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Tém tat - B thi la céng cu toan hoc hiru ich tng dung trong nhiéu
[inh vire nhw giao thong, cdng nghé théng tin, kinh té,... Thuat toan
tim dwong di ngén nhat trén db thi mé rong da dwoc céng bd trong
[1]. Trong bai bao nay, ching t6i trinh bay chi tiét thuat toan tuan
tw tim dwéng di ngén nhét gitra hai dinh trén dd thj mé rong va
chiing t8i xay dwng thuat toan nay trén da bd x& ly dé nang cao
hiéu nang tinh toan. Céc dinh ly va ménh dé trong bai béo dwoc
chirng minh, phan thwc nghiém cho két qua chinh x4c. Thuat toan
song song tim dwéng di gitka hai dinh trén dd thi mé rong dwoc
xay dwng trén k b xt ly. Hé théng thwe nghiém & day la mang
LAN va chwong trinh dwoc xay dung béng ngén ngir Java.

Tr khéa - song song; dd thi; mé rong; thuat toan; dwéng di ngén nhét.

1. D3t vén dé

Cho dén nay, trong dd thi chi xét dén trong sé cua cac
canh, cac dinh mét cach doc lap, trong d6 d6 dai duong di
chi don thuan 4 téng trong sé cac canh va cac dinh trén
dudng di d6. Tuy nhién, trong nhiéu bai toan thuc té, trong
s6 tai mot dinh khdng gidng nhau véi moi dudng di qua
dinh d6 ma con phy thudc vao canh di dén va canh di khoi
dinh dé [1].

Vi du thoi gian di qua nga tu trén mang giao thong phu
thude vao huong di chuyén cia phuong tién giao thong: ré
phai, di thang hay ré trai. Do d6 can xay dung mot mé hinh
dd thi mo rong dé co thé p dung mé hinh héa céc bai toén
thuc té chinh xac va hiéu qua hon. Thuat toan tim dudng di
ngén nhét 1a thuat toan co s¢ duoc sir dung trong nhiéu bai
toan tdi wu trén dd thi va mang nhu: ung dung dé xay dung
bai toan phan luong t6i uu [4] va tng dung dé xay dung
thuat toan tim ludng cuc dai chi phi gigi han [5], dong thoi
thuat todn nay ciing dugc ung dung de phan ludng giao
thong & Thanh phé Da Ning (dé tai cap Thanh phb ba
Ning) cua chinh ching toi.

Vi vay, trong bai bao nay, mé hinh d6 thi mé rong dugc
dinh nghia va giéi thiéu thuat toan tuan tu tim duong di
ngén nhat giita hai dinh trén db thi mé rong duoc ké thua
tir cdng trinh [1]. Hon nita, cho dén nay cac cong trinh trén
thé gioi [7, 8, 9, 10] chi thuc hién song song trén dd thi cd
dién, tuc 1a dd thi khong co chi phi dinh. Bé cho bai toan
tim duong di ngan nhit trén mang do6 thi mo rong xir ly
nhanh vé thoi gian, ching toi xay dung theo huéng song
song dé nang cao hiéu ning tinh toan cua thuat toén nay.

Ky thuat dé xay dung thuat toan song song la dung k bo
xu ly. Trong k bo xtt Iy d6 ta chon 1 bg xir Iy dong vai tro
14 bd xu chinh (Server), k-1 bd xu ly con lai dong vai tro 1a
bo xu ly phu (Client). Server s&€ quan ly dir liéu va chia dir
liéu cho cac Client. Cac Client tim gia tri nhan nho nhit

Abstract - The graph is a powerful mathematical tool applied in
many fields such as transportation, communication, information
technology, economy,... Algorithm finding the shortest path in
extended graph was proposed in [1]. In this paper we present and
demonstrate in details the sequential algorithm to find the shortest
path between two vertices on the extended graph and build this
algorithm on multiple processors to improve computing
performance. The properties and theorems of this paper are
carefully proven and the experiment shows correct results. Parallel
algorithm finding the shortest path between the two vertices in the
extended graph is built on k processors. The experimental system
used is LAN network and the program written is in Java.

Key words - parallel; graph; extended; algorithm; the shortest path.

trén cac dinh ma minh nam git, sau d6 giri vé Server.
Server sé tinh min caa cac gia tri ma cac bo xu ly phu gui
dén, sau d6 giri nhan dinh-canh tuong wng véi gia tri min
nay Ién cho céc Client dé tiép tuc tinh toan cho dén khi tim
duoc két qua va két thac. Hé théng thuc nghiém ¢ day la
mang LAN va chuong trinh duoc xay dung bang ngdn ngi
Java véi hé quan tri co s dir liu MySQL.
2. Gi6i thiéu dd thi mé rong

Db thi mé rong da dwoc cong bé trong [1]. Trong phan
nay, chung toi chi gidi lai d6 thi mo rong duoc ké thira
tir [1].

Cho d6 thi hdn hop G(V, E) vdi tap dinh V va tap canh
E, trong d6 cac canh cd thé c6 huéng hodc vo husng. Mo
canh ee E duoc gan trong s6 we(e). Vi mdi dinh v € V, ky
hiéu E, la tap cac canh lién thuoc dinh v. Méi dinh v € V va
mdi canh (e,e)) € Eux Ey, e#e’ duoc gan trong s6 Wy(v,e.e”).

Bo (V, E, We, Wy) goi 1a @6 thi mé rong. Cho p 1a dwong
di tir u dénv qua cac canh e;, i=1,...,h+1, va cac dinh u;,
i=1,...,h, nhu sau: P=[ u, e1, U1, €2, Uy, ..., €h, Un En+1, V]

Dinh nghia d6 dai duong di p, ky hiéu I(p), theo cong
thuc sau:

h+1

1(p) —ZWE(e )+Zwv(u.,
Bai toan tim duong di ngin nhit:

Cho d6 thi mé rong G=(V, E, We, Wy) va cac dinh s,
teV. Tim dudng di ngan nhat tir s dén t

ei+1) (1)

3. Thuit toan tim dwong di ngan nhét giira 2 dinh trong
do thi mé rong

Thuat toan nay da dugc cong bé trong [1], tuy nhién dé
thuat toan song song ke thura cac ky hiéu, khai niém cac
bién tr thuat toan tuan tu, cling nhu dé don gian hon cho
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viéc xay dung thuat toan song song ching tdi gidi thiéu cu
thé lai thuat todn nay tur [1].

- Pau vao: o thi ma rong G(V, E, We, Wy), va cac dinh
s, teV.

- Pau ra: I(t) 1 chiéu dai dwong di ngdn nhét tir s dén t
va duong di ngan nhat (néu 1(t) <+oo).

- Phuong phdp: Thuit toan st dung cac ky hiéu sau:

S la tap dinh da tim dwoc duong di ngin nhat xuat phét
tus. T=V-S;

1(v) 14 d6 dai dudng di ngan nhét tir s &én v.

VE={(v,e)lveV\{s}& ecEv} U {(s, ¢ )} la tap céc
dinh va canh lién thuoc.

SE la tap cac dinh-canh bi loai khoi VE, TE=VE-SE,
L(v,e) Ia nhén cap dinh- canh (v,e) € VE

P(v,e) la cdp dinh- canh truéc (v,e) € VE

Buwéc 1. (Khoi tao)

bat S=¢; T=V; VE={(v,e)lveV\{s}& ecEv} U {(s,
@)} SE= ¢ ; TE=VE;

Gan L(v,e)=0, V (v,e) € VE, L(s, ¢ ):=0. Gan
P(v,e)= ¢ V (v,e) € VE

Buéc 2. Tinh m = min{L((v,e))| (v.e) € TE}.

“Néu m=+oo, két lugn; khong ton tai duong di tir s dén't.

Ket thuc.

Nguoc lai, néu m<+oo, chon (Vmin, €min) € TE sao cho
L(Vmi”! emin)=m> dét TE:TE'{(Vmin. emin)}, SE=SE U
{(Vmin, €min)}, sang buadc 3.

BWO"C 3. Néu Vmin e S, thi dét Ie(Vmin):emin

S=SU NV b 1Vmin)=L(Vinin, €min),

T:T-{ Vmin},

N&U t € Vimin, sang budc 5, nguoc lai sang budc 4.

Buoc 4. Vi mbi (v,e) € TE ké (Ké sau) (Viin,Emin),

dat LE(V,e):L(Vmin,emin)‘l'WE(Vmin,V)+WV(Vmin,emin1e) néu
Vmin # sVa L'(v,e)=L(s, @)+ We(Vmin,V) NEU Viin =S

Néu L(v,e)>L'(v,e), thi gan L(v,e)=L'(v,e) va P(v,e)=
(Vimin, €min)

Quay V& budc 2.

Buwoc 5. (Tim duong di ngan nhat)

~ An I(t)=L(t le(t)) 1a chiéu dai duong di ngdn nhét tir s

dént. Tut Ién’nguqc’ theo dinh-canh tru6c ta nhan duoc
duong di ngan nhat nhu sau: dat (vi,ei)=P(tle(t)),
(V2,e2)=P(v1,e1), ey (Vk,ek) =P(vk.1,ek.1), (S, ¢ )= P(vk,ek).

Suy ra duong di ngan nhat Ia:

SV ... D>t Két thic.

Nhdn xét 1:

_ Thuat toan tim dudng di ngdn nhat gitta hai dinh trong

dd thi ma rong 1a dang [1].

Nhdn xét 2:

Cho G 1a d6 thi mé rong c6 n dinh. Khi d6 d¢ phirc tap
cua thuat toan la O(nd) [1].

4. Thuat toan song song tim dwong di ngin nhat giira 2
dinh trong d6 thi mé réng

- Y twéng cia thudt toan.

Chung t6i xay dung thuat toan song song trén k bo xur
Iy (Po, P1,...,Pk1) [2, 3, 6]. Trong k bo xir Iy d6 c6 mot bo
xt ly chinh (Po) quan ly di liéu, chia di liéu cho k-1 bo xir
ly phu (Pl,...,Pk.l). Céc bo xir ly phu nhé}n dix liéu va tirr]
L(v,e) nho nhat trén cac dinh ma minh nam gitr va gui vé
bo xur Iy chinh. Bo xu ly chinh s& tim L(Vmin, €min)
=min(Li(v,e)), i=0,...,k-1) cua cac bo xt ly phu gui den.
Sau d6 bo xu ly chinh s& guri (Viin, €min) dén cac bo xur ly
phu dé cac bo xu ly tiép tuc tinh toan.

- Pau vao: bb thi mé rong G(V, E, we, wy), dinh s,
teV, k bo xur I)’/ (Po, Pl,...,Pk.l).

- Pau ra: I(t) la chiéu dai duong di ngan nhat tir s dén t
va duong di ngan nhat (néu I(t) <t+o0).

- Phuong phap:

Buéc 1. Bo xir ly chinh thuc hién

Chia trong sb canh A(we), s6 dinh va tap céc cip dinh
va canh lién thuoc VE cua do thi cho k bo xur ly

Xay dung Ti (i=0,...,k-1) la tap dinh ma bo xir ly P
(i=0,...,k-1) nhan

Xay dung VE; (i=0,...,k-1) la tap céc cap dinh va canh
lién thuoc ma bo xt ly P; (i=0,...,k-1) nhan

Xay dung A; (i=0....,k-1) la ma tran trong s6 canh ma
bo xt ly P (i=0,...,k-1) nhan

Khoi tao tap T=V, S= ¢ la cac dinh da tim duoc dudng
di ngan nhat xuit phat tir s

SE la tap cac dinh-canh bi loai khéi VE, L(v,e) Ia nhdn
cap dinh- canh (v,e) € VE

P(v,e) lacap dinh- canh trugce (v,e) e VE Gui Ti, Aj, VE;
(i=1,..,k-1) va trong s6 wy dén k-1 bo xt ly phu

Buoc 2. k bo xr ly thuc hién.

Nhan dit liéu tir bude 1. Bo xu ly chinh Po gén L(s, ¢ ):=0;

Trong k bo xtr Iy khéi tao. TEi=VE; (i=0,...,k-1), SEi=
@ (i=0,...,k-1)

Trong k bd xt 1y, gan L(v,e)=00 va P(v,e)= ¢ V (v,e)
€ VE; (i=0,....k-1)

Buwoc 3. k bo xtt ly thuc hién

Trén k bo xtr ly tim m; = min{L((v,e);)| (v,e); € TE;j
(G=0,...,k-1) }. Cac bo xtr ly phu gui mi(i=1,....k-1) va (v,€)
tuong ng vira tim dugc dén bo xir ly chinh

Budéc 4. Bo xir ly chinh thuc hién

_ Bo xu ly chinh tim m=min{m;, i=0,....k-1} =L(v.e),

néu m=o0, sang budc 7.

Nguoc lai, néu m<oo chuyén m Ién céc bo xi ly phu.

Buéc 5. k bo xi I phu thuc hién
k b6 X |y Ch()n (Vmin, emin) eTE (i=0,. . ,kl) | L(Vmin, emin):m.
datTE=TE;i-{(Vmin, Emin)}-
SE;= SE; Y {(Vmin, €min)}-



118

Nguyén Binh Lau, Tran Quéc Chién, Tran Ngoc Viét

Gti Vmin, L(Vmin, €min) 1€n b6 xur ly chinh
Buwdc 6. Bo xu ly chinh thuc hién
Néu Vmin e S, thi dét Ie(Vmin):emin

S=SuU {Vmin }, 1(Vimin)=L(Vmin, €min),

T=T-{ Vmin}

Néu t= Vimin, sang budc 8, nguoc lai sang budc 7

Buoéc 7. kb xa ly thuc hién

Vé6i mdi (v,e) € TE; ké (ké sau) (Vmin, €min), dat

L' (v,&)=L(Vmin, emin)+WE(vmin,v)+Wv(v’min,emin,e) néu
Viin 7= SVa L'(v,e)=L(s, @)+ We(Vmin,V) N€U Vimin =S

Néu L(v,e)>L'(v,e), thi gan L(v,e)=L'(v,e) va P(v,e)=
(Vmin, emin)

Quay vé budc 3.

Buréc 8. k-1 00 xt 1y phu gui két qua vé bo xir Iy chinh
va két thic.

Bo xu Iy chinh nhan két qua tir cac bo xir Iy phu va tim
duong di ngan nhat nhu sau:

~ Gan I(t)=L(t,le(t)) 1a chiéu dai duong di ngin nhat tir s

dént Tut I:‘?ln ngugc theo dinh-canh trudc ta nhan duoc
duong di ngan nhat nhu sau:

bat (va,e1)=P(t,le(t)), (v2,e2)=P(v1,e1), ...,
1,ek.1), (S, ¢): P(vk,ek).

Suy ra duong di ngan nhat la

SPVDVi> ... DVt Két thic.

Dinh ly: D6 phuc tap cua thuat todn song song la

O(n?g)+0(nlog k)

(Vk,ek):P(Vk.

Chizng minh:
. Theo nhan xét 2 ¢ trén thi d6 phac tap caa thuat todn
tuan tu la O(n%).
S6 dinh cua mdi bo xt ly 1a n/k
Vi s6 canh lién thugc méi dinh nhiéu nhét 1a (n-1), cho

n x
nén tap VE; c6 luc luong khdng qua E (n-1). Vi mai vong
Iap chon mét cdp dinh - canh thudc tap VE; dua vao tap

. n
SE;, nén so vong lap khong vuot qué E (n-1)

Suy ra thoi gian tinh toén tinh min va cap nhat lai min
2

la: O(?). Thoi gian kiém tra Vmin & budc 6 va dua vao

tap S ¢o luc luong khdng qua n vay thoi gian tinh toan la
3
n
O(—).

Thoi gian lién lac gitra k b xu ly 1a O(logk). Khi thuat
toan két thuc ta c6 n budc thong tin lién lac Vay tong thoi
3

gian cua thuat toan song song l1a O(?) +0O(nlogk)

5. Két qua thuc nghiém

Cho d6 thi tong quat nhu hinh 1

Trong s6 canh we duoc biéu dién trén dd thi o hinh 1 va
trong so dinh cho ¢'bang 1. Ap dung thuét toan trén tim duong
di ngan nhat cua cap dinh 1-6 la 1>3->5->6, d6 dai 32.

Chung tdi chay thuat ton tng véi db thi trén trong moi
truong phén tan 2 bd xu 1y, trong d6 ¢6 mot bo xir ly chinh
(duoc goi Server) va 1 bo xa ly phu (Client). Bo xt chinh
ngoai viéc quan ly dit liéu va phan chia dit liéu thi con dam
nhiém mat nhiém vu nhu Client. Chuong trinh thuc nghiém
véi bo xir Iy chinh (Server) ¢6 giﬂao dién nhu hinh 3. Két
qua chuong trinh thuc nghiém la 6n dinh va chinh xac.

Vertex Edge 1 Edge 2 Wy
2 (1,2) (2,3) 1
2 (1,2 (2,5) 1
2 (3,2 (2,5) 1
3 (1,3) (3,4 1
3 (1,3) (3,5) 1
3 (1,3) (3,2) 2
3 (5,3) (3,2) 1
3 (5,3) 3,4 1
3 (2,3) (3,5) 1
3 (2,3) (3,4 1
4 (3,4) (4,6) 1
4 (3,4) (4,5) 1
4 (5,4) (4,6) 1
5 (2,5) (5,3) 1
5 (2,5) (5,4) 2
5 (2,5) (5,6) 3
5 (3,5) (5,6) 1
5 (3,5) (5,4) 1
5 (4,5) (5,3) 1
5 (4,5) (5,6) 1

Bing 1. Trong s6 dinh

Goi Ts la thoi gian chay tuan tu, T, la thoi gian chay
song song thi T/T, duoc goi 1a Speedup (mirc do tang toc)
xem trang 239-252 trong [11]. Mtc d¢ ting toc ndy dung
dé danh gi4 hiéu ning tinh toan cua thuat todn song song
S0 vai thuat toan tuan tu

Vé6i dd thi ma rong tuong tng 100 nit, 150 canh va 200
nat-canh lién thuoc. Khi xir ly song song trén 2, 4, 6, 8 bo
xtr Iy khac nhau thi két qua mé phong cho & hinh 5. Két
qua nay ching t6 thoi gian chay cua thuat toan song song
t6t hon so vé6i thuat toan tuan ty twong ung véi do thi co
dinh & trén. Tuy nhién diéu nay khong c6 nghia 1a cir ting
s6 bo xur ly thi thoi gian chay song song s& nhanh hon tuan
tu. Vi mot dd thi co dit liéu nho thi dbi luc thoi gian tuyén
thong 16n hon nhiéu so véi thoi gian tinh toan trén viéc
thuc hién song song trén nhiéu bo xir Iy khac nhau khéng
Iam giam thoi gian tinh toén cua thuat toén. Hiéu qua cua
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thuat toan song song dugc ng dung cho cac do thi dau vao
véi dit liéu 1on ma thoi gian xtr ly tuan ty thuc hién rat lau
hodc tham chi khéng thuc hién duoc. Hon nira, véi dd thi
dau vao c6 dir liéu I6n thi khi tang s6 bo xu ly 18n thi thoi
gian s& giam tuong (mg, nhung dén mot luc nao do thi thoi
gian khong con giam nhanh nixa, tham chi khi sb bo xu ly
qua Ion thi thoi gian lai tén nhidu hon so vé6i thuat toan
chay trén hé théng it bo xu 1y.

n -
N =Nt~ 1

Tuong tu nhu vay ta #1( trong s6 cac cung, cach nut -
canh lién thudc cho P; (i=0,...,k-1) c6 lién quan dén cc nat
ma bo xir ly Pi (i=0,....k-1) d4 nhan & trén.

Vi du néu véi dd thi mé rong don gian 6 nit nhu trén
va chon 2 b xur ly Po va Py thi chia tap dinh T¢={1,2,3}
cho Py, tap dinh T:={4,5,6} cho P;

Chia tap dinh-canh lién thuéc VEo, VE;1 cho Po, Py

Chia ma tran Ao, A; |a hai ma tran trong s6 canh cho hai
bo xir ly Po va Py (hinh 4)

VE={ (1, ¢ ):(2,(1,2)):(2,(3,2)); (3,(1,3); (3.(2.3));
(3.5:3)}

VE1={ (4,(34)); (4,(5,4)); (5.(2,3)); (5.(3,5)); (5.(4,9));
(6,(5,6)); (6,(4,6))

2 5
10
1 10

6

10 11
9 10

3 15 4
Hinh 1. B4 thi tong qudt G

Server Ip :
Server Data :
Adimin :

Password :

Input A

Input B:

127.0.0.1 Client : 2
songsong_1

root

SONG SONG THUAT TOAN TiM BDUONG

Connect

[1

s

| e |

Primt | |

Save Database

Pitr 1 dén 6: 1-=3-=5->6
'Chi phi: 32
53 1ms

Hinh 3. Giao dién Server
Viéc chia 100 nut cho 2 b xu 1y (twong tng 4, 6, 8 bo
xu ly) dugc thuc hién & budc thir nhat cua thuat toan song
song. Viéc chia 100 nut cho 2,~4, 6, 8 1a déu nhau nghia 1a
neu chia cho 2 bo xfr~ly thi moi bo xir ly nhan 50 nat, con
neu 4 bo xtr ly thi moi bo nhan 25 ndt, 6 bo xur ly thi 5 bo
xu ly dau nhén 16 nat con bo xu ly cudi cung nhan 20 nt,
8 bo xu ly thi 7 bo xu ly dau nhan 12 nat, bo xu ly cuoi
nhan 16 nat. Céch chia tong quat nhu sau:
Gia st cd n ndt va k bo xt ly Pg, P,...,Pk1
Goi n; 12 s6 nat cua bo xtr 1y Pi (i=0,...,k-1).
- Néu n chia hét cho k thi
For i=0to k-1 do
ni=n/k;
- Néu n khong chia hét cho k thi
For i=0 to k-2 do

S

[0 10 9 @© © - ©
po|w 20 = 15 11w
e o w © 10 10
o0 o0 o0 L o0 o o0 a
Hinh 4. Ma trdgn trong 56 canh trén 2 bo xir ly
3.5
=3 o
Eas /
\(§ 5 /
o0
)g L5 //
s
o
Sos
=
0 - -
0 2 4 6 8 10

S6 bo xir Iy

Hinh 5. Mite dg ting toc ciia dé thi 100 mit, 150 canh
va 200 dinh-canh lién thuéc

6. Két luan

Trong bai bao nay, mo hinh d6 thi mé rong duoc dinh
nghia, thudt toan song song tim duong di ngan nhat gitra
hai dinh trén d6 thi mé rong duoc trinh bay cu thé, c6 vi du
thuc nghiém chi tiét va ching minh dugc do phirc tap cua
thuat toan song song. Chuong trinh dugc chay bang ngon
Java va quan 1y co so dit lieu MySQL trén hé théng da bo
xtr ly, dung mang LAN.

TAI LIEU THAM KHAO

[1] Trén Québc Chién, Nguydn Mau Tug, Tran Ngoc Viét, “Thudt toén
tim diromg di ngdn nhdt trén do thi mé réng”. Ky yéu Hoi nghi Khoa
hoc Quéc gia lan thir VI. FAIR 2013, Hué, 20-21/6/2013.

[2]1 Nguyén DPinh Liu, Trin Ngoc viét, Song song héa thudt toan
dijkstra tim dwong di ngdn nhdt tir mét dinh dén tat ca cdc dinh, Tap
chi Khoa hoc, Bai hoc Hué, Tap 74B, Sé 5, 2012, 81-92.



120

Nguyén Binh Lau, Tran Quéc Chién, Tran Ngoc Viét

3]

[4]

[°]

[6]

Nguyen Pinh Lau, Tran Ngoc viét, Thuat todn song song tim duong
di ngen nhdt cia nhiéu cdp dinh nguon dich trén d6 thi, Tap chi Khoa
hoc & Cong nghé, Pai hoc Ba ning, quyén 1, sb 9 2012, 30-34.
Nguy&n Pinh Lau, Trdn Quéc Chién, L& Manh Thanh, Thudt toan
song song phan luéng tuyén tinh ti wu trén mang giao théng mo
réng, Chuyén san “Cac Céng trinh Nghién ciru, Phat trién va Ung
dung Cong nghé Thong tin va Truyén théng Bo Thong Tin-Truyén
Théng, Ky 3, Tap V-1, nim 2014.

Tran qudc chién, Lé Manh Thanh, Nguyén DPinh Liu, Thugt toan
song song tim ludng cue dai dong thoi chi phi gisi han, ky yéu hoi
thao quéc gia @16, Nhitng vin dé chon loc cia cdng nghé thong tin
va truyén théng, Da Ning 14-15/11/2013 (accepted).

Nguyén Binh Lau, Tran Ngoc Viét, Song song héa thudt toan tim
dwong di ngan nhat cia tat ca cdc dinh trén hé thang cum may tinh,
Ky yéu hoi thao khoa hoc quéc gia @ Ian tha XV, mot s6 vén dé
chon loc cua cong nghé thdng tin va truyén thdng, chi dé tinh toan

[71
(8]
[9]

[10]

[11]

khoa hoc, nha xuit ban khoa hoc va ki thuat, quyét dinh xuat ban sé
152/QbXB-NXBKHKT, 15/8/1013, trang 403-409

Zilong Ye, An Implementation of Parallelizing Dijkstra’s
Algorithm, CSE633 Course Project, ID: 3715-8138, 2012

Ned Nedialkov, Parallel Distributed Shortest Paths, SE 3F03,
McMaster University Canada, March 2013.

G. Stefano, A. Petricola, C. Zaroliagis, “On the implementation of
parallel shortest path algorithms on a supercomputer”, in Proc. of
ISPA’06, pp. 406-417, 2006

Y. Tang, Y. Zhang, H. Chen, “A Parallel Shortest Path Algorithm
Based on Graph-Partitioning and Y. Tang, Y. Zhang, H. Chen, “A
Parallel Shortest Path Algorithm Based on Graph-Partitioning and
Iterative Correcting”, in Proc. of IEEE HPCC’08, pp. 155-161, 2008.

Seyed H. Roosta, Parallel Processing and parallel Algorithm,
Theory ND Computation, Springer, ISBN 0-387-98716-9, 1999.

(BBT nhdn bai: 24/03/2014, phan bién xong: 14/04/2014)



