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TOM TAT: Bai béo trinh bay kién triic phdn tan va module xi Iy truy vdn phan tan trén hé quan tri co sé dir lidu do thi Neo4;.
Kién triic dwge dp dung 1& phan mdnh doc co 56 dit liéu do thi Neo4j cac phan manh dwoc ddt trén cdc mdy tinh két néi voi nhau
théng qua gzao thite HTTP. Module duoc thlet ké nham xik Iy mgt s6 mdu ‘truy van theo ngon ngit Cypher dua trén co s dai 56 quan
hé. Module c6 thé dugc tmg dung cho mot 56 bai todn thie 16 va co thé dwoc phat trién thém dé c6 thé t6i wu hon va xir Iy dwoc
nhiéu mau cdu truy van hon.

Tir khoa: Neo4j, Cypher, phan manh doc co sé diF liéu @6 thi, xit Iy truy van phan tan co sé diF liéu do thi.

I. GIOI THIEU

Neo4j 1a mot hé théng quan 1y co s& dir lidu dd thi dwgc phat trién boi Neo Technology Inc va la co sé dir
liéu dd thi phd bién nhét hién nay theo DB-Engines (db-engines.com). N6 1a mot co s¢ dit liéu giao dich day du
(ACID) chira céc dir liéu dugc ciu truc dudi dang d6 thi bao gdm cac nit va cac mdi quan hé giita ching. Trong
Neo4j, moi thtr dugc luu trir & dang ciia mot ndt, mot canh (quan hé), hoac mot thudc tinh. Mai nat va canh cé thé
c6 mot sé lwong khong gisi han cac thudc tinh. Ca ndt va canh déu c6 thé dugc gén nhan. Nhan c6 thé dugc sir dung
dé thu hep viéc tim kiém.

Cypher 1a mét trong nhitng ngén ngi truy van co so dit liéu dd thi phd bién cua Neodj cho phép truy van va cap
nhat do thi mot cach hiéu qua. Cypher 1a mot ngdn ngir twong d6i don gian nhung rat manh mé. Cl phép caa Cypher
cung cip mét cach truc quan dé so khép cac mau can tim dwa vao thong tin vé cac nit va cac méi quan hé. Céc truy
van co s& dir lidu phirc tap c6 thé dé dang duoc thé hién théng qua Cypher.

Dbi véi co so dit lidu dd thi chua phan tan thi tat ca cac quan hé nam trén cling mot may chu cing voi thong tin
vé cac nit lam anh huéng dén viéc quan 1y tinh riéng tu va bao mat di liéu. Viéc phan manh co s& dir lidu db thi, ciing
gidng nhu viéc phan manh co so dit liéu quan hé, mang lai nhiéu loi ich nhu: - gidp phan quyén va bao mat d& hon nho
c6 the &p dung chinh sich bao mat, phan quyén déi véi timg manh mot cach riéng biét; - gilp nang cao tinh sin sang
cua hé théng nho tranh dugc truong hop “don diém gay 15i” (single point of failure); - va trong mot s6 trudng hop con
c6 thé giam thoi gian truy vin nho giam dung lwong cua tirng phan manh hay néi cach khac 1a nho ting ti 16 truy xuét
thanh cong tir bd nho; ... Do cac phién ban mién phi hién tai ciia Neo4j chua hd trg phan tan nén viéc nghién ciu phat
trién hé théng phén tan co so dir liéu dd thi Neo4j 1a can thiét. Hién nay c6 nhiéu cong trinh lién quan dén viéc phan tan
co so dir liéu do thi Neo4j. Trong bai bao [2] nhdm tac gia da xay dung mot thanh phan mé rong cua co so dir ligu do
thi Neo4j, cho phép di chuyén céc dir liéu tir xa phuc vu cho cAc cau truy van nham téi uu hoa thoi gian truy van, Bén
canh d6, bai bao con gidi thidu thuat toan phan ving dong sir dung it tai nguyén va dong thoi ting hiéu suat 1én so véi
cach phan viing ngau nhién. Bai b4o [3] xem xét cac phuong phap phan viing co so dir liéu do thi theo canh, dinh va
thuoc tinh. Phuong phap phan ving theo dinh di duoc ap dung nhung viéc xir ly truy van dir liéu gitra cAc may chu
chua duoc trinh bay. Trong [4, 5, 6] dé cap dén mot s6 thuat toan phan tan do thi va 4p dung cu thé dé phan chia dix
lieu mang x& hoi thuc té nhu: Facebook, Twitter,.... Nhu da biét thi déi véi co so dir liéu quan hé co ba phuong phap
ph&n manh co ban la phuong phap phén manh ngang, phuong phap phan manh doc va phuong phap lai. Trong khi d6
cac cong trinh ma chung toi da téng quan & trén déu tap trung vao viéc phan tan do thi theo cac dinh - day chinh 1a
phuong phap phan manh ngang co sé dit liéu do thi. Nhan thay phuong phap phan manh doc co sé dir liéu db thi ciing
s€ mang lai nhiing lgi ich tuong tu nhu nhiing lgi ich ma n6é da mang lai cho co so dit liéu quan hé nén trong nghién
ctru ndy chdng toi trinh bay mot hinh thire phan manh doc co sé dit liéu do thi - phan manh cac quan hé. Ching toi s&
trinh bay kién trac phan manh doc va module xir ly truy van phan tan trén hé quan tri co so dit liéu do thi Neodj va
ngdn ngit Cypher.

Cau trlic bai bao gom 6 phan, phan (1) - gioi thiéu, phan (11) s& trinh bay kién tric phan manh doc co so dit lidu
d6 thi, phan (111) s& phan tich module xtr Iy truy van phan tan, phan (IV) Ia phan cai dat va thuc nghiém, phan (V) la
phan két luan va phan cudi (VI) la tai liéu tham khao.
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1. KIEN TRUC PHAN TAN
A. D& xuit kién truc

Trong bai bao nay, kién tric phan manh doc duoc thuc hién trén co so phan tan cac quan hé cua co so dit liéu
dd thi. Mdi phan manh s& bao gom maot sé quan hé cua co so dit lidu d6 thi ban dau cing véi toan bo thong tin vé cac
nuat ¢6 lién quan dén mot hoac nhiéu trong sé cac quan hé nay. Cac quan hé khong duoc tring lap ¢ cac phan manh.
M3i phan manh c6 thé duoc dat ¢ cac thu muc khac nhau hoic trén cac may tinh khac nhau (cac ndt mang) duoc lién
két véi nhau qua giao thirc HTTP, giéng nhu giao thirc duoc sir dung bai API ciia Neo4j.

Trén tit ca cc nat mang sé chira module xtr Iy truy van phan tan. Metadata md ta kién trdc phan manh s& duoc
luu trir trén tat ca cac nit mang bao gém cac thdng tin sau:

e  Thdng tin cac phan manh gom vi tri cac phan manh va cac quan hé di kém.

PARTITION = Vi tri phan manh tht nhit # [Quan h&]{Thugc tinh quan hé};
Vi tri ph&n manh thr hai # [Quan hé]{Thugc tinh quan hé};...;

Théng tin cac phan manh duoc tach biét bai dau chim phay (;). Vi tri mdi phan manh, dwoc md ta bai IP cua
nit mang va duong dan dén thu muc chira co so dir liéu Neo4j, va cac quan hé cach nhau boi dau thang (#). M&i quan
hé duoc dat trong ngoac vudng ([]), thudc tinh cua quan h¢ dugc dat trong ngoac nhon ({}). Truong hop phan manh cé
nhiéu quan hé thi cac quan hé nay duoc tach biét boi dau gach néi (-). Trong s6 do, thong tin vé phan manh trén chinh
nGt mang nay (phan manh trén local) dugc mo ta bang duong din dén thu muc chira co so dir liéu Neo4j.

e Thdng tin cac loai nlt cung cac thudc tinh
NODE = (Loai nat 1){Thudc tinh cua loai nat 1}; (Loai nat 2){Thudc tinh cua loai nit 2};
(Loai nat 3){Thugc tinh cua loai nat 3}; ...;

Cac loai nut duoc tach biét boi dau cham phdy (;). Tén loai nut dugc dit trong dau ngodc don (), thudc tinh cua
nut dugce dat trong dau ngoac nhon ({3).

e Thdng tin cac quan hé dung mé ta quan hé va cac loai nut di kem
RELATIONSHIP = (Loai nat 1)-[:Quan hé 1]->(Loai nit 2);
(Loai nat 3)-[:Quan hé 2]->(Loai nuat 3); ...;
M3i quan hé duoc gan véi mot hodc hai loai nat ¢ dinh. Cac quan hé duoc tach biét boi dau chdm phay ().

Kién trac phan manh doc duoc dé xuat & day c6 thé duoc mé rong bang viéc cho phép tap cac quan hé trén céc
phan manh khac nhau c6 thé c6 phan giao dé tang tinh sin sang cua hé thdng ciing nhu ting kha nang tinh toan song
song (gitp giam thoi gian xir ly truy van). Tuy nhién trong bai bdo ndy chung toi chua tap trung Va0 van dé tbi wu truy
van phan tan nay. Mé hinh va module xir 1y duoc dé xuat ¢ dang co ban nhat. Bén canh dé van dé bao mat ciing chwa
duogc nghién ciru dé dua vao thiét ké nay.

B. Vidu minh hea

Trong bai béo nay, cc cau truy van trong cac vi du ciing nhu trong phan kiém chimg dwoc md ta cho truong hop
phan manh co s& dir liéu d6 thi trén Neo4j sau diy. Co s¢ dir liéu d6 thi Movie ban dau gom:

e Théng tin nit: gém hai loai nit

o Person: gdbm céc thudc tinh nhu: tén, ngdy sinh, noi sinh,...

o Movie: gdbm cé4c thudc tinh nhu: tya d&, ndi dung, nam phat hanh, ngén ngi, ...
e Théng tin quan hé: gém ba quan hé

o ACTS_IN: lién két niit Person va Movie. Dung dé chi dinh dién vién trong mot by phim nao d6. Pay la
quan hé c¢6 huéng véi dinh dau la nat Person va dinh cudi 1a nat Movie.

o DIRECTED: lién két nut Person va Movie. Dung dé Chi dinh dao dién cia mot bo phim nao do6. Pay la
quan hé cé hudng vai dinh dau la nat Person va dinh cudi 1a nat Movie.

o FRIEND: lién két nat Person va Person. Dung dé chi dinh méi quan hé ban bé gitra hai nguoi. Pay la
quan hé cé hudng vai dinh dau 1a nat Person va dinh cuoi la nat Person.

Co s¢ dit liéu nay s& dugc phan thanh 3 phan manh dya trén 3 quan hé ACTS_IN, DIRECTED va FRIEND. Phan
manh 1 chda toan bd quan hé ACTS_IN va toan bo nat Person, nit Movie. Phan manh 2 chia toan bo quan hé
DIRECTED va toan bo nat Person, nit Movie. Phan manh 3 chira toan b quan hé FRIEND va toan bo ndt Person
(phan manh nay khong chira ndt dir liéu cia Movie vi quan hé FRIEND khong lién quan gi dén nit Movie).
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Hinh 1. Vi du c&c nit mang chira c4c phan manh doc co so dit liéu db thi Movie

MJbi phan manh s& dugc dit 1én mot nit mang nhu trong hinh 1, trong d6:
Céc thong tin metadata giéng nhau giira cac ndt mang bao gém céc thong tin:
NODE = (Movie){id,studio,releaseDate, description, language, title, trailer, imageUrl, genre};
(Person){id, birthday, birthplace, name, biography};
RELATIONSHIP = (Person)-[:ACTS_IN]->(Movie); (Person)-[:DIRECTED]->(Movie);
(Person)-[:FRIEND]->(Person);
Va cac metadata khéc nhau vé thdng tin cac phan manh nhu sau:
e Nut mang PC1 chtra ph&n manh 1 végi thong tin metadata nhu sau:

PARTITION = D:\Neodj\\Moviel\graph.do#[ACTS_IN]J{}:
\\192.168.1.11\Neodj\Movie2\graph.db#[DIRECTED{}:

\\192.168.1.12\Neo4j\Movie3\graph.db#[FRIEND]{};
e N0t mang PC2 chira ph&n manh 2 véi théng tin metadata nhu sau:

PARTITION =
\\192.168.1.10\Neo4j\\Moviel\graph.db#[ACTS_IN]{};D:\Neo4j\Movie2\graph.db#[DIRECTEDI{};

\\192.168.1.12\Neo4j\Movie3\graph.db#[FRIEND]{};
e Vanut mang PC3 chira phdn manh 3 véi thong tin metadata nhu sau:
PARTITION =\\192.168.1.10\Neo4j\\Moviel\graph.db#[ACTS_IN]{};

\\192.168.1.11\Neo4j\Movie2\graph.db#[DIRECTED]{};
D:\Neo4j\Movie3\graph.db#[FRIEND]{};

111. MODULE XU LY TRUY VAN PHAN TAN
A. Y twdng thuat toan

Module xi Iy truy van phan tan c6 nhiém vu tiép nhan yéu cau truy van, dugc viét dudi ngon ngi truy van Cypher,
tir nat mang npi bo, thup hién phan tich truy van ya thuc hién xur ly dé tra 16i truy van d6 giong nhu khi chua co su
phan manh. Dé giai quyét viéc nay chung t6i dé xuat mot thuat todn gom 3 bude co ban:

B1: Phan tich cau truy van goc thanh mot tap cac truy Van con (cling dugc Vlet dudi ngon ngir Cypher), trong do
mdi truy van con chi lién quan dén dang mot quan hé va mdi truy van con bao gdm tit ca cac diéu kién lién quan dén
guan hé do.

Goi T(rl, r2, ..., rm) la truy van gdc lién quan dén m quan hé khéc nhau tirng d6i mot rl, r2, ..., rm, vdi C4C i
thugc tap tat ca cac quan h¢ cta co s dit ligu do thi dang xét. Truy van T s& dugc tach thanh n truy van con: T1(rl),
T2(r2), ..., Tm(rm) mai truy van con lan lugt lién quan dén dung 1 quan hé rl, r2, ..., rm tuong ung.

B2: Guri cic truy van con dén tung cac nit mang chua cac quan h¢ tuong ung, goi thuc thi thong qua
GraphDatabaseService API cua Neo4j trén ting nit mang dé va lay ket qua ve. MJi truy van con Ti(ri) s& tra vé mot
két qua O(Ti).

B3: Tng hop céc két qua O(Ti) va tao ra két qua O(T) cho truy van géc T.

Budc 1 va bude 3 1a cac giai doan xir 1y phirc tap, phu thudc rat lon vao dang cau truy van goc. Trong khudn khé
bai bdo nay ching t6i da nghién ciru va giai quyét duoc 3 dang mau cau truy van kha pho bién cua Cypher dua trén co
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s cua phép céc ton dai s6 quan h¢ nhu hop, giao, két, ... Cach giai quyét cac dang cau truy van nay ching toi sg trinh
bay chi tiét trong phan 3.3 ti¢p theo.

Viéc hién thyc thuat toan trong khudn khé bai bao nay con mot sé han ché sau:

e O budc 1, ching t6i chua xem xét dén viéc téi wu xur ly truy vain bang cach can nhic viéc gop mot sb
quan hé, ma tat ca cac quan h¢ nay dugc chua trong cung mét phan manh nao do, vao mot truy van con.
Viéc nay gilp giam s6 truy van con can xir 1y trong budc 2, dong thoi ciing giup giam kh01 luong xu ly
dé tao két qua cudi cung O trong budc 3. Nho d6 c6 thé giam dang ké thoi gian xu ly truy van.

e O budc 2, chung toi chi chon may dau tién chira quan hé can tim cht chua tinh dén viéc lva chon may
nao trong so cac may chira cung mét quan hé (néu co su trang lap) dé cé thé thuc hién song song nham
giam thoi gian xt ly truy van.

Nhirng han ché nay ching toi s& hudng dén trong cac nghién ciu tiép theo.
B. Ma gia chi tiét cia thuat toan
PAu vao: truy van tir ngudi ding.
Piu ra: két qua thuc thi cau truy van.
Buwéc 1: If Truy van hop 18
Di tiép Budc 2
Else

Thong béo 15i

Buwéc 2: Danh séch ménh d& = Phan ra truy van (Truy van)
Danh sach quan hé = L4y quan hé (Truy van)
Bworc 3: If Danh sach quan hé > 1
Danh séch truy vin méi = Viét lai truy van (Truy vin,Danh sach ménh dé, Danh sach quan hé)
Else

Thém Truy van vao Danh sach truy van méi
Budéc 4: If Danh sach truy van méi > 1

Danh sach két qua = Thuec thi song song (Danh sach truy van méi)

Else

Két qua = Thuc thi truy van (Danh séch truy van maéi)
Buwéc 5: If Danh séch truy van mai > 1

Két qua = Tong hop dir lidu (Danh sach két qua)
Budc 6: Xuat két qua

C. Thuit toan viét lai truy van va téng hop két qua tra vé

Trong ngon ngir truy véan Cypher, dit liéu cac nat duoc dat trong cap diu ngodc don (n). Dit liéu quan hé duoc
dat trong cap dau ngodc vudng, trudc tén quan hé cé dau hai chim [:r]. Cap du gach ngang va Ién hon/ nhé hon dé
lién két nat va quan h¢ (n1) - [r] -> (n2) hodc (n1) <- [i1] - (n2). M3i quan hé luén dwoc gin véi mot hoac hai loai nit
c¢b dinh. Pinh dau va dinh cudi cua  quan hé duogc xac dinh ro rang. Do d6 cac quan h¢ trong co s¢ dit lidu dd thi Neo4j
ludn c6 huéng. Viéc viét lai truy van va tong hop két qua dugc thuc hién dua vao cac mau cau truy van. Dudi day 1a 3
mau cau truy van duoc nghién ciru xi ly trong khudn kho caa nghién ciu nay.

1. MAu truy vén don:
e Dang mau M1:

[MATCH]

[WITH]

[WHERE]

[RETURN] [ORDER BY] [SKIP] [LIMIT]
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e M0 ta: cdc ménh dé bit buoc [MATCH], va [RETURN]. Cac ménh dé tuy bién (c6 thé c6 hoic khong) la
[WITH], [WHERE], [ORDER BY], [SKIP] va [LIMIT].

Dang cau truy vain nay chi chira 1 ménh d& [MATCH], va la su t6 hop cuaa mét trong 3 dang con M1.1, M1.2,
M1.3 duéi day.

e Dang con thi nhat M1.1: duoc &p dung cho cau truy van c6 quan hé dang
T(rl, Iy ceey l'm): MATCH (nl) - [:r1|:r2|:r3|...|:rm] -> (nz) RETURN ny, n,

Y nghia ctia truy van nay la tim tat ca cac cap nat (ny, n,) c6 mot trong cac quan hé ry, 1y, ..., I, trong d6 cac
quan hé nay khac nhau tirng ¢6i mét.

Truy van dang nay duoc Viét lai dudi dang m truy van con nhu sau:
Ty(ry): MATCH (ny) - [:r{] -> (n;) RETURN ny, n,
Ty(ry): MATCH (ny) - [:r3] -> (n) RETURN ny, hy
Tm(rm): MATCH (ny) - [:ry] -=> (n,) RETURN ng, n,
Céc truy van nay duoc thuc thi va két qua cudi cting 1a hop cac két qua cua cac truy van trén.
O(T) = O(T1)uO(T2) v...uO(Tr)
Vi du:
MATCH (n) - [ACTS_IN | :DIRECTED] -> (m)
RETURN n.name, type(r) as relationship, m.title, m.language;
CAu truy van tim tat ca nhiing ngudi di tham gia didn xuat hodc 1am dao dién cho mét bo phim nao dé.

Truy van duoc viét lai thanh hai truy van. Mot truy van tim tit ca nhimg ngudi da tham gia didn xuat trong mot
b6 phim nao d6

T1(ACTS_IN): MATCH (n)-[r:ACTS_IN]->(m)
RETURN n.name, type(r) as relationship, m.title, m.language
Va truy vén thir hai tim tt ca nhitng nguoi da tham gia dao dién cho mét bo phim nao dé
T,(DIRECTED): MATCH (n)-[r:DIRECTED]->(m)
RETURN n.name, type(r) as relationship, m.title, m.language
Két qua cudi cung 1a hop két qua cua hai cau truy van trén.

e Dang con thir hai M1.2: duoc &p dung cho cac cau truy van trong d6 mot nit hogc nhiéu nit c6 quan h¢
cung ldc véi nhiéu ndt khac nhau. Pay 1a dang rat pho bién.

T(ry, oy ooy r): MATCH (ng) - [:r] - >(ny) ,(N2) — [:r2] -> (N3)
s oee s (M) = [:1] -> (Nisa)
9 eeey (nm) - [:rm] -> (nm+1)
RETURN ny, Ny, ..., Npat

Y nghia ctia cAu truy van la tim tit ca cac bo m+1 nit (ny, n,, ..., Nme) S0 cho gitra tirng cap Nt n; Va ni,, ¢6
quan hé r; véi nhau, trong d6 cac quan hé ry, r,, ..., ry, khac nhau tirng d6i mét.

Truy vin dang M1.2 dugc viét lai thanh dung m cau truy vin don, mdi cau truy van chi chira mot quan hé nhu
sau.

Ty(ry): MATCH (n;) —[:ry] -> (n;) RETURN ny, n,, ID(n,) AS n2ID
Ty(ry): MATCH (ny) —[:r2] -> (ng) RETURN nj, ng, ID(n,) AS n2ID
Tm(rm): MATCH (np) = [:rm] -> (Nm+1) RETURN np,, Ny, 1D(N;) AS nilD

Két qua cudi cuing cua cau truy van 1a 1an luot két cac két qua cua céc cau truy van lai véi nhau dua trén khoa
chung cua ching:
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O(T) = O(T1)*"O(T,)*O(T)*...*""O(T )
Vi dy: Cau truy van tim tat ca dién vién va dao dién trong ciing mot by phim
MATCH (2)-[:ACTS_IN]->(m)<-[:DIRECTED]-(d)
RETURN a.name AS actor, m.title, d.name AS director
Pugc viét lai thanh hai truy van, truy van thir nhat tim tat ca nhimg nguai 1a dién vién:
MATCH (a)-[;ACTS_IN]->(m)
RETURN distinct a.name as actor, m.title, ID(m) AS mID
va truy van thir hai tim tat ca nhitng nguoi 1a dao dién
MATCH (m)<-[:DIRECTED]-(d)
RETURN m.title, d.name as director, ID(m) AS mID
Két qua cua truy van ban dau la két qua cua hai cau truy van trén dugc két lai dya trén truong miD.

e Dang con tha ba M1.3: dugc dung dé xdc dinh mot cap nat thugc quan hé nay nhung khong thudc quan hé
khac va cé thé thoa mot s6 diéu kién cu thé.

T(ry, r2): MATCH <ménh d didu kién MATCH>
WHERE NOT <mg¢nh dé diéu kien WHERE NOT>
AND <céc diéu kién WHERE>
RETURN <tap cac nit RETURN>

Trong d6 <ménh dé diéu kién MATCH> c6 thé c6 dang cia ménh d¢& [MATCH] trong dang mau truy van M1.1
hoiac M1.2, <ménh dé diéu kién WHERE NOT> cd dang cia ménh dé [MATCH] trong dang mau truy van M1.1, <cac
diéu kien WHERE> dung dé so séanh cac nat hoac cac thudc tinh voi céc gid tri cu thé, va tap hop tat ca cac loai nit
trong <ménh dé diéu kien WHERE NOT>, <c4c diéu kien WHERE> va <tap cac nit RETURN:> phai |a tap con that sy
hoic bang vai tap tit ca cac loai n(t trong <ménh dé didu kién MATCH>.

Y nghia cua dang truy van nay Ia tim tat ca cac bo ndt (twong (ng véi tap cac ndt trong ménh dé [RETURN])
théa ménh dé diéu kién [MATCH] va cac diéu kién WHERE nhung khong théa ménh dé diéu kién WHERE NOT.

Truy vén trén duoc viét lai dudi 2 truy vén con:
Ti(rl): MATCH <ménh dé diéu kién MATCH>
WHERE <cac diéu kign WHERE>
RETURN <tap cac nit RETURN>
T,(r2): MATCH <ménh dé diéu kiéen WHERE NOT>
RETURN <tap cac nit RETURN>
Két qua cudi cung la hiéu giira hai tap két qua cua hai cau truy van trén:
O(T) = O(T)\O(T>)
Vi du:
CAu truy van tim tit ca nhitng ngudi chi dong vai tro 1a dién vién trong mot bo phim va sinh ra & New York
MATCH (n) - [r:ACTS_IN] -> (m)
WHERE NOT((n) - [;DIRECTED] -> (m)) AND n.birthplace = ‘New York’
RETURN n.name, n.birthday, n.birthplace, m.title, m.studio;

s& dugc viét lai thanh hai truy van, truy van thir nhat tim tat ca nhiing ngudi dong vai tro dién vién va duoc sinh ra &
New York

MATCH (n)-[r:ACTS_IN]->(m)
WHERE n.brirthplace = ‘New York’
RETURN n.name, n.birthday, n.birthplace, m.title, m.studio, ID(n) AS nID, ID(m) AS mID

va truy van thir hai tim tit ca nhitng nguoi dong vai tro dao dién
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MATCH (n)-[:DIRECTED]->(m)
RETURN ID(n) AS nID, ID(m) AS mID
Két qua sau cung la hiéu cua truy van thir nhat véi truy van tha hai.
2. Mau truy van Iong khong c6 ménh dé OPTIONAL:
e Dang mau M2:
[MATCH] ... [WITH] ...
[MATCH] ... [WITH] ...

[WHERE]
[RETURN] [ORDER BY] [SKIP] [LIMIT]

e MO ti: mau truy van c6 nhiéu cap ménh dé [MATCH] [WITH] va mot ménh dé [RETURN]. Cac ménh dé
con lai nhu [WHERE], [ORDER BY], [SKIP] va [LIMIT] thi c6 thé tay bién (sir dung hozc khéng st dung).

e Y nghia cua mau truy van: dy la dang mau truy van 1ong, trong do céc két qua tim dugc & cac ménh dé
[MATCH] ¢ tang tré,n s€ duge xem x¢ét thém cac dieu kién truy van bo sung bsi ménh dé [MATCH] ¢ tang
lien dudi nd va ct tiép tuc nhu vay cho dén ménh ¢ [MATCH] ¢ tang cudi cung.

e Truy van duoc viét lai bang céch bién doi timng cap ménh dé [MATCH] [WITH] véi céc tly bién khac thanh
mot truy van con dudi dang mot cdp ménh de [MATCH] va [RETURN] véi cac tuy bién tuong Gng. MJdi cau
truy van con nay sé thuoc mot trong 3 dang M1.1, M1.2 hoac M1.3 & trén.

e Két qua cua truy van ban dau la két qua tra vé cua cac truy van con lan luot duoc két véi nhau dya trén cac
truong di liéu chung.

e Vi dy: Truy van ban dau, tim tt ca nhiing nguoi da tham gia dién xuét it nhat 10 by phim va da lam dao dién
it nhat 2 bo phim

MATCH (a:Actor)-[:ACTS_IN]->(m:Movie) WITH a, count(m) AS ACTS
WHERE ACTS >=10
WITH a, ACTS
MATCH (a:Director)-[:DIRECTED]->(m:Movie) WITH a, ACTS, collect(m.title) AS directed
WHERE length(directed) >= 2
RETURN a.name, ACTS, directed ORDER BY length(directed) DESC, ACTS DESC,;
s& duoc viét lai thanh hai truy van, truy van thi nhat tim tat ca nhitng nguoi da 1am din vién it nhat 10 bo phim
MATCH (a:Actor)-[:ACTS_IN]->(m:Movie) WITH a, count(m) AS ACTS
WHERE ACTS >=10
RETURN a, ACTS, ID(a) AS alD
Va truy vén thir hai tim tit ca nhiing nguoi da 1am dao dién it nhat 2 bo phim
MATCH (a:Director)-[:DIRECTED]->(m:Movie) WITH a, collect(m.title) AS directed
WHERE length(directed) >= 2
RETURN a.name, directed, ID(a) AS alD
Két qua ciia hai cAu truy van trén dugc két lai dua trén truong alD.
3. MAu truy van long c6 mé¢nh dé OPTIONAL:
e Dang mau M3:
[MATCH]
[OPTIONAL MATCH] ... [WITH]...
[OPTIONAL MATCH] ... [WITH]...
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[WHERE]
[RETURN] [ORDER BY] [SKIP] [LIMIT]

e M0 ta: mau truy van c6 mot ménh dé [MATCH], nhiéu cap ménh dé ([OPTIONAL MATCH], [WITH]) va

mot ménh d& [RETURN]. C4c ménh d& con lai nhu [WHERE], [ORDER BY], [SKIP] vi [LIMIT] thi khong
bat bugc.

Y nghia ctia CAu truy van: day 1a cau truy van Iong, trong d6 mot hoac mot sé loai nat (tam goi 1a loai nat A)
trong két qua cia ménh dé [MATCH] sé& duoc két trai (két vé phia cac quan hé - chinh 1a cac loai nit nay) véi
c4c loai n(t khac (tam goi la loai nit B) mo ta trong ménh dé [OPTIONAL MATCH] dau tién. Y nghia cia
két trai trong truong hop nay 1a ngay ca trong truong hop khong tim dugc nat B cu thé nao dé két dugc (c6
guan hé theo mo ta trong [OPTIONAL MATCH]) véi tap cac nlt A thi cac tap cac nit A nay van duoc giit
nguyén trong két qua tra vé (néu duoc yéu cau trong [WITH]). C6 mét hodc mot sé loai ndt trong [WITH] s&
duoc tiép tuc két trai véi cac loai nat khac trong cap ménh dé ([OPTIONAL MATCH], [WITH]) tiép theo va
ctt nhu vy cho dén cap [OPTIONAL MATCH], [WITH] cudi cung.

Viét lai truy van duogc thuc hién bang cach tdch ménh & [MATCH] dau tién, ting cap ménh dé [OPTIONAL
MATCH] [WITH]. Déi v6i mdi ménh d& [OPTIONAL MATCH] [WITH] thi tir khda [OPTIONAL
MATCH] s& duoc thay thé thanh tur khoa [MATCH], tir khda [WITH] s& duoc thay thé thanh [RETURN].
Ménh dé [RETURN] cua mdi cau truy van con s€ dugc thém khda (ID) g Vi cac nat chung trong tat ca
cac ménh dé [RETURN] cua tt ca cac cau truy van con nham thyuc hién két di liéu lai v6i nhau. Tiép theo
moi cau truy van don nay s& dugc viét lai dya trén cac dang con ctia mau truy van don M1.1, M1.2, M1.3 da
mo ta & trén, Sau khi viét lai hoan tat thi s& duoc danh sach céc cau truy van don. Truong hop ménh dé
[MATCH] dau tién khong chira bat ky loai quan hé nao thi ménh dé nay dugc ghép véi tung truy vén trong
danh sach truy vén don. Giita ménh dé [MATCH] dau tién va mdi cau truy van cé thém tir khoa
[OPTIONAL]. Truong hop ménh dé [MATCH] dau tién c6 chtra quan hé thi ménh dé nay ciing s& dugc viét
lai dya trén cac dang con cua mau truy van don M1.1, M1.2, M1.3 da mo ta & trén. Két qua viét lai s& dugc
thém vao danh sach truy vin don & trén dé thyc thi.

e Két qua cua truy van ban dau:

o Trudng hop ménh d¢& [MATCH] dau tién khdng chira quan hé: két qua tra vé caa truy van con tng
vé6i cap (JOPTIONAL MATCH]) dau tién két trai voi két qua tra vé cua truy van con ng véi cap
([OPTIONAL MATCH]) thir hai; két qua nay dugc két trai voi két qua tra vé cua truy van con ng
véi cap ([OPTIONAL MATCH]) tha ba; va c lan lugt nhu thé cho dén cau truy van ung véi cap
([OPTIONAL MATCH]) cudi ciing. Két qua cudi cing ndy ciing chinh 1a két qua cua truy van ban
dau.

o Truong hop ménh dé [MATCH] dau tién c6 chira quan hé: két qua tra cua cac cau truy van trong
ménh dé [MATCH] nay s& duoc két lai véi nhau dya trén cac trudng dit liéu chung. Tiép theo két
qua nay s& dugc két trai véi cac tap di liéu cua cac cau truy van con lai.

e Vi duy: Truy vin ban dau tim thong tin cia bo phim c6 tén 1a “The Matrix” va dao dién, din vién lién quan

dén bo phim nay néu cé:
MATCH (movie:Movie {title: "The Matrix"})
OPTIONAL MATCH (director)-[:DIRECTED]->(movie)
WITH movie, COLLECT (director.name) AS directors
OPTIONAL MATCH (actor)-[:ACTS_IN]->(movie)
WITH movie, COLLECT (actor.name) AS actors, directors
RETURN movie.title, actors, directors
S& duoc tach thanh ba truy vén con, truy vén thir nhat tim dao dién cua bo phim The Matrix
MATCH (movie:Movie {title: "The Matrix"})
OPTIONAL MATCH (director)-[:DIRECTED]->(movie)
RETURN movie,COLLECT (director.name) AS directors,ID(movie) AS movielD
truy vén thtr hai tim céc dién vién caa bo phim The Matrix
MATCH (movie:Movie {title: "The Matrix"})
OPTIONAL MATCH (actor)-[:ACTS_IN]->(movie)
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WITH movie, COLLECT (actor.name) AS actors
RETURN movie. title, actors, ID(movie) AS movielD

Két qua cua ba cau truy van s& duoc két ngoai trai lai dwa trén truong movielD.

IV. CAI PAT VA THUC NGHIEM
A. Cai djt
Chuong trinh xir Iy truy van duoc xay dung dudi dang mot ung dung web. Nén tang &p trinh Java duoc sir dung
dé xay dung. Giao di¢n chuong trinh gdm mot hop thoai cho phép ngudi dung nhap truy van. Sau khi nhap ligu nguoi
dung nhan nut “Execute” dé thuc thi chuong trinh. Thanh phan bén dudi c6 3 tab. Tab “Result of distributed Neo4j” dé

hién thi két qua truy van trén co so dir liéu phan tan. Tab “Execution Plan” thé hién cac budc thyc thi truy van trén cac
phan manh. Tab “Result of undistributed Neo4j” dé so sanh két qua truy van trén co s¢ dix liéu khi khdng phan manh.

Pé thuan tién cho viéc tham khao, thir nghiém, danh gia cua cong ddng, chung toi da trlen khai h¢ thdng 1én
website: http://45.119.83.92/WebNeo4jCQL/index.jsp vdi giao dién dé sir dung va tap cau truy van viét sin bao gom
toan bo cac truy van di duoc thir nghiém trong bai bao nay.

B. Thwc nghiém

_Dit liéu va céc truy van thuc nghiém duoc lay tir céc trang trong tén mién ciia nha san xuat Neo4j [1]. Co so dit
liéu d6 thi thuc nghiém Movie gom céc thong tin sau:

e Nut: Person (50179 nat), Movie (12862 nut).
e Quanhé: ACTS_IN, DIRECTED, FRIEND, RATED.

Co so dir liéu dd thi Movie nay dugc chia 1am ba phan manh nhu trong vi du ¢ phan 11.B & trén:
Trong d6 cau hinh cac nut mang lan luot 1a:

e May PC1: Intel Core i5 3320M 2.60Ghz, RAM 4GB.
e May PC2: Intel Core 2 Duo P8600 2.40Ghz, RAM 4GB.
e May PC3: Intel Dual Core T4200 2.00Ghz, RAM 3GB.

Bing 1. S5 lwong thyc nghiém cac mau truy van

M4u truy vin S6 lwong truy van thir nghiém
Mau truy vain don 30
Mau truy van Iong khdng c6 ménh d& OPTIONAL 5
Mau truy van Iong c6 ménh d& OPTIONAL 15

Viéc thuc thi truy van trén hé thong phan manh doc, duoc hién thyc trong nghién cau nay, cho két qua tring
khép véi két qua thyuc thi truy van trén co so dir liéu do thi lGc chwa phan manh trong tat ca 50 truy van thir nghiém
trong bang 1. Didu nay cho thiy thuat todn va viéc hién thuc héa thuat toan 1a hoan toan chinh xéac cho cac dang mau
céu da trinh bay ¢ trén.

Trong khudn khd nghién ciru ndy, ching t6i chua tim thy bat ky cong trinh nao lién quan dén viéc phan manh
doc co s¢ dir liéu do thi do d6 ching t6i chua thé thuc hién cac danh gia so sanh vé md hinh cling nhu hiéu qua vai cac
phuong phap, cac nghién ctru kKhac.

V. KET LUAN VA HUONG PHAT TRIEN

Bai bao da dé xuit mot kién trdc phan manh doc cho co so dit liéu d6 thi Neo4j va xay dyng mot module xir ly
truy van trén kién tric phan manh doc nay. Kién trdc phan manh d& xuét don gian, cac metadata hién dugc mé ta thu
cong. Cac niit mang trong kién triic lién két véi nhau thong qua giao thirc HTTP va chura c6 co ché kiém soat xem mot
ndt mang nao d6 c6 gip su cb va bi ngét khoi mang hay khéng. Module xu ly truy vén phan tan da gidi quyét dugc ndm
dang Mau cau truy Van Cypher dua trén co s¢ cac phép toan dai s6 quan hé nhu hoi, giao, hiéu, két, ... Cac mau cau
nay cho phép giai quyét duoc phan Ié6n cac cau truy van cac tap hop dit lidu trong co so dit ligu do thi. Nho o, cac két
qua trong nghién ciru da co thé dugc sir dung nhu mot framework hoic nhu mét co so dit liéu don gian cho cac ung
dung thuc té c6 st dung co sé dir lidu do thi phan tan Neo4j.

Tuy nhién van con khéa nhiéu miu cau khac, nhu cac mau ciu lién quan dén viéc lya chon va sau d6 thuc hién
xtr ly véi ting bo dit liéu két qua nhu foreach..., case...when..., unwind..., collect..., vin chua dugc nghién ciu giai
quyét thanh cong trong nghién ciru ndy. Trong thuat toan xir Iy phan tan d& xuit, cac yéu t6 dé ting hiéu ning, giam
thoi gian tra 10i truy van ciing chua duoc nghién ciu thiu déo nhu: chwa sir dung ban sao cac phan manh dé ti wu truy
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van; chua tinh dén viéc gop mot sé quan hé (ma chira trén mot phan manh nao d6) trong xir I mau M1.1 va M1.2, hay
gop cac cap [MATCH] [WITH] kha gop (chua cac quan hé trén cung mét phan manh va c6 nut chung lam co sé de
két) trong mau M2, . dé giam thoi gian xt ly va trao ddi dir liéu. Mot khia canh khac la viéc chirng minh cho nhu cau
thuc t& cia mo hinh phan tan nay, it nhat 1a thdng qua viéc phan tich mot hoac mot sé bai toan thyc té, ciing chua duoc
trinh bay trong bai bao nay. Pay ciing chinh 1a nhitng hudng nghién ctu tiép theo nham xay dung mot h¢ thong luu trir
va truy van co sé dit liéu dd thi phan tan hoan chinh, t6i wu va thiét thuc.
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BUILDING A MODULE TO HANDLE DISTRIBUTED QUERY PROCESSING ON NEO4J
GRAPH DATABASE

Nguyen Duy Tan, Ngo Thanh Hung

ABSTRACT: This paper presents the distributed architecture and distributed query processing module on Neo4j graph database.
The proposed architecture is vertical fragmentation. Fragments are placed on computers, which are connected to each other
through the protocol HTTP. Distributed query processing module was built based on relational algebra for handling some samples
of queries, written in Cypher language. It can be used in some practical case study and be developed with more sample of queries
and higher degree of performance.
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