMarati KOpUCTyBayaM y BUOOpI BIAMOBIAHHMX irop. TpaauiiitHi
METO/IM TOIIYKY HOBUX HAaCTUIBHUX IrOp, TakKi K PEUTHHTH a00 BIATYKH, MAIOTh TMEBHI
0OMEKEHHS, OCKUJIbKM BOHU HE BPaXOBYIOTh 1HAMBIyaJIbHI BITOJ00AHHS IPABIlIB Ta IXHiH
nonepeaHii JOCBI/I.

OcHOBHOIO MTPOOJIEMOIO Y CTBOPEHH1 TAKOi CHCTEMH € BEJTMKA KIJTbKICTh TapaMeTPIB,
[0 XapaKTepU3ylOTh ITPH, a TAKOXX HEOOXIAHICTh €(PEKTHUBHOTO aHaji3y BMOJI00aHb
KOPUCTYBauiB. Y  I[bOMY JOCHDKEHHI  PO3IJIAJAIOTBCS  METOAM  MOOYJ0BHU
PEKOMEHJAIIMHUX CHUCTEM [IJI1 HACTUIBHUX 1rop, 30KpeMa MiJXOAu, 3aCHOBaHI Ha
koHTeHTHIH ¢uibTparii (Content-based Filtering) [1], a Takok MOXJIMBOCTI TTOETHAHHS
PI3HUX QJITOPUTMIB JJIs MiABUIIIEHHS TOYHOCTI PEKOMEH AL},

Cepell OCHOBHMX METOJIB JJII MOOYJOBHM PEKOMEHAAIIWHUX CHCTEM MOXHA
BUJIUIMTH HACTYIIHI:

— konteHtHa ¢inprpamis (Content-Based Filtering) — pexomenparist 00’€KTiB
(HaCTUIBHHX I1TOpP) HA OCHOBI IXHIX XapakTEPUCTHK Ta CXOXKOCTI 3 THM, IO BXKE
cro00anocsi KOpUCTyBauy;

— konabopatuBHa ¢inbTpars (Collaborative Filtering) — pexkomennarii, 1m0
0a3yeThCcsl Ha JAHUX MPO B3aEMOJII0 KOPUCTYBayiB 3 00’€KTaMH, HE BPAXOBYIOYH IX
XapaKTEPUCTHK;
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— 1ibpugai metomu (Hybrid) — moenHaHHS KOHTEHTHOI Ta KOJIAOOpAaTUBHOI
dinbTparii ans 3ade3neyeHHs OIbIIO0T PeeBaHTHOCTI PEKOMEHIAITI].

[Tpu BiICYyTHOCTI BENMKOI KITBKOCTI JAHUX MPO B3a€EMOJIII0 KOPHCTYBadiB BapTO
BukopuctoByBaTu Content-Based Filtering [2], Hanpukinan, y BUnajiKy 3amycKy CHCTEMH,
JIe TOYAaTKOBUMHU JJAHUMH € JIUIIE JaH1 PO HACTUIbHI ITPH Ta iX XapaKTePUCTUKH. Y TaKii
MPOrpaMHiil CUCTEMi BapTO TMepeadadynTH MOKIMBICTH OIIHIOBATH 00’ €KTH B3a€MOJIi
KopuctyBauamu. OTpumaBIIM Taki AaHi MoxHa 3actocyBatu metonu Collaborative
Filtering 1 o0’egnaBmm iX 3 moOmepeAHIMU ajlropuTMamMu chopMmyBaTH TiOpUIIHY
peKOMEHAIIMHY CUCTEMY, sika O ToeTHyBaIa 00U IBa MiaXOIH.

[Ipu 3actocyBanHi Content-Based Filtering mnoTpiOHO BpaxoByBaTH Taki
BJIACTUBOCTI HACTUIBHUX 1TOP, SIK MOMYJISIPHICTh, CKJIAIHICTh, I'POB1 MEXaHIKH, TEMaTHKa,
KaTeropii, BIKOBI OOMeEXEHHsI, TPUBAJIICTh MapTii, KIJIbKICTh I'PaBLiB, 3aJICKHICTh Bij
3HAHHS MOBH (KUIbKICTh BaXKJIMBOI TEKCTOBOT 1H(PopMaliii). Takoxk HEOOX1THO BpaxyBaTH
nonepeaHii TOCBIIOM TpaBIis, a caMe 31 CIUCOK 1rop, SIKl Crogo0anucs KOpUcTyBauy.
OnHuM 3 pKepelt JaHuX, sike 0 MicTuiio Moxke ctatu cepBic BoardGameGeek, ae 310pano
nani 6ueiie Hixk mpo 20000 HacTimpHEX irop [3].

KosxHa HacTUibHA Ipa MOXE OYTH MpPEJCTaBIICHA Y BUIJISI BEKTOPHOTO TPOP1iito,
10 MICTUTH 11 XapakTepucTuku. OCHOBHE 3aB/IaHHS aJITOPUTMY — MOPIBHATH 111 mpodimi
3 IrpaMH, SIK1 B3K€ CIIOI00aIMCsI KOPUCTYBady, Ta 3HAUTH HalO1IbII CX0K1 BapiaHTH. [{is
[[bOTO CIIOYATKY OYy€ThCSl MAaTPULIA O3HAK, /e KOKEH PSAIOK BIAMOBIIAE MEBHIN Ipi, a
CTOBIMII MICTSTh 3HAUEHHS TAKUX IMapaMETpiB, SIK CKIAJHICTh, TEMAaTHKa, MEXaHIKH,
KaTeropii, TPUBAJICTh NMaPTii, MOMYJISIPHICTH TOIIO.

OngHuM 13 HAWNOMIMPEHINIUX CHOCO0IB OOYMCIIEHHS CXOXKOCTI MK ITpaMH €
BUKOPUCTaHHS KOCHHYCHOI MoAi0HOCTI (cossine similarity) [4] Mixk iXHIMA BEKTOPHUMH
npencrabieHHsIMU. KocuHycHa TOJIOHICTh BH3HA4Ya€ CTYIMIHH CXOXOCTI MiX JBOMA
BEKTOpaMH 3a JIOTIOMOTOI0 KOCHHYCa KyTa Mk HUMHU. UM Ovpkde 3HA4eHHS 10 1, TUM
OinbIie cxoxi irpu. [HIUNA MiOXi7q — €BKIIOBAa BIJCTaHb, sSKa BHU3HAYA€ HACKUIBKU
0JIM3bKO PO3TAIIOBaHI Bl I'PH y 0araTOBUMIpHOMY IPOCTOP1 03HAK. JJ1s KaTeropiallbHUX
O3HaK (HAMpPUKIIaI, MEXaHIKH, TEMATHKa, )KaHPH ) MOKHA BUKOPUCTOBYBaTH MeTo Il One-
Hot Encoding a6o TF-IDF nns TekcToBUX OMNKCIB, IO JI03BOJIsiE OyIyBaTH
OaraToBMMIpHE MPEICTABIICHHS I'PU Ta MOPIBHIOBATH 1X MIXK COOOI0.

BaxxnuBuM acnekToM € HOpMalli3allisi YMCIOBUX MapameTpiB, TAKUX SIK PEUTHHT,
CKJIQJHICTh YW TPUBAIIICTh MAPTIii, OCKUIBKKM BOHH MalOTh Pi3HI MaciiTadu. Hanpukian,
pEeUTHHT MOXe MaTu 3HadeHHs Bif 1 mo 10, Tomi sk TpuBamicTh maptii — Big 5 g0 300
xBWIMH. 11100 yHUKHYTH TOMIHYBaHHS OKPEMHUX MapaMeTpiB, 3aCTOCOBYETHCS min-max
HOpMaJIi3aris ado z-score CTaHAapTH3AIIIS.

OnHUM 13 BUKITUKIB I[LOTO TMIXO0TY € MpodiieMa X0JIOAHOTO CTApPTy, KOJIM Y HOBOTO
KOpPHUCTyBada HeMae icTopii BIOA0OaHb, 1 CHCTEMa HE Ma€ JOCTaTHHO 1HMOpMaIli s
(dopMyBaHHSI peKOMEHAIl. Y TakuxX BHIaJKax MoxxHa komOinyBaTu Content-Based
Filtering 3 iHmMMMHM MeTOJaMHU, HaNpPUKIAJ, BUKOPUCTOBYBATH TOMYJSPHI Irpu 3
BUCOKHMH pEUTHHTaMu ab0 BPaXxOBYBATHU CXOXKICTh 3 MPOQPIIAMHU THIIMX KOPUCTYBadiB
(eleMeHTH KOJTAOOpaTUBHOI (hUTBTpAllii).

[Ticnst BIpoBa/PKEHHS] PEKOMEHAALIMHOI CHUCTEMH BapTO BU3HAYUTH, HACKUIBKU
100pe po3poO0IeHUN aITOPUTM MPOIMOHYE KOPUCTYBadaM pejieBaHTHI irpu. [is mporo
MOXHa BHUKOPHUCTOBYBaTHM Taki MeTpukH, sk Precision, Recall ta F1-score, sxi
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aHaJi3yI0Th, sIKa YaCTKAa PEKOMEHI0OBaHUX 1rop JiiCHO I1ikaBa kopuctyBauy (Precision) i
HACKIJIbKM TOBHO CHCTEMa IMOKpHUBAaE BCl MOXIKBI peneBanTHI Bapiantu (Recall). F1-
score KOMOIHY€ 11l 1Ba TIOKA3HHUKH, JI03BOJISTIOUN 30aJTaHCOBAHO OIIHUTH MOJIEIb.

Jiis peanizanii onucanux Buiie aroputmiB Content-Based Filtering icaye nekinbka
T1IXO/IIB 1 TEXHOJIOTIH SIKi MOXKYTh OYTH BUKOPHCTaHI.

[To-mepiie, MOkHA BUKOPUCTOBYBaTH MOBY Python, 6i0mioTeku i MAIIMHHOTO
HaBYaHHA Ta poOOTH 3 aHAII30M JIaHUX, Takli sk Sciki-learn, Pandas Ta NumPy.

[To-apyre, musa maarpopmu .NET icuyrors 616mioTeku ML.NET ta MathNet ns
poOOTH 3 MAIIMHHUM HABYAHHSM Ta BEJIMKUMH YUCIIOBUMH JAHUMH.

[To-Tpere, icHytoTs xMapHi (cloud) pimenss, Taxi sk Google Cloud Al un Azure Al
JUI PO3POOKH Ta HAaBYAHHS MOJICJICH MalllMHHOTO HaBYaHHs [5].

OTxe, MpU MPOEKTYBaHHI MPOTPAMHOI CHCTEMH PEKOMEHAIlii HACTUIBHUX I1rop
BapTO pETEIbHO MITIATH 10 MPOEKTyBaHHA Ta BHOOpPY alIrOpuTMiB. Y BUNAAKY
BIJICYTHOCTI JAHUX PO B3aEMOJIII0 KOPUCTYyBaya 3 00’ €KTaMU BapTO BUKOPUCTOBYBATH
Content-Based Filtering, sikuif y mpoiieci po3BUTKY CHCTEMH MOXHa CKOMOIHYBaTu 3
Collaborative Filtering.
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