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Âñòóï. Íà äàíèé ìîìåíò àêòóàëüíèì ¹ ïèòàííÿ ïîáóäîâè
ðåêîìåíäàöiéíèõ ñèñòåì, ùî ìîæóòü ïðàöþâàòè ç âåëèêèìè äà-
íèìè[1]. Ìîæëèâèì âèðiøåííÿì öèõ ïðîáëåìè ¹ âèêîðèñòàííÿ
ãðàôîâî¨ ÑÊÁÄ Neo4j â ÿêîñòi ÿäðà ðåêîìåíäàöiéíî¨ ñèñòåìè.
Ìåòîþ öi¹¨ ñòàòi ¹ äîñëiäæåííÿ ïðèäàòíîñòi Neo4j äî ñòâîðåííÿ
ðåêîìåíäàöiéíèõ ñèñòåì òà ðîçðîáêà ïðîòîòèïó ðåêîìåíäàöiéíî¨
ñèñòåìè.

Ìàñøòàáóâàííÿ Neo4j. Âñi ÑÊÁÄ ÿêi õî÷óòü âiäïîâiäàòè
ñó÷àñíèì âèìîãàì ïîâèííi ãàðíî ìàñøòàáóâàòèñÿ. Neo4j ïiäòðè-
ìó¹ ãîðèçîíòàëüíå ìàñøòàáóâàííÿ master-slave [2]. Êîæåí âóçåë
ðîçáèòèé íà äâi ÷àñòèíè, áåçïîñåðåäíüî áàçà äàíèõ i êîìïîíåíò
óïðàâëiííÿ êëàñòåðîì. Öåé êîìïîíåíò ïîñòiéíî òðèìà¹ çâ'ÿçîê
iç iíøèìè âóçëàì, i ïðèéìà¹ âiäïîâiäíi ðiøåííÿ. Êîëè íåîáõiäíî
îáðàòè ãîëîâíèé âóçîë, öåé êîìïîíåíò ïåðåâiðÿ¹ ÷è ïðàâèëüíî
áóâ îáðàíèé ãîëîâíèé âóçîë. Öå âiäáóâà¹òüñÿ ó àâòîìàòè÷íî-
ìó ðåæèìi, ùî ¹ çðó÷íèì äëÿ ðîçðîáíèêiâ îñêiëüêè íå âèìàãà¹
ðó÷íî¨ êîíôiãóðàöi¨. Íå ãîëîâíi âóçëè ïiäòÿãóþòü òðàíçàêöiéíi
îíîâëåííÿ ç ãîëîâíîãî âóçëà, îòæå âñi îïåðàöi¨ çàïèñó óçãîäæó-
þòüñÿ iç ãîëîâíèì âóçëîì. Öå ¹ íåäîëiêîì, òîìó ùî íåîáõiäíî
îíîâëþâàòè äàíi â ãîëîâíîìó âóçëi, àáî ÷åêàòè íà ñèíõðîíiçà-
öiþ âóçëiâ. Ïðiîðèòåòíèì ¹ ïåðøèé âàðiàíò îñêiëüêè âií ¹ øâèä-
øèì. Ùå îäíèì íåäîëiêîì êëàñòåðíî¨ àðõiòåêòóðè Neo4j ¹ òå,
ùî âåñü ãðàô ïîâíiñòþ êîïiþ¹òüñÿ íà ïiäêîíòðîëüíi âóçëè. Ç
îäíi¹¨ ñòîðîíè öå äîáðå îñêiëüêè ïðè âiäìîâi âñiõ âóçëiâ îêðiì
îäíîãî çàëèøà¹òüñÿ âóçîë ç îñòàííiìè ïðàâèëüíèì äàíèìè. Àëå
öå íàäìiðíå âèêîðèñòàííÿ ðåñóðñiâ, ùî ìîæå ïðîÿâèòèñÿ ïðè
çáåðåæåíi âåëèêèõ äàíèõ. Îäèí âóçîë Neo4j ìîæå çáåðiãàòè 34
ìiëüÿðäè âåðøèí, 34 ìiëüÿðäiâ çâ'ÿçêiâ à òàêîæ 68 ìiëüÿðäiâ
àòðèáóòiâ, ëèøå êîìïàíi¨ ÿê Google, Facebook ìîæóòü ïåðåâè-
ùèòè öåé ëiìiò, òîæ ïîêè íå âàðòî òóðáóâàòèñü ÷åðåç öå.

Íà âiäìiíó âiä ïîïóëÿðíèõ ÑÊÁÄ, ùî äîçâîëÿþòü ðîçïîäi-
ëÿòè äàíi ïî äåêiëüêîõ ñåðâåðàõ, â Neo4j òàêî¨ ìîæëèâîñòi äîñi
íå ðåàëiçîâàíî.ßê âiäìi÷à¹ àâòîð ó [3], ìàòåìàòè÷íà ïðîáëåìà
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îïòèìàëüíîãî ðîçáèòòÿ âåëèêîãî ãðàôó ìiæ äåêiëüêîìà ñåðâåðà-
ìè ¹ NP-ïîâíîþ çàäà÷åþ, òîáòî ¨¨ äóæå âàæêî âèðiøèòè øâèäêî
i åôåêòèâíî. Äàíà ïðîáëåìà ¹ âiäêðèòîþ.

Ðåàëiçàöiÿ ðåêîìåíäàöiéíî¨ ñèñòåìè õóäîæíiõ êíè-
æîê. Â õîäi íàïèñàííÿ ñòàòòi áóëî âèðiøåíî ðåàëiçóâàòè ðåêî-
ìåíäàöiéíó ñèñòåìó õóäîæíiõ êíèæîê. Äëÿ ãåíåðàöi¨ òåñòîâèõ
äàíèõ áóëî âèêîðèñòàíî êîëåêöiþ êíèæîê äîñòóïíèõ â Iíòåðíåò
(http://lib.ru). Äëÿ ãåíåðàöi¨ îöiíîê êîðèñòóâà÷iâ áóëî ðîçðîáëå-
íî àëãîðèòì ÿêèé âèïàäêîâèì ÷èíîì ãåíåðó¹ îöiíêè âiä îäíîãî
äî ï'ÿòè, ïîäîáà¹òüñÿ/íå ïîäîáà¹òüñÿ.
Ïðîöåñ ðåêîìåíäàöi¨ ñêëàäà¹òüñÿ ç ÷îòèðüîõ êðîêiâ:

1. Çíàéòè âñiõ êîðèñòóâà÷iâ ùî îöiíèëè õî÷à á îäíó êíèæêó,
íàçâåìî öèõ êîðèñòóâà÷iâ ñóñiäàìè.

2. Äëÿ êîæíîãî ñóñiäà çíàéòè êíèæêè ÿêi âií îöiíèâ, i îöiíèâ
êîðèñòóâà÷ äëÿ ÿêîãî ðîáèòüñÿ ðåêîìåíäàöiÿ.

3. Äëÿ ìíîæèíè êíèæîê ÿêi îöiíèëè îáèäâà êîðèñòóâà÷i îá-
÷èñëèòè åâêëiäîâó âiäñòàíü ìiæ äâîìà êîðèñòóâà÷àìè.

4. Ñòâîðèòè çâ'ÿçîê ìiæ ñóñiäàìè i êîðèñòóâà÷åì äëÿ ÿêîãî
ðîáèòüñÿ ðåêîìåíäàöiÿ.

Ðåàëiçàöiÿ àëãîðèòìó íà ìîâi Cypher
MATCH (u1:User {name: 'Anna Bowman'})-[x:LIKES]->(b:Book)<-
[y:LIKES]-(u2:User) WITH SUM(x.rating * y.rating) AS xyDotProduct,
SQRT(REDUCE(xDot = 0.0, a IN COLLECT(x.rating) | xDot +
a∧2)) AS xLength, SQRT(REDUCE(yDot = 0.0, b IN COLLECT(y.rating)
| yDot + b∧2)) AS yLength,u1, u2 MERGE (u1)-[s:Similarity]-
>(u2) SET s.similarity = xyDotProduct / (xLength * yLength)
MATCH (u1:User)-[r:LIKES]->(b:Book),
(u1)-[s:Similarity]-(u2:User {name:�Andrii Glybovets'})
WHERE NOT((u2)-[:LIKES]->(b))
WITH b, s.similarity AS similarity,
r.rating AS rating
ORDER BY b.name, similarity DESC
WITH b AS book, COLLECT(rating)[0..3] AS ratings
WITH book, REDUCE(s = 0, i IN ratings | s + i)*1.0 / LENGTH(ratings)
AS reco ORDER BY reco DESC
RETURN book AS Book, reco AS Recommendation
Neo4j äîçâîëÿ¹ ðîáèòè áiëüø ñêëàäíi ðåêîìåíäàöi¨, íàïðèêëàä
ðåêîìåíäàöi¨ áàçîâàíi íà äðóçÿõ êîðèñòóâà÷à, çàïèò íàâåäåíî
íèæ÷å.
Ðåêîìåíäàöiÿ ç âèêîðèñòàííÿ äðóçiâ êîðèñòóâà÷à
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MATCH (user :User)-[:IS_FRIEND_OF]->(friend), (friend)-[:LIKES]-
>(book:Book),
WHERE user .name = 'Andrii Glybovets'
RETURN book.title, count(*) AS occurrence ORDER BY occurrence
DESC LIMIT 5
Ïîðiâíÿííÿ ç ðåàëiçàöi¹þ â ïðîöåäóðíîìó ñòèëi
Îñíîâíèìè ïîêàçíèêàìè äëÿ ïîðiâíÿííÿ ¹ ÷àñ íåîáõiäíèé äëÿ
âèêîíàííÿ àëãîðèòìó, îïåðàòèâíà ïàì'ÿòü, òî÷íiñòü, ïîâíîòà.
Êðiì ðåàëiçàöi¨ ç âèêîðèñòàííÿì Neo4j ðåàëiçîâàíî òðàäèöiéíèé
àëãîðèòìè êîëàáîðàòèâíî¨ ôiëüòðàöi¨ òà Ðîçêëàä íåâiä'¹ìíèõ
ìàòðèöü (NMF). Òåñòóâàííÿ ïðîâîäèëîñÿ íà îäíàêîâèõ äàíèõ.
Òàáëèöÿ 1. Ïîðiâíÿííÿ ðiçíèõ àëãîðèòìiâ

100 êîðèñòó-
âà÷iâ

1000 êîðè-
ñòóâà÷iâ

5000
êîðèñòóâà÷iâ

Êîëàáîðàòèâíà
ôiëüòðàöiÿ

4,1 ñåê. 17,2 ñåê. 61.2 ñåê.

NMF 4,7 ñåê. 33,5 ñåê. 120.6 ñåê.
Neo4j 5.3 ñåê. 30.1 ñåê. 55.2 ñåê.
Õî÷à ìåòîä ðîçêëàäó íåâiä'¹ìíèõ ìàòðèöü ïðàöþ¹ íàéïîâiëüíi-
øå âàðòî çàçíà÷èòè ùî âií øóêà¹ ðåêîìåíäàöi¨ äëÿ âñiõ êîðè-
ñòóâà÷iâ. Òàêîæ âàðòî çàçíà÷èòè, ùî â âàðiàíòi Neo4j äàíi îòðè-
ìóþòüñÿ çà îäèí çàïèò, à â äâîõ iíøèõ íåîáõiäíî ùå äiñòàòè äàíi
ç áàçè äàíèõ òà îáðîáèòè ¨õ.
Âèñíîâîê. Â ðîáîòi áóëî ðîçãëÿíóòî ñòâîðåííÿ ðåêîìåíäàöié-
íî¨ ñèñòåìè çà äîïîìîãîþ Neo4j, à òàêîæ ðîçãëÿíóòî ïðèäà-
òíiñòü Neo4j äî ñó÷àñíèõ âèìîã òàêèõ ÿê ìàñøòàáîâàíiñòü òà
ðîçïîäiëåíiñòü äàíèõ. Ñóòò¹âèì íåäîëiêîì ¹ òå ùî ïðè âèêî-
ðèñòàííi ãîðèçîíòàëüíî ìàñøòàáóâàííÿ äîâîäèòüñÿ êîïiþâàòè
ïîâíiñòþ ãðàô. Îêðiì òîãî áóëî ïðîâåäåíî ïîðiâíÿííÿ ç òðàäè-
öiéíèìè ïiäõîäàìè äî ðîçðîáêè ðåêîìåíäàöiéíèõ ñèñòåì. Â õîäi
òåñòóâàííÿ áóëî âèÿâëåíî ùî ðåêîìåíäàöi¨ çà äîïîìîãîþ Neo4j
¹ íàéøâèäøèìè ïðè çáiëüøåíi êiëüêîñòi êîðèñòóâà÷iâ.
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