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TOM TAT - BT-Graph (Graph Model based on Ball Tree Structure) la mgt mo hinh d6 thi dwoc xdy dung dya trén cdu triic
balltree, gitip mé hinh héa hé thong mang giam sat cac bady dén tir dong va ho tro tim kiém vi tri dia 1y. Khi s6 lwong vi wi dia Iy lon
va khong gian dia ly tim kiém mao rgng thi can phai cadi thign toc dé tim kiém ciia mé hinh do thi BT- Graph. Trong bai viét nay,
chiing 16i dé xudt mot hieong tiép cdn méi trong viéc cai thién toc dp tim kiém ciia mé hinh do thi BT-Graph bang phwong phdp song
song héa thudt toan tim kiém dira trén nén tang CUDA NVIDIA. Cac thyc nghiém dwoc trién khai trén hai thudt todn tim kiém
k- lang’gzeng gan nhdt va tim kiém dwong di ngdn nhat dwa trén mé hinh dé thi BT-Graph va cho thdy sw cdi thién tot vé thoi gian
tim kiém.

Tir khéa - CUDA, BT-Graph, vi tri dia Iy, mang gidm st bdy dén tw dong, song song.

I. GIOI THIEU

BT-Graph (Graph Model based on Ball Tree Structure) [11] 1a mot mé hinh d6 thi duoc xay dung dura trén céu
trac balltree [21] [11]. BT-Graph khong chi gitp md hinh hoa hé thong mang giam sat cac bay dén ty dong bang cach
dé xuit ban kinh hoat dong cho cac cam bién ty dong, ma con ho trg tim kiém vitri dia ly [11]. Tuy nhién, khi s6 luong

vi tri dia Iy 16n va khong gian dia 1y tim kiém m& rong thi can phai cai tién téc do tim kiém ctia mo hinh d6 thi
BT-Graph.

Hinh 1. A) Tap hop diém, B) Cau tric Balltree, C) M6 hinh d6 thi BT-Graph

Ngay nay, viéc s dung Graphic Processing Units (GPUs) [28] dong vai tro quan trong trong xur ly cac Gmg
dung doi hoi can phai xur ly song song. Ngoai ra GPUs ciing hd tro ot trong viée xur Iy dd thi ma khong can phai giam
d6 phtrc tap ctia mo hinh dd thi. B3 ¢6 nhiéu nghién ctu vé viéc cho thay hiéu suét cao gitta xtr 1y song song trén GPUs
va xir Iy tuan ty trén CPU [1][2][3] [7] [10].

Trong bai viét ndy, chung t6i d& xuat mot hudng tiép can méi trong viée cai thién tbe do tim kiém cua mé hinh
d6 thi BT-Graph bang phuwong phap song song hoa thuat toan tim kiém duya trén nén tang GPUs CUDA NVIDIA [6]
[15] [16] [26]. Cac thuc nghiém dugc trién khai dua trén hai thuat toan: tim kiém k-lang giéng gan nhat [8] [13] [19]
[23] [24] [25] va tim kiém duong di ngan nhat [5] [9] [17] [18] [27] [29].

Bai viét duoc chia thanh ndm phan. Phan thir nhat gi6i thiéu vé mo hinh BT-Graph va tim kiém vi tri dja ly dya
trén m6 hinh. Phén th hai trinh bay vé CUDA NVIDIA. Phan thir ba trinh bay vé cai thién téc do tim kiém cua m6
hinh d6 thi BT-Graph dua trén nén tang CUDA. Phan thtr tu trinh bay v€ cac thuc nghiém. Phan cudi cung 1a phan két
luan.

I1. CUDA NVIDIA

CUDA [26] 1a mét mo hinh 18p trinh va la mot nén tang tinh toan song song dugc phat trién boi Cong ty
NVIDIA. CUDA cung cap kha nang két hop gitra kien tric phan cimg va phan mém. CUDA c6 kha nang tang dang ké
hiéu suat tinh toan bang cach khai thac sttc manh cua don vi xtt 1y d6 hoa — Graphis Processing Units (GPUs).

GPUs [6] [16] [28] h trg da ludng khdng 16 - nhiéu 161, v&i s6 luong 1én dén hang tram 15i va hang ngan ludng.
Véi s6 luong 16n cac 161 GPUs cung cdp mot kha nang xir 1y dir liéu song song, chinh vi didu d6 GPUs duoc st dung
rong rii trong xiur 1y song song. GPUs dugc sir dung dé gidi quyét nhiéu van dé phirc tap trong mé hinh héa va mo
phong nhu: m6 phong khi héu, dich bénh,...
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Lwu do xw ly
tréen CUDA

Hinh 2. Luu d6 xtt Iy cia CUDA

CUDA cung cép mot tap hop cac thu vién mé rong hd trg 1ap trinh vién trong viéc phat trién cac thuat toan song
song. Ca CPU va GPU déu tham gia vao qua trinh tinh toan. Cac tinh toan tuan tg s€ dugc thyc thi trén CPU, trong khi
cac tinh toan song song s& do GPU xur 1y véi bd nhd riéng biét.

1. Copy dir liéu tir bd nhé CPU
sang bo nhée GPU

2. Load chwong trinh CUDA

va thuc thi

3. Copy keét qua tir b nhé GPU
sang bé nhé CPU

Hinh 3. GPU va CUDA giao tiép vdi bo cip phat bo nhé
II1I. CAI THIEN TOC PQ TiM KIEM CUA MO HINH PO THI BT-GRAPH DUA TREN CUDA
A. Thudgt todn tim kiém k-ling giéng gan nhit ciia mé hinh dé thi BT-Graph dwa trén CUDA

Tim kiém k-lang giéng gan nhét trén mo hinh do thi BT-Graph (Search based on BT-Graph, viét tit 1a BTS)
[11] duoc thé hién nhu 1 phwong phap tim kiém k vi tri dia 1y gin nhét dugc ap dung trén hé théng mang cac bay den
tur dong tai mot khong gian dia 1y xac dinh. V6i V 1a tap hop cac vi tri dia Iy (bay den), Q chura cac diém lang giéng cua
truy van q trong V, k 14 s6 diém gan nhat can tim. Qud trinh tim kiém duoc bat dau tir niit gbe, trong subt qua trinh tim
k1em giai thuat s€ tinh toan lai Q. Tai m01 nut B dang x¢t, giai thuét thuc hién mot trong ba truong hop, cudi cung tra
vé Q chira k vi tri ¢6 cting diéu kién gan nhat cua truy van q. Trudng hop mét néu khodng cach tir dlem truy van q dén
nut dang xét B 16n hon D, b6 qua B va tra két quéa 1a Q. Trudng hop hai néu B 1a nt 14, _duyét qua tat ca cac diém x € B
va cap nhat lai Q. Trudng hop ba néu B 12 mot nut trong, goi d€ quy thuat toan tim kiém cho hai nit con cua B 14 con
trai va con phai. Chi tiét giai thuat duoc mé ta nhu trong [11].

Tuy nhién, khi s6 lugng vi tri dia 1y 16n va khéng gian tim kiém mo rong thi can cai thién toc do tim kiém cua
BTS. Ngoai ra khi s0 lurgng diém truy van 16n ciing can phai cai thién toc do tim kiém. Vi vay, chiing t6i d¢ xuat hai
truong hop giai quyet bai toan tim kiém k-lang giéng gan nhat bang phuong phap song song hoa.

Trudng hop mot chiing t6i dé xudt sir dung thudt toan vét can ap dung cho tim kiém k-lang giéng dua trén nén
tang CUDA (goi tat 1a BE-kKNNCUDA) [2] [3] [8] [10] [19] [23] [25] va duoc cai dat voi hai module chirh. Module
mdt thyc hién tinh toan song song khoang cach tur diém truy van dén tat ca cac diém trong tap dir liéu — Thyc hién tai
GPU. Module hai thuc hién sap xép cac khoang cach tinh toan dugc theo thir tw ting dan va chon ra k-khoang cach nho
nhét (gén nhat) — Thyc hién tai CPU.
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Giai thuat 1: BE-kNNCUDA
//Xik 1y tai CPU

1. Nap dir liéu vao bo nhé dung chung
2. Thiét 1ap chi s6 k

3. Sao chép dit li¢u tur CPU vao GPU

//X1r 1y tai GPU
4. Tinh toan khoang cach tir diém truy van ¢ dén tit ca diém v € V
5. Sao chép dit lidu tir GPU vé CPU
//X1r 1y tai CPU
6. Sép xép cac khoang cach tinh dugc theo thir tu ting dan
7. Lay ‘k’ khoang cach du tién thé hién cho cac diém gan nhat

8. Giai phong bo nhé CUDA

Trudng hop hai ching t6i dé xudt véi mdi 1an thyuc hién BTS trén mot diém truy van thi s& do mot ludng trong
CUDA xur ly [4]. Phuong phéap nay chung t6i goi 1a BTSCUDA. Y tudng thuat toan dugc the hién trong hinh 4 va giai
thuat 2.

Ludng 1 Ludng 2 Ludng 3 Ludng m
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Hinh 4. BTSCUDA véi mdi diém truy van s& do mot ludng trong CUDA xir 1y

Gidi thuit 2: BISCUDA
/X ly tai CPU
1. Tao cau triic cay T
Tao mang chira cac diém truy van qArrray

W

Sao chép cay T va mang qArrray tr CPU vao GPU
//Xt ly tai GPU

V6i mdi diém truy van

Tim kiém trén cay T v6i phuong phap BFS

Tra két qua la danh sach k-lang giéng gan n‘hét ciia mdi diém truy Yén
Sao chép két qua tat ca danh sach k-lang giéng tim dugc tr GPU vé CPU

A

B. Thudt todn tim kiém dwong di ngin nhdt ciia mé hinh do thi BT-Graph dwa trén CUDA

Thuét toan Dijkstra [5] [26] 1a thuat toan tim kiém duong di ngin nhat bang phwong phap duyét qua do thi va
tim kiém duong di sao cho chi phi duyét tir dinh bat dau dén dinh két thuc 1a nho nhat. Thuat toan Dijkstra tuan tu dugc
xdy dung trén co s& gan cho cac dinh ciia d6 thi cdc nhin tam thoi. Cac nhan nay dugc thay doi theo mdi budc ldp tinh
toan. Co hai nhén 14 ¢ dinh va tam thoi. O mdi budc lap s& thay d6i mot nhin tam thoi thanh nhin c¢b dinh. Mot nat
dugc danh dau 12 nhan cb dinh s& cho két qua 1a duong di ngén nhat tir dinh téi nut d6. Thuat todn bao gdm ba budc co
ban: khi tao (Initialization), tim gia tri nho nhat (Extract Min) va cap nhat gia tri (UpdateCost).
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Gidi thuit 3: Thuit toan Dijkstra
/Mnitial
foreach v € V do
d[v] «

1

2

3 end

4. d[S]<0
5 Q«V
6

while Q £ @ do
//Extract_Min

7. u—{v:veQrvYweQ,dv]<dw]}
8. if (d[u] = o0) then
9 break;
10. Remove u from Q
//UpdateCost
11. foreach (u, v) € V do
12. if ((d[u] + c(u, v)) <d[v]) then
13. d[v] « d[u] + c(u, v)
14. end

15. end

. Dé song song hoa thuat toan Dijkstra, ching to1 dé xuat mdi canh cua dd thi BT-Graph s& twong tmg véi mot
luéng trong CUDA. Qua trinh xur ly song song duoc thé hién nhu luu d6 ¢ hinh 5. Trong do, hai budce Extract_Min va
UpdateCost dugc cai dat bang CUDA.

Khoi tao
—
v
Extract_Min
Xir Iy veri
Td)A l
UpdateCost

"
:(w

Hinh S. Luu dd song song thuat toan Dijkstra trén mo hinh do thi BT-Graph st dung CUDA
Qua trinh cap phat bo nhd GPUs cho cac canh cta d6 thi BT-Graph dugc thé hién nhu hinh 6.
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Hinh 6. Cép phat bo nhd Iuu trit cho mo hinh d6 thi BT-Graph
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Thuat toan Dijkstra cai dat véi CUDA (goi tat 1a DijkstraCUDA) duoc thé hién nhu sau:

Gidi thuit 4: Thuit toan DijkstraCUDA
Buée 1:
1. Khéi tao ma tran trong sb, diém bat dau va két thac
Budre 2:
2. Cép phat b nh¢ trong CUDA twong tng véi s6 canh ciia mé hinh db thi BT-Graph
Buére 3:
3. Sao chép dir lieu tir CPU sang GPU
Budrce 4:
Tim kiém dinh u ty do sao cho chi phi di tir dinh xuét phat S dén u 1a nho nhét
5. Néu khong tim thiy u thoa diéu kién trén thi thoat:
+ Hodc 1a tim thdy duong di.
+ Hoic khong tim thay duong di.

6. Néu tim thay dinh u théa didu kién, ding dinh u xét cac dinh ty do khac.

7. Dung CUDA dé cip cac ludng cho viéc thuc hién tinh toan giira dinh u va cac
dinh con lai.
Budrc 5:

8. Sao chép dit liéu tir GPU vé CPU
Budre 6:

9. Giai phong CUDA

IV. THUC NGHIEM

Trong phan thyc nghiém nay chung t6i tién hanh so sanh téc do tim kiém trén mo hinh d6 thi BT-Graph giita
thuat toan tuan ty trén CPU va thuét toan song song trén CUDA. May tinh duoc sir dung cho phan thuc nghiém nay 1a
Desktop (Intel Core 13-3220 3.3 GHz, b6 nhé 4GB DDR3, card dd hoa NVIDIA GeForce GTX 660 v6i b nhé 2GB
GDDR5) chay h¢ diéu hanh Ubuntu 14.04 64 bits.

A. Di liéu thwe nghi¢m

Dir liéu sir dung cho thyc nghiém dugc chia lam hai loai, loai mdt dung cho thyc nghiém tim kiém k-lang giéng
va loai hai dung cho tim kiém dudng di ngan nhat Dijkstra. Cac dit li¢u duoc sinh ra ngau nhién tir chwong trinh thuc
nghiém.

Céu trac thong tin ctua di liéu loai mdt bao gém hai danh sach. Danh sach thir nhat chtra cac diém dit liéu ban
dau gdm ba cot va sb dong 1a tiry chon. Mdi dong md ta thong tin mot diém dir liéu. Cot mot chira tén cua diém dir liéu,
cot hai chira gia tri x trong khong gian hai chleu va cOt ba chira gia tri y trong khong gian hai chiéu. Danh sach thir hai
chira cac diém truy van cing gobm ba cot va s0 dong 1a tly chon. M&i dong mo ta thong tin mot diém truy van. Cot mot
chira tén ciia diém dir lidu, cot hai va cot ba chira gi tri x va y trong khong gian hai chiéu.

Céu trac thong tin cia dir li€u loai hai dung dé mo ta s6 dinh, canh va thong tin cac canh ciia m6 hinh dd thi BT-
Graph. Dong thtr nhat chira hai gia tri, sO dinh va so canh ciia mo6 hinh d6 thi BT-Graph. Céac dong con lai, moi dong
chtra ba gia tri - dinh dau, dinh cudi va trong so cua canh dugc tao bdi hai dinh do.

B. Cong cu thwc nghiém va phwong phdp thwe nghiém

Trong thuc nghiém nay, chung t6i da xay dung mdt cong cu dya trén nén tang NetGen [14] véi tén goi 1a: GLS
(Geographical Location Search) [11], cho phép xay dung mé hinh d6 thi BT-Graph [28] dua trén tap dif liéu cho trude.
Ngoai ra, chuong trinh con cho phép tinh toan, thuc thi chuong trinh CUDA thong qua thu vién DLL&C ctia Smalltalk
va so sanh thoi gian thuc thi ctia cac thuat toan.

Trong cting mot thudt toan va mot tap dit liéu, chiing t6i tién hanh thuc thi chuong trinh nhiéu lan va liy két qua
trung binh vé thoi gian thuc thi cia thuét todn 6 nham muc dich dé thu dugc két qua twong doi chinh xéc.
C. So sanh higu sudt ciia thugt todn tim kiém k-ling giéng

Yéu cau dit ra cho ph?m thyc nghiém nay la so sanh dugc tde d tim kiém cua thuat toan kNN truyén théng [11]
trén mo hinh do6 thi BT-Graph va thuat toan kNN dya trén CUDA [26].

Thuc nghiém duoc tién hanh trén tap dit liéu dugc mo ta nhu trong ph?m di li¢u thyc nghiém. Ching t6i tién
hanh thyc thi chwong trinh 10 lan trén moi thuat toan va lay gia tri trung binh theo thoi gian thyc thi. Keét qua thuce

nghiém cua chuong trinh sau khi da 1ay trung binh dugc thé hién nhu trong bang 1. Trong do, N 1a s6 lugng diém dit
liéu ban dau, Q 1a s6 lugng diém truy véan.
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Bang 1. Bang so sanh tdc do thuc thi ctia cac thuat toan (Pon vi tinh bang mili gidy)

N =10000 véi Q= 10000 | N =100000 véi Q=100000
kNN BT-Graph 179.46 17898.13
BF-kKNNCUDA 123.47 5440.29
BTSCUDA 1.12 53.478

So sanh toc do thuc thi cua ba thuat toan
20000
15000
10000
5000

N=10000va Q=10000 N=100000va Q=100000

==@=—KkNN BT-Graph ==@==BF-kNNCUDA BTSCUDA

Hinh 7. Biéu dd so sanh tdc do thyc thi ctia ba thuat toan

Dya vao bang thuc nghiém 1 va biéu dd so sanh & hinh 7, chung ta th?iy r?mg thuat toan BF-kNNCUDA cai
thién toc do tim kiém hon gip khoang 2.37 lan so véi thuat toan kNN BT-Graph. Trong khi d6 thuét toan BTSCUDA
cai thién toc do gap khoang 247.46 lan so véi thuat toan kNN BT-Graph va cai thién toc do gap khoang 105.98 1an so
v6i BF-kNNCUDA.

D. So sdnh hiéu sudt ciia thudt todn tim kiém dwong di ngin nhit

Yéu céu‘ dit ra cho phan thuc nghiém nay 1a so sanh dugc toc do tim kiém cua thuét toan Dijkstra truyén thong
trén m6 hinh d6 thi BT-Graph va thuét toan DijkstraCUDA. Trong phan nay, ching t6i van tién hanh thue thi chwong
trinh 10 lan cho tirng thudt todn va sau dé lay két qua trung binh trén tong s6 lan thuc thi do.

) Dir liéu d?ug vao la tap dir liéu’ dugc mo ta nl}u trong phﬁn dir liéu tht_rc ng}liém. Sau d6 xay dung ma tran trong
sO trén md hinh d6 thi BT-Graph. Tién hanh tim kiém trén ma tran trong s6 d6 bang hai phuong phap: tuén tu va song
song voi CUDA. Két qua dau ra cua chuong trinh 1a thoi gian thye thi cua hai phuong phap. Két qua thyc nghiém véi
s0 lugng dinh cua do6 thi khac nhau dugc thé hién nhu bang 2.

Bang 2. Thé hién két qua thyc nghiém cia hai thuat toan (Pon vi tinh 14 mili gidy)
1000 | 3000 | 5000 | 7000 | 9000 | 11000 | 13000 | 15000
Dijkstra 47 413 1116 | 2173 | 3641 | 5422 7545 10111

DijkstraCUDA 189 753 1498 | 2120 | 3130 | 4338 5414 7118

So sanh thoi gian thyce thi cua thuat toan
Dijkstra trén CPU va GPU

15000
10000
5000
Q Q Q Q Q Q Q Q
Q Q Q Q Q Q Q Q
Q Q Q Q Q Q Q Q
N % 5 A SN N NG
=@==Dijkstra ==@==DijkstraCUDA

Hinh 8. Bidu dd so sanh téc d6 thuc thi cua thuat toan Dijkstra trén CPU va GPU

Tt bang thue nghiém 2 va bidu do so sanh thuat toan Dijkstra trén CPU va GPU trong hinh 8, ta thay khi s6 luong
dinh trong mét d6 thi nho va nam trong kha nang xur Iy ciia CPU thi khi d6 CPU s€ ¢6 thoi gian thue thi nhanh hon so v6i
GPU. Nguyén nhan 1a do phai sao chép dir li¢u ttr CPU sang GPU va tién hanh xir Iy tinh toan sau d6 sao chép ket qua
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ngugc vé GPU. Tuy nhién, khi s lugng dinh ctia mot dd thi du 16m, thi ching ta c6 thé thiy thoi gian xir Iy cia GPU dugc
cai thién dang k€. Cu thé nhu trong nhu trong bang 2 va hinh 8, khi s6 lugng dinh nh6 hon 9000 thi CPU xur 1y nhanh hon
GPU. Nhung khi s6 lugng dinh du 16n (16n hon 9000) thi toc d cia GPU nhanh hon so véi CPU.
V.KET LUAN

BT-Graph (Graph Model based on Ball Tree Structure) [11] la mét md hinh 516 thi duoc xay dung dua trén Célrl
trac balltree, giap m6 hinh hoéa hé thong mang giam sat cac bay den ty dong va ho tro tim kiém vi tri dia ly. Khi s6
luong vi tri dia 1y 16n va khong gian dia‘ ly ti’m kiém mo r(f)n’g thi can phai cai thién toc (,i(f) tim kiém pﬁa mo hinh do th‘i
BT-Graph. Chinh vi v@y ching toi da d¢ xuat mot hudng tiép can moi trong cai thién toc do tim kiém cua mé hinh do
thi BT-Graph bang phuong phap song song héa dya trén nén tang CUDA.

Trén nén tang CUDA, chung t6i di tién hanh song song hoa hai thuat toan tim kiém‘cﬁa moé hinh d6 thi BT-
Graph — BF-kNNCUDA, BTSCUDA va DijkstraCUDA. Tur do, cong cu GLS dugc tao ra nhaflm xay dyng mo hinh do
thi BT-Graph, dong thoi cho phép tinh toan hiéu suat hoat dong cta cac thuat toan va dua ra két qué so sanh.

Két qua thue nghiém cho thdy viéc song song hoa thuat toan tim kiém ciia mo hinh d6 thi BT-Graph cho mot
két qua tot vé thoi gian tim kiém. Trong thoi gian t6i, chung t6i s& tién hanh song song hoa toan bo qua trinh xay dung
mo hinh d6 thi BT-Graph nham tiép tuc cai thién toc do trong toan by qué trinh xay dung mé hinh.
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IMPROVING THE SEARCH SPEED OF BT-GRAPH MODEL BASED
ON CUDA

Luong Hoang Huong, Nguyen Hai Thanh, Huynh Xuan Hiep

ABSTRACT - BT-Graph (Graph Model based on Ball Tree structure) is a graph model which is built based on Balltree structure.
This model is used to model the automatic BPH surveillance light trap network and search the geographical position. In some cases,
when a number of geographical positions are large and searched space is expanded, it is necessary to improve search speed of BT-
Graph model. In this paper, we propose a new approach to improve the search speed of BT-Graph model by using the parallel
method based on CUDA NVIDIA. The experiments are deployed on k-Nearest Neighbor search algorithm (kNN) and shortest path
search algorithm (Dijkstra). The results of this approach showed that search results are good.



