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LOI GIOI THIEU

Toan ro1 rac 12 mot linh vyc nghién ctru va xir 1y cac dbi tuong ro1 rac dung dé
dém cac ddi tuong, va nghién ctru méi quan hé giira cac tap roi rac. Mot trong nhimng yéu
t6 1am Toan roi rac trd nén quan trong 1a viée luu trit, xir Iy théng tin trong cac hé thong
may tinh vé ban chat 14 rdi rac. Chinh vi 1y do dé, Toan hoc roi rac 1a mot mén hoc bét
budc mang tinh chét kinh dién cta cac nganh Cong nghé thong tin va Dién tir Vién thong.
Tai liéu hudng dan moén hoc Toan hoc rdi rac duoc xay dung dugce xay dung dya trén co

s& kinh nghiém giang day mon hoc va ké thira tir gido trinh [1, 2].

Tai liéu dugc trinh bay thanh hai phan. Trong d6, phan I trinh bay nhiing kién thirc
co ban vé 1y thuyét to hop thong qua viéc giai quyét bon bai toan co ban d6 1a: Bai toan
dém, Bai toan ton tai, Bai toan liét ké va Bai toan ti wu. Phan II trinh bay nhiing kién
thirc co ban vé Ly thuyét d6 thi: khai niém, dinh nghia, cac thuat toan trén do thi, dd thi
Euler, d6 thi Hamilton. Mot sb bai toan co trng dung thuc tién quan trong khac cua ly
thuyét d6 thi cling duoc chu trong giai quyét d6 1a Bai toan t6 mau do thi, Bai toan tim

duong di ngan nhat va Bai toan ludng cuc dai trong mang.

Trong mdi phan cua tai lidu, chung t6i ¢6 gang trinh bay ngan gon truc tiép vao
ban chit ciia van d¢, dong thoi cai dat hau hét cac thuat toan bang ngdn ngir 1ap trinh C
nham dat dugc hai muyc tiéu chinh cho nguoi hoc: Nang cao tu duy toan hoc trong phan
tich, thiét ké thudt toan va rén luyén k¥ niang lap trinh véi nhimg thudt toan phirc tap. Mic
du da rat can trong trong qua trinh bién soan, tuy nhién tai liéu khong tranh khoi nhiing
thiéu sot va han ché. Chung toi rat mong dugc su gdp ¥ qui bau cua tat ca doc gia va cac

ban dong nghiép.

Ha noi, thang 12 nam 2016
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CHUONG 1. MOT SO KHAI NIEM CO BAN CUA PO THI

Noi dung chinh cua chuong nay dé cap dén nhitng khai niém co ban nhat ca d6 thi, bao
gom:

Dinh nghia va vi du.

Phén loai d6 thi v6 hudng, dd thi c6 huéng, don do thi, da do thi.

Khai niém vé bac va ban bac ctia dinh.

Khai niém vé duong di, chu trinh va tinh lién thong cia dd thi.

AN NN SN

Bai tap.
Ban doc c6 thé tim thdy nhiing kién thirc sdu hon va rong hon trong céc tai liéu

[11, [2], [3].
1.1. Pinh nghia va khai niém

Po thi (Graph) 13 mot cau trac dit liéu roi rac bao gf)m cac dinh va cac canh nbi
cac cgp dinh nay. Chung ta phan biét dd thi thong qua kiéu va s6 luong canh va huéng
cua moi canh noi gitra cac cap dinh cua d6 thi. Bé minh ching cho cac loai d6 thi, chung
ta xem xét mot sO vi du vé cac loai mang may tinh bao gom: mdi mdy tinh 12 mot dinh,
mdi canh 1a nhitng kénh dién thoai dugc nodi gitta hai may tinh v4i nhau. Hinh 1.1, 1a so
d6 ctia mang may tinh loai 1.

San Francisco Detroit

Denver

Los Angeles Washington
Hinh 1.1. Pon do thi vé hudng.

Trong mang may tinh nay, mdi may tinh 13 mot dinh cua do thi, mSi canh vo
hudng bi€u dién céc dinh ndi hai dinh phan biét, khong cé hai cap dinh nao noi cung mot
cap dinh. Mang loai nay co thé bi¢u dién bang mdt don do thi vo huéng.

Dinh nghia 1. Pon do thi vé huéng G = <V, E> bao gom V la tdp cdc dinh, E la
tdp cdc cap khéng cO thir tw gom hai phan tir khdac nhau cua V goi la cac canh.

Trong truong hop gitra hai may tinh nao do thuong xuyén truyén tai nhiéu thong

tin, nguoi ta ndi hai may tinh boi nhiéu kénh thoai khac nhau. Mang mdy tinh da kénh
thoai c6 thé duge biéu dién nhu Hinh 1.2.



San Francisco Detroit

Los Angeles Washington

Hinh 1.2. Pa do thi vé huéng.

Trén Hinh 1.2, giita hai may tinh c6 thé dugc ndi v6i nhau bai nhidu hon mot kénh
thoai. Vi mang loai nay, chung ta khong thé dung don d6 thi vo huéng dé biéu dién. Db
thi loai nay 1a da d6 thi vo hudng.

Pinh nghia 2. Pa d6 thi vo huéng G = <V, E> bao gdm V 1a tap cac dinh, E 13 ho
cac cap khong c6 thi ty gdm hai phan tir khac nhau ctua V goi 1a tip cac canh. el €E,
e2<E duogc goi 1a canh boi néu chung ciing twong Gmg véi mot cap dinh.

RS rang, moi don dd thi déu 13 da do thi, nhung khong phai da d6 thi nao ciing 1a
don d6 thi vi giita hai dinh c6 thé co nhleu hon mot canh nd1 gitta ching v41 nhau. Trong
nhiéu truong hop, ¢ may tinh c6 thé nbi nhiéu kénh thoai vai chinh né. Vi loai mang
nay, ta khong thé ding da d6 thi dé biéu dién ma phai dung gia d6 thi vé hudng. Gia do
thi v6 hudng dugc mo ta nhu trong Hinh 1.3.

Pinh nghia 3. Gia d6 thi v6 huéng G =<V, E> bao gom V 1a tap dinh, E 14 ho cac
cip khong co thir tu gdm hai phan tir (hai phan tir khong nhat thiét phai khac nhau) trong
V duoc goi la cac canh. Canh e dugc goi la khuyén néu co dang e =(u, u), trong dé u la
dinh nao d6 thuoc V.

San Francisco Detroi ‘

Los Angeles Washington
Hinh 1.3. Gid dé thi vé huéng.

Trong nhiéu mang, cic kénh thoai néi giita hai may tinh c6 thé chi dugc phép
truyén tin theo mot chiéu. Chang han may tinh dit tai San Francisco duoc phép truy nhap
td1 may tinh dat tai Los Angeles, nhung may tinh dat tai Los Angeles khong dugc phép
truy nhap nguoc lai San Francisco. Hodc may tinh dat tai Denver c6 thé truy nhap dugc
t6i may tinh dt tai Chicago va nguoc lai may tinh dat tai Chicago ciing c6 thé truy nhap



nguoc lai may tinh tai Denver. Pé mo ta mang loai nay, chung ta dung khai niém don d6
thi ¢c6 hudng. Pon d6 thi ¢6 hudng dugc mo ta nhu trong Hinh 1.4,

San Francisco Detroit

Denver

Los Angeles Washington
Hinh 1.4. Pon do thi ¢6 hudng.

Dinh nghia 4. Don dé thi c¢6 hwong G = <V, E> bao gom V la tdp cdc dinh, E la
1ap cdc cdp co thir tw @om hai phdn tir cia V goi la cdc cung.

Do thi co hudng trong Hinh 1.4 khong chita cac canh boi. Nén dbi v6i cac mang
da kénh thoai mét chiéu, dd thi c6 hudng khong thé mo ta duoc ma ta dung khai niém da
d6 thi c6 hudng. Mang c6 dang da d6 thi c6 hudng duoc mé ta nhu trong Hinh 1.5.

San Francisco Detroit
Chicaga Q\(Ork
Denver
Los Angeles Washington

Hinh 5.5. Pa do thi ¢6 hiong.

Dinh nghia 5. Pa do thi c6 huéng G = <V, E> bao gom V la tdp dinh, E la cdp c6
thit tw gom hai phan tir cia V dwoc goi la cdc cung. Hai cung ey, €, twong ing véi ciing
mot cap dinh dwoc goi la cung lap.

Tir nhitng dang khac nhau cta d6 thi ké trén, chung ta thiy sy khac nhau giira céc
loai dd thi duoc phan biét thong qua céc canh cua dd thi c6 thir tu hay khong co thu tu,
cac canh bdi, khuyén c6 dugc dung hay khong. Ta co thé téng két cac loai do thi thong
qua Bang 1.

Bing 1. Phan biét cac loai d6 thi

Loai do thi Canh Co canh béi Cd khuyén
1. Pon db thi vo hudng V6 hudng Khéng Khéng
2. Pa dd thi vo huéng V6 hudng Co Khong
3. Gia d6 thi vo hudng Vo6 huéng Co Cé
4. Pon d6 thi c6 huéng C6 huéng Khéng Khéng




5. Pa d0 thi c6 hudng C6 hudng Co Co

1.2. Mot s6 thuat ngir co ban trén db thi vé huéng

Cho d thi v6 hudng G = <V,E>, trong d6 V 14 tap dinh, E 13 tdp canh. Ta bit dau
lam quen v&1 mot s6 khai niém co ban dudi day.

1.2.1. Bac cia dinh

Pinh nghia 1. Hai dinh u va v cta dd thi vé huéng G =<V, E> duogc goi 1a ké
nhau néu (u,v) 1 canh thudc dd thi G. Néu e =(u, v) 1 canh ctia d6 thi G thi ta néi canh
nay lién thudc vai hai dinh u va v, hoac ta ndi canh e ndi dinh u véi dinh v, déng thoi cac
dinh u va v s& dugc goi 1a dinh dau ciia canh (u,v).

Pinh nghia 2. Ta goi bac cia dinh v trong d6 thi vo hudng 1a s6 canh lién thudc
v&i nod va ky hi¢u 1a deg(v).

b c d

o

)

a f e g

Hinh 1.6 Pé thi vé huwéng G.
Vi du 1. Xét d6 thi trong Hinh 1.6, ta co:
deg(a) = 2, deg(b) =deg(c) = deg(f) = 4;
deg(e) = 3, deg(d) = 1, deg(g)=0.
DPinh cd bac 0 duoc goi 1a dinh ¢6 1ap. Pinh bac 1 duoc goi la dinh treo. Vi vay :
e Pinh g la dinh c6 1ap cta do thi
e Dinh d 1a dinh treo cia dd thi.
Pinh ly 1. Gia st G = <V, E> 1a d6 thi vo huéng véi m canh. Khi d6
2m =" deg(v).

veV

Chirng minh. R3 rang mdi canh e=(u,v) bat ky, duoc tinh mot lan trong deg(u) va
mdt 1an trong deg(v). Tir d6 suy ra s6 tong tat ca cac bac bang hai lan s6 canh.

H¢ qua. Trong d6 thi v huéng G=<V, E>, s6 cic dinh bac 1é 1a mot s6 chan.

Chirng minh. Goi O 1a tip céc dinh bac chan va V la tap cac dinh bac 1¢. Tu dinh
ly 1 ta suy ra:

10




2m =" deg(v) = > deg(v) + >_deg(v)

veV veO veU
Do deg(v) 1a chin v&i v 1a dinh trong O nén tong thr hai trong vé phai ciing 13 mot
sO chan.
1.2.2. Puong di, chu trinh, @ thi lién thong

Pinh nghia 1. Puong di do dai n tir dinh u dén dinh v trén d6 thi vo hudng
G=<V,E> la day Xg, X, . . ., Xn.1, Xn , trong d6 n la s6 nguyén duong, Xo=U, X,=V, (X;,
Xi+1)€E, 1=0,1,2, ..., n-1.

Puong di nhu trén con ¢ thé biéu dién thanh diy céc canh

(XO’ Xl)l (X].’XZ) Yooy (Xn-la Xn)

Dinh u la dinh dau, dinh v 1a dinh cudi ciia duong di. Pudng di ¢6 dinh dau tring
véi dinh cudi (U=V) dugc goi 1a chu trinh. Puong di hay chu trinh dugc goi 1a don néu
nhu khong c6 canh nao lap lai.

Vi du 1. Tim cac duong di, chu trinh trong do thi v6 huéng nhu trong Hinh 1.7,

a, d, ¢, f, e la duong di don d¢ dai 4. d, e, ¢, a khong la dudng di vi (e,c) khong phai 1a
canh cua do thi. Day b, c, f, e, b 1a chu trinh d6 dai 4. Duong di a, b,e ,d, a bcodddais
khong phai la duong di don vi canh (a,b) c6 mat hai lan.

d e f

Hinh 1.7. Puong di trén do thi.

Dinh nghia 2. Do thi vo huéng dugc goi 1a lién théng néu ludn tim dugc duong di
gitra hai dinh bat ky cta no.

Trong truong hop do thi G=<V, E> khong lién thong, ta c6 thé phan rd G thanh
mot s6 do thi con lién thong ma chung d61 mot khong c6 dinh chung. Moi d6 thi con nhu
vay dugc goi la mot thanh phan lién thong cua G. Nhu vy, do thi lién thong khi va chi
khi s6 thanh phan lién thong cua n6 1a 1.

Pbi v6i do thi vo hudng, dudng di tir dinh u dén dinh v ciing gidng nhu duong di
tir dinh v dén dinh u. Chinh vi Veiy,, néu ton tai dinh ueV sao cho u c6 duong di dén tat ca
cac dinh con lai ctia d6 thi thi ta két luan dugc do thi 1a lién thong.
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Vi du 2. Tim céc thanh phén lién thong ctia d6 thi Hinh 1.8 dudi day.

S6 thanh phan lién thong cua G 1a 3. Thanh phan lién thong thtr nhit gdm cac dinh
1,2,3,4,6, 7.‘ Thanh phan lién thong thir hai gom cac dinh 5, 8, 9, 10. Thanh phan lién
thong thir ba gom cac dinh 11, 12, 13.

Pinh nghia 3. Canh ecE dugc goi 13 cau néu loai bo e 1am tang thanh phan lién
thong cua do thi. Pinh ueV dugc goi l1a dinh tru néu loai bo u cung voi cac canh noi voi
u lam tang thanh phan lién thong cua do thi.

Vi du 3. Tim céc canh cau va dinh tru ctia do thi Hinh 1.8.

2 6
7
1
3 5 10

11 9

Hinh 1.8. P6 thi vé huwéng G
Loi gidi.

e Canh (5, 9) 13 cau vi néu loai bo (5, 9) thi s6 thanh phan lién thong cua do
thi tang tu 3 1én 4.

e Canh (5, 10) 1a cau vi néu loai bo (5, 10) thi sb thanh phan lién thong cua
db thi tang tir 3 1én 4.

e Canh (6, 7) 13 ciu vi néu loai bo (6, 7) thi sé thanh phan lién thong cua dd
thi tang tu 3 1én 4.

e Canh (8, 10) 12 cau vi néu loai bo (8, 10) thi s thanh phan lién thong cua
dd thi tang tir 3 1én 4.

e Céc canh con lai khong 1 cau vi néu loai bo canh khong lam ting thanh
phan lién thong cia do thi.

e Dinh 5 1a dinh tru vi néu loai bé dinh 5 cung voi cac canh ndi véi dinh 5 s6
thanh phan lién thong cta db thi ting tir 3 1én 4.

e Dinh 6 1a dinh tru vi néu loai bé dinh 6 cing véi cac canh ndi véi dinh 6 sb
thanh phan lién thong cua db thi ting tir 3 1én 4.

e Pinh 10 1a dinh try vi néu loai bo dinh 10 cing véi cac canh ndi véi dinh 10
sO thanh phan lién thong cua do thi tang tir 3 1én 4.

e (Cdc dinh con lai khong 1a try vi néu loai bo dinh cung vai cac canh ndi véi
dinh khong 1am ting thanh phan lién thong cuia do thi.
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1.3. Mt s6 thuat ngit co ban trén dd thi c hwéng
Cho db thi C(? huéng G = <V,E>, trong d6 V 14 tip dinh, E 1a tdp canh. Ta bit dau

lam quen v&i mot s6 khai niém co ban dudi day.
1.3.1. Ban bic ciia dinh

_ Dinh nghia 1. Néu e=(u,v) 1a cung ciia d0 thj ¢6 huéng G thi ta ndi hai dinh u va v
1a k€ nhau, va ndi cung (u, v) noi dinh U véi dinh v, hodc n6i cung nay di ra khoi dinh u
va di vao dinh v. Pinh u dugc goi 1a dinh dau, dinh v duoc goi 1a dinh cudi cia cung
(u,v).

‘ Pinh nghia 2. Ta goi ban bac ra cia dinh v trén dd thi c6 hudng 1a sd cung cua
do thi di ra khoi v va ky hi¢u la deg”(v). Ta goi ban bac vao cua dinh v trén d6 thi c6
hudng 1a so cung cua do thi di vao v va ky hiéu 1a deg(v).

N\

Hinh 1.9. P6 thi c6 hwdng G.
Vi du 2. Xét d6 thi c6 hudng trong Hinh 1.10, ta c6
e deg’(a) =2, deg’(b) = 2, deg’(c) = 0, deg*(d) = 1, deg’(e) = 1.
e deg(a)=1,deg(b)=1,deg(c)=2,deg(d) =2,deg(e) =1.
Do mdi cung (u,v) duoc tinh mot 1an trong ban bic vao cua dinh v va mot lan
trong ban bac ra cta dinh u nén ta co:
Pinh Iy 1. Gia st G = <V, E> la d6 thi c6 hudng. Khi do
D deg”(v) =D deg™(v) < E|.

veV veV

Rét nhiéu tinh chét cta d6 thi c6 huéng khong phu thude vao hudng trén cac cung
ctia nd. Vi vdy, trong nhiéu truong hop, ta bé qua cac hudng trén cung ctia do thi. Do thi
v6 hudng nhan dugc bang cach bé qua hudng trén cac cung duge goi 1a d6 thi vo hudng
tuong tng v6i do thi co hudng da cho.

1.3.2. D6 thi ¢6 hwéng lién thong manh, lién théng yéu

Khai niém duong di va chu trinh trén dd thi co huong duoc dinh nghia hoan toan
tuong tu, chi c6 diéu khéc bi¢t duy nhat 1a ta phai chu y t6i cac cung cua do thi.
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Pinh nghia 1. Puong di d6 dai n tir dinh u dén dinh v trong d6 thi c6 hudng
G=<V,A> la day Xq, X1, . . ., X5 , trong do, n 1a s0 nguyén duong, U = Xo, V = Xn, (Xi, Xj+1)
eE.

Puong di nhu trén ¢ thé biéu dién thanh diy cac cung :

(X01 Xl)l (X:I.’ XZ)! ey (Xn-la Xn)

Dinh u duoc goi 1a dinh dau, dinh v duoc goi 1a dinh cudi cua duong di. Puong di
c6 dinh déu trung v6i dinh cudi (U=V) duge goi 1a mét chu trinh. Dudng di hay chu trinh
dugc goi 1a don néu nhu khong c6 hai canh nao 1ap lai.

Dbi A dd thi vo hudng, duong di trr dinh u dén dinh v ciing giépg nhu duong di
tor dinh v dén dinh u. D61 vé1 d6 thi ¢6 hudng, duong di tir dinh u dén dinh v c6 thé
khong phai la duong di tir v dén u. Chinh vi vay, d6 thi v6 hudng dua ra hai khai niém
lién thong manh va lién thong yéu nhu sau.

Pinh nghia 2. D6 thi c6 hudéng G=<V,E> duoc goi 1a lién thong manh néu giita
hai dinh bat ky ueV, veV déu c6 duong di tir u dén v.

Nhu Véy, dé c}n’mg t6 mot dd thi co hu(’)‘ng lién thong manh ta can ching t6 moi
cdp dinh cua do thi déu c6 duong di dén nhau. Dicu nay hoan toan khac biét véi tinh lién
thong cua do thi vo hudng.

 Dinh nghia 3. Ta goi do thj v huéng twong img v6i d6 thi c6 huéng G=<V,E> Ia
do thi tao boi G va bo huc’mg cf‘la cac canh trong G. Khi do, do thi c6 huéng G=<V,E>
duoc goi la lién thong yéu néu d6 thi vé hudng twong trng véi no 1a lién thong.

Vi du 1. Hinh 1.10: D6 thi G1 14 lién thong manh, d6 thi G2 14 lién thong yéu.

N N

& | @I,

Hinh 1.10. D6 thi ¢6 hwedng lién thong manh, lién théng yéu

o Diqh nghia 4. Do thi vo huong G=<V,E> duoc goi le‘} dinh chiéu duogc néu ta co
thé bién doi cac canh trong G thanh cac cung tuong ung dé nhan duoc mot do thi co
hudng 1ién thong manh.

Pinh ly 1. D6 thi v6 huéng G=<V,E> dinh chiéu dugc khi va chi khi cic canh
ctua n6 khong phai la cau.

Ban doc co thé tim hiéu phén chirng minh dinh 1y trong céc tai liéu [1, 2, 3].

14



1.4. Mt s6 dang d6 thi dic biét

Duéi day 1a mot s dang don do thi vo hudng dic biét c6 nhiéu tng dung khéc
nhau cua thuc té.

Do thi diy di. DO thi day du n dinh, ky hiéu 1a Ky, 1a don d0 thi vo hudéng ma
gitra hai dinh bat ky cua n6 déu c6 canh noi. Vi du do thi K3, K4, Ks trong Hinh 1.11.

£ K

Hinh 1.11. D6 thi K3, Kq, K.

Do thi vong. DS thi vong C, (n23) c6 cac canh (1,2), (2,3),..,(n-1,n), (n,1). Vi du
do thi Cs, C4, Cs trong Hinh 1.12.

D—G) ()
@ ®
(D
C; Cs 9 Cs 0

Hinh 1.12. 6 thi Cs, Cy, Cs.

Po thi banh xe. Do thi banh xe W, thu dugc bang cach bo sung mot dinh ndi véi
tat ca cac dinh cua C,,. Vi du do6 thi W3, W4, W5 trong Hinh 1.13.

Hinh 1.13. 6 thi C, C4, Cs.

Do thi hai phia. PO thj G =<V,E> dugc goi 1a do thi hai phia néu tap dinh V ctia
no6 co thé phan hoach thanh hai tap X va Y sao cho moi canh ctia do thi chi c6 dang (X,
y), trong dé xeXva yGY Vidu d6 thi K2'3, Kaa, K3‘5 trong Hinh 1.14.
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Himh 1139 lhl K2|3, K3|3, K3Y5.

1.5. Nhitng diém cén ghi nhé

v

<

Nam vitng va phan biét rd cac loai d6 thi: don d6 thi, da dd thi, d6 thi v6 hudng,
do6 thi ¢6 hudng, do thi trong so.

Ném vitng nhitng khai niém co ban trén dd thi vo hudng.
Nim vitng nhitng khai niém co ban trén dd thi c6 huéng.vé do thi.

Nam viing cac khai niém duong di, chu trinh, lién thong, lién thong manh, lién
thong yéu.

Nim virng céc loai d6 thi : d6 thi ddy du, do thi vong, dd thi banh xe, dd thi hai
phia...
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CHUONG II. BIEU DIEN PO THI TREN MAY TiNH

Dé luu trir dd thi va thuc hién cac thuat toan khac nhau, ta can phai biéu dién dd
thi trén may tinh, dong thoi st dung nhitng cau truc dir li¢u thich hop dé mo ta do thi.
Viéc chon cau truc dit liéu nao dé biéu dien do thi co tic dong rat 16n dén hi€u qua thuat
toan. Vi vay, lua chon cau truc dir li¢u thich hop bi€u dién do6 thi s€ phu thudc vao tirng
bai toan cu thé. No1 dung chinh cua chuong bao gom:

v Biéu dién d6 thi bang ma tran ké.
v Biéu dién d6 thi bang danh sach canh.
v Biéu dién d6 thi biang danh sach ké.
v Biéu dién d6 thi bang ma tran lién thudc.
v Bai tdp Chuong 2.
Ban doc c6 thé tim thay nhiing kién thtrc sdu hon va rdng hon trong céc tai li¢u

[11, [2], [3].
2.1.Biéu dién @6 thi bing ma trin ké

Céu trac dit ligu pho dung nhat dé bicu dién do thj 1a bicu dién do thi bang ma
tran. Vé 1y thuyét, nguoi ta da chimg minh dugc mdi ma tran vudng (0,1) cap n déu dang
ciu v6i mot don do thi v hudng hodc c6 hudng. Muc nay, chung ta s€ xem xét phuong
phap biéu dién cac loai d6 thi khac nhau bang ma tran ké.

2.1.1. Ma tran ké ciia dd thi vé huéng

Xét do thi don vo6 hudng G =<V, E>, véi tap dinh V. ={1, 2, ..., n}, tdp canh E =
{Ql, €s,.., €m}. Ta goi ma tran ké cua d6 thi G 1a ma tran c6 cac phan tir hoac bang 0 hodc
bang 1 theo qui dinh nhu sau:

A={ay: a;=1néu (i ]) €E, a;=0néu (ij) £E;i,j=1,2, ..., n}
Vi du 1. Biéu dién d6 thi trong Hinh 2.1 dudi diy bang ma tran ké.

O O O L, Lk, O
O R B B O R
m O B, O Rk, O
R B O B B O
O O L, O RFL, O
O L B O O O

Hinh 2.1. Ma trdn ké biéu dién dé thi vé hwong.

17



Tinh chit ma tran ké ddi véi do thi vé hwéng:

n n
a) Tong cac phan tir cia ma trén bang hai lan s6 canh : ) > a, =2m(m la so
i1 j-1

canh cua d6 thi.
b) Tong cac phan tir cia hang u 13 bac cua dinh u: deg(u) = Zauj . Vi dy v6i ma
-1

tran k& biéu dién dd thi Hinh 2.1, tong cac phan tir ciia hang 1 1a bac cua dinh
1, vi vay deg(1)=2; tong cac phan tr cua hang 2 la bac cua dinh 2, vi vay
deg(2)=3.

n
c) Tong cac phan tur ctia cdt u la bac cua dinh u: deg(u) = Zaju . Vi du v61 ma
=1

tran ké biéu dién QG thi Hinh‘2.1, téng cac phﬁn tir cua cot 1 1a bac cua dinh 1,
vi vay deg(1)=2; tong céac phan tir cia cot 2 1a bac cua dinh 2, vi vay deg(2)=3.

d) Néu ky hi¢u af,i, j=12,..,n la cac phﬁn tir cua ma tran. Khi do,
AP =AA...Aplan); al,i,j=12,.,n,
cho ta sb duong di khac nhau tir dinh i dén dinh j qua p-1 dinh trung gian.
2.1.2. Ma tran ké ciia do thi c6 hwéng
Ma tran ké caa do thi co hudng cling d‘u’()C diph nghia hoan toan tuong tu, ching
ta chi can luu y t61 hudng cia canh. Ma tran ké ctia do thi ¢6 hudng l1a khong doi xing.

Vi du 2. Tim ma tran ké cta do thi c6 huéng trong Hinh 2.2,

o O O = O
O O O +— O
o O O = O
O B O O O O

o O O O O
O O O O O

Hinh 2.2. Ma trdn ké cia do thi c6 huéng.

Tinh chit ciia ma trin ké ctia do thj c6 huéng:
2 Y A r n n r Y
a) Tong cac phan tir cia ma trén bang so canh : » > a, =m(m la so canh cua do
i1 ja1

thi.
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b) Tong cac phan tir cia hang u 12 ban dinh bac ra cia dinh u: deg’ (u) = Da, -
j=1

Vi du v6i ma trdn ke biéu dién do thj Hinh 2.2, tong céc phén tir cua hang 1 1a
ban dinh bac a cta dinh 1, vi vy deg’(1)=1; tong cac phan tr ctia hang 2 1a
ban dinh bac ra cua dinh 3, vi vay deg’(2)=3.

n
c) Tong cac phan tir ctia ¢t U la ban dinh bac vao cua dinh u: deg™(u) =) a,,
=1

Vi dy v&i ma tran ké biéu dién d6 thi Hinh 2.2, tong cac phan tir ¢t 1 1a bén
dinh bac vao cua dinh 1, vi vay deg’(1)=1; tong cac phan tir ctia cot 2 la ban
dinh bac vao cua dinh 2, vi vay deg (2)=1.

d) Néu ky hiéu aIJ i, j=12,...,n 13 cac phan tir cia ma tran. Khi d6, A’ = AA. .
A (p lan); af,i,j=12,..,n, cho ta s6 duong di khac nhau tir dinh i dén dinhj

qua p-1 dinh trung gian.
2.1.3. Ma tran trong s

Trong rat nhleu ng dung khac nhau cua ly thuyét d6 thi, mdi canh e =(u,v) ctia né
duoc gan bai mot sb c(e) = c(u,v) goi la trong so cua canh e. Db thi trong trudng hop nhu
vay goi la do thi trong s6. Trong truong hop dd, ma tran ke ctia d6 thi duoc thay boi ma
tran trong s6 ¢= c[i,jl, i, j= 1, 2, . . ., n. c[i,j] = c(i,j) néu (i, j) €E, c[i,j] = @néu (i, j)
#E. Trong d6, @nhan céc gia tri: 0, oo, -cotuy theo ting tinh hudng cu thé cua thuét toan.

Vi du 3. Ma tran ké cua db thi c6 trong s trong Hinh 2.3.

8§ 8 8 n» 8 8
8§ 8 8 8 8 w
8§ 8 ~N 8 o 8
w 8§ 8§ 8 o 8
§ 8 o 8 w 8

8§ 8 8 8 8

Hinh 2.3. Ma trdn ké cia do thi c6 huéng.
Uu diém ciia ma tran ké:

e Don gidn dé cai dat trén may tinh bang cach s dung mdt mang hai chiéu dé
bicéu dién ma tran k¢;

e D& dang kiém tra dugc hai dinh u, v c6 ké véi nhau hay khéng bang dung
mot phép so sanh (a[u][v]#0?);va chiing ta chi mat dung mét phép so sanh.
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Nhugc diém ciia ma trin ké:
e Lang phi bo nho: bat ké sb canh nhiéu hay it ta can n2 don vi b nhé dé
biéu dién;
e Khong thé biéu dién duoc véi cac d6 thi co sé dinh 16n (vi du triéu dinh);

e Pé xem xét dinh dinh u ¢ nhitng dinh ké ndo cin mat n phép so sanh ké ca
dinh u la dinh c6 1ap hoac dinh treo.

2.1.4. Qui wéc khudn dang lwu triv ma tran ké

Dé thu4n tién cho nhirng noi dung ké tlep, ta qui wdc khudn dang dit liéu biéu dién
db thi dudi dang ma tran ké hodc ma tran trong sd trong file nhu sau:

e Dong dau tién ghi lai s6 dinh cta d6 thi;

e N dong ké tiép ghi lai ma tran ké ctia d6 thi. Hai phan tir khac nhau ctia ma tran
ké dugc viét cach nhau mot vai khoang trong.

Vi du ma tran ké g@)m 6 dinh cua Hinh 2.1 dugc to chic trong file dothi.in nhu

sau:

dothi.in

5

0 1 0 0 0 0
1 0 1 1 1 0
1 1 0 1 0 0
0 1 0 1 0 1
0 0 1 1 0 0

2.2. Biéu dién do thi bing danh sich canh (cung)

Trong trudng hop d6 thi thua (d6 thi co6 s6 canh m < 6n), nguoi ta thuong biéu
dién d6 thi du6i dang danh sach canh. Trong phép biéu dién nay, chung ta s€ luu trir danh
sach tat ca cic canh (cung) cua d6 thi vo huéng (c6 hudng). Mbi canh (cung) e(x, y)
duogc twong ng v4i hai bién dau[e], cuoi[e]. Nhu vay, dé luu trir d6 thi, ta can 2m don vi
bd nhd. Nhuge diém lon nhat ctia phuong phap nay la dé nhan blet nhimng canh nao ké
vOi canh nao ching ta can m phep so sanh trong khi duyét qua tat ca m canh (cung) cua
d6 thi. Néu 1a do thi c6 trong sd, ta can thém m don vi bd nhd dé luu trit trong sd cua cac
canh.

2.2.1. Biéu dién do thi vé6 hwéng bing danh sach canh

Dbi véi d6 thi vo hudng, mdi canh 1a bo khong tinh dén thir tu cac dinh. Vi du
canh (u,v) va canh (v, u) dugc xem 1a mét. Do viy, trong khi biéu dién d6 thi v hudng
béng danh sach canh ta chi can liét ké cac canh (u,v) ma khong can liét ké canh (v,u). bé
tranh nham 1an, ta nén liét ké cac canh theo thir tu tang dan cta dinh dau mdi canh. Trong
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truong hop biéu dién da do thi vo hudng, ta bo sung thém mot cot 1a s6 canh (socanh) nbi
gitra hai dinh cta do thi. Hinh 2.4 dudi ddy mo ta chi tiét phuong phap bi€u dién do6 thi
vo hudong bang danh sach canh.
Tinh chit danh sich canh cia d6 thi vé hwéng:
e Dinh dau nho hon dinh cudi mdi canh.
e S dinh co gia tri u thudc ca vé phai va vé trai cua danh sach canh 1a bac
cua dinh u. Vi du gia tri u=1 xuat hi¢n 2 lan tir d6 ta suy ra deg(1)=2, so
2 xuat hién 4 lan vi vay deg(2) = 4.

DPinh cuoi

=)
)
=
u
>
=

OB B ONNDNRERIE
OO~ OWWN

Hinh 2.4. Biéu dién dé thi vé huwdng bang danh sdch canh.

2.2.2. Biéu dién dd thi c6 hwéng biang danh sach canh

Trong trudng hop d6 thi c6 huéng, mdi canh 13 bd ¢o tinh dén thr ty cac dinh. Vi
du canh (u,v) khac véi canh (v, u). Do viy, trong khi biéu dién dd thi v6 hudéng bing
danh sach canh ta dac bi¢t chu y dén hudng cua cac canh. Hinh 2.5 dudi ddy mo ta chi
tiét phuwong phép biéu dién d6 thi c6 hudng bang danh sach canh.

DPinh ddu Dinh Cudi

Ul BOWDNNDNPE
PO OCTOWEFRLOOPRWDN

Hinh 2.5. Biéu dién do thi ¢6 hudng bang danh sich canh.
Tinh chit danh sich canh ciia d6 thi vé hwéng:

e Dinh dau khong nhét thiét phai nho hon dinh cudi mdi canh.
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e SO dinh co gia tri u thudc ca vé phai cac canh 1a deg*(u). Vi du gid tri
u=1 xuat hién 1 1an & vé phdi cua tat ca cac canh nén deg’(1) =1, gia tri
u=2 xuat hién 3 1an & vé phai cta tat ca cac canh nén deg’(2) =3.

e S6 dinh c6 gia tri u thudc ca vé trai cac canh 1a deg'(u). Vi du gié tri u=1
xuat hién 1 lan & vé trai cua tat ca cac canh nén deg’(1) =1, gia tri u=2
xuat hién 1 lan & vé trai cua tat ca cac canh nén deg’(2) =1.

2.2.3. Biéu dién do thi trong so bing danh sich canh

Trong truong hop do thi c6 hudng (hodc v6 huong) co trong s, ta bd sung thém
mot cot 1a trong so cua mdi canh. Hinh 2.6 dudi ddy mé ta chi tiét phuwong phap biéu dién
dd thi trong so bang danh sach canh.

DPinh ddu Dinh Cubi Trong S

SOOI R P~ OWDNDNDDNPE
PO OCTWOWORFRLRORWDN
WA OITNN WO 0 Ol

Hinh 2.6. Biéu dién do thi ¢6 huwdng bang danh sich canh.
U'u diém ciia danh sach canh:

e Trong trudng hop do thi thua (m<6n), biéu dién bang danh sach canh tiét
kiém dugc khong gian nhd;

e Thuan lgi cho mot s6 thuat toan chi quan tam dén céac canh cua do thi.
Nhuwoe diém ciia danh sich canh:

e Khi can duyét cac dinh ké vai dinh u bat budc phai duyét tat ca cac canh
cua do thi. Bi€u nay lam cho thuat toan co6 chi phi tinh toan cao.

2.2.4. Qui wéc khuon dang luu trir danh sach canh
Dé thuan tién cho nhitng ndi dung ké tiép, ta qui wdc khuon dang dir liéu biéu dién
do thi dudi dang danh sach canh trong file nhu sau:

e Dong dau tién ghi lai s6 N, M tuong rng véi s6 dinh va s6 canh cua do thi. Hai
s0 dugc viét canh nhau mdt vai khoang trong;

e M dong ké tiép, mdi dong gi lai mot canh ctia d6 thi, dinh dau va dinh cudi mdi
canh dugc viét cach nhau mot vai khoang trong.
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Vi du vé6i db thi trong sd cho boi Hinh 2.6 gém 6 dinh va 9 canh duoc luu trit
trong file dothi.in nhu sau:

dothi.in
9

OO DRROWNNMNNEO®
PO OCTWRFRLOIRAWDN
WP oOINIDN WO 00 Ol

2.2.5. Cau tric dir liéu biéu dién danh siach canh

Phuong phép tot hon ca dé biéu dién mdi canh cua do thi 1a sir dung ciu trac. Mdi
cau tric gom c6 hai thanh vién dau[e] va cuoi cuoi[e]. Khi d6, danh sach canh cua do6 thi
de dang dugc biéu dién bang mang hoac danh sach lién két nhu dudi day.

Biéu dién danh danh sach canh ciia do thi bing mang:
typedef struct { //Dinh nghia mot canh cta dd thi
int  dau;
int  cuoi,
} Edge;
Edge G[MAX]; //Danh sach cac canh duogc biéu dién trong mang G.

DPinh dau DPinh cuoi

OO BB OWONNMNDNDREFPRE
OO0~ OWWN

Hinh 2.7. Biéu dién do thi bcfng danh sach canh
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Vi du Vo'ri danh danh sach canh ctia d6 thi Hinh 2.7, biéu dién danh sach canh dua
vao mang cua do thi cé dang sau:

Canh: G[1] G[2] G[3] G[4 G[5] G[6] G[7] G[8] G[9]

G[i].dau 1 1 2 2 2 3 4 4 5

Gli].cuoi | 2 3 3 4 5 4 5 6 6

D61 voi do thi ¢c6 hudng cling duge biéu dien nhu trén nhung ta can chu y dén
hudng cua moi cung. P61 véi do thi trong s6 ta chi can bd sung vao cau truc Edge mot
thanh vién 1a trong so ctia canh nhu sau:

typedef struct { //Dinh nghia mét canh c6 trong sé cua dd thi

int dau;
int cuol;
int trongso;

} Edge;
Edge G[MAX]; //Danh sach trong s6 cac canh biéu dién trong mang G.

Biéu dién danh danh sach canh ciia d6 thi bing danh sach lién két:
typedef struct canh{ //Pinh nghia mot canh ciia d6 thi
int  dau;
int  cuoi,
struct node *next;

} *Edge;
Edge *G; //Cac canh dugc cia do thi l:)iéu dién bang daph danh sach lién két G.
Vi du voéi dan}l danh sach canh ctia @6 thi Hinh 2.7, biéu dién danh sach canh dua
vao danh sach lién két cé dang sau:

1 next L next 4 next > Null
—> S T —— —>
2 3 6 6

2.3. Biéu dién do thi bang danh sach ké

Trong rt nhiéu Gng dung, cach biéu dién d6 thi duéi dang danh sach ké thuong
dugc st dung. Trong bi€u dién nay, véi moi dinh u cua do thi ching ta luu trir danh sach
cac dinh ké vdi n6 ma ta ky hi¢u 1a Ke(u), nghia la

Ke(u) ={veV: (u,Vv)eE},

V&i cach biéu dién nay, mdi dinh u cta dod thi, ta 1am tuong rng vo1 mot danh sach
tat ca cac dinh k& véi nd va duge ky hiéu 1a List(u). Pé biéu dién List(u), ta c6 thé dung
cac kiéu dir liéu kiéu tap hop, mang hodc danh sach lién két. Hinh 2.8 dudi dy dua ra vi
du chi tiét vé biéu dién d0 thj bang danh sach ké.
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Ke(1) ={2,3).
Ke(2) ={1,3, 4,5}
Ke(3) ={1,2,4}.
© © Ke(d) ={2,3,5, 6}
Ke(5) ={2, 4, 6}.
Ke(6) ={4,5}.

N BT B

U'u diém ciia danh sach keé:
e D@ dang duyét tat ca cac dinh cia mot danh sach ke;
e D@é dang duyét cac canh cua db thi trong mdi danh sach ké;
e Tbi wu vé phuong phap biéu dién.
Nhuoc diém ciia danh sach keé:
e Kho khin cho ngudi doc ¢6 k¥ nang lap trinh yéu.
2.3.1. Bi¢u dién danh sich ké dua vio mang
Str dung mot mang dé luu trir danh sach ké cac (‘iinh. Trong d6, mang dugc chie}
thanh n doan, doan thir i trong mang luu trir danh sach ké cua dinh tht ieV. Vi du véi do

thi duoc cho trong Hinh 2.8 ta td chirc mang A[] gém 18 phan tir, trong d6 mang A[]
duoc chia thanh 6 doan, mdi doan luu trit danh sach ké ctia dinh tuong ing nhu dudi day.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Alil=? | 2 13|13 |4|5|1]/2|4]|2|3|5|6|2|4|6|4]5

Poan 1 Poan 2 Poan 3 Poan 4 Poan 5 Poan 6

Pé biét mot doan thudc mang bit dau tir phan tr nao dén phan tir nao ta st dung
mot mang khac dung dé luu trix vi tri cac phan tir bat dau va két thuc cua doan. Vi du véi
danh sach ké g@)m 6 doan nhu trén, ta can xay dung mot mang VT[6] = {0, 2, 6, 9, 13, 16,
18} dé luu trit vi tri cac doan trong mang A[]. Dua vao mang VT[] ta c6 thé thy: Ke(1)
la A[1], A[2]; Ke(2) la A[3], A[4], A[5], A[6] .. ..

2.3.2. Biéu dién danh sach ké bing danh sach lién két
Vé&i mdi dinh ueV, ta biéu dién mdi danh sach ké cia dinh bang mot danh sach

lién két List(u). Vi du voi d0 thi trong Hinh 2.8 s& dwoc biéu dién bang 6 danh séch lién
két List[1], List[2],.., List[6] nhu dudi day.
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List[1]—> 2 | « » 2 [Null

Listi2—1 1 | e 3 | 14 | T4 5 |Null

List[37/>1 1 | « > 2 | & » 4 |Null

Listd—> 2 | «—> 3 | = 5 | «1—4 6 [Null

Listi5]—>1 2 | > 4 | & » & [Null

Listfe]—> 4 | «T—>{ 5 [Null

2.3.3. Qui wéec khudn dang lwu trir danh sach ke:

e Dong dau tién ghi lai s6 dinh ciia d6 thi;

e N dong ké tiép ghi lai danh sach ké cua dinh twong tng theo khuén
dang: Phan tir dau tién 1a vi tri két thuc cua doan, tiép dén 1a danh sach
cac dinh ctia danh sach ké. Cac phan tir dugc ghi cach nhau mot vai
khoang tréng

Vi du khudn dang luu trit danh sach ké cia Hinh 2.7 trong file dothi.in nhu sau:
dothi.in
6
2
6
9
13
16
18

ADNNEFRPEDN
O wNDWwWw
[op & N N o

2.4. Nhirng diém can ghi nhé
v/ Nam vitng va phan biét rd cac loai do thi: don do thi, da do thi, do thi v hudng,
do6 thi c6 hudng, do thi trong so.

v/ Nim virng nhitng khai niém co ban vé d6 thi: duong di, chu trinh, do thi lién
thong.

v Hiéu va nim 6 ban chét cua cac phuong phap biéu dién d6 thi trén may tinh. Phan
tich wu, nhugc diém ciia tmg phuong phap biéu dién.

v' Chuyén dO{ cac phuong phap biéu dién qua lai 1an nhau giap ta hiéu dugc cach
bi€u dién do thi trén may tinh.
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BAI TAP

1. Trong mdt budi gip mit, moi ngudi déu bat tay nhau. Hiy chi ra rang s6 luot ngudi bat
tay nhau la mdt so chan.

2. Mot don dd thi véi n dinh ¢6 nhiéu nhat 14 bao nhiéu canh?

3. Hay biéu dién cac d0 thi G1, G2, G3 dudi ddy dudi dang: ma tran k&, danh séch canh,
danh sach ké.

2 5 2 5
1 7
7

a. D6 thi vo hudng G1. b. D6 thi c6 hudéng G2.

C 4 F
c. D6 thi trong s6 G3

4. Hay tao mot file dir 1iéu theo khuon dang nhu sau:
a. Ma tran keé:
- Dong dau tién 1a sd ty nhién n 1a sd cac dinh cta dd thi.
- N dong ké tiép 1a ma tran ké ciia do thi.

b. Danh sach canh:
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- Dong dau tién ghi lai s0 ty nhién n va m 1a so cac dinh va céc canh cua
do thi.

- M dong ké tiép ghi lai tht tu dinh dau, cudi cia cac canh.

Hay viét chuong trinh chuyén ddi mot do thi cho duéi dang ma tran lfé thanh mot
do thi cho dudi dang danh sach canh va danh sach ké. Nguoc lai, chuyén do6i mot do thi
cho dudi dang danh sach canh thanh do6 thi dudi dang ma tran ké va danh sach canh.

c. Danh séach ké:

e Dong dau tién ghi lai s6 dinh ctia d6 thi;

e N dong ké tiép _ghi lai danh sach ké cta dinh tuong tng theo khudn
dang: Phan tir dau tién 1a vi tri két thuc cua doan, tiép dén 1a danh sach
cac dinh ciia danh sach ké. Cac phan tr dugc ghi cach nhau mot vai
khoéng tréng.

e M dong ké tiép ghi lai thu ty dinh dau, cudi ciia cac canh.

. Hay viét chuong trinh chuyén ddi mot do thi qho dudi dang ma t;an lgé thanh ‘mcf)t
do6 thi cho dudi dang danh sach canh va danh sach ké. Nguoc lai, chuyén do6i mot do thi
cho dudi dang danh sach canh thanh d6 thi dudi dang ma tran ké va danh sach canh.

5. Mot ban c& 8x8 duoc danh sb theo cach sau:

1/2|3|4|5|6|7]| 8
9 10|11 /12|13 |14 |15 16
17 |18 |19 | 20 | 21 | 22 | 23 | 24
25 |26 |27 | 28|29 |30 |31 | 32
33|34 |35|36|37|38|39| 40
41| 42 | 43 | 44 | 45 | 46 | 47 | 48
49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
57 | 58 | 59 | 60 | 61 | 62 | 63 | 64

M3i 6 c6 thé coi 1a mot dinh ctia do thi. Hai dinh duoc coi 1a ké nhau néu mot con
vua dit & 6 nay co thé nhay sang 6 kia sau mot bude di. Vidu:6 1 ké v6i 62,9, 10,6 11
ké véi 2, 3, 4, 10, 12, 18, 19, 20. Hay viét chuong trinh tao ma tran ké cua do thi, két qua
in ra file king.out.

6. Ban cd 8x8 dugc danh sb nhu bai trén. M&i 6 ¢6 thé coi la mot dinh ciia do thi . Hai
dinh duoc goi 1a ké nhau néu mét con ma dit & 6 nay c6 thé nhay sang 6 kia sau mot
nuée di. Vi du 6 1 ké véi 11, 18, 6 11 ké véi 1, 5, 17, 21, 26, 28. Hiy viét chuong
trinh 14p ma tran ké cuia do thi, két qua ghi vao file matran.out.
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7. Hay biéu dién d6 thi duéi day dudi dang ma tran ké, danh sich canh, danh sach ké.

8. Hay biéu dién d6

10. Hay biéu dién d6 thi duéi ddy dudi dang ma tran k&, danh sach canh, danh sach ké.

6 (10)—(3) 9

Cr—
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CHUONG 3. TIM KIEM TREN PO THI

C6 nhiéu thuat toan trén dd thi duoc xay dung dé duyét tat ca cac dinh cta dd thi sao
cho mdi dinh duoc Viéng tham dang mat lan. Nhirng thuét toan nhu vay dugc goi 1a thuat
toan tim kiém trén do thi. Ching ta ciing s& 1am quen véi hai thuat toan tim kiém co ban,
d6 1a duyét theo chiéu sau DFS (Depth First Search) va duyét theo chiéu rong BFS
(Breath First Search). Trén co s cta hai phép duyét co ban, ta co thé ap dung ching dé
giai quyét mot sd bai toan quan trong cta 1y thuyét d6 thi. Noi dung chinh duoc dé cap
trong chwong nay bao gdbm:

v" Thuét toan tim kiém theo chiéu sau trén do thi.

v Thuét toan tim kiém theo chiéu rong trén dd thi.

v" Ung dung cua thuat toan tim kiém theo chiéu sau.
v" Ung dung cua thuat toan tim kiém theo chiéu rong.

Ban doc c6 thé tim hiéu sdu hon vé tinh dung dan, d phiic tap cua cac thuat toan
trong cac tai liéu [1, 2, 3].

3.1. Thuit toan tim kiém theo chiéu siu (Depth First Search)

Tu tudng co ban cta thuat toan tim kiém theo chiéu sau 1a bat déu tai mot dinh vy
nao do, chon mot dinh u bat ky ké véi Vo va ldy n6 lam dinh duyét tlep theo. Cach duyét
tiép theo duogc thuc hién twong tu nhu ddi véi dinh vq vai dinh bat dau 1a u.

Pé kiém tra viéc duyét mdi dinh dung mot lan, ching ta st dung mot mang
chuaxet[] gdm n phén tir (trong Gmg véi n dinh), néu dinh thir u da duoc duyét, phan tur
trong Ung trong mang chuaxet[u] co gia tri FALSE. Nguoc lai, néu dinh chua duoc
duyét, phan tir tuong ng trong mang c6 gia tri TRUE.

3.1.1.Biéu dién thuit toan DFS(u)

Thuét toan DFS(u) c6 thé duge mé ta bang tha tuc dé qui nhu sau:

Thuét toan DFS (u): //u la dinh bdt dau duyét
Begin
<Tham dinh u>//Duyét dinh u
chuaxet[u] := FALSE;//Xdc nhdn dinh u da duyét
for eachv eke(u) do //Ldy méi dinh v eKe(u).
if (chuaxet[v] ) then //Néu dinh v chia duyét
DFS(v); //Duyét theo chiéu sdu bdt tir dinh v
EndIf;
EndFor;
End.
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Thuat toan DFS(u) c6 thé khir d¢ qui bang cach st dung ngin xép nhu Hinh 3.1
dudi day:

Thuat toan DFS(u):
Begin
Budce 1 (Khdi tao):
stack = &; IIKhoi tao stack la &
Push(stack, u); //Pwa dinh u vao ngan xé;D
<Tham dinh v>; //Duyét dinh u
chuaxet[u] = False; //Xdc nhdn dinh u da duyét
Budc 2 (Lap) :
while ( stack = &) do
s = Pop(stack); //Loai dinh & dau ngan xép
for each te Ke(s) do //Ldy méi dinh teKe(s)
if ( chuaxet[t] ) then //Néu t diing la chuwa duyét
<Tham dinh t>; // Duyét dinh t
chuaxet[t] = False; // Xac nhan dinh t da duyét
Push(stack, s);//Pwa s vao stack
Push(stack, t); //Dwa t vao stack
break; IIChi ldy mét dinh t
Endlf;
EndFor;
EndWhile;
Buwéc 3 (Tra lai két qua):
Return(<Tép dinh da duyét>);
End.

Hinh 3.1. Thudt todn DFS(u) dwa vao ngdn xép.
3.1.2. Dy phirc tap thuéat toan
Do phuec tap thuat toan DFS(u) phu thudc vao phuong phap biéu dién do thi. PO
phuec tap thuat toan DFS(u) theo cac dang bi€u dién d6 thi nhu sau:

e D0 phuc tap thuat toan la O(nz) trong trudng hop dd thi biéu dién duéi dang
ma tran k&, voi n l1a s6 dinh cua do thi.

e Do phirc tap thuét toan 1 O(n.m) trong trudng hop do thi biéu dién dudi dang
danh sach canh, vdi n 1a so dinh cta do thi, m 1a s6 canh cua do thi.

* Do phuc tap thuét toan la O(max(n, m)) trong trudng hop d6 thi biéu dién dudi
dang danh sach ké, voi n 1a sé dinh cta d6 thi, m 14 sé canh cua do thi.
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Ban doc tu ching minh hodc c6 thé tham khao trong cac tai li¢u [1, 2, 3].

3.1.3. Kiém nghiém thuit toan

Vi du 1. Kiém nghiém thuat toan DFS(1) trén d6 thi gdm 13 dinh trong Hinh 3.2 dudi

day?
12
Hinh 3.2. Do thi vé huéng G.
Pinh bit dau Cic dinh da duyét: Cac dinh chwa duyét
duyét chuaxet[u]=False chuaxet[u]=True
DFS(1) 1 2,3,4,5,6,7,8,9, 10,11, 12, 13
DFS(2) 1,2 3,4,5,6,7,8,9 10,11,12, 13
DFS(4) 1,2, 4 3,5,6,7,8,9, 10,11, 12, 13
DFS(3) 1,2,4,3 5,6,7,8,09, 10,11, 12,13
DFS(6) 1,2,4,3,6 5,7,8,9, 10,11, 12, 13
DFS(7) 1,2,4,3,6,7 5, 8,9,10, 11,12, 13
DFS(8) 1,2,4,3,6,7,8 5, 9,10,11, 12,13
DFS(10) 1,2,4,3,6,7,8,10 5,9, 11,12, 13
DFS(5) 1,2,4,3,6,7,8,10,5 9, 11,12, 13
DFS(9) 1,2,4,3,6,7,8,10,5,9 11,12, 13
DFS(13) 1,2,4,3,6,7,8,10,5,9,13 11, 12
DFS(11) 1,2,4,3,6,7,8,10,5,9,13,11 12
DFS(11) 1,2,4,3,6,7,8,10,59,13,11,12 | ¢
Két qua duyét: 1,2,4,3,6,7,8,10,5, 9,13, 11, 12
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Pé ban doc lam quen voi phuong phap kiém nghiém thuat todn dya vao dur li€u,
chung t6i sit dung biéu dién cua d6 thi bing ma tran k& nhu di duoc trinh bay trong
Chuong 2. Viéc kiém nghiém thuit toan bang cac biéu dién khac (danh sach canh, danh
sach ké) xem nhu nhiing bai tap dé ban doc tu tim ra 1oi giai.

\ T 0 1110 0 O O OO OTUOFPW

Viﬁ dl;l ~2 Cho do6 thl g6m 13 ‘dinh du’(_)’C 1 0 1 1 0 1 0 0 0 O O 0 O
biéu dién dudi dang ma tran ké nhu hinh |1 1 0 1 1 0 0 0 0 0 0 0 O
bén phai. Hay cho biét két qua thuc hién |1 1 1 0 0 0 1 0 0 0 0 0 0
thuat toan trong Hinh 3.1 bitdautaidinh [0 0 1 0 0 1 1 1 0 0 0 1 0
u=1? Chi rd trang thii ctia ngin xép va [[0 1 0 0 1 0 1 0 0 0 0 1 0
tap dinh dugc duyét theo mdi budc thyc [[0 0 0 1 1 1 0 1 0 0 0 0 0
hién cta thuit toan? 0000101000010
0O 0 00 0 0 O O0OO0OT1 1 01

0O 0 000 OO 0O 1 01 11

0O 0 000 00O 01 1 001

0 0 001 1 0 1 01 0 00O

0O 0 000 OO0 1 11 00

Loi giai. Trang thai ciia ngan xép va tap dinh duoc duyét theo thuat toan dugc thé
hién trong Bang 3.1 dudi day.

Bang 3.1. Kiém nghiém thuat toan DFS(1).

STT Trang thai stack Cac dinh duwoc duyét
1 1 1
2 1,2 1,2
3 1,2,3 1,2,3
4 1,2,3,4 1,2,3,4
5 1,2,3,47 1,2,3,4,7
6 1,2,3,4,7,5 1,2,3,47,5
7 1,2,3,4,7,5,6 1,2,3,4,7,5,6
8 1,2,3,4,7,5,6, 12 1,2,3,4,7,5,6, 12
9 1,2,3,4,7,5/6,12,8 1,2,3,4,7,5,6,12, 8
10 1,2,3,47,56,12,10 1,2,3,4,7,5,6,12,8, 10
11 1,2,3,4,7,5,6,12,10,9 1,2,3,4,7,5,6,12,8,10,9
12 1,2,3,4,7,5,6,12,10,9, 11 1,2,3,4,7,5,6,12,8,10,9, 11
13 1,2,3,4,7,5,6,12, 10,9, 11, 13 1,2,3,4,7,5,6,12, 8, 10,9, 11, 13
14 %)

Két qua duyét DFS(1)={ 1,2, 3,4,7,5,6, 12, 8, 10, 9, 11, 13}.

34




Chay.

e Dbi voi do thi vo hudng, néu DES(u) = V ta c6 thé két luan db thi lién thong.

e DOi v6i dd thi ¢ hudng, néu DFS(u) = V ta ¢6 thé két ludn do thj lién thong

yeu.

3.1.4. Cai dat thuat toan

Thuat todn duogc cai dat theo khuon dang dir liéu td chirc trong file dothi.in dugc
qui udc nhu duogc trinh bay trong Muc 2.1.3 nhu sau:

e Dong dau tién ghi lai s6 dinh cta d6 thi;

e N dong ké tiép ghi lai ma tran ké ctia d6 thi. Hai phan tir khac nhau ctia ma tran
ke dugc viét cach nhau mot vai khoang trong.

Chuong trinh duoc thuc hién véi cac thu tuc nhu sau:

e Ham Init() : doc dir liéu theo khudén dang tur file dothi.in va thiét 12p mang
chuaxet[u] =True (u=1, 2,..,n).

e Ham DFS Dequi : Cai dat thuat toan DFS(u) bang dé qui.
e Ham DFS Stack : Cai dat thuat todn DFS(u) dua vao stack.

Vi du véi file dothi.in duéi ddy véi u = 3 s& cho ta két qua thuc hién chuong trinh
nhu sau:

dothi.in

10

0 1 1 1 0 0 0 0 0 0
1 0 0 1 1 0 0 0 0 0
1 0 0 1 0 1 0 0 0 0
1 1 1 0 1 1 0 0 1 0
0 1 0 1 0 0 0 1 0 0
0 0 1 1 0 0 1 0 0 0
0 0 0 0 0 1 0 0 1 1
0 0 0 0 1 0 0 0 1 1
0 0 0 1 0 0 1 1 0 1
0 0 0 0 0 0 1 1 1 0

DFS(3)=3,1, 2,4,5,8,9,7,86, 10.
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#include <stdio.h>
#include <conio.h>
#include <iostream.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int A[MAX] [MAX], n,chuaxet[MAX];
void Init (void) {
int i,3;FILE *fp;
fp=fopen ("DOTHI.IN","r");
fscanf (fp, "%d", &n) ;
printf ("\n So dinh do thi:%d",n);
for(i=1; i<=n; 1i++){
printf ("\n") ;chuaxet[i]=TRUE;
for(j3=1; j<=n; Jj++) {
fscanf (fp, "%d", &A[1]1[]]1);
printf ("%3d",A[i][J])

}
}
void DFS Dequi (int u) {
int v;
printf ("%3d",u) ;chuaxet [u]=FALSE;
for (v=1; v<=n; v++) {
if(A[u] [v] && chuaxet[v])
DFS Dequi (V) ;
}
}
void DFS Stack(int u) {
int Stack[MAX], dau=l, s, t;
Stack[dau]=u;chuaxet[u]=FALSE;
printf ("$3d",u);
while (dau>0) {
s=Stack[dau];dau--;
for(t =1;t<=n; t++){
if (chuaxet[t] && A[s][t]) {
printf ("%$3d",t);
chuaxet[t] = FALSE;
Stack[++dau]=s;
Stack[++dau]=t;break;
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void main (void) {
int u ;clrscr();Init();
cout<<"\n Dinh bat dau duyet:";
cin>>u;
DFS Stack (u) ;
//DFS_Dequi (u) ;
getch () ;

}

3.2. Thuét toan tim kiém theo chiéu rong (Breadth First Search)

3.2.1. Biéu dién thuat toan

Pé y rang, v6i thuat toan tim kiém theo chiéu sau, dinh thim cang mudn s& tro
thanh dinh som dugc duyét xong. D6 1a két qua tat yéu vi cac dinh tham dugc nap vao
stack trong thu tuc dé qui. Khéac vai thuat toan tim kiém theo chiéu siu, thuat toan tim
kiém theo chiéu rong thay thé viéc sir dung stack bang hang doi (queue). Trong thu tuc
nay, dinh dugc nap vao hang doi dau tién 1a u, cac dinh ké vaoi u 12 (vq, Vy, . . ., Vi) dugc
nap vao hang doi néu nhu nd chua dugc xét dén. Qua trinh duyét tiép theo duoc bat dau
tir cac dinh con c6 mdt trong hang doi.

bé ghi nhan trang thai duyét cic dinh cua dd thi, ta cling van su dung mang
chuaxet[] gdm n phan tir thiét 1ap gia tri ban dau 1a TRUE. Néu dinh u cta do thi da duoc
duyét, gia tri chuaxet[u] s& nhan gia tri FALSE. Thuat toan ding khi hang doi rong. Hinh
3.3. dudi day mo ta chi tiét thuat toan BFS(u).

Thuéat toan BFS(u):
Budc 1(Khdi tao):
Queue = J; Push(Queue,u); chuaxet[u] = False;
Budrc 2 (Lap):
while (Queue = & ) do
s = Pop(Queue); <Thdm dinh s>;
for each teKe(s) do
If ( chuaxet[t] ) then
Push(Queue, t); chuaxet[t] = False;
EndIf ;
EndFor ;
EndWhile ;
Buéc 3 (Tra lai két qua)
Return(<Tép dinh dugc duyét>) ;
End.

Hinh 3.3. Thudt toan BFS(u).
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3.2.2. B¢ phirc tap thuat toan
Do phuc tap thuét toan BFS(u) phu thugc vao phuong phap biéu dién dd thi. Do
phurc tap thuat todn BFS(u) theo cac dang bi€u dién do6 thi nhu sau:

e Do phirc tap thuét toan 1a O(n®) trong truong hop d6 thi biéu dién dudi dang
ma tran ké, voi n 1a so6 dinh cua do thi.

e Do phuc tap thuit toan 1a O(n.m) trong truong hop dd thi biéu dién duéi dang
danh sach canh, vdi n 1a so6 dinh ctia 6 thi, m 1a s6 canh cua do thi.

e Do phuc tap thuat toan la O(max(n, m)) trong truong hop dd thi biéu dién dudi
dang danh sach ké, v6i n 1a s dinh cia db thi, m 1a sé canh ctia do thi.

Ban doc tu chiing minh hoac cé thé tham khao trong cac tai licu [1, 2, 3].

3.2.3. Kiém nghiém thuit toan

- — 01 11 0000UO0UO0UO0O0 0
Vi du § Cho d6 thi gébm 13 dinh duge |1 o 1 1 0 1 0 0 0 0 0 0 0
biéu dién dudi dang ma tran ké nhu hinh |1 1 0 1 1 0 o0 0 0 0 0 0 O
bén phai. Hay cho biét két quathuc hién [|1 1 1 0 0 0 1 0 0 0 0 0 0
thuat toan trong Hinh 3.3 bat du taidinh [0 0 1 0 0 1 1 1 0 0 0 1 0
u=1? Chi r0 trang thai cuia hang doivatgp (|0 1 0 0 1 0 1 0 0 0 0 1 O
dinh duoc duyét theo mdi bude thyc hién |[[0 0 0 1 1 1 0 1 0 0 0 0 0
cua thuat toan? c 000101000010

0o 0 0000 OO O 1 1 01
0000O0OO0OUOT1O0 111
0000O0OO0UOT110 01
0o 0 001 1 0101 00O
0000O0O0O0OTI1110 0

Loi gidi. Trang thai ciia hang dgi va tap dinh dugc duyé¢t theo thudt toan dugc thé
hién trong Bang 3.2 dudi day.

Bang 3.2. Kiém nghiém thuét toan BFS(1).

STT Trang thai Queue Cac dinh dugc duyét
1 1 %,
2 2,3,4 1
3 3,4,6 1,2
4 4,6,5 1,2,3
5 6,5,7 1,2,3,4
6 57,12 1,2,3,4,6
7 7,12, 8 1,2,3,4,6,5
8 12,8 1,2,3,4,6,5,7
9 8, 10 1,2,3,4,6,5,7,12
10 10 1,2,3,4,6,5/7,12,8
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11

9,11, 13

12

11,13

13

13

14

%)

Chay.

e Dbi voi do thi vo hudng, néu BFS(u) = V ta co thé két luan do thi lién thong.

e Dbi v6i @6 thi c6 hudng, néu BES(u) = V ta c6 thé két luan d6 thi lién thong

yeu.

3.2.4. Cai dat thuat toan

Thuat toan dugc cai dat theo khuon dang dir li¢u td chire trong file dothi.in dugc

qui udc nhu dugc trinh bay trong Muc 2.1.3 nhu sau:

e Dong dau tién ghi lai s6 dinh cua db thi;

e N dong ké tiép ghi lai ma tran ké ctia d6 thi. Hai phan tir khac nhau ctia ma tran

ke dugc viét cach nhau mot vai khoang trong.

Chuong trinh dugc thuc hién véi cac thu tuc nhu sau:

e Ham Init() : doc dit lidu theo khudn dang tir file dothi.in va thiét lap mang

chuaxet[u] =True (u=1, 2,..,n).

e Ham BFS Dequi : Cai dit thuat toan BFS(u) bang hang doi.

Vi du véi file dothi.in duéi ddy véi u = 3 sé& cho ta két qua thuc hién chuong trinh

nhu sau:

dothi.in

10

0 1 1 1 0 0
1 0 0 1 1 0
1 0 0 1 0 1
1 1 1 0 1 1
0 1 0 1 0 0
0 0 1 1 0 0
0 0 0 0 0 1
0 0 0 0 1 0
0 0 0 1 0 0
0 0 0 0 0 0

BFS(3)=3,1, 4, 6,2,5,9,7,8, 10.
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#include <stdio.h>
#include <conio.h>
#define MAX 50
#define TRUE 1
#define FALSE O
int A[MAX] [MAX], n,chuaxet[MAX];FILE *fp;
void Init (void) {
int 1,73;
fp= fopen("dothi.in","r");
fscanf (fp, "%d", &n) ;
printf ("\n So dinh do thi:%d",n);
for (i=1; i<=n; i++){
printf ("\n") ;chuaxet[i]=TRUE;
for (j=1; Jj<=n; J++){
fscanf (fp, "%d", &A[1] [J])
printf ("$34d",A[1]1[]]1);

}
}
void BFS (int u) {
int queue[MAX], low=1, high=1, v;
queue [low]=u;chuaxet [u]=FALSE;
printf ("\n Ket qua:");
while (low<=high) {
u = queuel[low];low=low+l;
printf ("%$3d", u);
for (v=1; v<=n; v++) {
if (A[u] [v] && chuaxet[v]) {
high = high+1;
queue [high]=v;
chuaxet [v]=FALSE;

}
}
volid main (void) {
int u;
Init () ;
printf ("\n Dinh bat dau duyet:");
scanf ("%d", &u) ;
BFS (u) ;
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3.3. Ung dung ciia thuat toan DFS va BFS

C6 rat nhiéu tng dung khac nhau cua thuat toan DFS va BFS trén d6 thi. Trong
khuon khd cua gido trinh ndy, chiing t6i dé cap dén mot vai tmg dung co ban. Nhiing tng
dung cu thé hon ban doc c6 thé tim théy rat nhiéu trong cac tai li¢u khac nhau hoac
Internet. Nhitng tmg dung co ban cta thuat toan DFS va BFS dugc dé cip bao gom:

o Duyét tat ca cac dinh cia do thi.

o Duyét tdt ca cdc thanh phan lién théng cia dé thi.

o Tim dwong di tir dinh s dén dinh t trén do thi.

o Duyét cac dinh tru trén do thi vé hwong.

o Duyét cac dinh tru trén do thi voé huwong.

o Duyét cac canh cau trén do thi vé huong.

o Binh chiéu do thi vé hwong.

o Duyét cac dinh ré nhanh cua cap dinh s, t.

o Xdc dinh tinh lién thong manh trén do thi ¢é huong.

o Xdc dinh tinh lién théng yéu trén do thi c¢6 huwdng.

o Thudt todn tim kiém theo chiéu rong trén do thi.

o Xdy dung cdy khung ciia do thi vé hwéng lién thong...
3.3.1. Xac dinh thanh phan lién thong cia do thi

a) Dat bai toan

Cho db thi db thi vo hudng G=<V,E>, trong do V la tap dinh, E la tdp canh. Bai
toan dat ra la xac dinh cac thanh phan lién thong ctia G =<V ,E>?

b) M6 ta thuéat toan

Mot dd thi co thé lién thong hodc khong lién thong. Néu db thi lién thong thi sb
thanh phan lién thong cta nd 1a 1. Piéu nay twong duong véi phép duyét theo thu tuc
DFS(u) hoic BFS(u) dwoc goi dén dung mot lan. NOi cach khac, DFS(u)=V va
BFS(u)=V.

Néu d6 thi khong lién thong (s6 thanh phan lién thong 16n hon 1) ching ta c6 thé
tach ching thanh nhiing d6 thi con lién thong. Didu nay ciing co6 nghia la trong phep
duyét db thi, s6 thanh phan lién thong cua nd bang dung s6 1an goi t6i thii tuc DFS() hodc
BFS(). Bé xac dinh sb cac thanh phan lién thong cua do thi, ching ta st dung thém bién
solt dé nghi nhan cac dinh cung mot thanh phﬁn lién thong. Khi do, thuat toan xac dinh
cac thanh phén lién thong cua db thi duoc mé ta trong Hinh 3.4.
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Thuat toan Duyet-TPLT:
Budc 1 (Khoi tao):
solt = 0; //Khoi tao s6 thanh phan lién thong ban dau 13 0
Budc 2 (Lap):
for (u =1; u< n; ut++) do //1ap trén tap dinh
if (chuaxet[u] ) then
solt = solt + 1; //Ghi nhan s6 thanh phan lién thong
<Ghi nhan cac dinh thuoc TPLT>;
BFS (u); //IDFS(u); /1
endif;
endfor;
Buée 3 (Tra lai két qua):
Return(solt);
end.

Hinh 3.4. Thudt todn duyét cic thanh phan lién théng ciia do thi.

¢) Kiém nghiém thuét toan

Vi du ta can kiém nghi¢m thuat toan trén Hinh 3.4 cho dd thi duoc biéu dién dudi
dang ma tran ké nhu dudi day.

001 01 010O0O0O0TO0TO
0 001 010O0O0O0O0O0CTO
10001010O0O0T1O0T0O0
0100010101000
1010001010101
01 010O0O01O011O0O00O0
101 010O0O01O0O0O0TO0
0001 010O0O01O0T11O0
0 000O0O1O01O0O0O0T1O0TI1
0001010100010
0 01 01 0O0O0T1O0O0TO0?1
0 000OOO1O0OT1O0O00O
0 0O00O0O1O0O0OO0OI1ITO0T11O0TGO0

Thuc hién thuat toan DFS va BFS nhu duoc mo ta ¢ trén ta nhan duoc :
Thanh phén lién théng 1: BFS(1)={ 1, 3,5, 7,9, 11, 13}.
Thanh phﬁn lién thong 2: BFS(2) = {2, 4, 6, §, 10, 12}.
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d) Cai dat thuat toan

Chuong trinh duyét cac thanh phan lién thong cta d6 thi duoc cai dit theo khudn
dang dir 1i€u biéu dién dudi dang ma tran ké trong Muc 2.3.1 véi céac thu tuc sau:

e Ham Init() : Poc dit liéu theo khudn dang va khéi ddu mang chuaxet[u] = True
(1<i<n).

e Ham BFS (u), DFS(u) : Hai thuit toan duyét theo chiéu rong va duyét theo
chiéu sau dugc sir dung dé xac dinh cac thanh phan lién thong.
#include <stdio.h>
#include <conio.h>
#define MAX 50
#define TRUE 1
#define FALSE O
int A[MAX] [MAX], n,chuaxet[MAX], solt=0;
void Init (void) {
int i, J;FILE *fp;
fp=fopen ("dothi.in","r");
fscanf (fp, "%d", &n) ;
printf ("\n So dinh do thi:%d",n);
for (i=1; i<=n; i++){
printf ("\n") ;chuaxet[i]=TRUE;
for (j=1; j<=n; Jj++){
fscanf (fp, "%d", &A[1] [J])
printf ("$3d",A[1][]])

}
}
void BFS (int u) {
int gqueue[MAX],low=1l,high=1, s,t;
queue [low]=u; chuaxet [u]=FALSE;
while (low<=high) {
s = queue[low];low=low+1l;
printf ("%3d", s);
for(t=1; t<=n; t++){
if(A[s][t] && chuaxet[t]) {
high = high+1;
queue [high]=t;
chuaxet [t ]=FALSE;
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void DFS (int u) {
int v;printf ("%3d",u);
chuaxet [u]=FALSE;
for(v=1; v<=n; v++) {
if(A[u] [v] && chuaxet[v])
DE'S (V) ;
}
}
void main (void) {
int u ; clrscr();Init();
for (u=1l;u<=n; u++){
if (chuaxet[u]){ solt++;
printf ("\n TP.Lien thong %d:", solt);
BEFS (u) ; //DFS (u) ;

}
3.3.2. Tim dwong di giira cac dinh trén db thi

a) Dat bai toan

Cho d6 thi G =<V, E> (vé hudng hodc c¢é hwéng), trong d6 V 1a tap dinh, E 1a tap
canh. Bai toan dit ra 1 hiy tim duong di tir dinh seV dén dinh teV?

b) M6 ta thuéat toan

Cho dd thi G =<V, E>, s, t 1a hai dinh thudc V. Khi d6, d& dang nhan thiy, néu
teDFS(S) hodc teBFS(S) thi ta c6 thé két luan c6 duong di trsdént trén dd thi. Néu
te DFS(S) hodc tgBFS(S) thi ta c6 thé két luan khong c6 duong di tir s dén t trén  dd  thi.
Van dé con lai 1a ta ghi nhan thé nao duong di tir s dén t?

Pé ghi nhan dudng di tir s dén t dya vao hai thuat toan DFS(s) hodc BFS(S) ta sir
dung mot mang truoc[] gdm n phan tir (n=|V|). Khdi tao ban dau truoc[u]=0 véi moi u =
1, 2, .., n. Trong qua trinh thyc hién hai thuat toan DFS (s) va BFS(s), mdi khi ta dua dinh
veKe(s) vao ngin xép (trong truong hop ta si dung thudt todn DFS) hodc hang
doi(trong truong hop ta sir dung thudt todn DFS) ta ghi nhan truoc[v] = s. Piéu nay co
nghia, dé di duoc dén v ta phai qua dinh s. Khi hai thuat toan DFS va BFS duyét dén dinh
t thi truoc[t] s€ nhan gia tri 1a mét dinh nao d6 thudc V hay te DFS(s) hoac teBFS(s).
Trong truong hop hai thit tuc DFS va BFS khong duyét dugce dén dinh t, khi d6 truoclt]
=0 va ta két luan khong c6 dudng di tir s dén t. Hinh 3.5 du6i diy mé ta thuit toan tim
dudng di tir dinh s dén dinh t trén d0 thi bang thuat toan DFS. Hinh 3.6 duéi diy mo ta
thuat toan tim duong di tir dinh s dén dinh t trén d6 thi bang thuét toan BFS. Hinh 3.7
dudi ddy mo ta thudt toan ghi nhan dudng di tir dinh s dén dinh t trén do thi.
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Thuat toan DFS(S):
Begin
Budce 1 (Khdi tao):
stack = &; IIKhoi tao stack la &
Push(stack, s); //Dua dinh s vao ngdn xép
chuaxet[s] = False; /[ Xdc nhan dinh u da duyét
Buoéce 2 (Lap) :
while (stack = &) do
u = Pop(stack); //Logai dinh & dau ngan xép
for each ve Ke(u) do //Ldy méi dinh ueKe(v)
if ( chuaxet[v] ) then //Néu v diing la chua duyét
chuaxet|[v] = False; // Xdc nhan dinh v da duyét
Push(stack, u);//Puwa u vao stack
Push(stack, v); //Pwa v vao stack
truoc[v] = u; //Ghi nhan truoc/v] la u
break; IIChi ldy mét dinh t
EndIf;
EndFor;
EndWhile;
Buéc 3 (Tra lai két qua):
Return(<Tép dinh da duyét>);

End.
HITIT 5.0. ITnuat toan Drs imm auong ditu Sden .
Thuat toan BFS(s):
Budc 1(Khdi tao):
Queue = J; Push(Queue,s); chuaxet[s] = False;
Budrc 2 (Lap):
while (Queue = & ) do
u = Pop(Queue);
for each veKe(u) do
if ( chuaxet[v] ) then
Push(Queue, v);chuaxet[v]=False;truoc[v]=u;
EndlIf ;
EndFor ;
EndWhile ;
Buéc 3 (Tra lai két qua) :
Return(<Tép dinh dugc duyét>) ;
End.

Hinh 3.6. Thuat toan BFS tim duong di tir s dén t.
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Thuat toan Ghi-Nhan-Duong-Di (s, t) {
if (truoc[t] ==0){
<Khoéng c6 duong di tir s dén t>;
}
else {
<Pua ra dinh t>; //Pwa ra truoc dinh t
u = truoc[t]; //u la dinh truée khi dén dwoc t
while (u#s) { //Lap néu u chua phai 1a s
<Pua ra dinh u>; //Pua ra dinh u
u = truoc[u]; // Lan nguoc lai dinh truoc[u].
}
<Pua ra ndt dinh s>;
}
}

Hinh 3.7. Tha tuc ghi nhan dudng di tir s dén t

¢) Kiém nghiém thuét toan

Gia sir ta can xac dinh dudng di tir dinh 1 dén dinh 13 trén d6 thi duoc bicu dién
dudi dang ma tran ké. Khi do, thir ty cac bude thuc hién theo thuat toan DES duoc thé
hién trong Bang 3.3, tha ty cac budce thuc hién theo thuat todn BFS dugc thé hién trong
Bang 3.4.

Bang 3.3. Kiém nghiém thuat toan DFS(1).

STT Trang thai stack Truoc[s]="?
1 1 0

2 1,2 truoc[2] =1
3 1,2,3 truoc[3] =2
4 1,234 truoc[4] =3
5 1,2,3,47 truoc[7] =4

6 1,2,3,4,7,5 truoc[5] =7

7 1,2,3,4,7,5,6 truoc[6] =5
8 1,2,3,4,7,5,6, 12 truoc[12] =6
9 1,2,3,4,7,5,6,12,8 truoc[8] =12
10 1,2,3,4,7,5, 6,12, 10 truoc[10] =12
11 1,2,3,4,7,5,6,12,10,9 truoc[9] =10
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12 1,2,3,4,7,5,6,12,10,9, 11 truoc[11] =9
13 1,2,3,4,7,5,6,12, 10,9, 11, 13 truoc[13] =11
14 %
Két qua dwong di tir dinh 1 dén dinh 13: 13->11-9-10-12-6-5-7-4-3-2-1.
Bang 3.4. Kiém nghiém thuét toan BFS(1).
STT Trang thai Queue Truoc[s]="?
1 1 truoc[1]=0
2 2,3,4 truoc[2]=1; truoc[3]=1; truoc[4]=1,;
3 3,4,6 truoc[6]= 2
4 4,6,5 truoc[5]=3
5 6,5,7 truoc[7]=4
6 57,12 truoc[12]=6
7 7,12, 8 truoc[8]=12
8 12,8
9 8, 10 truoc[10]=12;
10 10
11 9,11, 13 truoc[9]=10; truoc[11]=10; truoc[13]=10;
12 11,13
13 13
14 %

Két qua duong di: 13-10-12-6-2-1.
Chay.

e Duong di tur dinh s dén dinh t theo thuat toan BFS di qua it nhét céc canh cta

db thi (c6 d6 dai nho nhat).
d) Cai dit thuit toan

#include <stdio.h>
#include <conio.h>
#include <iostream.h>
#define MAX 50
#define TRUE 1
#define FALSE O
int A[MAX] [MAX],

n, chuaxet [MAX],

truoc[MAX], s, t;

void Init (void) {//Poc dit liéu va kh&i dau céac bién

int i,3;FILE *fp;

fp=fopen ("dothi.in","r");
fscanf (fp, "sd", &n) ;

printf ("\n So dinh do thi:%d",n);
for (i=1; i<=n; i++){
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printf ("\n") ;chuaxet [1]=TRUE; truoc[i]=0;
for (j=1; j<=n; J++){

fscanf (fp,"%d", &A[1][3]);

printf ("s3d",A[i][]]);

}
}
void DFS(int u) {//Thudt toan DFS
int v;
printf ("%3d",u) ;chuaxet[u]=FALSE;
for(v=1; v<=n,; v++) {
if(A[u] [v] && chuaxet[v]) {
truoc[v]=u;DFS (V) ;
}
}
}
void BFS(int i) {//Thudt toan BFS
int queue[MAX], low=1, high=1, u, v;
queue [low]=1i;chuaxet [1]=FALSE;
while (low<=high) {
u = queuel[low];low=lowtl;
for (v=1; v<=n; v++) {
if(A[u] [v] && chuaxet[v]) {
high = high+1l;queuelhigh]=v;
truoc[v]=u; chuaxet[v]=FALSE;

}

void Duongdi (void) {
if (truoc[t]==0) {
printf ("\n Khong ton tai duong di");
getch(); return;

}

printf ("\n Duong di:");

int j = t;printf("%3d<=",73);
while (truoc[j]!=s) {

printf ("$3d<=", truoc[j]);Jj=truoc([]];
}

printf ("$3d",s); getch();
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void main (void) {
Init();
printf ("\n Dinh dau:");scanf ("%d", &s);
printf ("\n Dinh cuoi:");scanf ("%d", &t);
DFS(s); //BFS(s);
Duongdi () ;

3.3.3. Tinh lién thong manh trén @6 thi c6 huwéng
a) Dat bai toan

‘ D6 thi co6 hudng G=<V.E> lién thong manh néu giita hai dinh bat ky cua no déu
ton tai duong di. Cho trudc do thi c6 huéng G = <V,E>. Nhi€ém vu cua ta 1a ki€ém tra xem
G c6 lién thong manh hay khong?

b) M6 ta thuat toan

Pbi véi d6 thi vo hudng, néu hai thu tuc DFS(u) = V hodc BFS(u) = V thi ta két
luan d6 thi vo hudng lién thong. D6i voi do thi co hudng, néu DFS(u)=V hoic BFS(u)=V
thi ta méi chi co két luan c6 duong di tir u dén tit ca cac dinh con lai ctia dd thi. Nhiém
vu cua ta la phai kiém tra DFS(u)=V hodc BFS(u)=V v&i moi ueV. Hinh 3.8 dudi day
mo ta chi tiét thuat toan kiém tra tinh lién thong manh cta do thi.

Boolean Strong-Connective ( G =<V, E>) {

Relnit(); //YueV: chuaxet[u] = True;

for each ueV do {//Ldy méi dinh thuéc V
if (DFS(u)=V ) then //Néu DFS(u) #V hodic BFS(u) &V

return(False): //Dé thi khéng lién thong manh

endif;
Relnit();//Khai tao lai cac mang chuaxet/[]

endfor;

return(True)://Po thi lién théng manh

Hinh 3.8. Thuat toan kiém tra tinh lién thong manh.

¢) Kiém nghiém thuit toin
Gia sir ta can xac dinh dd thi c6 huéng G =<V,E> dugc biéu dién dudi dang ma

tran ké dudi day co6 lién thong manh hay khong? Khi d6 cac budc thuc hién theo thuat
toan Hinh 3.8 dugc thuc hién theo Bang 3.5 dudi day.
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Bang 3.5. Kiém nghiém thuét toan kiém tra tinh lién thong manh.

Pinh ueV DFS(u)=?//BES(u)=? DFS(u) =V/?
leV |DFS(1)=1,6,10,2, 3,09,5,7 11,8, 4,12, 13 Yes
2¢V  |DFS(2)=2,3,9,5,7, 11, 8,4, 1, 6,10, 12, 13 Yes
3¢V |DFS(3)=3,9,5,7, 11,2 8,4, 1,6, 10,12, 13 Yes
4eV | DFS(4)=4,1,6,10,2,3,9,5,7 11,8, 12, 13 Yes
5¢V | DFS(5)=5,7,11,2,3,9, 13,8, 4,1, 6, 10, 12 Yes
6eV | DFS(6)=6,10,2,3,9,5,7,11,8,4,1,12, 13 Yes
7eV  |DFS(7)=7,11,2,3,9,5,13,8,4,1,6,10, 12 Yes
8eV | DFS(8)=8,4,1,6,10, 2,3,9,5,7, 11,13, 12 Yes
9eV | DFS(8)=9,5,7, 11,2, 3,13,8,4,1,6,10, 12 Yes
10eV | DFS(10)=10,2,3,9,5,7, 11,8, 4,1, 6, 12, 13 Yes
11eV |DFS(11)=11,2,3,9,5,7, 13,8, 4,1, 6, 10, 12 Yes
12V |DFS(12)=12,4,1,6,10,2,3,9,5,7, 11, 8, 13 Yes
13V |DFS(13)=13,9,5,7, 11, 2, 3,8, 4, 1, 6, 10, 12 Yes

Cot ngoai cung ctia Bang ¢6 DFS(u) = V voi moi ueV nén ta két luan G lién
thong manh. Néu tai mdt hang nao d6 c6 DFS(u) #V thi ta két luan dd thi khong lién
thong manh va khong can phai kiém tra tiép cac dinh con lai.
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d) Cai dat thuat toan

Thuat toan duogc cai dat theo khuon dang dd thi duoc qui udc trong Muc 2.3.1 voi
cac thu tuc sau:

e Thutyuc Read-Data()  : Poc ma tran ké biéu dién do thi trong file dothi.in.

e Thu tuc Relnit() : Khoi tao lai gia tr1 cho mang chuaxet([].
e Thu tuc DFS(u) - Thuat toan DFS bét dau tai dinh u.
e Thu tuc BFS(u) - Thuat toan BFS bat dau tai dinh u.

e Ham Strong-Conective(): Kiém tra tinh lién thong manh cua db thi.

Chuong trinh kiém tra tinh lién thong manh cua dd thi duoc thé hién nhu dudi day.
#include <stdio.h>
#include <conio.h>
#include <iostream.h>
#define MAX 50
#define TRUE 1
#define FALSE O
int A[MAX] [MAX], n,chuaxet[MAX], solt=0;
//Doc du lieu
void Read Data (void) {
int i, J;FILE *fp;
fp=fopen ("dothi.IN","r");
fscanf (fp, "sd", &n) ;
printf ("\n So dinh do thi:%d",n);
for (i=1; i<=n; i++){
printf ("\n");
for (j=1; j<=n; J++){
fscanf (fp, "%d", &A[1]1[]]1);
printf ("$34d",A[1]1[]]1);

}
}
//Thuat toan BFS
void BFS (int u) {
int queue[MAX],low=1,high=1, s,t;
queue [low]=u;chuaxet [u]=FALSE;
while (low<=high) {
s = queuel[low];low=low+l;
//printf ("$3d", s);
for(t=1; t<=n; t++){
if(A[s][t] && chuaxet[t]) {
high = high+1;
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queue [high]=t;
chuaxet [t]=FALSE;

}

}
//Thuat toan DFS

void DFS (int u) {
int v;//printf ("%$3d",u);
chuaxet [u]=FALSE;
for(v=1; v<=n,; v++) {
if(A[u] [v] && chuaxet[v])
DFS (v) ;
}
}

//Khoi dau lai mang chuaxet/[]
void ReInit (void) {
for (int i=1; i<=n; i++)
chuaxet [1]=TRUE;
}
//Kiem tra so lien thong >17
int Test So Lien Thong(void) {
for (int u=1l; u<=n; u++)
if (chuaxet[u]) return(l):;
return (0) ;
}
//Kiem tra tinh lien thong manh
int Strong Conective (void) {
Read Data(); RelInit();
for (int u=1l,; u<=n; u++) {
chuaxet [u]=FALSE;
if (u==1) DFS(2);//BFS(2);
esle DFS(1); //BFS(1);
if(Test So Lien Thong()) return(0);
ReInit () ;
t
return (1) ;
}
void main (void) {
1f(Test LT Manh())
printf ("\n Do thi lien thong manh");
else
printf ("\n Do thi khong lien thong manh");
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3.3.4. Duyét cac dinh tru
a) Dat bai toan

Cho d6 thi vo hudng lién thong G =<V, E>. Pinh ueV dugc goi tru néu loai bo
dinh U cung v6i1 cac canh nd1 vé1 U lam tang thanh phéan lién thong cua do6 thi. Bai toan
dat ra la xay dung thuat todn duyét cac dinh tru ctia do thi vé6 huéng G =<V, E> cho
trude?

b) M6 ta thuat toan

Khéng han ché tinh téng quat cta bai toan ta co thé gia thiét d6 thi di cho ban dau
1a lién thong. Trong truong hop do thi khong lién thong, bai toan duyét tru thuc chat giai
quyét cho moi thanh phan lién thong ctia do thi.

Dbi v6i d6 thi duge biéu dién dudi dang ma tran ké, viéc loai bo dinh u cung vai
cac canh ndi v4i U tuong tng v4i viée loai bo hang U va cot U twong Ung trong ma tran ké.
Pé thuc hién viéc nay trong cac thu tuc DFS() hoac BFS() ta chi can thiét lap gia tri
chuaxet[u] = False. Qua trinh duyét s& dugc thuc hién tai mot dinh bat ky v=u. Néu
DFS(v) = V\{u} hodc BFS(v) = V\{u} thi d6 thi méi nhan duoc ciing chi c6 1 thanh phan
lién thong va ta két luan v khong la try. Truong hop DFS(v) # V\{u} hodac BFS(v) #
V\{u} thi v chinh 1 try vi s thanh phan lién thong cua dd thi da tang l1én. Thuat toan
duyét cac dinh tru ctia d thi dugc mo ta chi tiét trong Hinh 3.9.

Thuat toan Duyet-Tru (G =<V, E>) {

Relnit(); /YueV: chuaxet[u] = True;

for each veV do {//Ldy méi dinh u tdp dinh V
chuaxet[v] = False; /Cadm DFS hodc BFS duyét vao dinh v
iIf (DFS(u) = V\{v} ) then //Duyét DFS hoac BFS tai dinh u=v

<Ghi nhan v 1a tru>;

endif ;
Relnit();//Khai tao lai cac mang chuaxet/]

endfor;

Hinh 3.9. Thuit toan duyét cac dinh tru cta do thi.
¢) Kiém nghiém thuit toin
Gia sir ta can xac dinh d6 thi vd huéng G =<V ,E> dugc biéu dién dudi dang ma

tran ké dudi day co nhimng dinh tru nao? Khi d6 cac bude thuc hién theo thuat toan Hinh
3.9 duogc thuc hién theo Bang 3.6 dudi day.
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Bang 3.6. Kiém nghiém thuat toan duyét cac dinh try ciia dd thi.

Pinh veV DFES(u)=?//BFS(u)=? uzv. DFS(u) #V\v?
leV DFS(2)= 2,3,4,5,6,7,8,9, 10, 11,12, 13 No
2V DFS(1)=1,3,4,5,6,7,8,9,10,11, 12, 13 No
3eV DFS(1)=1,2,4 Yes
4eV DFS(1)=1,2,3,5,6,7,8,9,10,11, 12, 13 No
5eV DFS(1)=1,2,3,4 Yes
6eV DFS(1)=1,2,3,4,5,7,8,9,10,11, 12, 13 No
7eV DFS(1)=1,2,3,4,5,6,9, 8,10,11,12,13 No
8eV DFS(1)=1,2,3,4,5,6,7, 9,10, 11,12, 13 No
9eV DFS(1)=1,2,3,4,5,6,7, 8 Yes
10evv |DFS(1)=1,2,3,4,5,6,7, 8,9 Yes
11evV |DFS(1)=1,2,3,4,5,6,7, 8,9, 10,12,13 No
12evV |DFS(1)=1,2,3,4,5,6,7, 8,9, 10, 11, 13 No
13evv |DFS(1)=1,2,3,4,5,6,7, 8,9,10,12,13 No

Pinh ¢ hang u c6 gia tri cot sé 3 1a Yes 1a nhimng dinh try, cac dinh c6 gia tri No
khong 1a dinh tru.

d) Cai dat thuat toan

Thuat toan dugc cai dat theo khudén dang dd thi dugc qui udc trong Muc 2.3.1 v6i
cac thu tuc sau:
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e Thutuc Read-Data()  : Poc ma tran ké biéu dién do thi trong file dothi.in.

e Thu tuc Relnit() : Khoi tao lai gia tr1 cho mang chuaxet([].
e Thu tuc DFS(u) - Thuat toan DFS bét dau tai dinh u.
e Thu tuc BFS(u) - Thuat toan BFS bét dau tai dinh u.

Vin ban chwong trinh duoc thé hién nhu duéi day.

#include <stdio.h>
#include <conio.h>
#include <iostream.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int A[MAX] [MAX], n,chuaxet[MAX], solt=0;
//Doc du lieu
void Read Data (void) {
int i,J;FILE *fp;
fp=fopen ("dothi.IN","r");
fscanf (fp, "%d", &n) ;
for(i=1; i<=n; 1i++){
printf ("\n");
for (j=1; j<=n; Jj++){
fscanf (fp, "%d", &A[1]1[]]1);
}
}
}
//Thuat toan BFS
void BFS (int u) {
int gqueue[MAX],low=1l,high=1, s,t;
queue [low]=u;chuaxet [u]=FALSE;
while (low<=high) {
s = queue[low];low=low+1l;
//printf ("$3d", s);
for (t=1; t<=n; t++){
if (A[s][t] && chuaxet[t]) {
high = high+1;
queue [high]=t;
chuaxet [t ]=FALSE;

55



//Thuat toan DFS
void DFS (int u) {
int v;//printf ("%$3d",u);
chuaxet [u]=FALSE;
for(v=1; v<=n,; v++) {
if(A[u] [v] && chuaxet[v])
DE'S (V) ;
}
}

//Khoi dau lai mang chuaxet/[]
void ReInit (void) {
for (int i=1; i<=n; i++)
chuaxet [1]=TRUE;
}
//Kiem tra so lien thong >1?
int Test So Lien Thong(void) {
for(int u=1l; u<=n; u++)
if (chuaxet[u]) return(l):;
return (0) ;
}
//Duyét cac dinh tru
void main (void) {
Read Data(); RelInit();
for (int u=1l; u<=n; u++) {
DFS(1);//BFS(1);
1f (Test So Lien Thong())
printf ("\n Dinh %d la tru", u);
ReInit ()

}

3.3.5. Duyét cac canh céu

a) Dat bai toan

Cho dd thi vo huéng G =<V,E>. Canh e€E dugc goi 1a cau néu loai bo e 1am tdng

thanh phan lién thong cua d6 thi. Bai todn dit ra 1a cho trude do thi vo hudng G = <V,E>,
hay liét ke tat ca cac canh cau cua do thi.

b) M6 ta thuat toan

Khong han ché tinh téng quat cta bai todn ta ciing gia thiét d6 thi G=<V,E> da

cho 12 lién thong. Trong trudng hop dd thi khong lién thong, bai toan duyét cau thyc hién
trén moi thanh phan lién thong cta do thi.
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Trong tru’O‘ng hop d6 thi dugc biéu dién dudi dang ma tran ké, ehi loai bo canh
e=(u,v)<E ra khoi d6 thi ta thuc hién bang cach cho cac phan tir Alu][v]=0 va A[v][u]=0
(A[][] 12 ma tran k& biéu dién dd thi G). Di véi d6 thi duge biéu dién dudi dang danh
sach ké, danh sach ké cua dinh u ta bot di dinh v va danh sach ké cua dinh v ta b6t di dinh
u ( Ke(u) = Ke(u)\{v}, Ke(v) = Ke(v)\{u}). Thuat toan duyét cac canh cau cta do thi
duogc 6 ta chi tiét trong Hinh 3.10.

Thuat toan Duyet-Cau (G =<V, E>) {
Relnit(); //YueV: chuaxet[u] = True;
for each ecE do {//Ldy méi canh thuéc do thi
E = E{e}; //Loai b6 canh e ra khéi do thi
if (DFS(1) # V) then //Néu ting thanh phan lién théng ciia do thi
<Ghi nhén e 13 cau>;
endif ;
E =EU{e} ; //Hoan tra lai canh e
Relnit();//Khai tao lai cac mang chuaxet/]
endfor;

Hinh 3.10. Thuat toan duyét cic canh cau cua db thi.
¢) Kiém nghiém thuét toan
Gia s ta can xac dinh d6 thi vé huéng G =<V,E> dugc biéu dién dudi dang ma

tran ké duéi day c6 nhiing canh cau? Khi d6 cac bude thuc hién theo thuét toan Hinh
3.10 dugc thyc hién theo Bang 3.7 dudi day.
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Bang 3.7. Kiém nghiém thuat toan duyét cac canh cau cua dd thi.

Canh ecE DFS(u)=2//BFS(u)=? DFS(u) #V?
(1,2)eE |DFS(1)=1,3,2,4,5,6,7,8,9,10, 11, 12,13 No
(1,3)eE |DFS(1)=1,2,3,4,5,6,7,8,9,10, 11, 12,13 No
(14)eE |DFS(1)=1,2,3,4,5,6,7,8,9,10,11, 12,13 No
(2,3)eE |DFS(1)=1,2,3,4,5,6,7,8,9,10, 11, 12,13 No
(24)eE |DFS(1)=1,2,3,4,5,6,7,8,9,10, 11, 12,13 No
(34)eE |DFS(1)=1,2,3,5,6,7,8,9,10, 11, 12, 13, 4 No
(35)eE |DFS(1)=1,2,3,4,5 Yes
(5,6)cE |DFS(1)=1,2,3,4,5,7,6, 8,9, 10,11, 12, 13 No
(5,7)eE |DFS(1)=1,2,3,4,5,6,7, 8,9, 10,11, 12,13 No
(5,8)cE |DFS(1)=1,2,3,4,5,6,7, 8,9, 10,11, 12,13 No
(59)cE |DFS(1)=1,2,3,4,56,7, 8,9, 10,11, 12,13 No
(6,7 eE |DFS(1)=1,2,3,4,5,6,9,8, 7,10,11, 12,13 No
(6,9) cE |DFS(1)=1,2,3,4,5,6,7,8, 9, 10,11, 12,13 No
(78) eE | DFS(1)=1,2,3,4,5,6,7,9,8,10, 11, 12, 13 No
(89) eE |DFS(1)=1,2,3,4,5,6,7,8,9, 10,11, 12,13 No
(9,10) cE | DFS(1)=1,2,3,4,5,6,7,8,9 Yes

(10,11) <E | DFS(1) =1, 2, 3,4,5,6,7,8,9, 10, 12, 11, 13 No

(10,12) eE | DFS(1)=1,2,3,4,5,6,7,8,9, 10,11, 12, 13 No

(10,13) <E | DFS(1) =1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13 No

(11,12) eE | DFS(1) =1, 2,3,4,5,6,7,8,9, 10, 11, 13, 12 No

(11,13) eE | DFS(1)=1,2,3,4,5,6,7,8,9, 10, 11, 12, 13 No

(12,13) <E | DFS(1) =1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13 No

Két luan: canh (35), (9,10) 13 cau

d) Cai dat thuat toan

Thuat toan dugc cai dat theo khudén dang dd thi dugc qui udc trong Muc 2.3.1 véi
cac thu tuc sau:
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e Thutuc Read-Data()  : Poc ma tran ké biéu dién do thi trong file dothi.in.

e Thu tuc Relnit() : Khoi tao lai gia tr1 cho mang chuaxet([].
e Thu tuc DFS(u) - Thuat toan DFS bét dau tai dinh u.
e Thu tuc BFS(u) - Thuat toan BFS bit dau tai dinh u.

Chuong trinh kiém tra tinh lién thong manh cua dd thi duoc thé hién nhu dudi day.
#include <stdio.h>
#include <conio.h>
#include <iostream.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int A[MAX] [MAX], n,chuaxet[MAX], solt=0;
//Doc du lieu
void Read Data (void) {
int i,J;FILE *fp;
fp=fopen ("dothi.IN","r");
fscanf (fp, "%d", &n) ;
for(i=1; i<=n; 1i++){
printf ("\n");
for (j=1; j<=n; Jj++){
fscanf (fp, "%d", &A[1]1[]]1);
}
}

}
//Thuat toan BFS

void BFS (int u) {
int queue[MAX],low=1l,high=1, s,t;
queue [low]=u;chuaxet [u]=FALSE;
while (low<=high) {
s = queue[low];low=low+1l;
//printf ("$3d", s);
for (t=1; t<=n; t++){
if (A[s][t] && chuaxet[t]) {
high = high+1;
queue [high]=t;
chuaxet [t ]=FALSE;
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//Thuat toan DFS
void DFS (int u) {
int v;//printf ("%$3d",u);
chuaxet [u]=FALSE;
for(v=1; v<=n,; v++) {
if(A[u] [v] && chuaxet[v])
DE'S (V) ;
}
}
//Khoi dau lai mang chuaxet/[]
void ReInit (void) {
for (int i=1; i<=n; i++)
chuaxet [1]=TRUE;
}
//Kiem tra so lien thong >1?
int Test So Lien Thong(void) {
for (int u=1l; u<=n; u++)
if (chuaxet[u]) return(l):;
return (0) ;
}
//Duyét canh cau
void main (void) {
Read Data(); RelInit();
for (int u=1l; u<n; u++) {
for (int v=u+l;v<=n; v++) {
if(A[ul[v]) { //Neu (u,v) la mot canh
Aful] [v]=0; A[v][ul=0;//Loai canh
DFS(1);//BFS(1);
1f(Test So Lien Thong())
printf ("\n Canh %d%5d ",u, v);
Afu] [v]=1; Afv][u]l=1;
ReInit ();//Khoi tao lai mang chuaxet
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3.4. Mot s6 bai toan quan trong khac
2.4.1. Duyét cac thanh phin lién thong manh ciia dd thi

Dbi v6i d6 thi c6 hudng ngudi ta quan tdm dén viéc duyét cac thanh phan lién
thong manh cta dd thi. Mdi thanh phﬁn lién thong manh cua dd thi 12 mot do thi con cua
G ma giita hai dinh bat ky ctia d6 thi con déu c6 duong di. Bai toan dit ra 1a hay liét ké
tat ca cac thanh phan lién thong manh cua d6 thi c6 huéng G=<V,E>. Vi du véi d6 thi
trong Hinh 3.11 duéi ddy s& cho ta bon thanh phan lién théng manh.

Thanh phan lién théng manh 1: 7, 5, 6.
Thanh phr:in lién thong manh 2: 4, 3, 2.
Thanh phﬁn lién thong manh 3: 11, 10, 9, 8.
Thanh phan lién théng manh 4: 1.

Hinh 3.11. 6 thi ¢6 huéng G =<V E>
2.4.2. Bai toan dinh chiéu do thi

Mot trong nhitng tmg dung quan trong ctia d6 thi 1a biéu dién d6 thi cho cac hé
thdng giao thong. Di voi hé thong giao thong ngudi ta quan tdm dén liéu hé thong c6 thé
dinh chiéu duoc hay khong.

Pinh nghia. Phép dinh chiéu do thi v6 hudng lién thong 1a phép bién doi do thi vo
hudng lién théng thanh do thi c6 hudng lién thong manh. D6 thi vo huéng G =<V,E> ¢
thé dich chuyén dugc thanh dd thi 6 hudng lién thong manh bing cach dinh chidu mdi
canh vo hudng thanh mot cung c6 hudng duge goi 1a d6 thi dinh chiéu duoc.

Vi du dd thi vo hudng trong Hinh 3.12 duéi day duoc goi 1a dinh chiéu dugc.
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V.

N an N 7

Hinh-3-12 Piép dinhrchicud6 thi vo hudng tiém thong.

Pinh Iy. D6 thi vo hudng lién thong G =<V, E> dinh chiéu duoc khi va chi khi tat

ca cac canh e€E cua G déu khong phai 1a cau.

Ban doc tu tim hiéu cach chtrng minh dinh Iy trong cac tai liéu [1, 2].

Bai toan. Cho d6 thi vo hudng lién thong G = <V,E>. Hiy dinh chiéu db thi G sao

cho ta c6 thé nhan duoc do thi co hudng voi it nhat thanh phﬁn lién thong manh.

3.5. Mt s6 diém can ghi nhé

Thuat toan duyét theo chiéu sau bat dau tai dinh ueV.

Thuét toan duyét theo rong sau bat dau tai dinh ueV.

Duyét tat ca cac dinh ctia d6 thi dua vao DFS(u), BFS(u).

Duyét tit ca cac thanh phan lién thong ctia d6 thi dua vao DFS(u), BFS(u).
Tim duong di tir din s dén t trén dd thi dwa vao DFS(u), BFS(u).

Kiém tra tinh lién thong manh cta d6 thi dya vao DFS(u), BFS(u).

Duyét cac dinh tru caa do thi DFS(u), BFS(u).

Duyét cac canh cu ciia d6 thi DFS(u), BES(u).

Mot sb tmg dung quan trong khac ctiia DFS va BFS.
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BAI TAP

1. Cho db thi v6 huéng duoc biéu dién dudi
dang ma tran ké nhu Hinh bén phai. Hay
thuc hién:
a) Trinh bay thuat toan BFS(u)?
b) Kiém nghiém thuat toan BFS(u) bit
dau tai dinh u=1? Chi rd két qua trung
gian theo mdi budc thuc hién cua thuat
toan.
¢) Kiém nghiém thuat toan BFS(u) bat
dau tai dinh u=7? Chi rd két qua trung
gian theo mdi bude thuc hién cia thuat
toan.

O OO0 OO0 oO0OOoOrFr P = P, o

2. Cho d6 thi vo hudng duoc biéu dién dudi
dang ma tran ké nhu Hinh bén phai. Hiy
thuc hién:
a) Trinh bay thuat toan DFS(u)?
b) Kiém nghiém thuat toan DFS(u) bat
dau tai dinh u=1? Chi rd két qua trung
gian theo mdi bude thuc hién cua thuat
toan.
¢) Kiém nghiém thuat toan DFS(u) bat
dau tai dinh u=7? Chi rd két qua trung
gian theo mdi budc thuc hién ctia thuat
toan.

[l el eleloelNolololl i il i e

3. Cho d6 thi v hudng duoc biéu dién dudi O
dang ma trdn ké nhu Hinh bén phai. Hay O
thuc hién: 1
a) Trinh bay thuat toan duyét cac thanh
phan lién thong ctia do thi?
b) Kiém nghiém thuat todn trén dd thi
da cho? Chi rd két qua trung gian theo
mdi bude thuc hién cua thuat toan.

0

OO OO0 O0OO0OOPFrRPROFrOOOo

O OO0 O0OOPFrOPFr

63

O OO0 O OO0 O OO Fr P O K-
O OO O OO0 0O OO kFr OFr -
O OO O OO O OO O F KPP -
O o0 OO kFrRrRFrPrEFP EFPOOOOoER
OO0 OO FrPrPOFr OFr O Oo o o
O OO PP OFr OF P OOoOOoO o
OO0 OO FrPrPOFr OFr O0Oo o o
O OO0 O OPFr OF P OOoOoO o
P PP O OOPFr OO0 O OoOOoO Oo
P PO P OO O OO O OoOOo o
P OFP P OO O OO0 O OoOOoO o
O PP P OOOOOOoOOoOOo o

O OO OO0 O OO k= O K
O OO O OO0 O OOk OF k-
O OO O OO O OO0 OoOFr K~ K-
O OO O kFRF FP PP OOOOLPR
OO0 OO PP ORFr OoOFr O0o o o
O OO FrPrPOFrOFr,EFrPr O OoOOo o
O OO O PFrOPFrPr OoOPFr OO OO oo
O 0O O OO kFrOkFrEFrPr o oo o
P PP O OOPFrF OO0 O0OOOoOOo
P P OFP OO0 OO0 OOoOOoO o
P OPFP P OO OO0 O OoOOo o
O FRPr PP OOOOOOOoOOoOOo

OOPrRPOO0OOFrRROPFrRPOOOPRF
OO OPrRPOFrRPROFPRPROOORKr O
POPFPOFPOPFPOOOPFROPRr
OO OPrRPOPFrPOOORFrORFrOo
OO O OPFrRPOO0OOFrRrRORFr O
OFrRPOPFPRPOO0OOFrRPROPFrRrOOOo
POPOOOFrRPRORFRPLROOOO
OPrRPO0OO0OO0OFrRPRORFrRPROPFrR,ROOOo
POOORFRPROOORFrRrROPRFr OO
OO OPrRPROPFPOOOOOOOo
OOPFrRPOPFRPOOOPFrRPROOOOo




64



4. Cho @6 thi vo hudng duoc biéu dién dudi
dang ma trdn k& nhu Hinh bén phai. Haiy
thuc hién:
a) Dua vao thuat toan BFS, xdy dung
thuat toan tim dudng di tir dinh s dén
dinh t trén d6 thi?
b) Tim duong di tir dinh s=1 dén dinh t
=13 trén d6 thi di cho? Chi rd két qua
trung gian theo mdi budc thuc hién cua
thuat toan.
¢) Viét chuong trinh tim duong di tir s
dén t dua vao biéu dién db thi duéi dang
ma tran ké.

5. Cho d6 thi vo hudng duoc biéu dién dudi
dang ma tran ké nhu Hinh bén phai. Hay
thuc hién:
a) Dya vao thuat toan DFS, xay dung
thuat toan tim duong di tir dinh s dén
dinh t trén d6 thi?
b) Tim duong di tir dinh s=1 dén dinh t
=13 trén d6 thi di cho? Chi 16 két qua
trung gian theo mdi bude thyc hién cua
thuat toan.
¢) Viét chuong trinh tim duong di tir s
dén t dua vao biéu dién d0 thi dudi dang
ma tran ké.

6. Cho db thi c6 huéng dugc biéu dién dudi
dang ma tran ké nhu Hinh bén phai. Hay
thuc hién:
a) Dua vao thuat toan DFS, xay dung
thuat toan kiém tra tinh lién thong manh
cta do thi?
b) Kiém nghi¢m thuat toan trén dd thi
da cho? Chi rd két qua trung gian theo
mdi bude thuc hién cua thuat toan.
¢) Viét chuong trinh kiém tra tinh lién
thong manh cua dd thi dwa vao biéu
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dién ma tran ke.
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7. Cho d6 thi c6 huéng duoc biéu dién dudi
dang ma tran ké nhu Hinh bén phai. Hay
thuc hién:
a) Dua vao thuat toan BFS, xay dung
thuat toan kiém tra tinh lién thong manh
cua do thi?
b) Kiém nghi¢m thuat toan trén dd thi
da cho? Chi rd két qua trung gian theo
mdi bude thuc hién cua thuat toan.
¢) Viét chuong trinh kiém tra tinh lién
thong manh cua dd thi dua vao biéu
dién ma tran ké.

8. Cho d6 thi vo hudng duoc biéu dién dudi
dang ma tran ké nhu Hinh bén phai. Hay
thuc hién:
a) Dya vao thuat toan BFS, xdy dung
thuat toan duyét cac dinh tru cta dd thi?
b) Kiém nghiém thuit toan trén dd thi
da cho? Chi rd két qua trung gian theo
mdi bude thuc hién cua thuat toan.
¢) Viét chuong trinh kiém tra tinh lién
thong manh cua dd thi dua vao biéu
dién ma tran ké.

9. Cho d6 thi v hudng duoc biéu dién dudi
dang ma trdn ké nhu Hinh bén phai. Hay
thuc hién:
a) Dua vao thuat toan DFS, xdy dung
thuat toan duyét cac dinh tru ctia do thi?
b) Kiém nghiém thuat toan trén dd thi
da cho? Chi rd két qua trung gian theo
mdi budc thuc hién ctia thuat toan.
¢) Viét chuong trinh kiém tra tinh lién
thong manh cua dd thi dwa vao biéu
dién ma tran ké.

10. Cho d6 thi vo huéng dugc bicu dién

dudi dang ma tran k& nhu Hinh bén phai.

Hay thyuc hién: 3
a) Dya vao thuat toan BFS, xay dung
thuat toan duyét cac canh cau cua dd
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11. Cho db thi v6 hudng lién thong G =<V, E> nhu duéi day:

Ke(l)={2, 3, 4}. Ke(5) ={3,6,7,8,12}. Ke(9) ={10, 11, 13}.
Ke(2) = {1, 3, 4, 6}. Ke(6) ={2, 5, 7, 12}. Ke(10) = {9, 11, 12, 13}.
Ke(3) ={1, 2, 4, 5}. Ke(7) = {4, 5, 6, 8}. Ke(11) = {9, 10, 13}.
Ke(4) ={1, 2, 3, 7}. Ke(8) = {5, 7, 12}. Ke(12) = {5, 6, 8, 10}.
Ke(13) = {9, 10, 11}.
Hay thuc hién:
a) Tim BFS(1) =? b) Tim BFS(5) =?
c) Tim DFS(1) =? d) Tim DFS(5) =?

d) Tim dudng di tir 1 dén 13 bang thuat toan BFS?
e) Tim duong di tir 1 dén 13 bang thuat toan DFS?

12. Cho db thi vo hudng lién thong G =<V, E>. Ta goi dinh s €V 1a dinh “thdr” cta cip
dinh u, veV néu moi duong di tir u dén v déu phai qua s. Dyua vao thuat toan duy¢t theo
chiéu sau (hodc chiéu rong), hay thuc hién:

a) Xay dung thuat toan tim tat ca cac dinh that s €V cua cip dinh u, veVv?

b) Tim tap dinh thdt s €V cia cap dinh u=1, v=12 trén d6 thi da cho, chi rd két qua

theo moi budc thuc hién cua thuat toan?

¢) Tim tap dinh thdt s€V cua cip dinh u =1, v =13 trén dd thi dugc biéu dién dudi
dang danh sach ké dudi day, chi ro két qua theo moi budc thuc hi¢n cua thuat todn?

Ke(l) ={2, 3, 4}. Ke(5) = {3, 6,7,8, 12}. Ke(9)={10, 11, 13}.
Ke(2) = {1, 3, 4, 6}. Ke(6) = {2, 5, 7, 12}. Ke(10) = {9, 11, 12, 13}.
Ke(3) = {1, 2, 4, 5}. Ke(7) = {4, 5, 6, 8}. Ke(11) = {9, 10, 13}.
Ke(4) = {1, 2,3, 7}. Ke(8) = {5, 7, 12}. Ke(12) = {5, 6, 8, 10}

Ke(13) = {9, 10, 11}.
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