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TUONG QUAN GIUA CACH BIEU DIEN PO THI VA SO CANH CUA PO THI
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Tém tit:

Cc bai todn trong Iy thuyét do thi dwoc img dung trong nhiéu linh viec nhw bai todn tim dwong di
ngan nhat gitva hai thanh pho trong mang giao thong. Pé giai quyét mot bai toan trén do thi, ngoai viéc lua
chon dwoc mot thudt toan tot thi viéc lwa chon cau truc dir liéu thich hop dé biéu dién do thi dau vao va cai

dat thudt todn ciing khong kém phan quan trong.

Bai bdo nay trinh bay vé hai cach biéu dién do thi trén may tinh la ma tran trong sé va danh sdch
canh, trong dé cach biéu dién do thi bang ma trin trong 6 thich hop hon cho cdc do thi day canh con biéu
dién bang danh séch canh thi thich hop hon cho cac do thi it canh. Piéu nay dwgc chwng minh bang thwc
nghiém trong giai quyet bai toan tim d‘wo’ng di ngan nhat gitta hai dinh cua mét don do thi ¢6 trong so.

Tir khéa: Ly thuyét do thi, dieong di ngdn nhat, Dijkstra, ma tran trong s6, danh sdach canh.

1. Pit van dé

Mot thudt toan t6t va pht hop luén quan
trong va thuong dugc quan tim dau tién khi giai
quyét mot bai toan. Tuy nhién, diéu nay l1a chua
da dé co6 mot san pham tbt. Trong cac bai toan noi
chung va ly thuyét d thi noi riéng thi viéc lya chon
céu tric dir liéu thich hop véi bai toan ciing quan
trong khong kém.

Néu thuét toan tot nhung cach biéu dién dix
lidu toi hodc khong thich hop véi dir liéu dau vao
ctia bai toan thi thuong cho két qua khong tot nhu
bd nhé su dung nhiéu hay thoi gian chay 16n. Bai
bao nay tiép can van d& biéu dién dit liéu thich hop
v6i s6 lugng canh cta do thi phuc vu vige cai dat
trén mot bai toan cuia 1y thuyét do thi.

Bai toan tim duong di ngan nhét trén do thi 1
mdt bai toan quan trong cua 1y thuyét dd thi c6 nhiéu
mg dung trong thuc té [1]. Cho t6i hién nay, co
nhiéu thuat toan dugc dua ra dé giai quyét bai toan
nay, trong d6 thuat toan dugc biét dén nhiéu nhat
la thuat toan Dijkstra. Thuat toan do nha todn hoc
Edsger W.Dijkstra dua ra ndm 1956 va dugc cong
nhédn ndm 1959 [4]. Thuat todn nay dua trén y tudng
ctia nha toan hoc Ford va Bellman, Dijkstra cai tién
va thiét ké thuat toan theo chién lugc “tham lam”.
Day 1a mot thudt toan t6t c6 do phirc tap thoi gian da
thirc, ngdy nay né van cai tién va sir dung [1,4,6,7].

Trong bai nay, nhom tac gia da lga chon
db thi day du dé dai dién cho dd thi c6 nhiéu canh
va chon db thi vong dé dai dién cho dd thi c6 it
canh. Cing mot bai toan tim dwong di ngén nhat
tor mot dinh téi mot dinh, chay trén cuing mot may
tinh, cung mét h¢ diéu hanh, cung cai dat thuat toan
Dijkstra. Téng hop thoi gian chay trén dit liéu 1a d6
thi nhiéu va it canh, nhiéu va it dinh, biéu dién bang
danh sach canh va ma tran ké. Tur két qua da tong

44 Khoa hoc & Cong nghé - S 9/Thang 3 - 2016

hop, so sanh va nhom da di toi két luan duoc ring
viéc lya chon cach biéu dién dir liéu c¢6 anh huong
61 thoi gian giai quyét bai toan!

2. Co s6' Iy thuyét

Pon do thi ¢6 trong s6 G = (V, E) 1a mot cap
trong d6 ¥ 1a tap cac dinh, £ 1 tap cac cip gdm hai
phan tir khac nhau cua ¥ goi 1a cac canh trong d6
khong c6 canh nao bi lap lai va mdi canh dwoc gin
véi mot sb duge goi la trong s6 cta canh.

Duong di tir dinh u dén dinh v trén dd thi
G=(V, E) la day cac dinh x, x ,..., x ,, x trong do
u=x,v=x,(x,x, )EEZ 012 n1[2]

Du’ong di co do dai nho nhat tir dlnh u dén
dinh v trén dd thi ¢ trong s6 G = (¥, E) 1a dudng
di ma tong clia cac trong s6 trén cac canh ciia no 1a
nho nhét.

Bai todn dwong di ngan nhdt: [2] Tim duong
di c6 d6 dai nho nhét tir mot dinh xuét phat s€
dén dinh cudi (dich) re V' .

Thudt todn Dijkstra [2] Thiét ké dya trén co
s& gan nhan tam thoi cho cac dinh, nhin ciia moi
dinh cho biét 46 dai duong di ngén nhét tir dinh s
dén no.

Y tuong chinh cia thuat toan 1a gidm nhan
16i cuec tiéu tai méi dinh. Thuat toan nhu sau:

forv € Vdo

{
dfv]:=a[sv];
Truoc[v]:=s;

xet[v]=false;
}
dfs]:=0;
sdx=0;
while (sdx<n || xet[T])
{
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u=dinhconhanminchwaxet(),
xet[u]=true;
sdx++;
forv € ke(u) do
if d[v]>d[u]+a[u,v] then
{
dfv]:=d[u]+alu,v];
Truoc[v]:=u,
/
/
trong do:
d[v]: Nhan cua dinh v;
Truoc[v]: Tén ciia mot dinh k& ngay trudc v trén
duong di;
Xet[v]: Danh diu dinh v nhan da cuc tiéu hay chua.

Do thi day dii n dinh (n> 3) ky hiéu boi K,
1a don dd thi vo huong ma gitra hai dinh bat ky cua
no ludn ¢6 canh noi [2]. .

Do thivong ky higuboi C , n=> 3 gdbm n dinh
Vi, V,, Yy, e, Vo, Y VA cde canh (v, v), (v, V) ...
(0 9 () 121 ,

Biéu dién do thi co trong so [2]1 G = (V, E),
[V]=n, |E| m trén may tinh .

Bleu dién do thi trén may tinh bang ma trdn
trong s6 (MTTS), dung ma trdn kich thudc nxn,
A=(a, = 1,2, ..., n). Vi cac phan tir dugc
xac dlnh theo qui tac sau day:

= Trong sb canh, néu c6 canh tir i sang j
hay (7, j)EE ij=1,2,.

=0, trong truo*ng hop con lai tuc 1a khong
co canh (1 ])

Biéu dién do thi trén mdy tinh bang danh
sach canh (DSC), dung ma tran kich thudc m x 3,
E=(e i =1,2,..,m, j=1,2,3)canh thiri (e,
e,,) co trong sO e,

Bidu dién do thi co trong s6 nhiéu canh, dal
d1en 1a ddy du co trong s6 K, bang ma trin trong sd
can nx n phan tir nhé, con biéu d1en K, bang DSC
can nx (n - 1)x 3 phan tir nh6, gap 3 lan bd nhd so
v6i biéu dién bang MTTS.

Mit khéc, biéu dién db thi vong c6 trong s0
C, bang MTTS can nxn phan tir nhd, con biéu dién
C bang DSC cin 6 xn phan tir nhé so v6i nxn
phan tu nhd.

Vay, dé tiét kiém bo nhé thi trong hai phuwong
phéap biéu dién db thi trén may tinh MTTS va DSC
& trén, néu dod thi day canh nén dung MTTS, con
néu db thi thua canh nén dung DSC.

3. Két qua

Chuong trinh cai dat trén may tinh thinkpad
T420 v6i céu hinh Core i5-2450M CPU - 2.5 GHz,
DDR Ram 4G, hé diéu hanh Windows 7, ngon ngi
1ap trinh 1a C#. D& d&am bao tinh khach quan, dit liéu
sir dung trong chwong trinh dwoc nhom tac gia lay
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mot cach ngau nhién.

D6 thi don n dinh K c6 trong s6 khong 4m
biéu dién bang MTTS tuong ung 1a ma tran vudng
kich thudc 7 X n v6i cac phan tir nhan gi tri nguyén
dwong va dudng chéo chinh bang khong. Do d6 tao
dd thi ngau nhién twong ung tao mot ma tran vuong
ngau nhién thoa man yéu cau trén. Tuong ty C, biéu
din bang MTTS twong tmg 1a ma trdn vudng n X n
v0i 2 dudng chéo phuvaa, , a , khac khong.

Sau khi nhém tao ngau nhién K va C véi
n=5, 50, 100, 150, 200, 250, 300, 350, 400, 450,
500, 1000, 2000 biéu dién bang MTTS, két qua s&
dugc chuyén sang biéu dién bang DSC; sau do liy
2 dinh S va T ngau nhién tir cac dinh cia dd thi;
tiép d6 chay thuat toan Dijkstra dé tim duong di
ngén nhét tir dinh S téi dinh T; cubi ciing nhoém ghi
lai thoi gian chay thuét toan tinh theo micro second
(MS) va so sanh két qua duéi dang biéu d6 dugc két
qua nhu Hinh 9.

Két qua chuong trinh tim duong di ngan
nhét tir S téi T trén d thi day du va do thi vong véi
s6 dinh nho 1a: 5 dinh; 100 dinh va d6 thi nhiéu dinh
l1a: 1000 dinh; 2000 dinh nhu sau:

ijkstra véi d6 thi BD bang MTTS o
u 3 dén 5 mat chi phi it nhat 1la: 27

0 thi Pay di 5 dinh - BD bang MTTS
hoi gian 1a:7301 MicroSecond

Dijkstra véi do thi BD bang DSC

u' 3 d&n 5 mdt chi phi it nhat 1a: 27
thi Pay dd 5 dinh - BD bang DSC

Thoi gian 13:4497 MicroSecond -

Hinh 1. Két qua chay trén do thi K

ijkstra véi do thi BD bang MTTS

|.r 3 dén 2 mat chi phi it nhat 1la: 48
6 thi vong 5 dinh - BD bang MTTS

hoi gian 1a:5222 MicroSecond

Dijkstra véi d6 thi BD bang DSC

u' 3 dén 2 mat chi phi it nhat 1la: 48
0 thi vong 5 dinh - BD bang DSC

hoi gian 1a:5786 MicroSecond

Hinh 2. Két qud chay trén do thi C,

ijkstra véi do thi BD bang MTTS

ir 32 dén 28 mat chi phi it nhat 1la: 1
0 thi Day di 100 dinh - BD bang MTTS
hoi gian 13:12010 MicroSecond

Dijkstra véi d6 thi BD bang DSC
r 32 dén 28 mat chi phi it nhat 1la: 1
0 thi Pay di 100 dinh - BD bang DSC
hoi gian 1a:25694 MicroSecond

Hinh 3. Két qua chay trén do thi K,
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ijkstra vi do thi BD bang MTTS B
Ur 15 dén 11 mat chi phi it nhdt 1a: 114

0 thi vong 100 dinh - BD bang MTTS

hoi gian 12:10216 MicroSecond

Dijkstra voi do thi BD bang DSC
r 15 dén 11 mat chi phi it nhat 1a: 114
0 thi vong 100 dinh - BD bang DSC
hoi gian 12:7538 MicroSecond -

Hinh 4. Két qua chay trén do thi C

100

ijkstra véi do thi BD bang MTTS -
ir 686 dén 755 mat chi phi it nhat la:

0 thi Day di 1000 dinh - BD bang MTTS
hoi gian 13:529723 MicroSecond

Dijkstra véi d6 thi BD bang DSC
Ur 686 dén 755 mat chi phi it nhat 1la:
0 thi Pay da 1000 dinh - BD bang DSC
hoi gian 1a:5347727 MicroSecond -

Hinh 5. Két qua chay trén do thi K

1000

ijkstra voi do thi BD bang MTTS B
Ur 21 dén 491 mat chi phi it nhat 13: 11872
0 thi vong 1000 dinh - BD bang MTTS

hoi gian 13:477666 MicroSecond

Dijkstra véi do thi BD bang DSC

Ur 21 dén 491 mat chi phi it nhat 13: 11872
0 thi vong 1000 dinh - BD bang DSC

hoi eian 13:29245 MicroSecond -

Hinh 6. Két qua chay trén do thi C

1000

ijkstra voi do thi BD bang MTTS B
r 1105 dén 657 mat chi phi it nhat 1a: 1
0 thi Pay da 2000 dinh - BD bang MTTS

hoi gian 1a:2328814 MicroSecond

Dijkstra voi do thi BD bang DSC

r 1105 dén 657 mat chi phi it nhat 1a: 1

0 thi Pay da 2000 dinh - BD bang DSC

hoi gian 1a:8414562 MicroSecond -

Hinh 7. Két qua chay trén do thi K,

000

01 gian 13:2000848 MicroSecond

Dijkstra véi do thi BD bang DSC
r 85 dén 498 mat chi phi it nhat 1a: 10287
thi vong 2000 dinh - BD bang DSC

ijkstra voi do thi BD bang MTTS -
r 85 dén 498 mat chi phi it nhdt la: 10287

0 thi vong 2000 dinh - BD bang MTTS

h

hai gian 12:173218 MicraSecond -

Hinh 8. Két qua chay trén do thi C

2000
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Trong Hinh 1 va 2, d6 thi 5 dinh va s canh
dd thi chua t6i 20 canh thi thoi gian chay thuat toan
trén do thi nhanh chua t6i 10 mili gidy trén ca 2
cach biéu dién db thi, thoi gian hoan thanh chuong
trinh hon kém nhau vai mili gidy: K twong tng la
7,301MS va 4,407MS; C; 14 5,222MS va 5,786 MS.

Hinh 3~V§l 4, thoi gian chgy tr§n d§ thi X,
va C,,, biéu dién theo hai cach biéu dién do thi khac
nhau khong nhi€u: 13,684MS trén K, va 2,678MS
trén C, . ) )

Khi s6 dinh ciia d6 thi 16n khoang 1000 thi
thoi gian can thiét dé thuc hién thuat toan bit dau
¢6 sy tang 1én dang ké, va thoi gian bién dién theo
2 loai d6 thi theo 2 cach khac nhau twong dbi 1on.
Cu thé véi K, (Hinh 5) biéu dién boi MTTS la
529,723MS va DSC la 5,347,727MS gap 10 lan so
véibiéu dién K, bing MTTS. Véi C,,,,, thoi gian
chay trén d thi biéu dién boi MTTS 1a 477,666MS
gap 20 14n so vé6i biéu dién bai DSC 1a 29,245MS.

Hinh 7 va 8 cho thay khi kich thudc db thi
tang 1én 1a 2000 thi thoi gian chay thuat toan hon
kém nhau 16n, K,,, biéu dién bang MTTS mit
khpéng~2 gjﬁy trong khi DSC khoang 8 gidy, C,
biéu dien bang MTTS mat khoang 2 giay trong khi
DSC chi khoang 1/10 giay.

Noi cach khac khi sb dinh ctia dd thi nho thi
thoi gian can hoan thanh chuong trinh 14 tinh theo
mili gidy, con khi kich thudc cta dd thi 1én (1000
hay 2000) thi thoi gian can hoan thanh chuong trinh
1 tinh theo gidy va co su chénh l&ch thoi gian nhiéu,
thoi gian cho két qua sé 1au hon khi chon cach biéu
dién dir liéu dau vao khong phu hop.

Béng 1. Thoi gian chay thudt toan

n |KnMTTS | KnDSC |CnMTTS | CnDSC
5 7,301 4,407 5222| 5,786
50 10,241 17,979 8,924 6267
100 12,010 | 25694 | 10216 7,538
150 52,460 53,311 16,738 | 6,393
200 44,058 | 121471 24439 12,934
250 36,877 220901 [ 51,123 | 11,401
300 48226 | 503,152 67,575 9,821
350 83,381 | 740255| 69.445| 8,190
400 92,918 | 925273 | 123,038 | 17,584
450 | 130,303 | 1,345,006 | 142,348 | 48,025
500 | 152,279 | 2,043,115 145963 | 12,730
1000 | 529,723 | 5,347,727 | 477,666 | 29,245
2000 | 2,328,814 | 8,414,562 | 2,000,848 | 173,218

So sanh két qua dudi dang biéu dd dugc két
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qua nhu hinh sau:

Biéu db thdi gian chay thuat toan
Dijkstra
s K1) MITTS e Kn DSC
) MTTS === Cn DSC
2,500
Mm2,000 '
i
|
j 1,500
g
i 1,000
&
Y
500
0 -
1 2 3 4 5 6 7 8 9 10 11
Tuong tng s dinh n ciia db thi

Hinh 9. Thoi gian chay (minisecond )thudt toan
Dijkstra

Hinh 9 & trén thé hién rd nhiing diéu sau: Do
thi biéu bién boi MTTS phu thudc tuyén tinh so voi
) luong dinh cta dd thi; khi sb luong canh tang lén
thi thoi gian can thiét dé hoan thanh khong tang lén
nhiéu; DS th1 Vong C, biéu dién boi DSC ¢6 thoi
glan chay rét nho ) th1 day ducungndinh K, biéu
di&n boi no6 can thoi gian rét 1on.

DBuong mau do trong Hinh 9 so véi duong
xanh da troi cho thdy biéu dién K khi n lon bing
DSC mét nhiéu thoi gian hon biéu din boi MTTS.

Puong mau xanh 14 va mau tim cung ty 1€
thuan véi kich thude cua do thi, trong do duong

Tai liéu tham khao
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mau xanh 14 cdy tdng nhanh hon dudng mau tim,
chi ra réng thoi gian chay thuat toan Dijkstra voi
cung do thi C thi biéu dién boi MTTS can nhiéu
thoi gian hon DSC dé hoan thanh chuong trinh.

Puong mau xanh 14 va mau xanh da troi
trong Hinh 9 gan nhu tring khép 1én nhau, didu nay
noi 1én thoi gian chay thuat toan Dijkstra véi cach
biéu dién dd thi MTTS trén d6 thi day canh hay it
canh khong khac nhau nhiéu.

Puong mau tim va mau dé trong Hinh 9
thé hién sy khac nhau rd rét nht, khi n ting 1én thi
duong mau do tang nhanh nhat con duang mau tim
tang cham nhét. Nhu vay, DSC phu hop nhét cho C,
nhung khong thich hop nhét 1a K.

Nhu vay, voi db thi it dinh thi biéu dién do
thi cach nao khong quan trong, nhung do thi nhiéu
dinh thi nén can nhéc lya chon cach biéu dién d6
thi cho thich hgp. Trong hai cach biéu dién db thi 1a
MTTS va DSC, néu d6 thi it canh MTTS khong qua
xau nhung DSC s& cho két qua nhanh hon; néu do
thi day canh nén chon MTTS.

4. Két luén

N6i chung, thuat toan tot va biéu dién dir liéu
phit hop déu 1a nhan t6 quan trong anh hudng t6i do
phirc tap thoi gian cuia thuat toan, do do giai quyét
mdt bai todn trén may tinh ca thudt toan va cach
thire biéu dién dit liéu déu can dugc chon lua cén
than.

V6i viée cai dat trén cung cau hinh phan
clig, cung mot thudt toan giai quyét, cing mot
bai toan trén cac dd thi dai dién sinh ngﬁu nhién
thi nhitng ndi dung trinh bay ¢ trén da chung minh
duoc rang thoi gian chay cuia chuong trinh phu
thudc vao viéc biéu dién dir lidu dau vao.

Phuong phap biéu dién dit liéu khong nhiing
anh hudng to1 thoi gian cai dit - chay thuat todn
Dijkstra ma con diing vai cac thudt toan khac cua ly
thuyét d6 thi. Didu nay s& duoc nhom tac gia ching
minh trong nhung bai viét khac.
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THE RELATED BETWEEN REPRESENT GRAPHS AND THE NUMBER OF IT

Abstract:

Graph theory is used in many applications such as finding the shortest path between two cities in a
transportation network. To solve a problem by graph theory, picking up a good algorithm is important as
chosing a suitable data structure in representing weighted graphs.

This paper presents weight matrices, lists all edges to represent weight graphs, and shows the first
way which is better than the second way in graphs having many edges, in contrast, the second way is better
than the first way in graphs that has few edges. The problem of finding the shortest path on weight graphs
is proved by experiment using Dijkstra algorithm to verify.

Keywords: Graph theory, shortest path, Dijkstra algorithm, weighted matrices, list edges.
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