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SONG SONG HOA THUAT TOAN DIJKSTRA TIM PUONG PI NGAN NHAT
TU MOT PINH PEN TAT CA CAC PINH

Nguyén Pinh Lau, Tran Ngoc Viét
Trieong Cao dang Giao thong Van tdi |l

Tom tit. Noi dung chinh cua bai bao tap trung xay dung thuat toan song song tim duong di
ngdn nhét tr mot dinh dén tat ca cac dinh cua do thi lién théng dua trén thuat toén tuan tu
Dijkstra. Y twong cua thuat toan la sir dung m bo xi ly tim duong di ngan nhét tir mot dinh
dén tat ca cac dinh trén dd thi. Trong m bo xtr ly chon mot b xir 1y déng vai tro trung tam
thuc hién viéc quan ly dit liéu, chia n dinh va ma tran trong s cta dd thi cho m bg xur 1y dé
tim duong di ngin nhat.

1. Gi6i thiéu

Bai toan tim dudng di ngan nhat tir mot dinh dén tat ca cac dinh 1a mot trong s6
nhitng bai toan tbi uu trén dd thi va duoc wng dung rong rai trong thuc té ciing nhu cac
g dung thd vi trong nganh toén hoc roi rac. Bai toan dugce dé xuat va giai quyét bai
nha khoa hoc may tinh ngudi Ha Lan Edsger Dijkstra va dugc goi la thuat toan Dijkstra.
Thuat toan c6 do phac tap 1a O(n?), véi dd phic tap tinh todn cao cua thuét toan nay
cling nhu doi hoi vé mat thoi gian, viéc giai bai toan nay véi tinh chét tuan ty caa giai
thuat s& gap phai nhitng van dé vé thoi gian thuc hién chuong trinh, te do xir ly, kha
nang luu trir cua bo nha, xu ly di liéu vai quy mé I6m,... kich thudc cia bai toan tang
I&n va khong gian tim kiém cang 1on, yéu cau phai song song hoa giai thuat dé tiang toc
d6 va hiéu qua cua giai thuat [1], [2].

Thuat toan d3 giai quyét trén do thi vai thoi gian chay khé 1au trén db thi c6 sb
dinh 16n va dé dang tim thay nhiéu wng dung trong cac linh vuc khoa hoc k§ thuat, y té,
sinh vat va dac biét trong mang giao thdng van tai. Tuy nhién, c6 rat nhiéu ung dung can
xtr Iy nhanh trén d thi ¢é sb dinh I6n thi thuat toan tuan tu khong dap tmg duoc. Vi vay
ta phai tim cach giai quyét bai toan véi s6 dinh 1én dén hang chuc ngan dinh ma thoi
gian chay phai duoc rit gon. Piéu nay dit ra Ia ta phai chia do thi cho nhiéu bo xu ly
ddng thoi tham gia tinh toan, din dén ta phai xay dung thuat toan song song trén da bd
xtr Iy, diéu ndy thuat ton tuan ty chay trén mot bo xur Iy khong thé thuc hién duoc.
Hién nay thuat toan song song duoc phat trién nhiéu ¢ Viét Nam ciing nhu trén thé gioi
va dic biét ¢ cac truong dai hoc & My, Nhat... Tai cac truong dai hoc nay déu c6 hé
théng mdy tinh song song dé chay thir nghiém cac thuat toan song song. Bé xam nhap
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vao cac hé thong nay doi hoi ta phai c6 tai khoan va cac phan mém tuong @ng. Trong
khi dang nghién ctru céc hé thong may tinh song song, chung toi duoc cap tai khoan dé
két ndi dén hé thong cum may tinh cua truong dai hoc Su pham Ha Noi véi trén toan
cau la ccsl.hnue.edu.vn hé thdng nay cho phép ching téi thir nghiém thuat todn song
song trong bai bao nay rat tot.

Hién nay, md hinh xur 1y song song d4 va dang phat trién manh mé giai quyét
nhitng van dé bé tic ma md hinh xir ly tuan ty gap phai nhu: van dé thoi gian thuc hién
chuwong trinh, téc do xir ly, kha nang luu trit caa bo nhd va xa 1y dit liéu véi quy mo I6n.

Trong bdi canh d6 ching tdi xay dung thuat toan “Song song hda thudt toan
Dijkstra tim dwong di ngdan nhat tir mét dinh d@én tat cd cdc dinh” trén do thi voi m bo
xtr ly nham khic phuc duoc cac van dé ton tai da néu ¢ trén.

2. Thuit toan tuin tw Dijkstra tim dwong di ngin nhat tir mét dinh dén tét ca cac
dinh

DPau vao: Bb thi lién thong G(V,E,w), w(i,j) > 0 V (i,j) € E, dinh ngudn a.

Pau ra: Chiéu dai dudng di ngin nhat va duong di ngan nhét tir dinh a dén tat
ca cac dinh trén do thi.

+ Phwong phap:
Buwdc 1. Gan L(a):=0. V&i moi dinh X # a gan L(x) = o0. Bat T:=V.

Buéc 2. Chonv e T, v chua xét sao cho L(v) c¢6 gid tri nho nhat. Bat T:=T\{v},
d4anh diu dinh v da xét.

Buéc 3. Néu T=¢, két thic. L(z), ¥ zeV, z#a 1a chiéu dai duong di ngan nhat
tr a dén z. TUr z lan nguoc theo dinh dwoc ghi nhé ta co duong di ngan nhat. (L(2)
khong thay d6i, néu L(z)= o thi khdng ton tai duong di_(Not Path)).

Nguoc lai sang budc 4.

Buéc 4. Véi mbi x e T ké v gan L(x):= min{L(x), L(v)+w(v,x)}. Néu L(x) thay
dbi thi ghi nhé dinh v canh dinh x bing mang truoc[] (vai truoc[] caa dinh 1= 0) dé sau
nay xay dung dudng di ngan nhat.

Quay Vé budc 2.
Do phuc tap cua thuat toan Dijkstra 12 O(n®) [3].

Vi du: Cho d6 thi dwoc biéu dién nhu sau, sau khi thuat toan thuc hién xong thi
két qua dugc ghi nhd 18n cac nhan dinh tuwong tng.
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(0) (N1

41 3

(15)3

Hinh 1. Ghi nho két qud tinh diweoc trén do thi.

Mang truoc[]=0 112 33 6 4 8 11 7 11 (Mang ghi nhé truoc [] dung dé tim
duong di, vai truoc[1]=0)

Mang d6 dai L=07 513151517 18 38 39 24 29
Vay két qua tir dinh 1 dén tat ca cac dinh la:
dén 2=7 (1>2)

dén 3=5 (1>3)

dén 4=13 (1>2>4)

dén 5=15 (1>3->5)

dén 6=15 (1>3->6)

dén 7=17 (1>3>6->7)

dén 8=18 (1>2>4->8)

dén 9=38 (1>2>4->8)

dén 10=39 (1>3->6>7>11->10)

dén 11= 24 (1>3>6>7>11)

dén 12=29 (1>3>6>7>11>12)
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V6i thuat todn tuan tu nhu trén, giai thuat co do phac tap 13 O(n?) khi n tang 1én
qua lon (khoang vai chuc ngan dinh) thi thoi gian xir Iy s& cham di danh ké, diéu nay
khong dap ung duoc nhirng ing dung cho giai thuat Dijkstra doi hoi chay vai thoi gian
nhanh hon. Hon nita hién nay mé hinh xir ly song song ciing nhu cac hé théng xua ly
song song duoc phat trién manh mé trén thé gidi ciing nhu & Viét Nam. Xir Iy song song
tén it thoi gian hon va thoi gian 1a khac nhau tiy theo hé thong cé bao nhiéu bo xu ly
(BXL) va chi ra dugc trong tinh toan song song thi thoi gian thuc hién cua bai toan phu
thudc vao thoi gian truyén dir liéu trong hé thdng cong véi thai gian thuc hién tinh toan
trong cac BXL [8]. Vi vay chung tdi xay dung giai thuat nay theo huéng song song hoa.
3. Thuat toan song song Dijkstra tim dwong di ngian nhat tir mét dinh dén tat ca
cac dinh

Y twéng: Chia d6 thi ban dau cho m bo xir Iy (Po, Pi,...,Pm1), clng tinh toan
ddng thoi, mdi bo BXL dam nhan n/m dinh cua d6 thi (n 1a s6 dinh trén d6 thi, m 1a s6
BXL ) va ma tran trong sé n/m cot n dong

(néu n chia hét cho m). Nguoc lai truong hop khéng chia hét thi ta s& thuc hién
theo cong thic (*) ¢ budc 1 trong thuat toan song song. véi m BXL, mdi bo xir ly s&
thuc hién tinh min L(x) véi x la nhirng dinh ké véi dinh ma no dang nhan dé xét. Sau
d6 BXL trung tam (Po) $& tim min cua cac L(x) trén cac BXL dé tiép tuc guri dinh x 1én
cac BXL dé thyc hién. [7]

DPau vao: D6 thi lien thong G(V,E,w), w(i,j) > 0 V (i,j) €E, dinh ngudn a, 1 bo
xu ly chinh va m-1 bo xa ly phu.

Pau ra: Chiéu dai dudng di ngan nhat I3 dudng di ngin nhat tir dinh a dén tat ca
cac dinh trén dd thi.

+ Phwong phap:

Buwdc 1. B xtr ly chinh thyc hién

- Gan L(a):=0. V&i moi dinh X # a, x thudc bo xur ly chinh gan L(x)= .

- Chia déu s6 dinh va ma tran trong s dé giri cho m BXL.

Cach chia déu nhw sau: Gid Sir ta ¢6 n dinh va m bg xi ly Po,Pa,...,Pm-1.

Goi n; 1a sé dinh cuia bg xit ly P; (i=0,...,m-1).

- Néu n chia hét cho m thi

For i=0 to m-1 do
n,=n/m
- Néu n khdng chia hét cho m thi

For i=0 to m-2 do



Sau:

P1,Pa,..

(i=1,..

xét.
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o
n=—
m
n *
Npy=n-(m-1) o *)
- Ta x@y dung T; (i=0,...,m-1) la tap dinh ma b xi ly P s¢ nhan nhu sau:

BN=0; kt 1a s6 phan tir ma c4c bo xir Iy nhan

for (k=0; k<m; k++)

Ti=¢; BN = k.[ﬂ}
m
for (j=0; j<kt; j++)
T =Ty+{j+ BN+1}
}

- Ta xay dung A; (i=0,...,m-1) la ma tran trong sé6 ma bo xa ly P s& nhan nhu

Goi A la ma tran trong s6 caa do thi dau vao thi A=(Wi)nxn.
Suyra: A= (ij )szn-jeT- s& duoc bo xtir ly P; (i=0,...,m-1) nhan.

- Gui T; (i=1,..,m-1), A (i=1,..,m-1), L(X), xeT; (i=1,..,m-1), cho m-1 BXL phu
.,Pm-]_.

Buwdc 2. m bo xi lythuc hién

- Trong m bo xur ly (trir bo xu ly chinh), gan L(x;))= o, sao cho x; thuoc T;

.,m-1).

- Trén mbo xir ly tim Li(x;))= min{L(X;), Xie T; (i=0,...,m-1), X; chua xét}.

- Céc bo xir Iy phu gui Li(xi) V& bo xir ly chinh.

Buwdc 3. Bo xtr ly chinh thuc hién

- Bo xtr ly chinh tim I(v)= min{Li(X;), i=0,..,m-1}trén m bo xu ly.

- Chuyén dinh v 18n m bo xir 1y dé thuc hién cac budc tiép theo.

Buwdc 4. m bo xi ly thuc hién

- Trén m BXL kiém tranéu veT,, Ti=T\{V} (i=0,...,m-1), d4nh d4u dinh v d

- Kiém tra néu T; (i=0,..,m-1) = ¢, thi bo xtr ly thir i két thic, sang budc 6.

- Nguoc lai, sang budc 5.
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Buwdc 5. m bo xi ly thuc hién
for x e T; (i=0,...,m-1) k& voi v

if L(X)>L(v)+w(v,x)

{L(X) :=L[v] + w(v,x)
Truoc[x]=v // ghi nhé dinh v vao x }
quay lai budc 2.

Buwdc 6. Bo xtr ly chinh thuc hién

Néu tat ca m-1 bo xur ly phu két thac thi bo xa Iy chinh thuc hién: nhan két qua
tir cc bo xur ly phu va két luan chiéu dai dudng di ngin nhat tir a dén tat ca cac dinh va
duong di ngan nhat qua cac dinh da ghi nhé. Pinh ndo c6 nhan khéng thay doi (bang
o0) thi khdng ton tai duong di_(Not Path). Hé thong két thiic.

Chung t6i quy wéc ty 1¢ gitra thoi gian tinh toan tuan tu (Ts) voi thoi gian tinh
toan song song (T,) dé danh gi4 thoi gian thuc hién cua thuat toan song song so Véi
thuat toan tuan tu [4], [5] .

Chung tdi tao ngau nhién d6 thi gdm 1000 dinh va cho thyuc hién trén 1 bo xir ly
(tuan tu), 2, 4, 6, 8 bo xir ly trén hé théng cua truong dai hoc Su pham Ha Noi thi két
qua duoc cho ¢ bang sau:

Séboxicly | 1 2 4 6 8
TJT, 1 | 166 | 1.90 | 2.03 | 210

Bang danh gia thoi gian thuc hién thuat toan song song so véi thuat toan tuan tu,
trong do:

Ts: Sequential time (Thoi gian chay tuan ty)
Tp: Parallel time (thoi gian chay song song)

Két qua danh gia duoc biéu dién bang biéu db sau:

2.5
2 ——

-

1.5

TJT,

0 2 4 6 8 10
S6 bo xur ly

Hinh 2. Biéu dién su ddnh gid thudt todn song song so Vdi tuan tu
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Nhan xét: Tir db thi va bang két qua trén, nhan thay rang téc do xir 1y duogc ting
1én dang ké khi xtr ly trén 2 BXL thi thoi gian giam hon 1.6 1an so véi xu ly tuan tu.

4. Thuwc nghiém thuat toan song song

Tim duong di ngan nhat tir dinh ngudn a=1 dén tat ca cac dinh theo thuat toan
song song trén do thi (n=12 dinh) duéi day cho m=2 bd xir ly (P, P1), trong do: Po 1a bo
xu ly chinh va Py la b xt ly phu.

Buwdc 1. Bo xur ly chinh Py thuc hién.

Phén cong To={1,2,3,4,5,6}, Ao cho chinh P, va phan cong T,={7,8,9,10,11,12},
A cho Py

Gan L(1)=0; L(2)=L(3)=L(4)=L(5)=L(6)

Bo xit Iy chinh Po nhan dinh a=1, L(1)=0, L(2)=L(3)=L(4)=L(5)=L(6)=,
To={1,2,3,4,5,6} VA A, .

B6 xi ly chinh Py thuc hién gui L(7)=L(8)=L(9)=L(10)=L(11)=c0,
T1={7,8,9,10,11,12} va A; dén bo xir Iy Py.

Bo xir Iy Py thwc hién

Buéc 2.
Tim minl= min{L(X), x € To} = minl=0.

Bo xir Iy P; thwc hién

Budrc 2.
Gan L(7)=L(8)=L(9)=L(10)=L(11)=L(12)= oo
Tim minl=min{L(x), X e T1}=
Giri minl vé Pg

Bo xir Iy Py thwc hién

Buwéc 3.Tim min caa minl d& chuyén dén & budc 2 véi minl ma Py giir
“>Min=Lv=L(1)=0, gan dinhv =1
Chuyén v =1 1én Py va P,

Bo xir Iy Py thwc hién

Buworc 4.

To=To{v}={1,2,3,4,5,6\{1}={2,3,4,5,6}, danh ddu dinh 1 d4 xét.
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T, # ¢ sang budc 5.

Bo Xir Iy Py thuc hién

Buwoc 5.
binh 2,3 ké véi dinh 1.

L(2)=min{L(2), w(1,2)+L(1)}=7 thay ddi.  L(3)=min{L(3),
w(1,3)+L(1)}= 5 thay doi.

Ghi nhé dinh 1 vao dinh 2,3 dd thi ¢ cac nhdn nhu sau:

©) (N1

Hinh 3. Do thi ghi nhé trén bé xiz 1y chinh (Po)

Bo xir Iy P; thwc hién

Budrc 4.
v=1,dinh 1 ¢T,, suy ra T,={7,8,9,10,11,12}.
T, # ¢ , sang budc 5.
Budc 5.
khong c6 dinh nao ké véi dinh 1, d6 thi c6 nhan khong thay di

Bo xir Iy Py thwc hién

Bwoc 2.

Bo xur ly Pg tim minl=min{L(2), L(3), L(4),L(5),L(6)}= L(3)=5, gui vé bo xtr ly
chinh.

Bo xir Iy P; thwc hién
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Buwérc 2.

Bo xtt Iy Py tim minl=min{L(7), L(8), L(9),L(10),L(11),L(12)}= e, gui V& bd xir
ly chinh.

Bo xir Iy Py thwc hién

Buéc 3.
Tim min cia minl d3 chuyén dén & budc 2 véi minl ma Py giir
Min=Lv=L(3)=5, gan dinh v=3

Chuyén v=3 1én Py va P,

Bo xir Iy Py thwc hién

Budc 4.
To=To\{v}={1,2,3,4,5,6}\{3}={2,4,5,6}, danh d4u dinh 1 d xét.
T, #¢ sang budc 5.

Bo xir Iy Py thwc hién

Buwoc 5.
Dinh 4,5,6 ké& dinh 3

L(4)=min{L(4),w(3,4)+L(3)}=16 thay dbi, L(5)=min{L(5),w(3,5)+L(3)}=15
thay doi

L(6)=min{L(6),w(3,6)+L(3)}=15 thay ddi
Ghi nhé d@inh 3 vao dinh 4,5,6 . Quay lai budc 2.

Bo xir Iy P; thwc hién

Budrc 4.
v=3, dinh 3 ¢T,, suy ra T,={7,8,9,10,11,12}.
T, #¢ | sang budc 5.

Bo xir Iy P; thwc hién

Buéc 5.
khong c6 dinh nao ké véi dinh 3, d6 thi c6 nhan khong thay doi.
Quay lai budc 2.

Ctr tiép tuc cac budc trén cho hai bo xir Iy ta thu duoc két qua & hai bo xtr Iy
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- O bo xir ly phu P; s& nhan két qua duoc biéu dién nhu trong do thi dudi day:

(38)8

O,

(00) 20

NN

() (39)11

Hinh 4. Do thi ghi nhé trén bé xiz Iy chinh (Py)
Buérc 6.

Bo xir Iy chinh kiém tra bo xur Iy phu két thic thi bo xa ly chinh s& nhan dugc
két qua ma bo xu ly phu giri ¢én va hién thi két qua theo yéu cau. Két thic hé thong.

(0)

(15)3

(39)11

{76 @(29) 1

Hinh 5. Do th; hién thj két qud cudi cuing
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Mang danh dau duong di
truoc[1]
truoc
truoc
truoc
truoc
truoc
truoc
truoc
truoc
truoc
truoc
truoc

= Bo xir ly chinh (Pg) ghi nhé cac
= dinh dé tim duong di
Truoc

1=5
i=ﬁ5 Bo xit Iy phu (P1) ghi nhé céc
1% =6 dinh dé tim duong di
=
9]=8
Truoc

truoc[1l2]=11~

i Bo xir ly chinh (Py) tim chiéu dai tir
3 3 dinh 1 dén cacdinh 1,2, 3,4, 5, 6
4 13
3 15
0 15
i i
i i
8 18 B xir Iy phu (P,) tim chidu dai tir
9 38 dinh 1 dén cac dinh 7, 8, 9, 10, 11, 12
10 29
11 24
12 29

Hinh 6. Két qua Demo

Két qua Demo trong phan thuc nghiém trén d6 thi 12 dinh dwgc chay trén cum
may tinh song song (Parallel computer cluster) cia truong Pai Hoc Su pham Ha Noi
v6i hé théng toan cau ccsl.hnue.edu.vn tai khoan dé chay trén hé théng nay Ia laundl.

5. Két luan

Véi viéc song song hda thuat todn tuan ty Dijsktra tim dudng di ngan nhat tur
mot dinh dén tat ca cac dinh s& gilp ta giai quyét duoc cac van dé bé tic ma thuat toan
tuan ty gap phai nhu thoi gian, dir liéu dau vao. Tuy nhién dé cai dat thuat toan nay doi
hoi phai ¢c6 cum may tinh song song, cu thé trong bai bao nay ching téi ding cum may
tinh song song cua truong Pai hoc Su pham Ha Noi dé chay Demo. Thuat toan cho két
qua véi thoi gian xir ly nhanh hon thuat todn tuan tu khi dit liéu dau vao 16n (chang han
Vi s6 dinh caa @6 thi tir 1000 tro di).
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PARALLELIZING ALGORITHM DIJKSTRA’S FINDING THE SHORTEST

PATHS FROM A VERTEX TO ALL VERTICES

Nguyen Dinh Lau, Tran Ngoc Viet
College of Transport number Il

Abstract. This article mainly focuses on the building of parallel algorithm in order to find
the shortest paths from a vertice to all ones based on Dijkstra algorithm. The idea of this
algorithm is using m processors to find the shortest paths from a vertice to other ones in a
graph. Among k processors, we choose one central processor which plays a role in
managing data, dividing n vertices and weight matrix into m processors to find the shortest
paths.



