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Thuc trang

Viéc ap dung 1y thuyét do thi vao cac bai toan thyec tién di dugc tién hanh ti
lau. Tuy nhién, khi lugng dit lieu ngay cang 16n, chdng han di lieu tit cdc mang
x4 hoi nhu Facebook, thi viéc mé hinh ho4 dit liéu bang Iy thuyét do thi lai dudc
quan tam va da minh ching dugc hiéu nang ndi bat khi 4p dung vao thuc té.
Khi mo hinh hoa dit liéu bing dd thi, thong thudng cac thyc thé (ching han cic
thanh vién mang x4 hoi) sé duge biéu dién thong qua cac dinh con cac quan he
gitta cac thyc thé (ching han nhu quan hé ban bé giita cac thanh vien) duge quy
vé cac canh lién két cac dinh trong do thi.

Déi v6i cac bai toan mé hinh hod bing dd thi c6 quy mé 16n vé ca s6 dinh
va s6 canh, mot trong nhitng thach thic 16n duge dit ra 14 can phai c6 nhitng
phuong phap (i) t6 chite dit lieu do thi hiu qua va (i) t6i wu hoa cac phép todn
tren do thi dé nang cao hi¢u niang thi hanh.

Bai toan nghién citu

Véi thyc trang da dit ra, trong luan an nay ching t6i quan tam dén bai toan
nghién cttu dé xuat phuong phéap to6 chite dit lieu do thi hieu qua két hop ciing véi
nhing giai phap song song hoa cic phép toan (ca cé tuong tranh lan khong tuong
tranh) trén do thi quy mo 16n ca vé sé canh 1an s6 dinh dé c6 thé tién hanh xt
Iy cac truy van va phan tich trén dd thi mot cach hiéu qua nhat. Tinh hicu qua
dugce quan tam trong luan 4n nay sé duge thé hien trén ca khong gian bo nhé Inu
trit va toc do thi hanh cac phép toan tuong tranh.

Muc tiéu, pham vi nghién ciu va cac noi dung
chinh

Muc tiéu nghién ctiu

T bai toan dat ra, muc tiéu chinh ctia luan an la khéo sat, danh gia cac giai
phap hién dai vé xtt Iy cac phép toan tuong tranh trén dé thi quy mo 16n; tir do
dé xuét phuong phap biéu dién dit lieu dd thi phit hop va nang cao hiéu nang thi
hanh céc phép toin dong thai trén do thi c6 quy mo lén.



Pham vi va phuong phap nghién citu

Vé pham vi, do khuon kho thai gian, trong luan 4n nay ching to6i chi chii trong
dén bai toan nghién ctu trén do thi khong trong sé. Véi kidu do thi dé, cac phép
toan tuong tranh dudc quan tam sé duge quy vé thanh cac phép toan thém canh,
x04 canh vA truy van khodng céch ngin nhat gitta hai dinh. D6i véi cdc phép todn
hé trg phan tich dd thi mang x& hoi, mot s6 do do trung tam sé dude quan tam,
dé xuat gidi phap nang cao hiéu nang tinh toan cic do do nay trong luan an.

Vé phuong phap nghién cttu, trong luan 4n nay ching toi sé két hgp ca phuong
phép nghién citu 1y thuyét 1an nghién ctu thue nghiém. Cac dé xuat trong luan
an ciing dudc chi trong phan tich, danh gia tudng minh vé tinh ding din, do
phiic tap vé mit 1y thuyét. Viéc thyc nghiém ciing duge tién hanh trén nhitng bo
dit ligu thudng xuyén dude cong dong nghién citu st dung va trén cting nén tang
tinh toan dé c6 thé so sanh véi nhitng gidi phap khac da duge cong bb.

Chuong 1: LY THUYET NEN TANG
1.1 Ly thuyét dd thi
1.1.1 Khai niém

D6 thi 1a mot cau tric dit liéu linh hoat, duge thé hien duéi dang mot tap cac
dinh (vertices) va cac canh (edges), hay dugc goi v6i thuat ngit khac la tap cac
nit (nodes) va cac quan hé két noi gitta chiing véi nhau (relationships).
1.1.2 Kiéu do6 thi

Mot s6 cac kiéu do thi duge thé hién trong Hinh dusi day:

a. P thi don b. Dé thi c¢6 hwong c. Db thi ¢6 trong sb d. Da db thi

Hinh 1.1: Mot s6 kidu d6 thi co ban

1.2 Biéu dién do6 thi
D6 thi ¢6 thé duge biéu dién bdi nhitng phuong phap sau day:

e Danh sach cac canh



Ma tran lién ké

e Danh sach lién ké

Ma tran lién thudc

Ma tran hang thwa nén

1.3 Cac phép toan chinh trén do thi

Trong phan nay, chiing t6i sé trinh bay nhitng két qua tém luge cac phép toan
chinh trén do thi. Cac phép todn nay dugc chia lam hai loai chinh: (i) duyét do
thi, va (ii) phan tich do thi.

1.3.1 Duyét do thi

Dinh nghia 1.1. Duyét do thi (hay doi khi con goi tim kiém trén do thi) la qud
trinh tham (kiém tra hodc/va cdp nhat) maoi dinh trong do thi. Qud trinh duyét
do thi thuong duoc phan loai dua theo thit tu cdc dinh dude khdm phd.

V6i gia thiét do thi G duge biéu dién theo phuong phap st dung danh séch
lién ké, hai phuong phap duyét theo chidu rong trudc va duyét theo chidu sau
truée duge tién hanh theo gidi thuat dudi day:

1.3.1.1 Duyét theo chiéu rong truéc - BFS

Dinh nghia 1.2. Duyét theo chiéu rong trudc (Breadth-First Search - BFS) la
gidi thuat dé duyét cu tric di liew do thi. Gidi thuat nay cho phép tit mot dinh
trong do thi, goi la dinh goc, khdam phd tat cd cic dinh lién ké c6 cung do sau so
vdi nat goc trude khi chuyén dén cic dinh ¢ do sau tiép theo.

1.3.1.2 Duyét theo chiéu sau truéc - DFS

Dinh nghia 1.3. Duyét theo chiéu sau trudc (Depth-First Search - DFS) la gidi
thuat dé duyét céu tric dit lieu do thi, cho phép t& mot dinh trong do thi, goi ld
dinh gbc, khdm phd cang za cang tot doc theo ting dinh lién ké trudc khi quay tré
lai. Hay khac vdi BES kham phd cdc dinh anh em cung mic trude, DFS cho phép
khdam pha cdc nit con trude khi quay lai khdm phd cdc dinh anh em.

1.3.2 Phan tich do thi

Ly thuyét dd thi dugc ttng dung trong nhiéu linh vyc khac nhau hién nay. Tuy
thudc vao mdi linh vic ing dung dé6 ma viéc phan tich do thi dugc tién hanh
v6i nhitng phuong phap va k¥ thuat khac nhau. Mot sé mién linh viuc c6 thé tng
dung 1y thuyét do thi dé phan tich bao gdm: mang xa hoi (social network); mang
sinh hoc (biological network); mang lién két (link network); ...
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1.3.2.1 Tinh khoang cach

Trong dd thi G, viéc xac dinh dudng di ngin nhit tit mot dinh w dén dinh v
sé cho phép tinh dugc khodng céch giita ching. Tuy thudc vio mdi kidu do thi
ma céach tinh khoang cach gitta v va v duge xay dung khéac nhau.
1.3.2.2 Dudng di ngin nhat

Trong 1y thuyét do thi, dudng di ngédn nhét tit dinh u dén v dugc dinh nghia
la duong di c6 khoang cach dis(u,v) ngan nhéat. V6i do thi khong c6 trong sb,
duong di ngin nhat chinh 13 dudng di ¢6 s6 canh nhoé nhat tir v dén v.
1.3.2.3 Do trung tam

Déi véi cac phép toan phan tich do thi, luan 4n quan tam dén hai do trung
tam sau day:

Dinh nghia 1.4. D¢ trung tam gan cia mot dinh v duge dinh nghia dua theo
cong thitc do Bavelas dé zudt nhu sau:

1
Y ucy dst(u,v)

vdi dst(u,v) la khodng cdch ngdn nhat ti not u dén v.

CCv) = (1.1)

Dinh nghia 1.5. D¢ trung tam trung gian cia mot dinh v duge tinh bdi cong

thic sau:
BCv)= > (V). (1.2)
stovztey st

vdi 0g la khodng cdch ngdan nhat ti dinh s dén t va os(v) la s6 duong di ngdn
nhdt dé di qua dinh v.

1.4 Xu ly song song

Dinh nghia 1.6. Tinh todn song song (parallel computing) la kiéu tinh todn trong
dé mhiéu phép tinh (hodc viéc thi hanh nhiéu tién trinh) dugc tién hanh mot cich
dong thoi dua trén nguyén tdc nhitng bai todn ldn déu cé thé chia thanh nhiéu bai
todn nhé hon cé thé tién hanh dong thoi.

Viéc danh gia hiéu nang ctia cdc mo hinh tinh toan song song hién nay thutng
stt dung luat Amdahl (Amdahl’s Law),cho rang hé s6 ting toc ctia mot chuong
trinh song song duge xéac 1ap dya vao ty 1&¢ ma (code) P clia chuong trinh d6 duge
song song hoéa: .

SpeedUp = 1P (1.3)



Khi xét thém s6 lugng CPU tham gia vao tinh toan song song, hé s6 nay dudc
xéc dinh bang biéu thic sau:

1
S+ %

SpeedUp = (1.4)

trong d6, P 1 ty 1é ma song song, N 1a s6 lugng CPU va S 1a ty lé ma tuan tu.

Chuong 2: TOT UU HOA TRUY VAN TUOGNG TRANH
TREN DO THI PONG
2.1 Gidi thisgu

Chuong nay trinh bay gidi phap cai thieén higu suat xi Iy cac truy van dong
thoi trén do thi c6 hudng, khong trong s6 véi quy mo 16n va c6 tinh thay doéi
nhanh. Chién lugc ciia chiing toi dya trén cdc ¥ tudng: (i) chu tric dit ligu thich
hop, (ii) gidm thiéu khong gian tim kiém, va (iii) thi hanh song song hiéu qua.

2.2 Dac ta bai toan

Xét do thi G = (V, E) 1a do thi ¢6 tap dinh V va E 16n, tit vai triéu dinh dén
hang ty dinh, lién tuc ¢6 nhitng thay doi (them/bét) vé s lugng thue thé V (titc
s6 lugng dinh) va thay déi vé s6 lugng quan hé (tic sb6 lugng canh). Cac quan
hé E giita cac thyc thé trong G duge mo hinh hod khong xét dén trong sb va co
huéng.

2.2.1 M5 hinh di liéu va truy van

Biéu dién cac canh dd thi c¢6 quy mo 16n dua theo danh séch lién ké 13 cach
tiép can phu hop nhét.

Céc phép toan trén do thi hoan toan co thé duge mo hinh hoa dua theo ba
phép toan chinh: Thém canh ['A" u v], Xoa canh ['D’ u v], Truy van ['Q’ u v]

2.2.2 Bai toan dat ra

Dinh nghia 2.1. Xét do thi G = (V,E) tai thoi diém t c6 n phép todin tuong
tranh (concurrent operations) S = {op1,opa...,0pn}. Méi phép todn op; cia S
tuong ing vdi mot trong ba phép todn da dac td & trén va duoe biéu dién bing bo
ba op; = (a,u;,v;); trong dé a € [A') D'/ Q'] la kiéu phép todn thao tdc vdi cip
dinh (u,v). Yéu cau dat ra la phdi tién hanh zié lj cdac phép todn trong tap S mot
cich nhanh nhét c¢é thé ma van dém bdo dugc tinh nhét quin cia G déi vdi tha
tu thi hanh cdc phép toan trong S.



Viéc thye thi lich S dudc chiing t6i tién hanh theo huéng xay dyng gidi phap
thi hanh trén cac hé théng tinh toan da CPU, nhiéu 16i va c6 khong gian bo nhé
chinh l6n.

2.3 Giai phap 1: akgroup

Viéc thi hanh cic phép toan tuong tranh trong S dudc tién hanh theo gidi
thuat sau:

Thuat toan 2.1: Giai phap 1: Cac budc thyc hién lich thi hanh S

Input: S[a,u,v] mang dai dién lich thi hanh chita cdc phép toan tuong tranh; Q la danh sach
chita cac truy van tinh khoang cach ngan nhat trong G

Output: G dugc cap nhat va danh sach Dist[.] chita khodng cadch ngan nhat theo S
query _num < 0 ;
foreach (a,u,v) € S do
if a =" A’ then

| add_edge(u,v) ;
end
else if a =’ D’ then

‘ del _edge(u,v) ;
end

9 else if a =’ Q' then
10 Qlquery_num] «+ (u,v) ;
11 query _num+ = 1;
12 end
13 end
14 if query_num > 0 then
15 ‘ exec_queries(Q, Dist) ;
16 end
17 return Dist[.] ;
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2.3.1 CaAu trac di lieu do thi phit hop
Dt licu d6 thi G sé duge biéu dién nhu sau:

e MBoi niit v s& duge dinh danh biing mot ty nhién nim trong khoang [0..(|V]—

D]

e Céac dinh dén/di cia mot nit s& duge Iwu trit trong mot ving lién ké clia
mot méang tuong tng goi la incoming edges/outgoing edges.

e Viec dinh vi va s6 lugng cac dinh lién ké clia v trong méang incoming_edges/outgoing
d6 sé dugc tién hanh dya theo mang chi muc incoming_index/outgoing_index.
Dé tang ty lé "cache hit", s6 dinh lién ké num va vi tri bit dau pos trong
incoming _edges/outgoing index s& duge luu theo cap ké nhau (pos, num).
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Hinh 2.1: Minh hoa céu tric dit lidu do thi

2.3.2 T6i uu cac truy van
2.3.2.1 Giai thuat tinh khoang cach ngin nhét

Viéc tinh khodng cdch ngin nhat tit u dén v trong d6 thi c6 huéng khong
trong s6 G sé dua trén gidi thuat bBFS, duyét BFS theo ci hai chiéu: tit u duyét
dan theo chiéu rong trude va tit v 1an nguge lén ciing theo chiéu rong. Qua trinh
duyét chi két thic khi ton tai dinh n&m trong cd hang doi duyét ctia chidu di va
chiéu dén.

e Stt dung hai méng bitmaps di va dén dé mdi bit xac lap trang thai dinh
tuong tng vi tri bit d6 da dugc duyét hay chua.

e St dung chién luge lya chon chidu duyét BFS c6 ghi nhan thém sé luong
céc chau trong hang doi: theo chiéu di hay dén dua trén téng sb6 dinh con
va dinh chau ¢ méi hang doi.

2.3.2.2 Xit Iy song song truy van

Dé c6 thé tién hanh song song cac truy van tim khodng cach ngin nhat, giai
phép clia chiing t6i dé xuat dya vao cic ¥ tudng sau:

e Song song hoa qué trinh thirc hién cac truy van tinh khodng cach trén cac
ludng khac nhau chit khéng song song qué trinh tinh khodng cich ngin
nhét.

e Sit dung hai hang dgi toan cuc dé chita cac dinh dén/di khi duyét do thi (goi
14 incoming _queue va outgoing queue); Viec xit 1y truy van tim khodng
cach ngin nhat dudc tién hanh trong mot ludng rieng biét va st dung mot
mang incoming _queue va outgoing queue riéng cho ludng do.

e Hai méang toan cuc dé lwu vét cac dinh da duyét (in_maps vh out_maps).
Hai mang lwu vét nay sé dude cap phat trude va mdi mang cé kich thuée 1a



% xthread Num phan tt kiu Integer (4-bytes) v6i threadNum 1a s6 ludng

song song.

e Giai phép song song sé dugc cai dit dya trén bo thu vién Cilkplus do Intel
xay dung .

2.4 Giai phap 2: akGroupPlus

Dugc xay dyng dya trén gidi phap 1 va thyc hién cai tién trén ca hai phuong
dién: thay ddi cach thitc t6 chitc dit lieu cho phit hgp hon va ap dung nhing ki
thuat song song ho4 cac truy van mot cach hiéu qua hon déi véi ca cac phép toan
cap nhat 1an truy van tinh khoang cich ngin nhat.

2.4.1 T6 chitc dit lieu do thi kém trang thai
D lidu d6 thi duge t6 chitc theo cé chiéu di 1an chiéu dén nhu sau:
e (i) Mdi dinh dugc dinh danh bing mot gié—tri s6 4-bytes;

e (ii) Céc dinh canh dén/di cta dinh u s& duge luu trong vector c¢6 sap xép
thit tu tang dan incomingEdges|u]/outgoing Edges|u]. Mdi phan tit v kich
thudce 4 bytes ciia vector dé sé dude méa hoa: 30 bits trai nhat dau tien dé
dinh danh dinh dén/di; 2 bits con lai dé thé hién trang théi ctia canh (u,v)
(ALIVE, DEAD, UNKNOWN).

Viéc t6 chitc cac danh séch dinh lién ké theo ci chiéu di 1dn chiéu dén sé cho phép

chiing ta duyét BFS theo ca hai chiéu.

2.4.2 Xu ly cac phép toan tuong tranh

Viéc thi hanh cac phép todn tuong tranh trong S sé duge xit 1y theo cac bude
sau:

e Luu lai ¢6 thi tu cac phép toan cap nhat vao mang Updates; ciac phép toan
truy van duong di ngin nhat vio mang Queries;

e Tién hanh xit Iy tudn ty cac phép toan cap nhat va danh diu cic canh duge
cap nhat vé trang thai UNKNOWN;

e Tién hanh xit 1§ song song cic truy van duong di ngin nhat;

e Cap nhat chinh thic trang thai cic canh lién quan dén cac phép toan cap
nhat, titc chuyén trang thai cic canh d6 tit UNKNOWN vé DEAD (néu bi
x04) hay ALIVE (néu dugc thém vao);



Cac budce xit I trén c6 thé duge minh hoa cu thé hon qua giai thuat dudi
day:

Thuat toan 2.2: akGroupPlus: Thi hanh cac phép toan tuong tranh trong
S
1 Function akGroupPlus(S

Input: D5 thi G va danh sidch S c6 n phép toan (a,u,v) véi 'a’ la phép toan
Output: G ghi nhat tat cd cap nhat va danh sich khodng cach ngdn nhat clia tat ca truy
van 'Q’
2 for t =0;t < n;t+ + do
3 (a,u,v) = Op[t]; if a =" Q' then
a Queries.push _back(t,u,v) ; /* d8y b (t,u,v) vio vector Queries */
5 end
6 else
7 ‘ Updates.push _back(t,a,u,v) ; /* ddy bd (t,a,u,v) vao vector Updates */
8 end
9 end
10 Call UpdateSerial(Updates) ; /* Cap nhat cac canh theo gidi thudt 77 */
11 Call ParallelQuery(Queries) ; /* Thi hanh song song céc truy vin ’Q’ theo gidi
thuat */
12 Call CommitSerial(Updates) ; /* Ghi nh@n céc canh thém/xo0a trong G theo gidi
thuat 77 =%/

2.4.3 T6i uu hoa cac phép toan cap nhat

Tét ci cac phép toan cap nhat canh trong vector Updates sé dugc thi hanh
bang cach cap nhat trudc tien trang thai UNKNOWN déi véi cac dinh lién quan
dén cac canh thém/xo4 trong incomingEdges/outgoingEdges. Viéc ghi nhan
chinh thitc cac phép toan cap nhat sé dude tién hanh sau khi da hoan thanh qua
trinh xtt Iy cdc truy van khodng cich ngén nhat trong Queries. Trong qué trinh
xit Iy céc truy van do, nhan thoi gian sé duge st dung dé xac dinh khi nao thi ghi
nhéan cac canh c6 trang thai UNKNOWN.

2.4.3.1 X ly song song truy van

V6i tap cac truy van da duge luu trong vector Queries, bo thu vien CilkPlus
duge sit dung dé cai dit tinh toan song song.

T d6, viee xit Iy song song céac truy van khoang céch trong Queries dugc tién
hanh nhu trong giai thuat dudi day:

Thuéat toan 2.3: Thi hanh song song cAc truy van khoang cach trén do thi
G

1 Function ParallelQuery(Queries)
Input: Queries chita cic truy van khodng cach (u,v) tai thai diém t; d6 thi G
Output: Danh sidch Dist[.] chita cac khoang cach tuong tng
/* Thi hanh song song vong For theo phudng phap CilkPlus */
for i =0;7 < Queries.size();i + + do
(u, v, t) + Queriesli] ;
Dist[i] = ComputeShortest2(u,v,t) ;
end
return Dist[.];
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2.5 Giai phap 3: bigGraph

Giai phap bigGraph duge xay dung hoan toan dita trén gidi phap 2, nhung b
sung thém ky thuat song song cac phép toan cap nhat. Khi do, lich thi hanh cac
phép toan tuong tranh S sé dugc xit 1y theo cac bude sau:

e Luu lai ¢6 thit tu cac phép toan cap nhat vao mang Updates; cac phép toan
truy van duong di ngan nhat vao mang Queries;

e Tién hanh xit Iy song song cac phép toin cap nhat va danh diu cac canh
dude cap nhat vé trang thai UNKNOWN véi v tudng: mé numT hreads
ludng ddong thdi; viec cap nhat danh sach dinh lién ké ctia v chi duge phép
tién hanh trén ludng thi v mod numThreads.

e Tién hanh xit 1§ song song cic truy van duong di ngin nhét;

e Cap nhat chinh thic trang thai cic canh lién quan dén cac phép toan cap
nhat, titc chuyén trang thai cdc canh d6 tit UNKNOWN vé DEAD (néu bi
x04) hay ALIVE (néu dugc thém vao) theo phuong phép xtt 1y song song
v6i cung ¥ tudng néu trén;

Cac budc xit Ij trén c6 thé duge minh hoa cu thé hon qua giai thuat dudi

day:

Thuat toan 2.4: bigGraph: Thi hanh cac phép toan tuong tranh trong S
1 Function bigGraph(S

Input: Do thi G va danh sach S ¢6 n phép toan (a,u,v) véi ’a’ 1a phép toan
Output: G ghi nhat tat cd cap nhat va danh sach khoang cach ngin nhat ctia tat ca truy
van 'Q’

end
Call UpdateParallel(Updates) Call ParallelQuery(Queries) Call
CommitParallel(Updates)

2 for t =0;t < n;t+ + do

3 (a,u,v) = Oplt]; if a =’ Q' then

4 Queries.push _back(t,u,v) ; /* d3y b3 (t,u,v) vio vector Queries */
5 end

6 else

7 ‘ Updates.push _back(t,a,u,v) ; /* d3y b3 (t,a,u,v) vio vector Updates */
8 end

9

0

[

2.6 Thuyc nghiém va danh gia

2.6.1 Moi truong thit nghiém, danh gia

Ba gidi phdp da trinh bay trong chuong 2 da duge chiing t6i tién hanh thi
nghiém danh gia trén nhiéu moi trudng tinh todn khac nhau, cu thé nhu sau:

e (iai phap 1 dudc thit nghiém trén méi truong may tinh ca nhan véi ciu
hinh Intel® Core™ i7-3720QM (6MB Cache, up to 3.60 GHz, 4 cores-8
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threads), bo nhé 8GB, CentOS 7, gce 5.1.1 va he thong tinh toan tai cudc
thi ACM SigMod Programming Contest 2016: 2 x Intel(R) Xeon(R) CPU
E5-2697 v4 @ 2.30GHz (45MB Cache, 18-cores per CPU), bd nhé chinh
128GB, CentOS Linux release 7.2.1511, gcc 6.3.0.

e V6i gidi phap 2 va 3, thuc nghiém trén hé thong tinh toidn hiéu ning cao:
2 x Intel(R) Xeon(R) CPU E5-2697 v4 @ 2.30GHz (45MB Cache, 18-cores
per CPU), bo nhd chinh 128GB, CentOS Linux release 7.2.1511, gce 6.3.0.

2.6.2 Dt liéu thuc nghiém

Cac gidi phap x Iy phép toan tuong tranh trén doé thi déu dudc tién hanh véi
nhitng bo dit lieu da duge cong bo tit cac t6 chiic ¢6 uy tin khoa hoc trén thé gidi:

e Dit lieu tur cude thi SigMod Programming Contest 2016

Bang 2.1: Théng ké cdc do thi st dung trong SigMod 2016

D6 thi nhé | D6 thi trung binh | D6 thi 16n | D thi rat 16n
S6 dinh | 1.574.074 2.000.000 1.971.281 6.009.555
S6 canh | 3.232.855 5.000.000 5.533.214 16.518.948

e Dit lieu SNAP: Ching t6i chon hai bo di liéu chinh 14 Pokec va LiveJour-
nal dé tién hanh cac thuc nghiem danh gia.

Bang 2.2: Théng ké céc bo dit lieu dd thi st dung trong thyc nghiém

Tham sb SigMod Pokec LiveJournal
S6 canh 1.574.074 | 68.993.773 30.622.564
S6 dinh 3.232.855 | 4.847.571 1.632.803
Duong kinh (khodng cach ngén nhat 1én nhat) 9 16 11

2.6.3 Sinh cac tap lich thi hanh thit nghiém
Lich thi hanh twong tranh S véi cac phép toan dugce luu trong tép text:
e Cau triic mdi dong 1a mot phép toan (a u v)

e Hai tap dit lieu (workload) sinh ngdu nhién véi 1.000.000 phép toan cap
nhat 14n truy vAn khodng cdch ngin nhét: workload 8-1-1 (phan bd cac
phép toan Q/A/D lan lugt 1a 0,8/0,1/0,1) va workload 5-4-1 (phan bb cac
phép toan Q/A/D lan lugt 1a 0,5/0,4/0,1).
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2.6.4 Thuc nghiém va danh gia két qua

Duya trén moi truong thyc nghiém, dit lieu da thu thap vé6i cac workloads sinh
ngau nhién va phuong phap thic nghiém néu trén, ching toi da tién hanh cai dat
va thyc nghiém ca ba gidi phap xit 1y cac truy van tuong tranh da trinh bay &

trén.

2.6.4.1 K&ét qua tit cudc thi ACM SigMod Contest 2016

DPoi tham dy | Small | Medium | X-Large | XX-Large
H minor free | 0,107 0,220 0,886 2,333
uateam 0,202 0,217 1,085 2,123
akgroup 0,118 0,494 1,284 2,878

2.6.4.2 Danh gia giai phap akGroup

Két qua danh gia gidi phap akgroup so véi mot s6 giai phap khac:

Tap d@ liéu | akgroup | BFS+Cilkplus NetworkX SNAP C++4

SigMod Test 1,428s 18,078s 3319,4s 5045s

LiveJournal 32,045s 55,630s Khong thé thi hanh >24h
Pokec 14,286s 27,8255 >10h >15h

C6 thé thay giai phap akgroup nhin chung da mang lai hiéu qué thi hanh t6t
hon so véi cac giai phap khac duge thit nghiém.

2.6.4.3 Danh gia giai phap akGroupPlus

Thuyc nghiém so sanh giai phap nay véi hai giai phap khac la: akgroup - giai
phap 1 neéu trén; vda H_ minor _free gidi phap da dugc giai nhat trong cudc thi
ACM SigMod Contest 2016.
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So sanh véi bo dit lisu LiveJournal va Pokec, akGroupPlus luon mang lai két
qua thdi gian thi hanh t6t hon so v6i hai gidi phap con lai ngoai trir khi thi hanh
tuan tu.

2.6.4.4 Danh gia giai phap bigGraph

Danh gia so sanh bigGraph véi akgroup; H minor _free; va mot s6 cong
cu khac nhu uoa_team (doi gianh giai nhi); gStreamPKU; va whilel (hai doi
dong giai Ba ciing v6i akgroup)
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Giai phap bigGraph nhin chung c6 thdi gian thi hanh hiéu qua t6t nhat so véi
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cac gidi phap con lai khi tién hanh véi s6 lugng 16n ludng song song; ké ca giai
phap akGroupPlus da néu trén.

Chuong 3: NANG CAO HIEU NANG QUA TRINH TINH
PO TRUNG TAM TREN MANG XA HOI
3.1 Tinh d6 trung tam gan

Qué trinh tinh do trung tam gan cta cac dinh trong mang/do thi G = (V, E
¢6 thé duge minh hoa bing giai thuat gid ma duge mieu ta trong Giai thuat

Thuéat toan 3.1: Giai thuat co ban tinh do trung tam gan

Input: G = (V, E); T (v) biéu dién danh sach dinh lién ké ctia v
Output: CC[] for allv e V

1 CC] + 0,V eV ;

2 Sumv] < 0,YVv € V ;

3 foreach s € V do

a FC[s] « 0;

5 Q@ <+ empty queue;

6 Q.push(s);

7 dst[s] + 0;

8 CC[s] « 0;

9 dst[v] + —1,Vv € V s;

10 while @ is not empty do

11 v 4+ Q.pop();

12 forall w € I'g(v) do
13 if dis[w] = oo then
14 Q.push(w);

15 dst[w] < dst[v] + 1;
16 Sumlv] + dst[w];
17 end

18 end

19 end
20 CCls] + 1/Sum|s] ;
21 end

22 return CC[.];

3.1.1 Tinh do6 trung tam gitra

Do trung tam gita BC 1a mot trong nhimg do do duge st dung rong rai trong
phan tich d6 thi n6i chung dé c6 thé xac dinh nhitng nét quan trong trong do thi.
Do do nay da duge ap dung dé phan tich do thi/mang trong nhiéu linh virc khéc
nhau nhu trong van tai, sinh hoc - y t&, phan tich mang x& hoi dé phét hien cong
dong, phat hién nguy co khiing bé....

Gia ma ciia thuat toan Brandes véi do thi khong trong s6 dude minh hoa nhu
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trong giai thuat dudi day:

Thuat toan 3.2: Giai thuat co ban tinh do trung tam gita

Input: G = (V, E), dudc t& chitc nhu mang vector Edges|][]
Data: queue Q < empty, stack S khdi tao réng va c¢6 thé chita duge |V| dinh ;

dist[v]: luu khodng cach tit dinh ngudn dén v ;

Pred[v]: chtta danh sach cac dinh trén dudng di ngan nhat tit dinh ngudn dén v ;
o[v]: sd dudng di ngan nhat tit dinh ngudn dén v ;

§[v]: s6 dudng di ngan nhat tit ngudn di qua v ;

Output: BC[.] v6i moiv € V

foreach s € V do

[

/* Pha 1. Duyét theo kidu bai toan SSSP */
2 foreach v € V do Pred[v] < empty list ;
3 foreach v € V do dist[v] < co;0[v] - 0 ;
a dist[s] < 0;0[s] « 1; Q.push(s) ;
5 while Q not empty do
6 v < Q.pop(); S.push(v) ;
7 foreach w € Edges[v] do

/* w chua dudc duyét */
8 if dist{w] == oo then dist[w] « dist[v] + 1; Q.push(w) ;
/* (v,w) nim trén dudng di ngin nhit */

9 if dist[w] == dist[v] + 1 then o[w] < o[w] + o[v]; Pred[w].push_back(v);
10 end
11 end

/* Pha 2: Tich luj (tinh ngudc lai dinh d& dudc duyét) */
12 foreach v € V do §[v] «+ 0;
13 while S not empty do
14 w < S.pop() ;
15 for v € Pred[w] do §[v] < 6[v] + :[[;]] (14 5[w]);
16 if w # s then BC[w] - BClw] + §[w];
17 end
18 end

19 return BC[.];

3.2 Nang cao hiéu nang tinh do trung tam

3.2.1 CaAu truc di lieu phit hop

Dit liu ctia mang xa hoi quy mo 16n G' = (V, E) sé duge biéu dién theo phuong
phép st dung cac danh sach dinh lién ké nhu da trinh bay & chuong trude.
3.2.2 Giai thuat song song tinh dé trung tam gan

Thi hanh song song cac phép tinh do trung tam gan trén cac dinh khac nhau
chit khong phai song song qué trinh duyét va tinh dudng di ngdn nhat ti mot
dinh dén tat ci cac dinh con lai (SSSP).
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Giéi thuat:

Thuat toan 3.3: Giai thuat song song tinh do trung tam gan

Input: G = (V, E) represented by Edges|]]]

Output: CC[] forallv eV

CC[v] + 0, Sum[v] < 0, Maps[v] < OVv € V ;

/* Thi hanh song song si dung thu vién Cilk Plus */

[

2 for s =1 to Edges.size() do
3 Q < empty queue; Q.push(s);
4 SetBit(s, Maps) ; /* Danh diu s da dugc duyét */
5 CCJs] < 0; FC[s] < 0; dst < 0 ;
6 while Q is not empty do
7 dst < dst + 1;
/* Duy@t céc nit cling mic tit s trong hang d¢i Q */
8 while Q is not empty do
) v+ Q.pop();
/* Duy&t céc nit 1idn k& véi s */
10 forall w € Edges[s] do
/* néu chua duyét */
11 if 1TestBit(w) then
12 Q.push(w, dst) ; /* luu lai khodng cich tlt v dén w */
13 SetBit(w, Maps) ; /* danh du w d& duyst */
14 end
15 end
16 end
17 Q.nextLevel() ; /* chuyén dén mic k& tidp */
18 end
19 if Sum[s] # 0 then CC|s] < 1/Sum|s] ;
20 end

21 return CC[.];

3.2.3 Giai thuat song song tinh d6 trung tam gita

Cach tiép can tinh toan song song clia chiing t6i dya trén viéc thi hanh song
song cac phép tinh do trung tam gitta trén cac dinh khac nhau chit khong phai
song song qué trinh duyét va tinh dudng di ngin nhat tit mot dinh dén tat ca cac
dinh con lai (SSSP).
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Giai thuat:

Thuat toan 3.4: Giai thuit song song tinh do trung tam gita

Input: G = (V, E), dudc td chitc nhu mang vector Edges|][]

Data: queue Q <+ , stack S khdi tao réng va c6 thé chita duge |V| dinh ;

dist[v]: luu khodng céach tit dinh ngudn dén v ;

Pred[v]: chita danh sach cac dinh trén dudng di ngén nhéat tit dinh ngudn dén v ;

o[v]: s& dudng di ngan nhat tit dinh ngudn dén v ;

5[v]: s6 dudng di ngan nhat tit ngudn di qua v ;

reducer BC[v]: vector chia gia tri BC ctia dinh v cho phép cap nhat tuong tranh khi thi hanh
song song véi thu vién Cilk Plus ;

Output: BC[.] véi moi v € V.

/* Thi hanh song song st dung thu vién Cilk Plus */
1 for s =0 to Edges.size() do
/* Pha 1. Duy&t theo kidu bii toan SSSP */
2 foreach v € V do Pred[v] < empty list ;
3 foreach v € V do dist[v] < oo;0[v] + 0 ;
4 dist[s] < 0;0[s] « 1; Q.push(s) ;
5 while Q not empty do
6 v < Q.pop(); S.push(v) ;
7 foreach w € Edges[v] do
/* w chua dudc duyét */
8 if dist{w] == oo then dist[w] < dist[v] + 1; Q.push(w) ;
/* (v,w) n3m trén dudng di ngin nhit */
9 if dist[w] == dist[v] + 1 then o[w] < o[w] + o[v]; Pred[w].push_back(v);
10 end
11 end
/* Pha 2: Tich luj (tinh ngudc lai dinh 43 dudc duydt) */
12 foreach v € V do §[v] + 0;
13 while S not empty do
14 w < S.pop() ;
15 for v € Pred[w] do §[v] « 6[v] + Z{2k.(1 + 6[w));
/* Dam bdo thi hanh tuong tranh chinh x&c */
16 if w # s then reducer BC[w] + reducer BClw] + d[w];
17 end
18 end
19 reducer BC.move_out(BC) ; /* Tra két qua vé cho vector BC */

20 return BC[];

3.3 Thuc nghiém va danh gia

3.3.1 Moi truong thit nghiém, danh gia

Giai thuat song song tinh do6 trung tam gan CC dudc cai dit bing ngén ngit
C++ trén he thong tinh todn higu ndng cao, v6i cau hinh 2 x Intel(R) Xeon(R)
CPU E5-2697 v4 @ 2.30GHz (45MB Cache, 18-cores per CPU), bd nhd chinh
128GB, CentOS Linux release 7.2.1511, gce 6.3.0. Hé théng tinh toan nay ducgc
ciu hinh cho phép thi hanh t6i da 36 ludng song song (do cau hinh tit chitc ning
hyperthreading trén 2 CPU).
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3.3.2 Dt liéu thuc nghiém

Thu thap céc bo dit lieu mang xa hoi duge cong bd tit hai td chic 1én:
SNAP (Stanford Large Network Dataset Collection) va Aminer Datasets for Social
Network Analysis,bao gom: gemsec-Facebook Politician, gemsec-Facebook Artist,
ego-Facebook,com-DBLP, com-Youtube, Flickr.

Bang 3.1: Thong tin thdng ké vé cac dit lieu mang x& hoi thit nghiém

Bo diw liéu S6 canh | S6 dinh | Pudng kinh
ego-Facebook (DS1) 88.234 4.039 8
gemsec-Facebook Politician (goi tit DS2) 41.729 5.908 14
gemsec-Facebook Artist (DS3) 819.306 50.515 11
DBLP (DS4) 1.049.866 | 425.957 23
Youtube (DS5) 2.987.624 | 1.157.828 24
Flickr (DS6) 9.114.557 | 214.626 10

3.3.3 K&ét qua thuc nghiém va danh gia
3.3.3.1 Giai phap nang cao hiéu ning tinh dé trung tam gan

Hai bd cong cu tiéu bidu ching t6i chon dé so sanh la: TeexGraph va Net-
worKit. Két qua thuc nghiém cta ching t6i dugc téng hgp dua trén viec tinh thoi
gian thi hanh trung binh ctia ca 10 1an chay thit nghiem d6i véi mdi gidi phap va
dugc thé hien & bang sau:

Bang 3.2: Thai gian (giay) va he s6 ting tdc clia bigGraph khi tinh do trung tam
gan

S6 ludng DS1 DS2 DS3
Thoi gian | Speedup | Thai gian | Speedup | Thoi gian | Speedup
1 1,031 1,00 1,546 1,00 195,276 1,00
2 0,552 1,87 0,819 1,89 97,527 2,00
4 0,306 3,37 0,415 3,72 49,136 3,97
8 0,169 6,11 0,223 6,95 26,418 7,39
16 0,095 10,82 0,129 12,03 14,491 13,48
32 0,054 19,07 0,069 22,48 7,481 26,10
36 0,052 19,89 0,060 25,96 6,648 29,37

Ké&t qua minh hoa & bang trén cho thiy cang nhiéu ludng song song ching ta
c6 thé tién hanh, thoi gian thi hanh tinh do trung tam gan cang ngén. T do,
chiing t6i quyét dinh chon s6 ludng song song 1a 36 ludng (s6 ludng tbéi da trén
hé théng tinh todn ctia ching t6i) khi thi hanh so sanh danh gia hi¢u ning giita
bigGraph va NetworKit, TeexGraph.
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Bang sau minh hoa thdi gian trung binh cfia 10 1an thi hanh quéa trinh tinh
do trung tam gan clia ca ba gidi phap néu trén:

Béang 3.3: Thoi gian tinh do trung tam gan (giay)

B6 dw lieu Networkit | Teexgraph | bigGraph
ego-Facebook 0,468 0,052 0,032
gemsec-Facebook Politician 1,192 0,071 0,056
gemsec-Facebook Artist 182,890 9,808 6,405
DBLP 3363,286 326,659 153,753
Flickr 540,944 309,058
Youtube 147.924,400 4.418,191 2.168,677

Bang cho thay he s6 ting téc clia bigGraph déi véi ca 6 bo dit lieu déu
nhanh hon tit 1,27 dén 2,12 va tir 14,78 dén 68,21 so vé6i 2 b6 cong cu con lai, lan
lugt 1a TeexGraph va NetworKit.

Bang 3.4: Hé s6 tang t6 ctia bigGraph so véi Teexgraph va Networkit khi tinh do
trung tam gan

Bo6 dit lieu Teexgraph/bigGraph | Networkit/bigGraph
ego-Facebook 1,66 14,78
gemsec-Facebook Politician 1,27 21,23
gemsec-Facebook Artist 1,53 28.56
DBLP 2,12 21,87
Flickr 1,75
Youtube 2,04 68,21

3.3.3.2 Giai phap nang cao hiéu nang tinh do trung tam gita

Tién hanh cai dat gidi phap song song hoa qua trinh tinh do trung tam gitta
bang ngon ngit C++ va st dung thu vién 1ap trinh song song theo mo hinh ludng
CilkPlus, so sanh véi ca hai bo cong cu TeexGraph va NetworKit. Ca hai bo cong
cu nay va bigGraph déu dudc cai dit trén ha tang phan cing da dudc dé cap 6
phan trén.

Két qua thuc nghiem ctia ching t6i duge tong hop dita trén viéc tinh thoi gian
thi hanh trung binh ctia ca 10 1an chay thit nghiém déi véi mdi gidi phap va duge
thé hién & bang sau:
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Béang 3.5: Thoi gian (giay) va hé s6 tang toc ciia bigGraph khi tinh do trung tam
gitta

S6 luong — D51 D52 — D53
Thai gian | Speedup | Thai gian | Speedup | Thai gian | Speedup
1 3,03 1,00 8,20 1,00 1129.47 1,00
2 2,52 1,20 7,44 1,10 832,76 1,36
4 1,51 2,01 4,52 1,82 556,46 2,03
8 0,92 3,29 2,61 3,15 330,64 3,42
16 0,54 5,62 1,60 5,14 196,46 5,75
32 0,28 10,79 0,89 9,19 118,92 9,50
36 0,23 13,26 0,74 11,01 99,85 11,31

Bang sau minh hoa thdi gian trung binh ctia 10 1an thi hanh qué trinh tinh
do trung tam gitta clia c& ba giai phap néu trén:

Bang 3.6: Thoi gian tinh do do BC (giay)

Bo6 dw liéu bigGraph | Teexgraph | Networkit
ego-Facebook 0,23 0,31 0,56
gemsec-Facebook Politician 0,84 0,84 1,70
gemsec-Facebook Artist 99,85 110,58 234,12
DBLP 2345,62 2694,78 4823,47
Flickr 3.506,34 4.447.93 7.694,61
Youtube 56.071,60 68.744,80 90.522,30

Heé s6 tang toc ctia bigGraph déi véi cd 6 bo dit lieu déu nhanh hon tir 1,11
dén 1,35 va tir 2,06 dén 2,44 so v6i hai cong cu con lai, 1an lugt 13 TeexGraph va
NetworKit.

Bang 3.7: He s tang tdc ctia bigGraph so v6i Teexgraph va Networkit khi tinh
do do BC

Bo dit liéu Teexgraph/bigGraph | Networkit/bigGraph
ego-Facebook 1,35 2,44
gemsec-Facebook Politician 1,13 2,28
gemsec-Facebook Artist 1,11 2,34
DBLP 1,15 2,06
Flickr 1,27 1,61
Youtube 1,23 2,19
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KET LUAN CHUNG
Cac dong goép chinh

Luan an tap trung nghién ctu tng dung ly thuyét dé dé gidi quyét bai toan
nang cao hiéu niang xtt Iy cac phép toan dong thoi trén do thi. Véi dinh huéng
do6, chiing toi da tién hanh xac lap muc tiéu va cac noi dung nghién ciu chinh
clia luan an. Qua cac két qua ca vé 1y thuyét 1an thyc nghiem da dude trinh bay
cu thé trong luan an, c6 thé khang dinh ring toan bo muc tiéu va céc noi dung
nghién cttu dé ra da dugc hoan thanh, véi cac déng gép chinh bao gdm:

1. Mo hinh ho4 qué trinh xit 1y cac phép toan tuong tranh trén do thi quy mé
l6n dya vao lich thi hanh cic phép toan ddng thdi va dua vio cau tric dit
lieu pht hgp; tit d6 cho phép nang cao hiéu nang bd nhé dém cache va giam
thdi gian truy xuit dén bo nhé chinh.

2. D& xuat ba giai phap (akgroup, akgroupPlus va bigGraph) dé nang cao higu
nang thi hanh cac truy van dong thsi trén do thi dong quy mo 16n véi kha
nang thi hanh song song ca cac truy van duyét do thi 1An cap nhat do thi.

3. Nang cao hiéu ning qua trinh tinh hai do do trung tam: do trung tam gan
va d6 trung tam giita trén do thi mang xa hoi quy mo 16n, véi giai phap
BigGraph dugc xay dung dia trén viec t6 chiic dit lieu do thi phit hgp va
song song hoa cac phép tinh SSSP trén mdi thanh vién ctia mang.

Toan bo cac cong trinh da cong bd clia chiing t6i déu duge xuit ban trong cac
ky yéu hoi tho, tap chi ¢6 chi muc trong SCOPUS va WoS.

Han ché cua luan an

Do nhiing han ché ca vé thdi gian, vé ngudn lyc 14n sy gisi han vé khong gian
nghién citu, luan an con mot s6 diém han ché sau:

e Céc noi dung nghién ciiu ciia luan an con chua thé tién hanh véi nhitng do
thi/mang xa hoi ¢6 quy mo siéu 16n, chéng han nhu Facebook véi s6 lugng
dinh hon hai ty va hon nghin ty canh.

e Mot s6 do do trung tam nhu do trung tam vector riéng, do trung tam xép
hang trang... con chua dugc nghién ctu, cai dit trong phan tinh cic do
trung tam.

e Chua dua duge két qua nghién ctu ciia luan an ap dung cu thé vao céc bai
toan thuc té.

23



Hudéng phat trién tuong lai

Toan bo nhitng han ché ché da néu trén déu dude ching t6i xdc dinh sé 1a
nhitng nghién ctu dugc chi trong tién hanh trong thoi gian téi.

Trong thdi gian t6i, nhitng d6 thi quy mo siéu 16n ciing sé duge chiing t6i quan
tam nghién ciu dé c6 thé lam chtt duge nhiing cong nghe xi Iy déi véi quy mo dit
lidu do thi siéu 16n d6. Déi vé6i cac do do trung tam ciing nhu cac phép toan phan
tich mang xa hoi, chiing t6i ciing sé tién hanh cai dat trong thoi gian téi dé hinh
thanh nén bd cong cu hoan chinh phuc vu cho cac 16p bai todn duyét va phan
tich do thi/mang xa hoi. Ngoai ra, véi nhitng tiém ning ctia CSDL do thi, trong
tuong lai gan, ching toi sé huéng dén nhitng nghién ctu chuyén sau hon trong
viéc t6i wu hoa xit 1y cac truy vén trén dd thi thudc tinh; cho phép xtt 1y higu
qua hon céc truy van trén do thi dong, thay doéi theo thoi gian (evolving graph
database)...
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