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LOI GIOI THIEU

Toan roi rac 1a mot linh vuc nghién ctu va xir 1y cac ddi tugng roi rac dung dé
dém cac ddi tugng, va nghién ctru mdi quan hé giira cic tap rdi rac. Mot trong nhirng yéu
t6 1am Toan roi rac trd nén quan trong 1a viée luu trix, xir Iy thong tin trong cac hé thong
may tinh v& ban chit 12 roi rac. Chinh vi Iy do d6, Toan hoc roi rac 12 mot mon hoc bit
budc mang tinh chit kinh dién cua cac nganh Cong nghé thong tin va Dién tir Vién thong.
Tai liéu huéng din mon hoc Toan hoc rdi rac duge xdy dung duoc xay dung dwa trén co

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

Tai liéu duoc trinh bay thanh hai phan. Trong d6, phan I trinh bay nhing 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 t6i wu. Phan II trinh bay nhimg kién
thitc co ban vé Ly thuyét do thi: khai niém, dinh nghia, cac thuét toan trén do thi, db thi
Euler, @ thi Hamilton. Mot s6 bai toan c6 ung dung thyc tién quan trong khac cua ly
thuyét @6 thi ciing duoc chu trong giai quyét d6 1a Bai toan t6 mau d6 thi, Bai toan tim

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

Trong mdi phan cua tai liéu, chung t6i ¢6 gang trinh bay ngan gon truc tiép vao
ban chét ctia van dé, dong thoi cai dat hau hét cac thuat toan bang ngdn ngir 1ap trinh C
nham dat dugc hai muc tiéu chinh cho nguoi hoc: Nang cao tu duy toan hoc trong phan
tich, thiét ké thuat toan va rén luyén k¥ nang 1ap trinh véi nhimg thuat toan phirc tap. Mic
du dA rat can trong trong qua trinh bién soan, tuy nhién tai liéu khong tranh khéi nhiing
thiéu sot va han ché. Ching t6i rat mong dugc su gop v qui bau cia tat ca doc gia va cac

ban dong nghiép.

Ha noi, thang 11 nam 2013
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CHUONG 1. MOT SO KHAI NIEM CO BAN CUA PO THI

N‘C)i dung chinh cta chuong nay dé cap dén nhitng khéi ni€ém co ban nhét ctia do thi, bao
gom:

v Dinh nghia va vi du.

v' Phan loai dd thi vo hudng, d thi c6 huéng, don do thi, da do thi.

v' Khéi niém vé bac va ban bac cua dinh.

v' Khéi niém vé dudng di, chu trinh va tinh lién théng cua do thi.

v’ Bai tap.

Ban doc c6 thé tim thiy nhiing kién thirc sau hon va rong hon trong céc tai liéu

[1], [2], [3].
1.1. Pinh nghia va khai niém

Po thi (Graph) 12 mot cu tric dir liéu roi rac bao gbm cac dinh va cac canh ndi
cac Cap dinh nay. Chlng ta phan biét do thi thong qua kiéu va sb luong canh va hudng
Cliia moi canh noi gitra cac cdp dinh cua d6 thi. Bé minh chirng cho cac loai d6 thi, chung
ta xem Xét mot so vi du ve céc loai mang mdy tinh bao gom moi may tinh 1a mot dinh,
mdi canh 1a nhitng kénh dién thoai duoc nodi giita hai may tinh véi nhau. Hinh 1.1, 13 so
d6 ctia mang may tinh loai 1.

San Francisco Detroit

Denver

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

Trong mang may tinh ndy, mdi may tinh 14 mot dinh cia do thi, mdi canh vo
hudng biéu dién cac dinh ndi hai dinh phan biét, khong c6 hai cap dinh nao noi cung mot
cap dinh. Mang loai nay c0 thé biéu dién bang mot don do thi vo hudng.

Dinh nghia 1. Pon do thi v huéng G = <V, E> bao gom V [a tdp cdc dinh, E [a
tdp cac cap khdng ¢ the tuw gom hai phan tu khdc nhau cia V goi [a Cac canh.



Trong truorng hop gilta hai mdy tinh nao d6 thuong xuyén truyén tai nhiéu thong
tin, nguoi ta n6i hai may tinh boi nhiéu kénh thoai khac nhau. Mang méy tinh da kénh
thoai c6 thé dugc biéu dién nhu Hinh 1.2.

San Francisco Detroit

Los Angeles Washington

Hinh 1.2. Pa dé thi vé hudng.

Trén Hinh 1.2, gitta hai méy tinh c6 thé dugc ndi voi nhau boi nhiéu hon mot kénh
thoai. V&i mang loai ndy, chung ta khong thé dung don do thi vo hudng dé biéu dién. Do
thi loai nay 1a da do thi vd hudng.

Pinh nghia 2. Pa dd thi v6 huéng G = <V, E> bao gbm V 1a tap cac dinh, E 1a ho
cac cip khong c6 thir tu gdm hai phan tir khac nhau cua V' goi 12 tdp cac canh. el E,
e2<E duogc goi 1a canh boi néu chung ciing twong timg véi mot cap dinh.

RO rang, moi don d6 thi déu 1a da db thi, nhung khong phai da db thi ndo ciing 1a
don d6 thi vi giita hai dinh c6 thé co nhleu hon mdt canh noi gitra chung véi nhau. Trong
nhiéu truong hop, c6 may tinh cé thé ndi nhiéu kénh thoai voi chinh né. Véi loai mang
nay, ta khong thé dung da dd thi dé biéu dién ma phai dung gia dd thi vo hudéng. Gia d6
thi v6 hudng dugc mo ta nhu trong Hinh 1.3.

Dinh nghia 3. Gia d6 thi v6 huéng G =<V, E> bao gbm V l1a tap dinh, E 1a ho cac
cip khong cé thir tr gom hai phan tir (hai phan tir khong nhat thiét phai khac nhau) trong

V duogc goi 1a cac canh. Canh e duoc goi 1a khuyén néu co dang e =(u, u), trong d6 u 1a
dinh nao do6 thudc V.

San Francisco Detroi .

Denver

Los Angeles Washington
Hinh 1.3. Gid do 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 dat tai San Francisco dugc phép truy nhap
toi may tinh dat tai Los Angeles, nhung may tinh dat tai Los Angeles khong duogc phép



truy nhap nguoc lai San Francisco. Hodc may tinh dat tai Denver c6 thé truy nhip duoc
t6i may tinh dit tai Chicago va nguoc lai may tinh dit tai Chicago ciing cé thé truy nhap
nguoc lai may tinh tai Denver. Pé mo ta mang loai ndy, chiing ta ding khéi niém don do
thi ¢6 huéng. Pon dd thi c6 hudng duoc md ta nhu trong Hinh 1.4.

San Francisco Detroit

Denver

Los Angeles Washington
Hinh 1.4. Pon dé thi ¢é hudng.

Dinh nghia 4. Don do thi cé huéng G = <V, E> bao gom V [ tdp cdc dinh, E 1a
tdp cdc cdp cé thir tir gom hai phan tir ciia V goi 14 Cac cung.

Db thi c6 hudng trong Hinh 1.4 khdng chaa cac canh boi. Nén ddi véi cac mang
da kénh thoai mot chiéu, d6 thi c6 hudng khong thé mé ta dugc ma ta dung khéi niém da
dd thi ¢ hudéng. Mang c6 dang da dd thi ¢ hudng dugc mo ta nhu trong Hinh 1.5.

San Francisco Detroit
Chica 0;/ York
Denver
Los Angeles Washington

Hinh 5.5. Pa do thi ¢6 hudng.

Dinh nghia 5. Pa do thi c6 huéng G = <V, E> bao gom V 1a tdp dinh, E 1a cdp c¢6
thiz tw gom hai phan tir ciia V dwoc goi 12 cac cung. Hai cung ey, e, twong tmg véi cing
mot cap dinh duoc goi [a cung lap.

Tir nhitng dang khac nhau cta d6 thi ké trén, ching ta thiy sy khac nhau giita cac
loai d6 thi dugc phan biét thong qua céc canh cua dd thi c6 thi tu hay khong co thu ty,
cac canh boi, khuyén c6 duoc ding hay khdng. Ta c6 thé tong két cac loai dd thi thong
qua Bang 1.

Bang 1. Phan biét cac loai dd thi

Loai d thi Canh C6 canh boi C6 khuyén
1. Pon do thi vo huéng V6 huéng Khéng Khoéng
2. Pa d6 thi vo hudng V6 hudng Co Khong
3. Gia dd thi vo hudng V6 hudng Co Cé




4. Pon d6 thi co huéng C6 huéng Khéng Khoéng

5. Pa d6 thi co huéng C6 hudng Co C6

1.2. Mt so thuat ngir co ban trén dd thi vé huéng

Cho do thi v6 huéng G = <V,E>, trong d6 V 1a tap dinh, E 14 tp canh. Ta bat dau
lam quen v4i mot so khai niém co ban dudi day.

1.2.1. Bac cia dinh

Pinh nghia 1. Hai dinh u va v caa d6 thi vo huéng G =<V, E> dugc goi 1a ké
nhau néu (u,v) 12 canh thudc do thi G. Néu e =(u, v) 1a canh cua d6 thi G thi ta ndi canh
nay lién thudc voi hai dinh u va v, hoic ta noi canh e ndi dinh u véi dinh v, dong thoi cac
dinh u va v s& dugc goi 1a dinh dau cua canh (u,v).

Pinh nghia 2. Ta goi bic cua dinh v trong d6 thi v6 hudng 1a s6 canh lién thude
vGi no va ky hiéu 1a deg(v).

b c d

L J

)

a f e g

Hinh 1.6 Po 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.
Dbinh ¢06 bac 0 dugc goi la dinh ¢6 1ap. Pinh bac 1 dugc goi la dinh treo. Vi vay :
e Dinh g 1a dinh ¢6 1ap cua do thi
e Dinh d 14 dinh treo cua do thi.

Pinh Iy 1. Gia st G = <V, E> 1a d6 thi vo6 hudéng véi m canh. Khi d6
2m =" deg(v).

veV

Chirng minh. R6 rang mdi canh e=(u,v) bat ky, duoc tinh mot 1an trong deg(u) va
mot 1an trong deg(v). Tu do suy ra so tong tat ca cac bac bang hai lan so canh.

Hé qua. Trong db thi vo hudng G=<V, E>, s6 cac dinh bac 1 1a mot s6 chan.

Chirng minh. Goi O 1 tip cac dinh bac chin va V la tap cac dinh bac 1. Ttr dinh
ly 1 ta suy ra:

10




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

veV veO veU

Do deg(v) 1a chin véi v 1a dinh trong O nén tong thi hai trong vé phai ciing 1a mot
s6 chin.

1.2.2. Pwong di, chu trinh, @b thi lién théng
Pinh nghia 1. Puong di do6 dai n tir dinh u dén dinh v trén do thi vo hudng

G=<V,E> 14 diy Xg, X1, . . . Xn-1, Xn , trong d6 N 1a s6 nguyén duong, Xo=U, X,=V, (X,
Xi+1) €E, 1=0, 1, 2,..., n-1.

Puong di nhu trén con c6 thé biéu dién thanh day cac canh
(X01 Xl)l (XliXZ) [EEREIT (Xn-l’ Xn)

Dinh u 1a dinh dau, dinh v 1a dinh cui ciia duong di. Puong di 6 dinh dau triing
vai dinh cudi (u=Vv) dugc goi 1a chu trinh. BPuong di hay chu trinh dugc goi 1a don néu
nhu khong c6 canh nao lap lai.

Vi du 1. Tim cac dudng di, chu trinh trong d6 thi v6 hudng nhu trong Hinh 1.7.

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

a b c

d e f

Hinh 1.7. Puong di trén do thi.

Pinh nghia 2. D6 thi vo hudéng duoc goi 1a lién thdng néu ludn tim duoc duong di
gita hai dinh bat ky cua né.

Trong trudong hop d6 thi G=<V, E> khong lién thong, ta c6 thé phan rd G thanh
mot s6 do thi con lién thong ma chung d6i mot khong co dinh chung. Mi d thi con nhu
vay duogc goi 1a mot thanh phan lién thong cua G. Nhu vay, do thi lién théng khi va chi
khi s6 thanh phan lién théng cua n6 1a 1.

Pbi v6i do thi vo hudng, dudng di tir dinh u dén dinh v ciing gibng nhu duong di
tir dinh v dén dinh u. Chinh vi vay, néu ton tai dinh ueV sao cho u c¢6 duong di dén tat ca
cac dinh con lai cia do thi thi ta két luan dugc do thi 1a lién théng.
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Vi du 2. Tim cé4c thanh phén lién théng cua d6 thi Hinh 1.8 dudi day.

S6 thanh phan lién thdng ciia G 1a 3. Thanh phan lién thong tht nhat gom cac dinh
1, 2, 3, 4, 6, 7.‘ Thanh phan lién théng 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 14 cau néu loai bé e 1am tang thanh phan lién
thong cua dd thi. Pinh ueV duoc goi la dinh tru néu loai bo u cung vdi cac canh ndi véi
u lam tang thanh phan lién thdng cua do thi.

Vi du 3. Tim c4c canh ciu va dinh tru cta do6 thi Hinh 1.8.

2 6
7
1
3 5 10

11 9

Hinh 1.8. Pé thi vé huéng G
Loi giai.

e Canh (5, 9) 1a cau vi néu loai bo (5, 9) thi s6 thanh phan lién théng cua d6
thi tang tur 3 1€n 4.

e Canh (5, 10) 1 cau vi néu loai bo (5, 10) thi sb thanh phan lién thdng cua
d6 thi tang tir 3 1&n 4.

e Canh (6, 7) 1a cau vi néu loai bo (6, 7) thi s6 thanh phan lién théng cua dd
thi tang tur 3 1€n 4.

e Canh (8, 10) 12 cau vi néu loai bo (8, 10) thi sb thanh phan lién thdng cua
d6 thi tang tir 3 1én 4.

e Céc canh con lai khong 14 cau vi néu loai bé canh khong lam ting thanh
phan lién théng cua db thi.

e Dinh 5 1a dinh tru vi néu loai bé dinh 5 clng voi cac canh ndi véi dinh 5 s6
thanh phan lién théng ciia do thi tang tir 3 1én 4.

e Dinh 6 1a dinh tru vi néu loai bo dinh 6 cling voi cac canh ndi véi dinh 6 s6
thanh phan lién théng ciia do thi tang tir 3 1én 4.

e Dinh 10 14 dinh try vi néu loai bo dinh 10 cling véi cac canh ndi véi dinh 10
s6 thanh phan lién thong cia do thi ting tir 3 18n 4.

e Céc dinh con lai khong 14 tru vi néu loai bo dinh cling Vi cac canh ndi véi
dinh khong 1am tang thanh phan lién théng ciia do thi.
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1.3. Mot s6 thuat ngir co ban trén dd thi c6 hwéng

Cho d thi c6 huéng G = <V,E>, trong d6 V 1 tap dinh, E 1a tap canh. Ta bat dau
lam quen véi mot so khai niém co ban dudi day.

1.3.1. Ban bac cia dinh

Pinh nghia 1. Néu e=(u,v) 1a cung cta d6 thi c6 hudng G thi ta ndi hai dinh u va v
la ké nhau, va néi cung (u, v) ndi dinh u véi dinh v, hodc néi cung nay di ra khoi dinh u
va di vao dinh v. Pinh u dugc goi la dinh dau, dinh v duogc goi la dinh cudi cla cung
(u,v).

Pinh nghia 2. Ta goi ban bic ra cua dinh v trén d6 thi c6 huéng 1a sé cung cua
dd thi di ra khoi v va ky hiéu 1a deg*(v). Ta goi béan bac vao cua dinh v trén d6 thi co
hudng 13 s6 cung ctia do thi di vao v va ky hiéu 1a deg (V).

Hinh 1.9. D6 thi ¢6 hudng 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) duge tinh mot 1an trong ban bac vao caa dinh v va mot lan
trong ban bic ra ctua dinh u nén ta co:
Pinh Iy 1. Gia st G = <V, E> 1a d thi c6 huéng. Khi d6
D deg*(v) =Y deg (v) < E|.

veV veV

Rat nhiéu tinh chat ctia d6 thi c6 hudng khong phu thudc vao hudng trén cac cung
ctia nd. Vi vy, trong nhiéu truong hop, ta bo qua cac hudng trén cung cia do thi. Do thi
v6 hudng nhan dugc bang cach bo qua hudng trén cac cung duoc goi 1a d6 thi vé hudng
tuong ing v6i d6 thi co hudng da cho.

1.3.2. Db thi ¢6 huéng lien thong manh, lién thong yéu

Khéi niém duong di va chu trinh trén d6 thi c6 huéng dugc dinh nghia hoan toan
tuong tu, chi c6 dicu khac biét duy nhat 1a ta phai cha y t&i cac cung ctia do thi.
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Pinh nghia 1. Puong di do dai n tr dinh u dén dinh v trong d6 thi c6 huéng
G=<V,A> la day Xg, X, . . ., Xn , trong d0, n 1& SO nguyén duong, U = Xq, V = X, (Xi, Xi+1)
eE.

Puong di nhu trén ¢ thé biéu dién thanh day cc cung :

(X01 Xl)l (Xli XZ)i reny (Xn-l’ Xn)

Dinh u dugc goi 1a dinh dau, dinh v duoc goi 13 dinh cudi ctia duong di. Puong di
c6 dinh dau triing véi dinh cu6i (U=v) duogc goi 1a mét chu trinh. Puong di hay chu trinh
dugc goi la don néu nhu khong ¢6 hai canh nao lap lai.

Boi v6i do thi vo hudng, duong di tir dinh u dén dinh v ciing giong nhu duong di
tir dinh v dén dinh u. Doi vo’ri’ do thi c6 huodng, du‘érng di tor dinh u dén dinh v c6 thé
khong phdi 1a duong di tr v dén u. Chinh vi vy, do thi vo huéng dua ra hai khai niém
lién thdng manh va lién théng yéu nhu sau.

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

Nhu Véy, dé chfmg t6 mot dd thi co huo’rng lién thong manh ta can ching té mol
cap dinh cta do thi déu c6 duong di dén nhau. Piéu ndy hoan toan khac biét vdi tinh lién
thong cua do thi vo hudng.

_ Dinh nghia 3. Ta goi do thj v6 hutng tuong (ing v6i do thj c6 huong G=<V,E> la
do thi tao béi G va bo huc’mg cua cac canh trong G. Khi d6, do thi c6 huong G=<V,E>
duoc goi 1 lién thdng yéu néu do thi vo hudng tuong ing véi no 1a lién thong.

Vi du 1. Hinh 1.10: D6 thi G1 1a lién thong manh, dd thi G2 12 lién thong yéu.

N N

(&) @ 4 | @— o

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

Pinh nghia 4. Do thi vo huéng G=<V,E> duogc goi la dinh chiéu duoc néu ta co
thé bién doi cac canh trong G thanh cac cung tuong Gng dé nhan dugc mot do thi co
hudng lién thong manh.

Pinh Iy 1. D6 thi vo huéng G=<V,E> dinh chiéu dugc khi va chi khi cac canh
cua n6 khong phai 1a cau.

Ban doc c6 thé tim hiéu phan chimg minh dinh 1y trong cac tai liéu [1, 2, 3].
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1.4. Mot s6 dang dd thi diic biét

Dué6i day 1a mot s dang don do thi vo hudng dic biét c6 nhiéu tng dung khéc
nhau cua thuec té.

Do thi ddy dii. DO thi day du n dinh, ky hiéu 12 Ky, 1a don do thi vo huéng ma
gitra hai dinh bat ky ctia n6 déu c6 canh noi. Vi du do thi Ks, K4, Ks trong Hinh 1.11.

AR

Hinh 1.11. 6 thi K3, K, Ks.

Do thi vong. DS thi vong C, (n23) c6 c4c 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; Cy e Cs e

Hinh 1.12. Dé thi Cs, Cy, Cs.

Do thi banh xe. B6 thi banh xe W, thu dugc bang cach b6 sung mot dinh ndi voi
tat ca cac dinh cua C,. Vi du do thi W3, W,4, W5 trong Hinh 1.13.

Hinh 1.13. Dé thl C3, C4, C5.
Do thi hai phia. D6 thi G =<V,E> dugc goi 1a do thi hai phia néu tp dinh V ciia
no6 co thé phan hoach thanh hai tap X va Y sao cho mdi canh cua do thi chi co dang (X,
y), trong d6 xeX vayeY. Vi du d6 thi Ky 3, Kg, K35 trong Hinh 1.14.
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Hinh 1.13. Do thi K, 3, K33, Kss.

1.5. Nhirng diém can ghi nhé

v

AN

Nam vimng va phan biét & cac loai db thi: don dd thi, da dd thi, dd thi vo hudng,
do thi c6 hudng, do thi trong so.

Nam vimng nhitng khi niém co ban trén d thi v hudng.
Nam vitng nhirng khai niém co ban trén do thi c6 hudng.vé do thi.

Nam viing cac khai niém dudng di, chu trinh, lién théng, lién thdng manh, lién
thong yeu.

Nam virng cac loai d6 thi : do thi day du, d6 thi vong, do thi banh xe, do thi hai
phia...

16



CHUONG II. BIEU DIEN PO THI TREN MAY TiNH

Pé luu trir d6 thi va thyc hién céc thuat toan khac nhau, ta can phai biéu dién dd
thi trén may tinh, dong thoi sir dung nhiing cau trac dir lidu thich hop dé mo ta dd thi.
Viéc chon cau trac dir liéu nao dé biéu dién do thi c6 tac dong rat 1on dén hiéu qua thudt
toan. Vi vdy, lya chon ciu trac dir lidu thich hop biéu dién do thi s& phy thudc vao timg
bai toan cu thé. Noi dung chinh ciia chuong bao gdom:

v Biéu dién d6 thi bang ma tran ké.

Biéu dién d6 thi bang danh sach canh.
Biéu dién d6 thi bang danh sach ké.
Biéu dién d6 thi bang ma tran lién thuoc.

D NI

Bai tap Chuong 2.
Ban doc c6 thé tim thay nhitng kién thirc sau hon va rong hon trong cac tai liéu

[1], [2], [3].
2.1.Biéu dién @b thi bang ma tran ké

Chu tric dir ligu pho dung nhat dé bicu dién do thi 12 bieu dién do thj bang ma
tran. Vé 1y thuyét, nguoi ta da chimg minh dugce mdi ma tran vudng (0,1) cip n déu dang
ciu voi mot don do thi vo huéng hodc co huéng. Muc nay, ching ta s¢ xem xét phuong
phap biéu dién cac loai dd thi khac nhau bang ma tran ké.

2.1.1. Ma tran ké ciia do thi vé huéng

Xét do thj don vo huéng G =<V, E>, véi tap dinh V = {1, 2, . . ., n}, tap canh E =
{e1, €2,.., €m}. Ta goi ma tran ke cua do thi G & ma tran c6 cac phan tr hodc bang 0 hoac
bang 1 theo qui dinh nhu sau:

A={aj a;=1néu(i,j) €E, a;=0néu (i,j) eE;i,j=1,2,..., n}
Vi du 1. Biéu dién d6 thi trong Hinh 2.1 duéi day bang ma tran keé.

O 0O O RFr kL, O
O R Bk B O R
, Ok O Lk O
N = = e )
O O Fr O RFr o
O R B O o o

Hinh 2.1. Ma trdn ké biéu dién dé thi vé hudng.
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Tinh chat ma tran ké déi véi do thi vé hwéng:
n n

a) Tong cac phan tr cia ma tran bang hai lan so6 canh : ZZaij =2m(m la so
i-1 j=1

canh cua do thi.

b) Téng cac phan tir cuia hang u 1a bac cua dinh u: deg(u) = Zauj . Vi du v6i ma
j=1

tran ké bicu dién do thi Hinh 2.1, tong céc phan tir ciia hang 1 Ia bac cua dinh
1, vi vay deg(1)=2; tong cac phan tir cia hang 2 la bac cua dinh 2, vi vay
deg(2)=3.

n
c) Tong cac phan tir cia cot u la bac cua dinh u: deg(u) = Zaju . Vi du véi ma
=1

tran ke bicu dién do thi Hinh 2.1, tong cac phan tir cua ct 1 1a bac cua dinh I,
Vi vay deg(1)=2; tong cac phan tir ctia cdt 2 la bac cua dinh 2, vi vay deg(2)=3.

d) Néu ky hi¢u af,i, j=12,.,n la cac phén tir cua ma tran. Khi do,

AP =AA...Alan); al,i,j=12,...n,

ij !
cho ta s6 duong di khac nhau tir dinh i dén dinh j qua p-1 dinh trung gian.
2.1.2. Ma tran ké ciia d6 thi c6 huéng
Ma tran ké cta d6 thi co hudng ciing duogc dinh nghia hoan toan twong ty, chung
ta chi can luu y t61 hudng cua canh. Ma tran k€ cua do thi ¢6 hudng 1a khong doi xiang.
Vi du 2. Tim ma tran ké ctia do thi c6 huéng trong Hinh 2.2.

o O r O +— O
_ O O O +— O
o O r O +— O
o B O O O O

o O O »r O O
o O O O O

Hinh 2.2. Ma trdn ké ciia do thi c6 hudng.

Tinh chit ciia ma tran ké ciia dd thi c6 huéng:
n n

a) Tong cac phan tir cua ma trdn bang so canh : Y > a, =m(m la so canh cua do
i1 j1

thi.
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b) Téng cac phan tir cia hang u 1a ban dinh bac ra cua dinh u: deg” (u) = Da, .
-1

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

n
c) Tong cac phan tir ctia cot u la ban dinh bac vao cua dinh u: deg (u) = Zaju
=1

Vi du v6i ma tran k& biéu dién dd thi Hinh 2.2, téng cac phan tir cot 1 12 béan
dinh bac vao cua dinh 1, vi vay deg'(1)=1; tong cac phan tir cta c6t 2 l1a ban
dinh bac vao cua dinh 2, vi vay deg’(2)=1.

d) Néu ky hiéu aIJ i, j=12,...,n 12 cac phan tir cia ma tran. Khi d6, A° = AA. .

A (p lan); af,i,j=12,..,n, chota s6 duong di khac nhau tir dinh i dén dinhj
qua p-1 dinh trung gian.

2.1.3. Ma tréan trong s

Trong rat nhiéu ng dung khéc nhau cua ly thuyét do thi, mdi canh e =(u,v) cia nd
duoc gan boi mot sb c(e) = c(u,v) goi 14 trong s6 cia canh e. Do thi trong trudng hop nhu
vay goi la do thi trong s0. Trong truong hop do, ma tran ke ctia d6 thi duoc thay boi ma
tran trong s6 ¢= c[i,j], 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 cac gia tri: 0, co, -oo tuy theo timg tinh hudng cu thé cta thuat toan.

Vi du 3. Ma tran ké cua db thi c6 trong s6 trong Hinh 2.3.

8 8 8 v 8 8
8 8 8 8 8 w
8 8 N 8 ™8
w 8 8 8 o 8
8 8 o1 8 w 8§

8 8 8 8 8

Hinh 2.3. Ma trdn ké ciia do thi c6 hudng.
Uu diém ciia ma trin ké:

e Pon gian d& cai dit trén may tinh bang cach sir dung mot mang hai chiéu dé
biéu dién ma tran ke;

e D@ dang kiém tra duoc hai dinh u, v ¢6 ké voéi nhau hay khdng bang ding
mét phép so sanh (a[u][v]=0?);va ching ta chi mat dting mot phép so sanh.
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Nhuge diém ciia ma tran ké:
e L&ng phi bd nhd: bat ké s canh nhiéu hay it ta can n2 don vi bd nhd dé
biéu dién;
e Khong thé biéu dién dugc voi cac dd thi c6 sé dinh 16n (vi dy triéu dinh);
e Pé xem xét dinh dinh u c6 nhitng dinh ké ndo can mét n phép so sanh ké ca
dinh u 1a dinh c6 1ap hoac dinh treo.

2.1.4. Qui wéc khudn dang lwu trir ma tran ké

Pé thuan tién cho nhing ndi dung ké tlep, ta qui udc khudn dang dir liéu biéu dién
d6 thi dudi dang ma tran ké hodc ma tran trong s6 trong file nhu sau:

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

e N dong ké tiép ghi lai ma tran ké ctia d6 thi. Hai phan tir khic nhau ctia ma tran
ké dugc viét cach nhau mot vai khoang trong.
Vi du ma tran ké gdm 6 dinh cua Hinh 2.1 dugc t6 chirc trong file dothi.in nhu

sau:
dothi.in

CORrEFL, OO
O Rk, O
O ORr O
e e k=)
OO0 oOokr o
O 00O

2.2. Biéu dién d@b thi bang danh sach canh (cung )

Trong truong hop do thi thua (d6 thi co s canh m < 6n), nguoi ta thuong biéu
dién d6 thi duéi dang danh sach canh. Trong phép biéu dién nay, ching ta s€ luu trit danh
sach tat ca cac canh (cung) cua d6 thi vo hudng (co hudng). Mbi canh (cung) e(x, y)
dugc twong ing v6i hai bién dau[e], cuoi[e]. Nhu vay, dé luu trir d6 thi, ta can 2m don vi
bo nhé. Nhuoc diém 16n nhat ctiia phuong phap nay 1a dé nhan blet nhimg canh ndo ké
Véi canh nao ching ta can m phép so sanh trong khi duyét qua tat ca m canh (cung) cua
d6 thi. Néu 1 d0 thi c6 trong s, ta can thém m don vi bo nhd dé luu trir trong sb clia cac
canh.

2.2.1. Biéu dién db thi vé6 hwéng bing danh sich canh

Déi véi d6 thi vo hudng, mdi canh 13 bo khong tinh dén thu tu cac dinh. Vi du
canh (u,v) va canh (v, u) duoc xem 14 mot. Do vay, trong khi biéu dién dd thi v huéng
bang danh sach canh ta chi can liét k& c4c canh (u,v) ma khong can liét k& canh (v,u). Dé
tranh nham 14n, ta nén liét ké cac canh theo th ty ting dan cua dinh ¢du mdi canh. Trong
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truong hop biéu diér} da d0 thi v hudng, ta bd sung thém mot cot 1a s6 canh (socanh) ndi
gitra hai dinh ctia do thi. Hinh 2.4 dudi day mo ta chi tiét phuong phap bi€u dién do thi
vO hudng bang danh sdch canh.
Tinh chat danh sich canh ciia d6 thi vé hwéng:
e Dinh dau nhé hon dinh cudi mdi canh.
e S6 dinh c6 gia tri u thudc ca vé phai va vé trai ctia danh sach canh 1a bac
cua dinh u. Vi du gia tri u=1 xuat hi¢n 2 lan tir do6 ta suy ra deg(1)=2, so
2 xuat hién 4 lan vi vay deg(2) = 4.

Di u DPinh cuoi

=
(=N
&>

OB DONDNODNRE RIS
OO U~ OTPRWWN

Hinh 2.4. Biéu dién do thi vé hieémg bing danh sich canh.

2.2.2. Biéu dién db thi cO huwéng bang danh sich canh

Trong trudng hop dd thi ¢6 hudng, moi canh 13 bo co tinh dén tht tu cac dinh. Vi
du canh (u,v) khac vai canh (v, u). Do vdy, trong khi biéu dién d6 thi v huéng bang
danh sach canh ta dic biét cha ¥ dén hudng cia cac canh. Hinh 2.5 duéi ddy mo ta chi
tiét phuong phéap biéu dién do thi c6 huéng bang danh sach canh.

Dinh ddu Dinh Cubi

OIS OWNDNDDN P
PO OCTWERFROORWDN

Hinh 2.5. Biéu dién do thi ¢é hiedng bang danh sach canh.
Tinh chat danh sich canh ciia d6 thi vé hwéng:

e Dinh dau khdng nhét thiét phai nho hon dinh cudi mdi canh.
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e S6 dinh c6 gia tri u thudc ca vé phai cac canh 1a deg*(u). Vi du gia tri
u=1 xuat hién 1 lan & vé phai cta tit ca cac canh nén deg”(1) =1, gié tri
u=2 xuat hién 3 lan ¢ vé phai cua tat ca cic canh nén deg*(2) =3.

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

2.2.3. Biéu dién dd thi trong s6 bang danh sach canh
Trong truong hop do thi ¢6 huong (hodc v6 hudng) co trong s, ta bd sung thém

mot ot 1a trong so cua mdi canh. Hinh 2.6 dudi ddy md ta chi tiét phuong phap biéu dién
d6 thi trong s6 bang danh sach canh.

Dinh ddu  Dinh Cudi Trong S

DUl E B OWDNDNDDN B
PO OCTWE O, WDN
WHrOOITNDN WO Ol

Hinh 2.6. Biéu dién do thi ¢é hiedng bang danh sdch canh.
Uu 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 loi cho mdt s6 thuét toan chi quan tam dén céc canh cua db thi.
Nhuge diém ciia danh sach canh:
o Khi can duyét cic dinh ké v6i dinh u bat budc phai duyét tat ca cac canh
cua do thi. Biéu nay lam cho thuét toan c6 chi phi tinh toan cao.

2.2.4. Qui woe khuon dang lwu triv danh sach canh
‘ Pé thuan tién cho nhitng ndi dung ké tiép, ta qui udc khudn dang dir liéu biéu dién
do thi dudi dang danh s&ch canh trong file nhu sau:

e DONg dau tién ghi lai s6 N, M tuong tng v6i sé dinh va s canh cua dd thi. Hai
s0 dugc viét canh nhau mét vai khoang trong;

e Mdong ké tlep, mdi dong gi lai mot canh cua d6 thi, dinh dau va dinh cudi mdi
canh dugc viét cach nhau mot vai khoang tréng,

22



Vi du v6i d6 thi trong sé cho boi Hinh 2.6 gém 6 dinh va 9 canh duoc luu trit
trong file dothi.in nhu sau:

dothi.in
9

SOOI B OWNMNNNEO
PO OCTWRFRLRORRWDN
WP oOINDN WO 0 Ol

2.2.5. Céu tric dir liéu biéu dién danh siach canh

Phuong phap tot hon ca dé biéu dién mdi canh cta dd thi 12 sir dung céu tric. Mdi
cau truc gom c6 hai thanh vién dau[e] va cudi cuoi[e]. Khi do, danh sach canh cta do thi
dé dang duogc biéu dién bang mang hoac danh sach lién két nhu dudi day.

Biéu dién danh danh sich canh ciia d6 thi bing mang:
typedef struct { //Dinh nghia mot canh cta dd thi
int  dau;
int  cuol;
} Edge;
Edge G[MAX]; //Danh sach cac canh dugc biéu dién trong mang G.

Dinh ddu  Dinh cudi
1 2
1 3
2 3
(D (8) 2 4
2 5
3 4
4 5
4 6
5 6

Hinh 2.7. Biéu dién dé thi bang danh sdch canh
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Vi du v6i danh danh sach canh cua dd thi Hinh 2.7, biéu dién danh sach canh dya
vao mang cua do thi c6 dang sau:

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

GJi].dau 1 1 2 2 2 3 4 4 5

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

D6i véi d6 thi c6 hudng ciing duoc biéu dién nhu trén nhung ta can chu ¥ dén
hudng ctia moi cung. Po6i véi do thi trong so ta chi can bo sung vao cau truc Edge mot
thanh vién 1a trong so6 cta canh nhu sau:

typedef struct { //Dinh nghia mot canh c6 trong s cua db thi

int  dau;

int  cuoi,

int  trongso;
} Edge;

Edge G[MAX]; //Danh séch trong s6 cac canh biéu dién trong mang G.
Biéu dién danh danh sich canh ciia d6 thi bang danh sach lién két:
typedef struct canh{ //Dinh nghia mot canh cua db thi
int  dau;
int  cuoi;
struct node *next;

} *Edge;
Edge *G; //Cac canh duoc cua do thi l:)iéu dién bang dar}h da~nh sach lién két G.
Vi du voi dan}l danh sach canh ctua d6 thi Hinh 2.7, biéu dién danh sach canh dua
vao danh séch lién ket c6 dang sau:

L next L next 4 next > Null
.___.> _—_—mm e m = -
2 3 6 6

2.3. Biéu dién db thi bang danh sach ké

A\ 4

A 4

Trong rat nhiéu tmg dung, cach biéu dién do thi duéi dang danh sach ké thuong
dugc stir dung. Trong biéu dién nay, véi moi dinh u cta do thi ching ta luu trir danh sach
cac dinh k€ v&i n6 ma ta ky hiéu la Ke(u), nghia la

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

V6i cach biéu dién ndy, mdi dinh u ciia do thi, ta 1am twong tmg v&i mot danh sach
tat ca cac dinh ké v&i nd va dugc ky hiéu 1a List(u). Dé biéu dién List(u), ta c6 thé ding
cac kiéu dir lidu kiéu tap hop, mang hodc danh sach lién két. Hinh 2.8 dudi day dua ra vi
du chi tiét vé& biéu dién do thi bang danh sach ké.
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Ke(l) ={2,3).
Ke(2) ={1,3, 4, 5}
Ke(3) ={1,2, 4}
O © Ke(4) ={2, 3,5, 6}.
Ke(5) ={2, 4, 6}.
Ke(6) ={4,5}.

Hinh 2.8. Biéu dién do thi bang danh sdch ke.
Uu diém ciia danh sach ké:
e D& dang duyét tat ca cac dinh cua mot danh sach ké;
e D@ dang duyét cac canh cua dd thi trong moi danh sach ké;
e Tbi wu vé phuong phap biéu dién.
Nhuge diém ciia danh sach ké:
e Kho khin cho ngudi doc c¢6 k§ nang 1ap trinh yéu.
2.3.1. Biéu dién danh sach ké dya vao mang
Str dung mot mang dé luu trir danh sach ké cac Qinh. Trong do, mang dugc chigl
thanh n doan, doan thtr i trong mang luu trir danh sach ké cua dinh thir ieV. Vi du vai do

thi dugc cho trong Hinh 2.8 ta 0 chic mang A[] gém 18 phén tir, trong d6 mang A[]
duogc chia thanh 6 doan, moi doan luu trir danh sach ké cua dinh tuong ung nhu dudi day.

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

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

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

Dé biét mot doan thude mang bat dau tur phﬁn tr nao dén phﬁn tr nao ta sur dung
moét mang khac dung dé luu trix vi tri cac phan tir bat dau va két thuc cua doan. Vi du véi
danh sach ké gdm 6 doan nhu trén, ta can xdy dung mot mang VT[6] = {0, 2, 6, 9, 13, 16,
18} @é luu trix vi tri cac doan trong mang A[]. Dya vao mang VT[] ta co thé thay: Ke(1)
la A[1], A[2]; Ke(2) l1a A[3], A[4], A[5], A[6] .. ..

2.3.2. Biéu dién danh sach ké bang danh sach lién két
Vé6i mdi dinh ueV, ta biéu dién mdi danh sach ké cia dinh bang mot danh sach

lién két List(u). Vi du v6i do thi trong Hinh 2.8 s& dugc biéu dién bing 6 danh sach lién
két List[1], List[2],.., List[6] nhu dudi day.
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List[L]—]

Null

List[2[—]

List[3}—]

List[4]—]

List[5]—]

4 | & 5 [Null
Null
. 6 [Null
Null

List[6]—]

Null

2.3.3. Qui wéc khudn dang lwu trir danh sich keé:

Dong dau tién ghi lai sb dinh cta d6 thi;

N dong ké tiép ghi lai danh sach ké cta dinh tuong tmg theo khudn
dang: Phan tir dau tién la vi tri két thic cua doan, ti€ép dén 1a danh sach
cac dinh cua danh sach ké. Cac phan tir dugc ghi cach nhau mét vai

khoang trong

Vi du khuon dang luu trir danh sach ké ctia Hinh 2.7 trong file dothi.in nhu sau:
dothi.in

2.4. Nhirng diém cén ghi nhé

6
2
6
9
13
16
18

ADNMNDREFRPEFEPDN

O wdhDww

[op TS 2 NS SN

v' Nam vitng va phan biét rd c4c loai do thi: don dd thi, da do thi, do thi vo hudng,

dd thi ¢ hudng, dd thi trong $0.

v Niam vitng nhitng khai niém co ban vé d6 thi: duong di, chu trinh, do thi lién

thong.

v Hiéu va ndm 6 ban chét cua cac phuong phap biéu dién d thi trén may tinh. Phan
tich uu, nhuoc diém cua timg phuong phéap biéu dién.

v' Chuyén d6i cac phuong phép biéu dién qua lai 1an nhau gitp ta hiéu dugc cach

biéu dién do thi trén may tinh.
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BAI TAP

1. Trong mot budi gidp mat, moi ngudi déu bat tay nhau. Hay chi ra rang sb lugt ngudi bat
tay nhau la mét so chan.

2. Mbt don db thi v&i n dinh ¢6 nhiéu nhit 1a bao nhiéu canh?

3. Hay biéu ‘dién cac do thi G1, G2, G3 dudi day dudi dang: ma tran ké, danh sach canh,
danh sach keé.

2 5 2 5
1 7
7

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

C 4 F
c. D6 thi trong s6 G3

4. Hay tao mot file dir li¢u theo khubn dang nhu sau:
a. Ma tran ké:
- Dong dau tién 1 s6 tw nhién n 1a s6 cac dinh cua do thi.
- N dong ké tiép 12 ma tran ké cta do thi.
b. Danh sach canh:
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- Dong dau tién ghi lai s tu nhién n va m 12 sé cac dinh va c4c canh cua
do thi.

- M dong ké tiép ghi lai thir tu dinh dau, cudi ctia cac canh.

Hay viét chuong trinh chuyén d6i mot do thi cho dudi dang ma tran ké thanh mot
do thi cho dudi dang danh sach canh va danh sich ké. Nguoc lai, chuyén doi mot do thi
cho dudi dang danh sach canh thanh do thi dudi dang ma tran ké va danh sach canh.

c. Danh sach ké:

e DONg dau tién ghi lai s6 dinh cua d6 thi;

e N dong ké tiép ghi lai danh sach ké cia dinh twong ung theo khudn
dang: Phan tir dau tién la vi tri két thic cua doan, ti€p dén 1a danh sach
cac dinh cua danh sach ké. Cac phan tir dugc ghi cach nhau mét vai
khoang trong.

e M dong ké tiép ghi lai thir tw dinh dau, cudi ctia cac canh.

Hay viét chuong trinh chuyén d6i mot dd thi cho dudi dang ma tran k& thanh mot
do thi cho dudi dang danh sach canh va danh sich ké. Nguoc lai, chuyén doi mot do thi
cho dudi dang danh sach canh thanh do thi dudi dang ma tran ké va danh sach canh.

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

1123456738

9 |10 1112131415 16
17 |18 |19 |20 | 21 |22 |23 | 24
25126 2712812930 31| 32
33134353637 |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

Mdi 6 c6 thé coi 1a mot dinh cua d6 thi. Hai dinh duoc coi 12 ké nhau néu mét con
vua dit & 6 ndy c6 thé nhay sang 6 kia sau mot bude di. Vidu: 6 1 ké v6i 62,9, 10,6 11
ké v6i 2, 3, 4, 10, 12, 18, 19, 20. Hay viét chuwong trinh tao ma tran ké cua d6 thi, két qua
in ra file king.out.

6. Ban cd 8x8 dugc danh sd nhu bai trén. Mdi 6 c6 thé coi 1a mot dinh cta db thi . Hai
dinh dugc goi 1a ké nhau néu mot con ma dat ¢ 6 ndy co thé nhay sang 6 kia sau mot
nude di. Vi du 6 1 ké voi 11, 18,6 11 k& véi 1, 5, 17, 21, 26, 28. Hay viét chuong
trinh 1ap ma tran ké ctia d6 thi, két qua ghi vao file matran.out.
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7. Hay biéu dién db thi dudi ddy dudi dang ma tran ké, danh sach canh, danh sach ké.

8. Hay biéu dién dd

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

6 (10} —3) 9

4 8 11 7

NS N\
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CHUONG 3. TIM KIEM TREN PO THI

C6 nhiéu thuat toan trén dd thj dugc xay dung dé duyét tat ca cac dinh cua do thi sao
cho méi dinh dugc viéng tham dung mot 1an. Nhing thuat toan nhu vay duogc goi 12 thuat
toan tim kiém trén do thi. Chiing ta ciing s& 1am quen Vvéi 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 so cta hai phép duyét co ban, ta ¢ thé ap dung ching dé
giai quyét mot sb bai toan quan trong cua 1y thuyét d6 thi. Noi dung chinh duoc dé cap
trong chuong niy bao gom:

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

v' Thuat toan tim kiém theo chiéu rong trén do 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 sau hon vé tinh ding dan, d6 phuc tap cua cac thudt toan
trong cac tai liéu [1, 2, 3].

3.1. Thuét toan tim kiém theo chiéu sdu (Depth First Search)

Tu tudng co ban cua thuat toan tim kiém theo chiéu sau 1a bat dau tai mot dinh vq
nao do, chon mét dinh u bat ky ké vadi vp va lay no lam dinh duyét tiép theo. Cach duyét
tiep theo dugc thuc hién tuong tu nhu doi vaéi dinh vg véi dinh bat dau 1a u.

Pé kiém tra viée duyét mdi dinh ding mot lan, ching ta st dung mdt mang
chuaxet[] gdm n phan tir (twong tng voi n dinh), néu dinh thir u 44 dugc duyét, phan tir
tuong tmg trong mang chuaxet[u] cé gia tri FALSE. Nguoc lai, néu dinh chua duoc
duyét, phan tir twong tng trong mang cé gia tri TRUE.

3.1.1.Biéu dién thuit toan DFS(u)

Thuat toan DFS(u) ¢6 thé dugc md ta bang tha tuc dé qui nhu sau:

Thuét toan DFS (u): //u la dinh bat ddu duyét
Begin
<Tham dinh u>,;//Duyét dinh u
chuaxet[u] := FALSE;//Xac nhdn dinh u da duyét
for eachv eke(u) do //Ldy méi dinh veKe(u).
if (chuaxet[v]) then //Néu dinh v chica duyét
DFS(v); //Duyét theo chiéu sdu bat tir dinh v
Endlf;
EndFor;
End.
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Thuat toan DFS(u) c6 thé khir dé qui bang cach sir dung ngian xép nhu Hinh 3.1
dudi day:

Thuat toan DFS(u):
Begin
Budce 1 (Khdéi tao):
stack = &; I/IKhdi tao stack la &
Push(stack, u); //Pwa dinh u vao ngan xé'p
<Tham dinh v>; //Duyét dinh u
chuaxet[u] = False; //Xac nhdn dinh u da duyét
Budc 2 (Lap) :
while ( stack = & ) do
s = Pop(stack); //Logi dinh ¢ ddu ngdn xép
for each te Ke(s) do //Ldy méi dinh tcKe(s)
if ( chuaxet[t] ) then //Néu t diing la chwea duyét
<Tham dinh t>; // Duyét dinh t
chuaxet[t] = False; // Xac nhdn dinh t da duyét
Push(stack, s);//Pua s vao stack
Push(stack, t); //Dua t vao stack
break; /IChi lcfy mot dinh t
EndIf;
EndFor;
EndWhile;
Budére 3 (Tra lai két qua):
Return(<Tap dinh da duyét>);
End.

Hinh 3.1. Thudt todn DFS(u) dya va0 ngdn xép.
3.1.2. D) phirc tap thuit toan
Do phtc tap thuat toan DFS(u) phu thudc vao phuong phap biéu dién db thi. Do
phtic tap thuat toan DFS(u) theo cic dang biéu dién d6 thi nhu sau:

e D9 phirc tap thuft toan la o(n% trong truong hop d6 thi biéu dién dudi dang
ma tran ké, vadi n la so dinh cia do thi.

e Do phirc tap thuat toan 1a O(n.m) trong trudong hop d6 thi biéu dién dudi dang
danh sach canh, voi n la so dinh cuia d6 thi, m la so canh ctia do thi.

e D9 phuec tap thudt toan 1a O(max(n, m)) trong truong hop d6 thi biéu dién dudi
dang danh sach ké, véi n 1a s6 dinh cta dd thi, m 12 s6 canh cta do thi.
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Ban doc tu chirng minh hoac cé thé tham khéo trong cac tai liéu [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. D6 thi vé huéng G.
Pinh bit diu Cac dinh da duyét: Cac dinh chua duyét
duyét chuaxetfu]=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 5,6,7,8,9,10,11,12, 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) 1,2,4,3,6,7,8,10,5,9,13,11,12 )
Két qua duyét: 1,2,4,3,6,7,8,10,5,9, 13, 11, 12
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Pé ban doc 1am quen voi phuong phap kiém nghiém thudt toén dya vao dit liéu,
ching toi sir dung biéu dién cua do thi bang ma tran ké nhu da duoc trinh bay trong
Chuong 2. Viéc kiém nghiém thuat toan bang cac biéu dién khac (danh sach canh, danh
sach k&) xem nhu nhitng bai tap dé ban doc tu tim ra i giai.

Vi du 2. Cho d6 thi gom 13 dinh duoc
biéu dién dudi dang ma tran ké nhu hinh
bén phai. Hay cho biét két qua thuc hién
thuat toan trong Hinh 3.1 bat dau tai dinh
u=1? Chi r0 trang thai cua ngan xép va
tap dinh duoc duyét theo moi budc thuc
hién cua thuat toan?

01 11 00 0 O0O0OO0TO0OO0OTO
101101 0 O0O0OO0OOTO0OTO
110110 0 O0O0O0O0OO0OTO
11100 0 1 0 O0O0O0O0OTO
0 01 00 1 11 00010
01 0 0 1 0 1 0 0 O0O01O0
0 0 061 1101000 0O
0 0 001 01 0 0 O0OO0OT1TO0
0 0 0O 0OOO O OOTI11 01
0o 0o 00O O O0OOI1O01 11
0 0 0O 0OOO O O1 10 01
0 0 0 011 01010 0O
00 0 0 0O O0OO0OO0ODT11T11 00

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

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

STT Trang thai stack Ciac dinh dwgc 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 1,2,3,4,7 1,2,3,4,7
6 1,2,3,4,7,5 1,2,3,4,7,5
7 1,2,3,4,7,56 1,2,3,4,7,56
8 1,2,3,4,7,5,6,12 1,2,3,4,7,5,6,12
9 1,2,3,4,7,56,12,8 1,2,3,4,7,56,12,8
10 1,2,3,4,7,5,/6,12,10 1,2,3,4,7,56,12,8, 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}.
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Chay.

o Dbi voi dd thi vo hudng, néu DFES(u) =V ta c6 thé két luan db thi lién thong.

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

yéu.

3.1.4. Cai dat thuat toan

Thuat toan dugc cai dit theo khudn dang dir liéu to chiic trong file dothi.in duoc
qui udc nhu duge trinh bay trong Muc 2.1.3 nhu sau:

e DONg dau tién ghi lai sb dinh cua 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.

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

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

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

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

dothi.in

10

O0O00O0OORRRO
OCO0O0OO0OO0ORRFROOR
OO0O0OO0OROrROOR
OROORRORRE
OOrROO0OORrRORO
OO0OO0OrROORROO
RPRPOOROOOOO
PRPOOOROOOO
RPORRFRPROOROOO
ORRPRFPOOOOOO

DFS(3)=3, 1, 2,4,5,8,9,7, 6, 10.
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#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];
void Init(void){
int 1,j;FILE *fp;
fp=Fopen("'DOTHI_IN","r");
fscant(fp, "%d",&n);
printfF(''\n So dinh do thi:%d",n);
for(i=1; i1<=n; 1++){
printf("'\n"") ;chuaxet[1]=TRUE;
for(g=1; j<=n; j++){
fscant(fp,"%d" ,&ALT1 D) ;
printfC'%3d” ALl [1D):;

}
}
}
void DFS_Dequi(aint u){
int v;
printf(""%3d",u) ; chuaxet]u]=FALSE;
for(v=1l; v<=n; v++){
iT(AJu]v] && chuaxet][v])
DFS_Dequi(Vv);
¥
}

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++){
1T(chuaxet[t] && A[ls][t]){
printf('%3d",t);
chuaxet[t] = FALSE;
Stack[++dau]=s;
Stack[++dau]=t;break;
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void main(void){
int u ;clrscrQ;Init(Q);
cout<<'"\n Dinh bat dau duyet:";
cin>>u;
DFS_Stack(u);
//DFS_Dequi(u);
getch();

+

3.2. Thuat toan tim Kiém theo chiéu rong (Breadth First Search)

3.2.1. Biéu dién thuit toin

Pé y rang, voi thuat toan tim kiém theo chiéu sau, dinh thim cang muon s& tro
thanh dinh sém dugc duyét xong. D6 1a két qua tat yéu vi cac dinh tham dugc nap vao
stack trong thu tuc dé qui. Khac véi thuat toan tim kiém theo chiéu sau, thuat toan tim
kiém theo chiéu rong thay thé viéc st dung stack bang hang doi (queue). Trong thu tuc
nay, dinh duoc nap vao hang doi dau tién 13 u, cac dinh ké v&i u la (va, Va, . . ., Vi) duoc
nap vao hang doi néu nhu nd chua duoc xét dén. Qua trinh duyét tiép theo duoc bt dau
tir cac dinh con c6 mat trong hang doi.

Dé ghi nhan trang thai duyét cac dinh cta db thi, ta cling van s dung mang
chuaxet[] gom n phan ttr thiét 1ap gia tri ban dau 14 TRUE. Néu dinh u caa dd thi 44 duoc
duyét, gia tri chuaxet[u] s& nhan gia tri FALSE. Thuat toan dung khi hang doi rong. Hinh
3.3. dudi ddy mo ta chi tiét thuat toan BES(u).

Thuat toan BFS(u):
Budc 1(Khdi tao):
Queue = J; Push(Queue,u); chuaxet[u] = False;
Budc 2 (Lap):
while (Queue = &) do
s = Pop(Queue); <Tham dinh s>;
for each teKe(s) do
if ( chuaxet[t] ) then
Push(Queue, t); chuaxet[t] = False;
EndIf ;
EndFor ;
EndWhile ;
Bude 3 (Tra lai két qua) :
Return(<Tap dinh duoc duyét>) ;
End.

Hinh 3.3. Thudt todn BFS(u,).
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3.2.2. Do phirc tap thuat toan
B§ phirc tap thudt toan BFS(u) phy thudc vao phuong phap bicu dién do thi. Po
phtic tap thuat toan BFS(u) theo cac dang bi€u dién d6 thi nhu sau:

e Do phirc tap thuét toan 1a O(n®) trong truong hop do thi biéu dién dudi dang
ma tran ké, vadi n la so dinh cia do thi.

e Do phirc tap thuat toan 1a O(n.m) trong trudong hop d6 thi biéu dién dudi dang
danh sach canh, voi n la so dinh cuia do6 thi, m la so canh ctia do thi.

e D9 phuec tap thudt toan 1a O(max(n, m)) trong truong hop d6 thi biéu dién dudi
dang danh sach ké, vai n 1a s6 dinh cta dd thi, m 12 s6 canh cta do thi.

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

3.2.3. Kiém nghiém thuit toan

- - 0011100000000 0

Vi du 3. Cho d6 thi gom 13 dinh duge [|1 0 1 1.0 1 0 0 0 0 0 0 0
biéu dién dudi dang ma tran ké nhu hinh |11 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 O
thuat toan trong Hinh 3.3 bat ddu taidinh [0 0 1 0 0 1 1 1 0 0 0 1 0
u=1? Chi r0 trang thai ctia hang dgivatap [|0 1 0 0 1 0 1 0 0 0 0 1 O
dinh duoc duyét theo mdi bude thyc hign [0 0 0 1 1. 1. 0 1 0 0 0 0 0
Cia thut todn? 0000101000010
0000O0O0OGOOGOT1T10 1

0 000O0O0OOT1O0T1T11

0000O0O0OGOOT1T10 01

000011010100 0

0000O0O0O0OT1T1T10 0

Loi giai. Trang thai cua hang doi va tap dinh dugc duyét theo thuat toan dugc thé
hién trong Bang 3.2 dudi day.

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

STT Trang thai Queue Céac dinh dwgc 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

38




11 9,11, 13 1,2,3,4,6,5, 7,12, 8,10

12 11,13 1,2,3,4,6,5,7, 12, 8,10, 9

13 13 1,2,3,4,6,5, 7, 12, 8,10, 9, 11

14 % 1,2,3,4,6,5,7, 12, 8,10, 9, 11, 13
Két qua duyét BFS(1) ={ 1, 2, 3,4, 6, 5, 7, 12, 8,10, 9, 11, 13}
chay.

e Dbi voi do thi vo hudng, néu BFS(u) = V ta co thé két luan do thi lién thdng.
e Dbi v6i @6 thi c6 hudng, néu BES(u) = V ta c6 thé két luan d6 thi lién théng
yéu.
3.2.4. Cai dat thuat toan
Thuat toan duogc cai dit theo khudn dang dir liéu to chiic trong file dothi.in duoc
qui udc nhu duge trinh bay trong Muc 2.1.3 nhu sau:
e DONg dau tién ghi lai sb dinh cua d6 thi;
e N dong ké tiép ghi lai ma tran k& cuia d6 thi. Hai phan tir khac nhau cia ma tran
ké dugc viét cach nhau mot vai khoang trong.
Chuong trinh dugc thue hién véi cac thu tuc nhu sau:
e Ham Init() : doc dir liéu theo khudén 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 duy véi file dothi.in dudi ddy véi u = 3 s& cho ta két qua thuc hién chuong trinh
nhu sau:

dothi.in

10

O0O00OO0OORRRO
OCO0O0OO0OO0ORRFROOR
OO0O0OO0OROFrROOR
OROORRORRE
OOrROO0OORrRORO
O0OO0OrROORROO
PRPOOROOOOO
PRPOOOROOOO
RPORRFRPROORFROOO
ORRPRFPOOOOOO

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,j;
fp= fopen(dothi.in","r");
fscant(fp, "%d",&n);
printf("''\n So dinh do thi:%d",n);
for(i=1; i1<=n; 1++){
printf(’'\n"") ;chuaxet[1]=TRUE;
for(=1; j<=n; j++){
fscant(fp,"%d",&ALTI[ID);
printfC'%3d",A[][I1);

+
+
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 = queueflow]; low=1ow+1;
printf('%3d", u);
Tfor(v=1l; v<=n; v++){
iF(AJu]llv] && chuaxet[Vv]){
high = high+1;
queue[high]=v;
chuaxet|[Vv]=FALSE;

+
+
void main(void){
int u;
InitQ;
printf("’'\n Dinh bat dau duyet:'");
scanft("'%d",&u) ;
BFS(u);
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3.3. Ung dung ciia thuit toan DFS va BFS

C6 rat nhiéu ung dung khac nhau cta thuat toan DFS va BFS trén d thi. Trong
khudn khé caa gigo trinh ndy, ching ti dé cap dén mot vai tmg dung co ban. Nhing tng
dung cu thé hon ban doc c6 thé tim thdy rat nhiéu trong cac tai liéu khac nhau hoic
Internet. Nhing tmg dung co ban ciia thuat toan DFS va BFS dugc dé cap bao gom:

o Duyét tdt cd cdc dinh ciia do thi.

Duyét tdt ca cdc thanh phdn lién théng cia do thi.
Tim duwong di tir dinh s dén dinh t trén do thi.

Duyét cac dinh tru trén do thi vé hudng.

Duyét cac dinh tru trén do thi vé hudng.

Duyét cac canh cau trén do thi vo hudng.

Pinh chiéu dé thi vé hudng.

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

Xdc dinh tinh lién théng manh trén dé thi ¢é hudng.
Xac dinh tinh lién théng yéu trén do thi ¢é hiong.

O O O 0O o o o o o o

Thudt todn im Kiém theo chiéu réng trén do thi.
Xay dung cdy khung cia do thi vé huéng lién thong...

o

3.3.1. Xac dinh thanh phén lién thong ciia do thi
a) Pat bai toan

Cho d6 thi do thj v6 huéng G=<V,E>, trong d6 V 1 tap dinh, E la tp canh. Bai
toan dat ra la xac dinh cac thanh phan lién théng cua G =<V,E>?

b) M6 ta thuat toan

Mot do thi co thé lién thdng hoic khong lién thong. Néu do thi lién thdng thi s6
thanh phan lién thong cia né 1a 1. Piéu nay twong duong voi phép duyét theo thu tuc
DFS(u) hoic BFS(u) dugc goi dén dung mot lan. NOi cach khéc, DFS(u)=V va
BFS(u)=V.

Néu d thi khong lién thong (s thanh phan lién théng I6n hon 1) ching ta c6 thé
tach chung thanh nhimg d6 thi con lién thong. Piéu nay cling c6 nghia la trong phép
duyét do thi, s6 thanh phan lién thdng cua no bang dung s6 lan goi t6i thi tuc DFS() hodc
BFS(). Bé xac dinh sb cac thanh phan lién thdng caa d6 thi, ching ta str dung thém bién
solt @& nghi nhan cac dinh cing mot thanh phéan lién théng. Khi d6, thuat toan xac dinh
cac thanh phan lién théng cua d thi dugc mé ta trong Hinh 3.4,
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Thuét toan Duyet-TPLT:
Buwdéc 1 (Khoi tao):
solt = 0; //Khdi tao s6 thanh phan lién thong ban dau 13 0
Buwdére 2 (Lap):
for (u =1; u<n; u++) do //lap trén tap dinh
if (chuaxet[u] ) then
solt = solt + 1; //Ghi nhan s6 thanh phan lién thong
<Ghi nhan cac dinh thudéc TPLT>;
BFS (u); //DFES(u); /1
endif;
endfor;
Buwée 3 (Tra lai két qua):
Return(solt);
end.

Hinh 3.4. Thudt todn duyét cdc thanh phan lién théng cia do thi.

¢) Kiém nghiém thuat toan

Vi dy ta can kiém nghiém thuat toan trén Hinh 3.4 cho d6 thi duoc biéu dién dudi
dang ma tran ké nhu dudi day.

0 01010100O0O0O0TGO
0 001 010O0O0OO0O0TGO0COTGO
10001010O0O01CO0TGO0
01 00O0101010O0°0GO0
1010001010101
01 010O0O0O1TO010O00O0
1010100O01O0O0O0TGO0
0 001010O0O0OI1O0T1O0
0 0001O01O0O0O0OT1OCO0T1
0 001010100O010O0
0 01010O0O0O1O0O0TC0T1
0 00 0O0OOOT1O01O0O0TGO0
0 00O01O0O0OO0OI1IO0T1O0TGO0

Thyc hién thuat toan DFS va BFS nhu dugc mo ta ¢ trén ta nhan duoc :
Thanh phan lién théng 1: BFS(1) ={ 1, 3,5, 7, 9, 11, 13}.
Thanh phan lién théng 2: BFS(2) = {2, 4, 6, 8, 10, 12}.
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d) Cai dat thuat toan

Chuong trinh duyét cac thanh phan lién thong cua d6 thi duoc cai dit theo khudn
dang dir li¢u bi€u dién dudi dang ma tran ké trong Muc 2.3.1 véi cac thu tuc sau:

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

e Ham BFS (u), DFS(u) : Hai thuat toan duyét theo chiéu rong va duyét theo
chiéu sau duogc 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 1,j;FILE *fp;
fp=fopen(''dothi.in","r");
fscant(fp, "%d",&n);
printf("''\n So dinh do thi:%d",n);
for(i=1; i1<=n; 1++){
printf(""\n"") ;chuaxet[1]=TRUE;
for(=1; j<=n; j++){
fscant(fp, “%d",&ALT1O D)
printfC'%3d", ALl D);

+
+
void BFS(int u){
int queue[MAX],low=1,high=1, s,t;
queue[ low]=u;chuaxet[u]=FALSE;
while(low<=high){
s = queue[low];low=low+1;
printf("'%3d", s);
for(t=1; t<=n; t++){
IT(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=1l; v<=n; v++){
IT(A[u]l[v] && chuaxet][v])
DES(V);
+
+
void main(void){
int u ; clrscrQQ;Init();
for(u=1;u<=n; u++){
1T(chuaxet[u]){ solt++;
printf(C''\n TP._Lien thong %d:', solt);
BFS(u);//DFS(u);

}
}

3.3.2. Tim dwong di giira cac dinh trén dd thi
a) Pat bai toan

Cho d6 thi G =<V, E> (vé hudng hodc c¢é hwéng), trong d6 V 1a tap dinh, E 14 tap
canh. Bai toan dit ra 12 hdy tim duong di tir dinh seV dén dinh teV?

b) M6 ta thuat toan

Cho db thi G =<V, E>, s, t |a hai dinh thuoc V. Khi d6, dé dang nhan thay, néu
teDFS(s) hodc teBFS(s) thi ta co thé két luan co6 duong ditrsdénttrén dd thi. Néu
tgDFS(s) hodic tgBFS(S) thi ta c6 thé két luan khong c6 duong ditirs dént trén o  thi.
Van deé 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[] gom n phan tir (n=|V|). Khai tao ban dau truoc[u]=0 v&i 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 todan DFS) hodc hang
doi(trong truong hop ta sir dung thudt todn DFS) ta ghi nhan truoc[v] = s. Piéu nay c6
nghia, dé di dugc 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 12 mot dinh nao d6 thudc V hay te DFS(s) hoac teBFS(s).
Trong truong hop hai thi tuc DFS va BFS khdng duyét dugce dén dinh t, khi d6 truoc[t]
=0 va ta két luan khong c6 duong di tir s dén t. Hinh 3.5 duéi ddy mo ta thuét toan tim
duong di tir dinh s dén dinh t trén d6 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 thuat toan BFS. Hinh 3.7
dudi day mo ta thuat toan ghi nhan dudng di tir dinh s dén dinh t trén do thi.
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Thuat toan DFS(S):
Begin
Budc 1 (Khdi tao):
stack = &; I/IKhdi tao stack la &
Push(stack, s); //Pua dinh s vao ngan xé'p
chuaxet[s] = False; //Xac nhdn dinh u da duyét
Budc 2 (Lap) :
while ( stack = & ) do
u = Pop(stack); //Logi dinh & dau ngan xép
for each ve Ke(u) do //Ldy médi dinh ueKe(v)
if ( chuaxet[v] ) then //Néu v diing la chuwa duyét
chuaxet[v] = False; // Xac nhdn dinh v da duyét
Push(stack, u);//Pua u vao stack
Push(stack, v); //Pua v vao stack
truoc[v] = u; /[Ghi nhdn truoc/v] la u
break; [IChi ld'y mot dinh t
EndIf;
EndFor;
EndWhile;
Buée 3 (Tra lai két qua):
Return(<Tap dinh da duyét>);

End.
Hinh 3.5. Thuat toan DFS tim dudng di tir s dén t.
Thuat toan BFS(s):
Budc 1(Khoi tao):
Queue = J; Push(Queue,s); chuaxet[s] = False;
Budc 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;
EndIf ;
EndFor ;
EndWhile ;
Buéc 3 (Tra lai két qua) :
Return(<Tap dinh duoc 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 (truocf[t] ==0) {
<Khéng c6 duong di tir s dén t>;
}
else {
<Pua ra dinh t>; //Pua ra truoc dinh t
u = truoc[t]; /u la dinh truéc khi dén dwoc t
while (u #s) { //Lap néu u chua phai 1a s
<Pura ra dinh u>; //Pua ra dinh u
u = truoc[u]; // Lan nguogc lai dinh truoc|u].
}
<Pua ra ndt dinh s>;
}
}

Hinh 3.7. Thu tuc ghi nhan duong di tir s dén t

¢) Kiém nghiém thuat toan

Gia str ta can xac dinh dudng di tir dinh 1 dén dinh 13 trén d6 thi duoc biéu dién
dudi dang ma tran ké. Khi do, thir tu cac budc thuc hi¢én theo thuat toan DES duoc thé
hién trong Bang 3.3, thu tu cac budc thuc hién theo thudt toan BFS duoc 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 1,2,3,4 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 thuat 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 DPuong di tir dinh s dén dinh t theo thuat todn BFS di qua it nhat cic canh cia

dd thi (c6 @6 dai nho nhat).
d) Cai dat thuat 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 khéi ddu cac bién
int 1,j;FILE *fp;
fp=fopen(''dothi.in","r");
fscant(fp, "%d",&n);
printf("''\n So dinh do thi:%d",n);

for(i=1; i1<=n;
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printf(*"\n"") ;chuaxet[1]=TRUE;truoc[1]=0;

for(J=1; j<=n; j++){
Fscanf(fp, "%d" ,&ALT1D);
printf(C'%3d",ALi10]1);

}
}
}
void DFS(int uw){//Thuat toan DFS
int v;
printf("'%3d",u) ;chuaxet[u]=FALSE;
for(v=1; v<=n; v++){
IT(A[u]lv] && chuaxet[Vv]){
truoc[Vv]=u;DFS(Vv);
}
}
}

void BFS(int 1){//Thuat toan BFS
int queue[MAX], low=1l, high=1, u, v;
queue[ low]=1;chuaxet[1]=FALSE;
while(low<=high){
u = queue[low]; low=low+1;
for(v=1; v<=n; v++){
1IT(A[ul[v] && chuaxet[v]){
high = high+1;queue[high]=v;
truoc[v]=u; chuaxet[Vv]=FALSE;

}

void Duongdi (void){

iIT (truoc[t]==0){
printf("'\n Khong ton tair duong di™);
getch(); return;

+

printf("’'\n Duong di:"");

int j = t;printf("%3d<=",});

while(truoc[j]1=s){
printf(""%3d<="",truoc[j]);j=truoc|[]j];

+

printf("'%3d",s); getch();
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void main (void){
InitQ;
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 dé thi c6 hwéng
a) Pat bai toan

Do thi ¢ huéng G=<V,E> lién théng manh néu gitra hai dinh bat ky cta n6 déu
ton tai duong di. Cho trudc do thi ¢c6 hudng G = <V,E>. Nhiém vu cua ta 1a kiém tra xem
G c0 lién thong manh hay khong?

b) M6 ta thuat toan

Pbi v6i @6 thi vo hudng, néu hai tha tuc DFS(u) = V hoic BFS(u) = V thi ta két
luan db thi vo hudng lién thong. Poi véi d6 thi c6 huéng, néu DFS(u)=V hoic BFS(u)=V
thi ta méi chi co két luan c6 duong di tir u dén tat ca cac dinh con lai cia d6 thi. Nhiém
vu cua ta 12 phai kiém tra DFS(u)=V hoic BFS(u)=V v&i moi ueV. Hinh 3.8 duéi day
mo ta chi tiét thuat toan kiém tra tinh 1ién théng manh cua 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 /INéu DFS(u) #V hodc BFS(u) #V

return(False); //Pé thi khéng lién thdng manh

endif;
Relnit();//Khaoi tqo lai cac mang chuaxet/]

endfor;

return(True);//Po6 thi lién théng manh

Hinh 3.8. Thuat toan kiém tra tinh 1ién thdng manh.

¢) Kiém nghiém thuat toan

Gia sir ta can xac dinh dd thi co huong G =<V,E> dugc biéu dién dudi dang ma
tran ké dudi day co lién thong manh hay khong? Khi d6 cac budc thyc 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 thuit toan kiém tra tinh lién thong manh.
Pinh ueV DFS(u)=?//BFS(u)=? DFS(u) =V?
leV DFS(1) =1,6,10,2,3,9,5,7,11, 8, 4,12, 13 Yes
2V DFS(2)=2,3,9,5,7,11,8,4,1, 6,10, 12, 13 Yes
3eV 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
5eV DFS(5) =5,7,11,2,3,9,13,8,4, 1,6, 10, 12 Yes
6eV DES(6) =6, 10, 2,3,9,5,7,11, 8,4, 1,12, 13 Yes
7€V 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
12eVv | DFS(12) =12,4,1,6, 10, 2,3,9,5,7, 11, 8, 13 Yes
13ev | DFS(13)=13,9,5,7,11,2,3,8,4,1, 6, 10, 12 Yes

Cot ngoéi cling cua Bang c6 DFS(u) = V voi moi ueV nén ta két luan G lién
thdng manh. Néu tai mot hang nao d6 c6 DFS(u) #V thi ta két luan dd thi khong lién
thdng manh va khong can phai kiém tra tiép cac dinh con lai.
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d) Cai dat thuat toan

Thuat toan dugc cai dat theo khudn dang dd thi duoc qui uée trong Muc 2.3.1 véi
cac thu tuc sau:

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

Thu tuc Relnit() : Khéi tao lai gia tri cho mang chuaxet[].
Tha tuc DFS(u) : Thuat toan DFS bat dau tai dinh u.
Tha tuc BFS(u) : Thuat toan BES bét dau tai dinh u.

Ham Strong-Conective(): Kiém tra tinh lién théng manh cta d6 thi.

Chuong trinh Kiém tra tinh lién thdng manh ctia d6 thi dugc thé hién nhu dudi day.
#include <stdio.h>

#include <conio.h>

#include <i1ostream.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 1,j;FILE *fp;
fp=fopen(''dothi.IN","r");
fscant(fp, "“%d",&n);
printf(""\n So dinh do thi:%d",n);
for(i=1; 1<=n; 1++){
printfC'\n"");
for(J=1; j<=n; j++){
fscant(fp,"%d",&ALTI1ID);
printfC'%3d",A[1]1[1D);

}

//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 = queue[low];low=low+1;

//printf("'%3d", s);

for(t=1; t<=n; t++){

IT(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++){
IT(A[u]l[v] && chuaxet][v])
DES(V);
+
+
//Khor dau lair mang chuaxet[]
void Relnit(void) {
for (int 1=1; 1<=n; i1++)
chuaxet[1]=TRUE;
+
//Kiem tra so lien thong >17?
Int Test_So_Lien_Thong(void) {
for(int u=1l; u<=n; ut++)
1T(chuaxet[u]) return(l);
return(0);
+
//Kiem tra tinh lien thong manh
int Strong_Conective (void) {
Read_Data(); Relnit();
for (int u=l; u<=n; u++){
chuaxet|u]=FALSE;
1T(u==1) DFS(2);//BFS(2);
esle DFS(1); //BFS(1);
i1IT(Test_So_Lien_Thong()) return(0);
Relnit();

+
return(l);

}
void main(void){
1IT(Test_LT_Manh(Q))
printf(C’'\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) bat bai toan

Cho db thi v6 hudng lién thong G =<V, E>. Pinh ueV duoc goi tru néu loai bo
dinh u clng véi cac canh noi voi U lam tang thanh phan lién théng cta do thi. Bai toan
dat ra 1a xdy dung thuat toan duyét cac dinh tru cta do thi vo hudéng G =<V, E> cho
trude?

b) M6 ta thuat toan

Khong han ché tinh téng quat clia bai toan ta c6 thé gia thiét do thi & cho ban dau
la lién thong. Trong trudng hop do thi khong lién thong, bai toan duyét tru thue chat gidi
quyét cho moi thanh phan lién théng cua do thi.

Pbi v6i do thi duge biéu dién dudi dang ma tran ké, viéc loai bo dinh u cling véi
c4c canh ndi v6i U tuong tmg v6i viée loai bé hang u va cot u tuong tmg trong ma tran ké.
Pé thyc hién viéc ndy trong cac thi tuc DFS() hoic BFS() ta chi can thiét 1ap gia tri
chuaxet[u] = False. Qua trinh duyét s& dugc thuc hién tai mot dinh bat ky v=u. Néu
DFS(v) = VM{u} hodc BES(v) = V\{u} thi d6 thi mgi nhan duoc ciing chi c6 1 thanh phan
lién thong va ta két luan v khong 1a tru. Truong hop DFS(v) = V\{u} hoic BFS(v) #
V\{u} thi v chinh 1 try vi s thanh phan lién thong cua d6 thi da ting 1én. Thuat toan
duyét cac dinh tru ctia d6 thi duwoc 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; //Cam DFS hodc BFS duyét vao dinh v
if (DFS(u) = V\{v} ) then //Duyét DFS hoac BFS tai dinh u=v

<Ghi nhan v 1a tru>;

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

endfor;

Hinh 3.9. Thuat toan duyét cac dinh tru cta do thi.
¢) Kiém nghiém thuat toan
Gia sir ta can xac dinh db thi vd huéng G =<V,E> duogc biéu dién duéi dang ma

tran k& dudi ddy co nhimg dinh tru ndo? Khi d6 cac budc thuc hién theo thuét toan Hinh
3.9 dugc thuc hién theo Bang 3.6 dudi day.
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Bang 3.6. Kiém nghiém thuét toan duyét cic dinh try ctia d thi.

Pinh veV DFES(u)=?//BFS(u)="? u=-v. DFS(u) #V\v?
leV DFS(2)= 2,3,4,5,6,7,8,09, 10,11, 12, 13 No
2eV 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
11eV |DFS(1)=1,2,3,4,5,6,7, 809,10, 12,13 No
12evV |DFS(1)=1,2,3,4,5,6,7, 809,10, 11, 13 No
13evV |DFS(1)=1,2,3,4,5,6,7, 8,910, 12,13 No

Pinh ¢ hang u co gia tri cot s6 3 1a Yes la nhimg dinh try, cac dinh c6 gia tri No

khong 1a dinh tru.

d) Cai dat thuat toan

Thuat toan dugc cai dat theo khuon dang dd thi duogc qui udc trong Muc 2.3.1 voi

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() : Khéi tao lai gia tri cho mang chuaxet[].
e Thu tuc DFS(u) : Thuat toan DFS bat dau tai dinh u.
e Thu tuc BFS(u) : Thuat toan BFS bat dau tai dinh u.

Vin ban chuong trinh 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 1,j;FILE *fp;
fp=fopen('dothi.IN","r");
fscant(fp, "%d",&n);
for(i=1; i1<=n; i++){
printf("'\n"");
for(=1; j<=n; j++){
fscant(fp, "%d" ,&ALTI1 D)
+
+
+
//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 = queue[low];low=low+1;
//printf("'%3d", s);
for(t=1; t<=n; t++){
IT(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=1l; v<=n; v++){
IT(A[u]l[v] && chuaxet][v])
DES(V);
+

by
//Khor dau lar mang chuaxet[]

void Relnit(void) {
for (int 1=1; 1I<=n; i1++)
chuaxet[1]=TRUE;
+

//Kiem tra so lien thong >17?
Int Test_So_Lien_Thong(void) {
for(int u=1; u<=n; u++)
1T(chuaxet[u]) return(l);
return(0);
+
//Duyét céac dinh tru
void main(void) {
Read_Data(); Relnit();
for (int u=1l; u<=n; u++){
DFS(1);//BFS(1);
1f(Test_So_Lien_Thong())
printf(’'\n Dinh %d la tru', u);
Relnit();

}
}

3.3.5. Duyét cic canh ciu

a) Pat bai toan

Cho db thi vo hudéng G =<V,E>. Canh e<E dugc goi la cau néu loai bo e lam tang
thanh phan 1ién thdng cua do thi. Bai toan dat ra la cho trudc do thi vo huéng G = <V,E>,
hay liét ké tat ca cac canh cau cua do thi.

b) M6 ta thuat toan

Khong han ché tinh tong quat cta bai toan ta ciing gia thiét 6 thi G=<V,E> d4
cho 1a lién thong. Trong truong hop do thi khong lién théng, bai toan duyét cau thuc hién
trén moi thanh phan 1ién thdng cua do thi.

56



Trong trudng hop do thi dugc biéu dién dudi dang ma tran ké, ehi loai boé canh
e=(u,v) €E ra khoi d6 thi ta thuc hién bang cach cho cac phan tir A[u][v]=0 va A[vV][u]=0
(A[][] 1a ma tran k& biéu dién @6 thi G). Pdi véi dd thi dugc biéu dién dudi dang danh
séch ké, danh sach ké cta dinh u ta bt di dinh v va danh séch ké cta dinh v ta bét di dinh
u ( Ke(u) = Ke(u){v}, Ke(v) = Ke(v)\{u}). Thuat toan duyét cac canh cau cua 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 phdn lién thong cia do thi
<Ghi nhan e 14 cau>;
endif ;
E = Eu{e} ; //[Hoan tra lai canh e
Relnit();//Khaoi tao lai cac mang chuaxet[]
endfor;

Hinh 3.10. Thuat toan duyét cac canh cau ciia dd thi.
¢) Kiém nghiém thuat todn
Gia st ta can xac dinh do thi vo huéng G =<V,E> dugc biéu dién dudi dang ma

tran ké dudi day co nhitng canh cau? Khi d6 cac budc thuc hién theo thuat toan Hinh
3.10 duogc thuc hién theo Bang 3.7 dudi day.

0111 00 0 O0O0OO0OTO0OTO0OTO
101 1 0 0 0O OO OOOTO
110110 00 O0O0O0OO0OTO
1110 0 0 0 O0O0OOOTOTO
0 01 00 1 111 00 0O
0 0 001 01 0 1 00 0O
0 0 001 1 01000 0O
0 0 001 01 0 1 00 0O
0 0 001 1 01010 0O
0 0 0O 00O O O 101 11
0 0 0O 0OOOOOOT1O0T1I1
0 0 0O 0OOO OO OTI11 01
0 0 0O 0OOO OOOT1T11O0
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Bang 3.7. Kiém nghiém thuat toan duyét cac canh cau cua do thi.

Canh ecE DFS(u)=?//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)=1,2,3,4,56,7,8,9,10,11, 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)=1,2,3,56,7,8,9,10, 11, 12,13, 4 No
(35)eE |DFS(1)=1,2,3,4,5 Yes
(5,6)ecE |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)eE |DFS(1)=1,2,3,4,5,6,7, 8,9, 10,11, 12, 13 No
(59)eE |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
(7,8) cE | DFS(1)=1,2,3,4,56,7,9,8,10, 11, 12, 13 No
(8,9) cE |DFS(1)=1,2,3,4,56,7,8,9, 10, 11, 12, 13 No
(9,10) eE |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) E | 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) €E | DFS(1) =1, 2, 3,4,5,6, 7, 8, 9, 10, 11, 13, 12 No

(11,13) €E | 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) 1a cau

d) Cai dat thuat toan

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

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

Chuong trinh Kiém tra tinh lién thdng manh ciia d6 thi dugc thé hién nhu dudi dy.
#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 1,j;FILE *fp;
fp=fopen('dothi.IN","r");
fscant(fp, "%d",&n);
for(i=1; i1<=n; i++){
printf("'\n"");
for(=1; j<=n; j++){
fscant(fp, "%d" ,&ALTI1 D)
+

+
+
//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 = queue[low];low=low+1;
//printf("'%3d", s);
for(t=1; t<=n; t++){
IT(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=1l; v<=n; v++){
IT(A[u]l[v] && chuaxet][v])
DES(V);
+
+
//Khor dau lair mang chuaxet[]
void Relnit(void) {
for (int 1=1; 1I<=n; i1++)
chuaxet[1]=TRUE;
+
//Kiem tra so lien thong >17?
Int Test_So_Lien_Thong(void) {
for(int u=1; u<=n; u++)
1T(chuaxet[u]) return(l);
return(0);
+
//Duyét canh céau
void main(void) {
Read_Data(); Relnit();
for (int u=1; u<n; u++){
for(int v=u+l;v<=n; v++){
iTCA[ullvl) { //Neu (u,v) la mot canh
Alul[v]=0; A[V][u]=0;//Loair canh
DFS(1);//BFS(1);
1IT(Test_So_Lien_Thong())
printf(C’'\n Canh %d%5d ",u, Vv);
ALullvl=1; A[v]l[u]l=1;
Relnit();//Khoi tao lai mang chuaxet
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3.4. Mt sb bai toan quan trong khac
2.4.1. Duyét cac thanh phén lién thong manh cia do thi

Pbi v6i @6 thi c6 hudng nguoi ta quan tim dén viéc duyét cac thanh phan lién
thdng manh cua dd thi. M4i thanh ph?m lién thdng manh cua dd thi 12 mot d6 thi con cua
G ma giira hai dinh bét ky ctia do thi con déu c6 dudng di. Bai toan dit ra 1a hay liét ké
tat ca cac thanh phan lién thong manh cta do thi c6 huéng G=<V,E>. Vi du vé6i 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 phan lién thdng manh 2: 4, 3, 2.
Thanh phan lién théng manh 3: 11, 10, 9, 8.
Thanh phan lién théng manh 4: 1.

Hinh 3.11. D6 thi c6 huéng G =<V, E>
2.4.2. Bai toan dinh chiéu db thi
Mot trong nhimg tmg dung quan trong cua d thi 12 biéu dién d thi cho cac hé

thong giao thong. Déi v6i hé théng giao thong ngudi ta quan tam dén liéu hé théng co thé
dinh chiéu duoc hay khoéng.

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

Vi du d6 thi vo huéng trong Hinh 3.12 duéi day dugc goi la dinh chidu dugc.

61



) >

V.

3 4

Hinh 3.12. Phép dinh chiéu do thi vo huéng lién thong.
Pinh ly. D6 thi vo hudng lién thong G =<V, E> dinh chiéu duoc khi va chi khi tat

Ca cac canh ecE cua G déu khong phai 12 cau.

Ban doc tu tim hiéu cach chtimg minh dinh 1y trong cac tai ligu [1, 2].
Bai toan. Cho d6 thi vo hudng lién thong G = <V,E>. Hay dinh chiéu db thi G sao

cho ta c6 thé nhan dugc dd thi c6 hudng véi it nhat thanh phan 1ién thdng manh.

3.5. Mot sb diém can ghi nhé

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

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

Duyét tat ca cac dinh ctia @6 thi dwa vao DFS(u), BFS(u).

Duyét tat ca cac thanh phan 1ién théng cua do thi dwa vao DFS(u), BFS(u).
Tim duong di tir din s dén t trén d6 thi dua vao DFS(u), BFS(u).

Kiém tra tinh lién théng manh cua d6 thi dwa vao DFS(u), BFS(u).

Duyét cac dinh tru cua d6 thi DFS(u), BFS(u).

Duyét cac canh cau cua d6 thi DES(u), BFS(u).

Mot sé img dung quan trong khac ctia DFS va BFS.
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BAI TAP

1. Cho dd thi vo hudng dugc biéu dién dudi
dang ma tran ké nhu Hinh bén phai. Hay
thuc hién:
a) Trinh bay thuat todn BFS(u)?
b) Kiém nghiém thuat toan BFS(u) bat
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 budc thuc hién cua thuat
toan.

(el elNolelolNololol i il i e

2. Cho d6 thi vo huéng duoc biéu dién dudi
dang ma tran k& nhu Hinh bén phai. Hay
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 budc thue 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 cua thuat
toan.

O OO0 0O OO0 OOkF P - Bk, O

3. Cho @6 thi vo huéng duoc biéu dién dudi 0
dang ma tran k& nhu Hinh bén phai. Hay O
thuc hién:
a) Trinh bay thuat toan duyét cac thanh
phan lién théng cua do thi?
b) Kiém nghiém thuat toan trén do thi
d4 cho? Chi rd két qua trung gian theo
moi budce thuc hién ctia thuat toan.

OO OO OO OPFrRPOFr,rOOOo

OO OO OO FrRrOPFrOoOPRr
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4. Cho db thi vo hudng 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 tim dudng di tir dinh s dén
dinh t trén d thi?
b) Tim dudng di tir dinh s=1 dén dinh t
=13 trén d6 thi dd cho? Chi 18 két qua
trung gian theo mdi budc thuc hién cta
thuat toan.
¢) Viét chuong trinh tim duong di tir s
dén t dya vao biéu dién d6 thi dudi dang
ma tran keé.

5. Cho d6 thi vo huéng duoc biéu dién dudi
dang ma tran ké nhu Hinh bén phai. Hay
thuc hién:
a) Dua vao thuat toan DFS, xay dung
thuat toan tim duong di tir dinh s dén
dinh t trén d thi?
b) Tim dudng di tir dinh s=1 dén dinh t
=13 trén do thi da cho? Chi 6 két qua
trung gian theo mdi budc thuc hién clia
thuat toan.
¢) Viét chuong trinh tim duong di tir s
dén t dua vao biéu dién db thi dudi dang
ma tran keé.

6. Cho d6 thi c6 huéng dugc bidu dién dudi
dang ma tran ké nhu Hinh bén phai. Hay
thuc hién:
a) Dya vao thuat toan DFS, xay dung
thuat toan kiém tra tinh lién thdng manh
cua do thi?
b) Kiém nghiém thuat toan trén do thi
d4 cho? Chi rd két qua trung gian theo
moi budce thuc hién ctia thuat toan.
¢) Viét chuong trinh kiém tra tinh lién
thdng manh cta dd thi dua vao biéu
dién ma tran ké.
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7. Cho d6 thi c6 huéng dugc biéu dién dudi
dang ma tran ké nhu Hinh bén phai. Hay
thuc hién:
a) Dya vao thuat toan BFS, xdy dung
thuat toan kiém tra tinh lién thdng manh
cua do thi?
b) Kiém nghiém thuat toan trén do thi
d4 cho? Chi rd két qua trung gian theo
moi budce thuc hién ctia thuat toan.
¢) Viét chuong trinh kiém tra tinh lién
thdng manh cta dd thi dua vao biéu
dién ma tran ké.

8. Cho d6 thi vo huéng 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 try cia dd thi?
b) Kiém nghiém thuat toan trén do thi
d4 cho? Chi rd két qua trung gian theo
moi budce thuc hién ctia thuat toan.
¢) Viét chuong trinh kiém tra tinh lién
thdng manh ctua dd thi dwa vao biéu
dién ma tran ké.

9. Cho d6 thi v6 huéng 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 duyét cac dinh try cia dd thi?
b) Kiém nghiém thuat toan trén do thi
d4 cho? Chi rd két qua trung gian theo
moi budce thuc hién ctia thuat toan.
¢) Viét chuong trinh kiém tra tinh lién
thdng manh cta dd thi dua vao biéu
dién ma tran ké.
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10. Cho db thi vo huéng duoc biéu dién |0 L1 0 0 0 0 1 1 1 1 .0 0 0
dudi dang ma tran k& nhu Hinh bén phai. |t ¢ 1 0 0 010100 0 0
Héythuc hién: 01 0 1 11 0 0 O0O0O0OO0OTO
a) Dua vao thuat toan BFS, xay dung 00 101107000000
A , A , A ) /0 0 1 1 0 1 0 O O O O O O
thgat toan duy¢t cac canh cau cua do 001110000000 0
thl? .2 . \ /110 0 0 0 01 0 0 0O 0 O
b) Kiém nghiém thudt todn trén dothi| 1 o o 0 0 0 1 0 1 0 0 0 0
d4 cho? Chi 16 két qua trung giantheo|1 1 0 0 0 0 0 1 0 0 O O O
moi budce thuc hién ctia thuat toan. 100 0 00 O0O0O0UO0T1 1 1
¢) Viét chuong trinh kiém tra tinh lién|{o o o0 0 0 0 0 0 0 1 0 1 1
thdng manh cia dd thi dwa vao bidu|0 0 0 0 0 0 0 0 0 1 1 0 1
dién ma tran ké. 000O0O0OGO OGO OTI1T1T10
11. Cho db thi vo hudng lién thong G =<V, E> nhu dudi 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 duong di tir | 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 “thds” caa cap
dinh u, veV néu moi dudng di tir u dén v déu phai qua s. Dya vao thuat toan duyét theo
chiéu sau (hodc chiéu rong), hdy thuc hién:

a) Xay dung thuat toan tim tat ca cac dinh thar sV caa cap dinh u, veV?

b) Tim tap dinh thdit seV cua cap dinh u=1, v=12 trén d6 thi da cho, chi 16 két qua

theo moi budce thuc hién cua thuat toan?

¢) Tim tap dinh thdr seV cua cap dinh u =1, v =13 trén d6 thi dugc biéu dién dudi
dang danh sach ké dudi day, chi r0 két qua theo moi budc thuc hién cua thuat toan?

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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CHUONG 4. PO THI EULER, PO THI HAMIL TON

4.1. D6 thi Euler, db thi nira Euler

Pinh nghia. Chu trinh don trong d6 thi G di qua mdi canh ciia d6 thi dang mot 1an
dugc goi 1a chu trinh Euler. Puong di don trong G di qua mdi canh cta né diing mot lan
duogc goi 1a dudng di Euler. P4 thi duoc goi 13 dd thi Euler néu nd c6 chu trinh Euler. b
thi c6 duong di Euler dugc goi 1a ntra Euler.

R6 rang, moi d6 thi Euler déu 13 ntra Euler nhung diéu nguogc lai khong dang.

Vi du 1. Xét cac d6 thi G1, G2, G3 trong Hinh 4.1.

a b a b a b

d C d C C d e
G1 G2 G3

Hinh 6.1. D6 thi vé huong GI, G2, G3.

Do thi G1 1a dd thi Euler vi n6 c6 chu trinh Euler a, e, ¢, d, e, b, a. Db thi G3
khdng co chu trinh Euler nhung chira duong di Euler a, ¢, d, e, b, d, a, b vi the G3 1a nira
Euler. G2 khéng co chu trinh Euler ciing nhu duong di Euler.

Vi du 2. Xét cac d6 thi co hudng H1, H2, H3 trong Hinh 4.2.
a b a b a b
D E
D d e d d C
H1 H2 H3

Hinh 4.2. D6 thi ¢6 hiromg HI, H2, H3.

D6 thi H2 1a d6 thi Euler vi n6 chira chu trinh Euler a, b, ¢, d, e, a vi vy n6 la d6 thi
Euler. D6 thi H3 khong c6 chu trinh Euler nhung c¢6 duong di Euler a, b, ¢, a, d, ¢ nén nd
la d6 thi ntra Euler. D6 thi H1 khong chira chu trinh Euler ciing nhu chu trinh Euler.

4.2. Thuat toan tim chu trinh Euler

Pé tim mot chu trinh Euler cua dd thi ta st dung két qua cta dinh 1y sau.

Dinh Iy 1. Diéu kién can va di dé do thi G=<V,E> la Euler. Do thi vo huong lién
théng G=<V, E> la @6 thi Euler khi va chi khi moi dinh cua G déu c6 bac chan. D06 thi ¢
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huéng lién thong yéu G=<V, E> 1a do thi Euler khi va chi khi tat ca cac dinh ciia no déu
¢6 ban dinh bac ra bang ban dinh bac vao (diéu nay lam cho do thi 1a lién théng manh).

4.2.1. Chirng minh d@b thi 1a Euler
Pbi véi d6 thi vo hudng, dé ching minh do thi ¢6 1a Euler hay khong ta chi can
thuc hién:

o Kiém tra d6 thi c6 lién thong hay khong? Diéu nay dé dang thyc hién bang
cach kiém tra DFS(u) = V hodc BFS(u) = V thi ta ket ludn do thi la lién thong
(u la dinh bat ky cua do6 thi).

e Su dung tinh chit cua ma tran ké biéu dd thi vo hudng dé tinh toan bac cua cac

dinh.
-ViBFS(1)={1,2,6,3,57,4,11,8, [0 1 0001000 00 00
10, 12,9, 13} = V. Do vay, G lién 1010110000000
thong. 0101 100000T10°0
- Ta lai 6 - 001 00011007100
deg(1) = deg(13) = 2. R, CEERERR
deg (2) = deg(3) = 4 0001110100000
deg(4) = deg(5) = 4 0001001011000
deg(6) = deg(7) = 4 000000O0T1O0T10 11
deg(8) = deg(9) =4 0000O0O0O0OT110110
deg(10) = deg(11) = deg(12) =4 001 1000O0O0TU1IOQ0T1O0
Chuy: Téng cac phan tir cta hangu (cot (0 0 0 0 0 0 0 0 1 1 1 0 1
u) la bac cua dinh u. Vi dy téng cac [0 0 0 0 0 0 0 0 1.0 0 1 0

phan tir ciia hang 1 1a 2 nén deg(1) = 2.

Pbi véi d6 thi c6 hudng, dé chimg minh db thi c6 1a Euler hay khéng ta chi can

thuc hién:

e Kiém tra d6 thi c6 lién théng yéu hay khong? Piéu nay dé dang thuc hién bang
cach kiém tra néu ton tai dinh ue V d€ DFS(u) = V hoac BFS(u) =V thi ta két
luan d6 thi 1a lién thdng yéu.

e St dung tinh chat ctia ma tran ké biéu dd thi c6 hudng dé tinh ban dinh bac ra
va ban dinh bac vao cua cac dinh. Ban dinh bac ra cua dinh u la deg+(u) la so
cac so 1 cua hang u. Ban dinh bac vao cua dinh u la deg-(u) 1a so6 cac so 1 cua
cot u.

Vi du dé chung minh dd thi co huéng dugc biéu dién dudi dang ma tran ké nhu

dudi day ta thyc hién nhu sau:
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+ViBFS(1)={1,2,3,5,4,11,6,7,10,12, |o 1 0 0 0 0 0O O O O O O O
8,9, 13} = V. Do vy, G lién théng yéu. 00101 000O0UO0O0O0O0
+ Ta lai co: 000 1000UO0O0UO0T1U00
T . . . 0000O0OUO0TZ10GO0UO0T100

deg (2)=deg(2)=deg’(3)=e9(3)=2 |7 5 1 ¢ o 1 0 0 0 0 0 0 0
deg”(4)=deg(4)=deg’(5)=deg(®)=2 |1 1 0 0 0 0 0 0 0 0 0 0 O
deg”(6)=deg (6)=deg”(7)=deg (7) =2 00001 1000TO0TGO0TUO0O0
deg”(8)=deg (8)=deg”(9)=deg(9) =2 0001 001 00O0O0TUO0OTFOWO

e (10)= dog(10) -2 0093228101000
deg”(11) = deg (11) =2 000000O0GO0U OGO OT1O0T10
deg”(12) = deg'(12) =2 0O 00O0O0UO0G O O0TILO0GO0O0 1
deg’(1)=deg(1)=deg(13)=deg”(13)=1 (0 0 0 0 0 0 0 0 1 0O O O O

G lién thong yéu va c6 ban dinh bac ra bang ban dinh bac vao nén G 1a dd thi
Euler.

4.2.2. Biéu dién thuat toan tim chu trinh Euler

DPé tim mot chu trinh Euler trén dd thi, ta thuc hién theo thuét toan trong Hinh 4.3
dudi day:

Thuat toan Euler-Cycle(u):
Buwéc 1 (Khéi tao) :
stack = ; //Khdi tao mot stack bit dau 13 @
CE=@; [//Khditao mang CE bat dau 1a &
Push (stack; u) ; /Pua dinh u vao ngin xép
Budc 2 (Lap ):
while (stack=@ ) do { //Lap cho dén khi stack rong
s = get(stack); /LAy dinh & dau ngan xép
if (Ke(s) = @) then { // Néu danh sach Ke(s) chua rong
t =< Pinh dau tién trong Ke(s)>;
Push(stack, t)’ //Pua t vao stack;
E =E\ (s,t); // Loai b canh (s,t);

}
else { /Truong hop Ke(s)=J
s = Pop(stack);// Pua s ra khoi ngin xép
s =CE; //Pua s sang CE
}
} ,
Budce 3 (Tra lai két qua) :
<Lat nguoc lai cac dinh trong CE ta dugc chu trinh Euler> ;

Hinh 4.3. Thuat toan tim chu trinh Euler bit dau tai dinh u
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4.2.3. Kiém nghiém thuit toan

Vi du ta can tim mdt chu trinh Euler bit dau tai dinh u=1 trén d6 thi G = <V, E>
dugc biéu dien dudi dang ma tran ké nhu dudi day. Khi do, cac budc thuc hién cua thuat
toan dugc thyc hi¢én nhu Bang 4.1 (chi y phan chung minh ta da thuc hién & trén).

Buéc Trang thai Stack Giatri CE

1 1 o

2 1,2 o

3 1,23 ¢

4 1,2,3,4 o

5 1,234 ¢

6 1,23, 475 ¢

7 1,2,34752 ¢

8 1,2,3475,2,6 o

9 1,2,3475,26,1 o

10 1,2,3,475,2,6 1

11 1,2, 3 475,265 1

12 1,2,3475,2,6,5,3 1

13 1,23 475,265,311 1

14 1,2,3475,2,65,311,4 1

15 1,2,3475,2,6,5,311,4,8 1

16 1,23 ,475,2,65,3114,.8,7 1

17 1,2,3475,2,65,311,4.8,7,6 1

18 1,2,3,475,2,65,3114.8,7 1,6

19 1,2,34752,6,5,3114,8 1,6,7

20 1,2,3,475,2,65,311,4,8,9 1,6,7

21 1,2, 3 475,2,6,5,311,4,8910 1,6,7

22 1,2,3475,2,65,311,4,8,9,10,8 1,6,7

23 1,23 475,2,6,5,311,4,8910 1,6,7,8

24 1,2,3475,2,65,311,4,8,9,10,11 1,6,7,8

25 1,23 475,2,65,311,4,89,10,11,12 1,6,7,8

26 1,2,3475,2,65,311,4,8,9,10,11,12,9 1,6,7,8

27 1,2,3475,2,65,311,4,8,9710,11,12,9,13 1,6,7,8

28 1,23 475,2,65,3114,8,910,11,12,9,13,12 1,6,7,8

29 1,23 475,2,65,311,4,8,9410,11,12,9,13,12,10 1,6,7,8
Pua lan lwot cac dinh trong Stack sang CE cho dén khi stack=&

30 -.. |CE=1,6,7,8,10,12,13,9,12,11,10,9,8,4,11,3,5,6,2,5,7,4,3,2, 1

Ldt nguoc lai cac dinh trong CE ta dwoc chu trinh Euler

1- 2- 3- 4- 7-5-2-6-5-3-11-4-8-9-10-11-12-9-13-12-10-8-7-6-1

4.2.4. Cai dat thuat toan
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Chuong trinh tim mot chu trinh Euler caa do thi bat dau tao dinh u trén do thi vo
hudng lién thong dugc cai dat theo khuon dang do thi bicu dién dudi dang ma tran ke.
Cac thu tuc chinh bao gom:

e Thu tuc Init() : doc dit liéu theo khuon dang biéu dién ma tran ké.
e Thu tuc Kiemtra(): Kiém tra xem G c6 12 Euler hay khong.

e Thu tuc Euler-Cycle (u) : Xay dung chu trinh Euler bat dau tai dinh u.
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int AIMAX][MAX], n, u=1;
void Init(void){
inti, J;FILE *fp;
fp = fopen("CTEULER.IN", "r");
fscanf(fp,"%d", &n);
printf(*\n So dinh do thi:%d",n);
printf("\n Ma tran ke:");
for(i=1; i<=n;i++){
printf(*\n");
for(=1; j<=n;j++){
fscanf(fp,"%d", &A[i1[D);
printf("%3d", A[i1[]);
}
}
fclose(fp);
}
int Kiemtra(void){
inti, j, s, d; d=0;
for(i=1; i<=n;i++){
s=0;
for(j=1; j<=n;j++)
s+=A[10I;
if(s%2) d++;
}
if(d>0) return(FALSE);
return(TRUE);

}
void Euler-Cycle( int u){
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intv, x, top, dCE;
int stackf MAX], CE[MAX];
top=1; stack[top]=u;dCE=0;
do {
v = stack[top];x=1;
while (x<=n && A[Vv][x]==0)
X++;
if (x>n) {
dCE++; CE[dCE]=v; top--;
}

else {
top++; stack[top]=x;
ALVI[x]=0; A[x][v]=0;
}
} while(top!=0);
printf("*\n Co chu trinh Euler:");
for(x=dCE; x>0; x--)
printf("%3d", CE[X]);
}
void main(void){
clrscr(); Init();
if(Kiemtra())
Tim();
else printf(*\n Khong co chu trinh Euler™);

}

4.3. Thuat toan tim dwong di Euler

Mot d6 thi khong co chu trinh Euler nhung van cé thé c6 duong di Euler. Dé tim
mot duong di Euler trén do thi vo huéng ta sir dung két qua cia dinh 1y 2. Dé tim mot
duong di Euler trén d thi c6 hudng ta str dung két qua cua dinh Iy 3.

Pinh 1y 2. D6 thi v hudng lién thong G =<V, E> 1a d6 thi nira Euler khi va chi
khi G c6 0 hoac 2 dinh bac 1é. Trong truong hop G ¢o6 hai dinh bac 1¢, duong di Euler
Xuat phat tai mot dinh bac 16 va két thic tai dinh bac 1é con lai. Trong truong hop G ¢6 0
dinh bac 1é G chinh 1a d6 thi Euler.

Pinh 1y 3. D6 thi c6 hudng lién théng yéu G =<V,E> 1a do thi nira Euler khi va
chi khi ton tai dung hai dinh u, v € V sao cho deg*(u) - deg'(u)= deg’(v) - deg*(v)=1, cac
dinh s# u, s# v con lai c6 deg’(s) =deg(s). Puong di Euler s& xuat phat tai dinh u va két
thac tai dinh v.

4.3.1. Chirng minh d@b thi 1a nira Euler

Pé ching to do thi vo huéng G =<V ,E> 13 ntra Euler ta can thuc hién:
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e Chumg t6 do thi da cho lién théng. Piéu ndy dé rang thuc hién duoc bang cach
st dung hai tha tuc DFS(u) hoac BFS(u).
e CO thoéc hai dinh bac 1é. Sir dung tinh chat cua cac phuong phap biéu dién dd
thi dé tim ra bac ctia modi dinh.
Vi du. Chimg minh rang, d0 thi v6 huéng lién thong G =<V,E> duogc bicu dién
dudi dang ma tran ké dudi day la do thi nira Euler.

Chirng minh. Theo tinh chat cta ma tran (1) (1) (1) 8 i i 8 8 8 8 8 8 8
ke,t\ongcacp’hantu’hanguIabaccuadlnh 0101100000100
u. Vi vay ta co: 0010101101100
deg(1) = deg(13) =3 1111011000000

_ _ — 11001010000T0O0

deg (2) —_deg(3) —_deg(ll)_—4 0001110100000
deg(12) = deg(6) = deg(7) = 4 0001001011000
deg(8) = deg(9) =4 00 00DO0O0OO0OT110T1011

= = = 00 010 O0O0T1T101 11

A deq(S) fjeg,(4) fjeg(lf)) 06_ /0011000001010

G lién thong va c6 2 dinh bacleu=l va |5 g o 000 0 0 0 1 1 1 0 1
u=13 nén G la ntra Euler. 00000O0OOGOTZ110T10

Pé ching to do thi c6 hudng G =<V,E> 1a ntra Euler ta can thuc hién:

e Chimg to d6 thi d& cho lién thong yéu. Piéu ndy dé rang thuc hién duoc bang
cach str dung hai thu tuc DFS(u) hoac BFS(u).

e (6 hai dinh u va v thoa man deg”(u) - deg (u)= deg(v) - deg”(v)=1.
e Céc dinh s# U, S# v con lai c6 deg’(s) =deg(s).

Vi du. Chting minh rang, d6 thi c6 hudng lién théng yéu G =<V ,E> duoc biéu dién dudi
dang ma tran ké dudi day la do thi nira Euler?

Chitng minh. Theo tinh chat cia ma tran k&, |0 1 0 0 1. 0 0 0 0 0 0 0 0
deg’(u) la tong cac phan tir hang u, deg’(u) 1a [0 0 1 0 1. 0.0 0 0 0 0 0 0O
TR VDA A , 0 001 0O0O0OO0ODO0OO0OT1IO00O0
tong cac phan tir cot u. VI vay ta co: 000000100 T1T1R00
deg’(2) = deg’(2) = deg’(3) = deg(3) =2 0011010000000
deg’(6) = deg'(6) = deg’(7) = deg (7) =2 1100000O0O0O0CO0OTU 0O
deg’(8) = deg(8) = deg"(9) = deg (9) =2 0001001000000
deg’(11) = deg(11) =deg’(12) =deg(12)=2 |0 0 0 0 0 0 0 1 0 1 0 0 O
deg (9) =deg (5)° deg'(4) = deg (4) = 0000000001010
deg’(10) = deg'(10)=3 0000O0O0O0OTI1O0GO0TO0 1
deg’(1) - deg (1) = deg'(13) — deg"(13) =1 0000O0O0O0OTLO0O0O0O

G lién thong yeu va c6 2 dinh u=1 va u=13 thoa
man diéu kién nén G la ntra Euler.
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4.3.2. Thuat toan tim dwong di Euler

Thuat toan tim duong di Euler va chu trinh Euler chi khac nhau duy nhat & mot
diém d6 1a dau vao cua thuat toan. Déi voi thuat toan tim chu trinh Euler, dau vao thuat
toan 1a dinh ueV bat ky. Déi véi thuat toan tim duong di trinh Euler, dau vao thuat toan
1a dinh ueV 1a dinh béc 1é dau tién trong truong hop dd thi vo hudng. Déi véi dd thi co
huéng, dinh ueV 1a dinh c6 deg’(u)-deg (u)=1. Thuat toan tim dudng di Euler trén d6 thi
v6 hudng hodc co hudng duge mé ta chi tiét trong Hinh 4.4.

Thuat toan Euler-Path (u ):
- u la dinh bac 1¢ dau tién néu G 1a dd thi vo hudng
- uladinh c6 deg’(u) - deg'(u) =1.
Budc 1 (Khéi tao) :
stack = @ ; //Khoi tao mot stack bat dau 1a &
dCE=@; //Khditao mang dCE bit dau 1a &
Push (stack, u) ; /Pua dinh u vao ngan xép
Bwéc 2 (Lap ):
while (stack=2 ) do { //Lap cho dén khi stack rong
s = get(stack); //LAy dinh & dau ngan xép
if (Ke(s) = @) then { // Néu danh sach Ke(s) chua rong
t =< Pinh dau tién trong Ke(s)>;
Push(stack, t)’ //Pua t vao stack;
E =E\ (s,t); // Loai b canh (s,t);

}
else { /Truong hop Ke(s)=J
s = Pop(stack);// Pua s ra khoi ngin xép
s =dCE; //Pua s sang dCE
}
} :
Budce 3 (Tra lai két qua) :
<Lat ngugc lai cac dinh trong dCE ta dugc duong di Euler> ;

Hinh 4.4. Thuat toan tim duong di Euler trén d thi.
4.3.3. Kiém nghiém thuit toan
Vi du ta can tim duong di Euler trén d6 thi c6 hudng lién théng yéu duoc biéu

dién dudi dang ma trén ké trong Muc 4.3.1. Khi do, dinh u ¢6 deg+(u)-deg-(u)=1 la dinh
1. Két qua thuc hién cua thuat toan Hinh 4.4 dugc thé hién trong Bang 4.2 duéi day.
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Buéc Trang thai Stack Gia tri dCE
1 1 o
2 1,2
3 1,23
4 1,2,3 4
5 1,23 47
6 1,2,3,475
7 1,2,3,4753
8 1,23 475,311
9 1,2,3475,3,11,10
10 1,2,3475,3,11,10,8
11 1,2,3475,3,11,10,8,4
12 1,2,3475,3,11,10,8,4,10
13 1,2, 3 475,3,11,10,8,4,10,12
14 1,2,3475,3,11,10,8,4,10,12,9
15 1,2, 3 475,311,10,8,4,10,12,9,8
16 1,23 475,3,11,10,8,4,10,12,9,8,7
17 1,2, 3 475,3,11,10,8,4,10,12,9,8,7,6
18 1,2,3475,3,11,10,8,4,10,12,9,8,7,6,1
19 1,23 475,3,11,10,8,4,10,12,9,8,7,6,1,5
20 1,2, 3475,3,11,10,8,4,10,12,9,8,7,6,1,5,4
21 1,23 475,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11
22 1,2, 3475,31110,8,4,10,12,9,8,7,6,1,5,4,11,12
23 1,2, 3 475,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13
24 1,2, 3475,31110,8,4,10,12,9,8,7,6,1,5,4,11,12,13,9
25 1,23 475,311,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13,9,10
26 1,2, 3 475,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13,9,10,13
27 1,2, 3 475,31110,84,10,12,9,8,7,6,1,5,4,11,12,13/9,10 13,
28 1,23 475,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13,9 13,10
29 1,2, 3475,311,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13 13,10,9
30 1,23 475,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12 13,10,9,13
31 1,23 475,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11 13,10,9,13,12
32 1,2, 3475,3,11,10,8,4,10,12,9,8,7,6,1,5,4 13,10,9,13,12,11
33 1,23 475,3,11,10,8,4,10,12,9,8,7,6,1,5 13,10,9,13,12,11,4
34 1,2, 3475,3,11,10,8,4,10,12,9,8,7,6,1,5,6 13,10,9,13,12,11 4
35 1,2, 3 475,3,11,10,8,4,10,12,9,8,7,6,1,5,6,2 13,10,9,13,12,11,4
36 1,2, 3 475,311,10,8,4,10,12,9,8,7,6,1,5,6,2,5 13,10,9,13,12,11 4
Pua lan lwot cac dinh trong Stack sang dCE
37 ... | dCE = 13,10,9,13,12,11,4,5,2,6,5,1,6,7,8,9,12, 10,4, 8,10,11,3,5,7,4,3,2,1

Lat nguoc lai cac dinh trong CE ta dwoc duong di Euler

1- 2- 3-4- 7- 5- 3- 11- 10- 8 -4- 10- 12- 9- 8- 7- 6- 1-5- 6- 2- 5- 4-11- 12- 13-9-10-13
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4.3.4. Cai dat thuat toan

Chuong trinh tim mot duong di Euler cia d6 thi bat dau tao dinh u trén d6 thi vo
hudng lién thong dugc cai dat theo khuon dang do thi bicu dién dudi dang ma tran ke.
Cac thu tuc chinh bao gom:

e Thu tuc Init() : doc dir liéu theo khudn dang biéu dién ma tran ké.
e Thu tuc Kiemtra(): Kiém tra xem G ¢6 1a ntra Euler hay khong.

e Thu tuc Euler-Cycle (u) : Xay dung duong di Euler bit dau tai dinh u (dinh bac
& dAu tién).
Chuong trinh tim dudng di Euler dugc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE O
void Init(int A[J[MAX], int *n){
inti, J;FILE *fp;
fp = fopen("DDEULER.IN", "r");
fscanf(fp,"%d", n);
printf("\n So dinh do thi:%d",*n);
printf("\n Ma tran ke:");
for(i=1; i<=*n;i++){
printf(*\n");
for(j=1; j<="*n;j++){
fscanf(fp,“%d", &A[i1[D);
printf("%3d", A[i1[]);

}
}
fclose(fp);
}
int Kiemtra(int A[]J[MAX], int n, int *u){
inti, j, s, d;
d=0;
for(i=1; i<=n;i++){
s=0;
for(j=1; j<=n;j++)
s+=A[0I;
if(s%2){
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d++;*u=i;
}
}
if(d!'=2) return(FALSE);
return(TRUE);
}
void DDEULER(int A[][MAX], int n, int u){
intv, x, top, dCE;
int stackf MAX], CE[MAX];
top=1; stack[top]=u;dCE=0;
do {
v = stack[top];x=1;
while (x<=n && A[v][x]==0)
X++;
if (x>n) {
dCE++; CE[dCE]=v; top--;
}

else {
top++; stack[top]=x;
AVI[X]=0; A[X][v]=0;
}
} while(top!=0);
printf(*\n Co duong di Euler:");
for(x=dCE; x>0; x--)
printf("%3d", CE[X]);
}

void main(void){
int AIMAX][MAX], n, u;
clrscr(); Init(A, &n);
if(Kiemtra(A,n,&u))
DDEULER(A,n,u);
else printf("\n Khong co duong di Euler");
getch();
}

4.4. Pd thi Hamilton

V6i @6 thi Euler, ching ta quan tdm t6i viéc duyét cic canh ctia do thi mdi canh
ding mot lan, thi trong muc nay, chung ta xét dén mot bai toan tuong tu nhung chi khac
nhau 14 ta chi quan tdm t6i cac dinh ctia do thi, méi dinh dung mot lan. Sy thay doi ndy
tuong nhu khong dang ké, nhung thuc té c6 nhicu sy khac biét trong khi giai quyét bai
toan.
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Pinh nghia. Puong di qua tit ca cac dinh cua d6 thi mdi dinh diing mot lan dugc
goi 14 dudong di Hamilton. Chu trinh bat dau tai mot dinh v nao d6 qua tat ca cac dinh con
lai mdi dinh ding mot 1an sau d6 quay tro lai v duoc goi 1a chu trinh Hamilton. D6 thi ¢c6
chu trinh Hamilton duoc goi 1 d6 thi Hamilton. D6 thi ¢6 dudng di Hamilton duoc goi 12
dd thi nira Hamilton.

Nhu vy, mot d6 thi Hamilton bao gio ciing 14 d thi nira Hamilton nhung diéu nguogc
lai khong ludn ludn dang. Vi du sau s€ minh hoa cho nhan xét nay.

Vi du. Db thi d6 thi hamilton G3, nira Hamilton G2 va G1.

a a oD de oD

b @ c c® d c® ed
Gl G2 G3
Hinh 4.5. 6 thi d6 thi hamilton G3, nira Hamilton G2 va G1.

4.4.1. Thuit toan tim tat ca cac chu trinh Hamilton

Cho dén nay, viéc tim ra mot tiéu chuan dé nhan biét d6 thi Hamilton van con ma,
mac du day 1 van dé trung tdm cua 1y thuyét d6 thi. Cho dén nay ciing van chua c6 thuat
toan hiéu qua dé kiém tra mot dd thi c6 phai la do thi Hamilton hay khong. Hinh 4.6
dudi ddy mo ta thuat toan liét ké tat ca chu trinh Hamilton bat dau tai dinh k.

Thudt toan Hamilton( int k) {
I* Liét k& c&c chu trinh Hamilton cuia do thi bang cdch phat trién day dinh
(X[1], XI[2], . . ., X[k-1] ) Ciia d6 thi G = (V, E) */
for y e Ke(X[k-1]) {
if (k==n+1) and (y == v0) then
Ghinhan(X[1], X[2], . . ., X[n], vO);
else {
X[k]=y; chuaxet[y] = false;
Hamilton(k+1);
chuaxet[y] = true;

Hinh 4.6. Thuat toan liét k& cac chu trinh Hamilton bét dau tai dinh k.
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Khi do, viéc liét ké chu trinh Hamilton duoc thuc hién nhu sau:
Begin
for (veV) chuaxet[v] = true; /*thiét Ildp trang théi cdc dinh*/
X[1] = vO; (*vO l1a mét dinh nao dé ciia do thi*)
chuaxet[v0] = false;
Hamilton(2);
End.

4.4.2. Kiém nghiém thuit toan

Vi du v6i @6 thi G=<V, E> duéi ddy s& cho ta cay tim kiém chu trinh Hamilton thé
hién thuat toan trén dugc mo ta nhu trong Hinh 4.6.

2

G=(V,E)

1 1 1 1 1
Hinh 4.7. Cay tim kiém chu trinh Hamilton.

4.4.3. Cai dat thuat toan

Chuong trinh liét k& céc chu trinh Hamilton dugc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int AIMAX][MAX], C[MAX], B[MAX];

int n,i, d;
void Init(void){
inti, J;FILE *fp;

79



fp= fopen("CCHMTON.IN", "r");
if(fp==NULL){
printf("\n Khong co file input");
getch(); return;
}
fscanf(fp,"%d",&n);
printf(*\n So dinh do thi:%d", n);
printf("\n Ma tran ke:");
for(i=1; i<=n; i++){
printf(*\n");
for(j=1; j<=n; j++){
fscanf(fp, "%d", &A[1[D);
printf("%3d", A[i][j]);
}
}
fclose(fp);
for (I=1; i<=n;i++)
C[i]=0;
}
void Result(void){
inti;
printf("\n ");
for(i=n; i>=0; i--)
printf(*%3d", B[i]);
d++;

}
void Hamilton(int *B, int *C, int i){
intj, k;
for(j=1; j<=n; j++){
if(A[B[I-11][j]==1 && C[j]==0){
B[i1=j; CLil=1;
if(i<n) Hamilton(B, C, i+1);
else if(B[i]==B[0]) Result();
C[i]1=0;

}
}
void main(void){
B[0]=1; i=1;d=0; Init();
Hamilton(B,C,i);
if(d==0) printf(*\n Khong co chu trinh Hamilton");
}
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4.4.3. Cai dat thuat toan

Ciing gidng nhu thuat toan tim chu trinh Hamilton, thuat toan tim dudng di
Hamilton duoc cai dat nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int AIMAX][MAX], C[MAX], B[MAX];
intn,i, d;
void Init(void){
inti, J;FILE *fp;
fp= fopen("DDHMTON.IN", "r");
if(fp==NULL){
printf("\n Khong co file input");
getch(); return;
}
fscanf(fp,"%d",&n);
printf("\n So dinh do thi:%d", n);
printf("\n Ma tran ke:");
for(i=1; i<=n; i++){
printf(*\n");
for(j=1; j<=n; j++){
fscanf(fp, "%d", &A[1[D;
printf("%3d", A[i1[]1);
}
}
fclose(fp);
for (I=1; i<=n;i++)
C[i]=0;
}
void Result(void){
inti;
printf("\n ");
for(i=n; i>0; i--)
printf(*%3d", B[i]);
d++:

}
void Hamilton(int *B, int *C, int i){
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intj, k;
for(j=1; j<=n; j++){
if(A[B[i-1]][]]==1 && CJ[j]==0){
B[i]=j; C[i1=1;
if(i<n) Hamilton(B, C, i+1);
else Result();

C[i]1=0;
}
}
}
void main(void){
B[0]=1; i=1,d=0;
Init();
Hamilton(B,C,i);
if(d==0)
printf(*\n Khong co duong di Hamilton");
getch();
}

4.5. Nhirng diém can ghi nhé

v' Khéi niém va dinh nghia vé do thi Euler, d0 thi nira Euler, d6 thi Hamilton, d0 thi
nura Hamilton.

v' Nam vitng va phan biét rd sy khac biét gitra chu trinh (duong di) Euler va chu
trinh (duong di Hamilton).

v' Phuong phép hiéu 18 ban chat cua thuat toan 1a cai dat va kiém chung thuét toan
bang cach viét chuong trinh.
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BAI TAP

1. Cho d5 thi vo6 hudng lién thdng
G=<V,E> nhu hinh bén phai. Hay thuc
hién:
a) Chtng minh d6 thi da cho 1a Euler?
b) Xa&y dung thuit toan tim mot chu
trinh Euler cua dd thi bat dau tai dinh
ueV?
¢) Tim mét chu trinh Euler bit dau tai
dinh u=1? Chi rd két qua trung gian theo
moi budce thuc hién ctia thuat toan?
d) Tim mot chu trinh Euler bat dau tai
dinh u=5? Chi rd két qua trung gian theo
moi budce thuc hién ctia thuat toan?
e) Viét chuong trinh tim mot chu trinh
Euler cia db thi bét du tai dinh u?

O 0O O OO0 0Ok, OoOPkFr oo o

2. Cho dd thi vo huéng lién thong
G=<V,E> nhu hinh bén phai. Hdy thuc
hién:
a) Chting minh do thi dd cho la nira
Euler?
b) Xay dung thuat toan tim mot duong
di Euler ctia do thi?
¢) Tim mot dudng di Euler cia d6 thi?
Chi 18 két qua trung gian theo mdi budc
thuc hién cua thuat toan?
d) Viét chuong trinh tim mot duong di
Euler ctia do thi?

O OO0 OO0 OkFr OoOPkFr oo o
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3. Cho d6 thi c6 hudng lién théng yéu
G=<V,E> nhu hinh bén phai. Hdy thuc

hian: 0 000O01O0O0UO0OTG 0O 0O 0O

a) Ch}'rng minh d6 Ehi dé} chq la EuJer? 8 8 (1) 8 8 g g (1) (1) g g g (1)

b)‘ Xay dung thuét tpaq tim mqt chul, 6 0 0 0100000 0 0

trinh Euler cua do thi bat dautaidinh |y 5 o 0 0 0 1 0 0 0 0 0 o0

ueVv? 0 000O0O0OOOUOTZ11O0T1O0

¢) Tim mot chu trinh Euler bat dau tai{o o o 0 0 0 0 0 0 0 1 0 1

dinh u=1? Chi rd két qua trung giantheo |0 0 0 1 0 0 0 0 0 0 0 1 0

moi budce thuc hién ctia thuat toan? 0 000 10100O0O0TO0OSFUWO

d) Tim mot chu trinh Euler bit dau tai|0 1 1 0 0 0 0 0 0 0 0 0 O

dinh u=5? Chi rd két qua trung gian theo |0 1 0 0 0 0 0 1 0 0 0 0 0

moi budce thuc hién ctia thuat toan? ¢ 001000001000

e) Viét chuong trinh tim mét chu trinh 1 © 0 0 0 00 010100
Euler ctia d6 thi bat dau tai dinh u?

4. Cho d6 thi c6 huéng lién théng yéu|0 0 0 0 0 1 0 0 0 0 0 0 0

G=<V,E> nhu hinh bén phai. Hdy thyc|{0 0 1 0 0 0 0 1 0 0 0 0 O

hién: 00 00O0O0OTO OGO OT1O0TO0TUO01

a) Chting minh do thi d& cho la nga|® 0 0 0 0 1000 0 000

Euler? 0000 0OO0OT1O0UO0TU0TUO0U 0O

b) Xay dung thuat toan tim mot duong A’ 0 @000 1010

TN 0000 O0O0OO0UOO 0T1O0 1

di cua do thi? , ., Jlooo1000000010

c) Tim mét dudng di Euler coa do thi? | g g g o 1 0 0 0 0 0 0 0 0

Chi r0 két qua trung gian theo moibudec | 1 1 90 0 0 0 0 0 0 0 0 0

thuc h}én cua thuét toan? 0O 1 0 0 0 O O 1 0 O O O O

e) Viét chuong trinh tim mét duwong dijo o o0 1 0 0 0 0 0 1 0 0 O

duler cua d6 thi? 0000 O0OUOUOTZ1O0T1TU00

5. Cho d6 thi vo hudng lién thong duogc biéu dién dudi dang danh sach ké nhu dudi day:
Ke(1)={4,6}. Ke(5)={7,9} Ke(9)={3,5,7,13}.
Ke(2)={3,8,10, 11}. Ke(6)={1,4,10,12} Ke(10)={2,3,6,12}.
Ke(3)={209,10,13}. Ke(7)={5,9,11,13}. Ke(11)={2 7,8 13}.
Ked)={16812}  Ke®)={24,11,12} Ke(12)={4,6,8 10}

Ke(13)={3,7,9,11}.
Hay thuc hién:
a) Tim mot chu trinh Euler bat dau tai dinh u=1? Chi rd két qua trung gian
theo mdi budc thuc hién cta thuat toan?
b) Tim mot chu trinh Euler bat dau tai dinh u=5? Chi 1 két qua trung gian
theo mdi budc thuc hién cta thuat toan?
¢) Viét chuong trinh tim mét chu trinh Euler ciia d6 thi bit dau tai dinh u?

6. Cho d6 thi v hudng lién thong dugc biéu dién dudi dang danh sach ké nhu duéi day:

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

Ke(13)={3,7,9, 11 }.
Hay thuc hién:

a) Xay dung thuat toan tim mot dudng di Euler caa db thi?

b) Tim mot duong di Euler ciia d6 thi? Chi 18 két qua trung gian theo mdi
budc thuc hién cua thuat toan?

¢) Viét chuong trinh tim mot dudng di ciia do thi bat dau tai dinh u?

7. Cho @6 thi c6 hudng lién thong yéu duoc biéu dién dudi dang danh sach ké nhu dudi

day:

Ke(1)={ 6} Ke(5)={7}. Ke(9)={5 7}

Ke(2)={3,8  Ke6)={10,12}. Ke(10)={2 3 }.
Ke(3)={9, 13} Ke(7)={11,13}. Ke(11)={2,8}.
Ke(d)={1,6} Ke®)={ 412} Ke(12)={ 4,10}

Ke(13)={ 9,11 }.
Hay thuc hién:
a) Tim mot chu trinh Euler bat dau tai dinh u=1? Chi rd két qua trung gian
theo mdi budc thuc hién cta thuat toan?
b) Tim mét chu trinh Euler bat dau tai dinh u=7? Chi 16 két qua trung gian
theo mdi budc thuc hién cua thuat toan?
¢) Viét chuong trinh tim mét chu trinh Euler ciia d6 thi bit dau tai dinh u?

8. Cho d6 thi c6 hudng lién thong yéu duoc biéu dién dudi dang danh sach ké nhu dudi

day:

Ke(1)={ 6} Ke(5)={7}. Ke(9)={5 7}

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

Ke(13)={ 9,11 }.
Hay thuc hién:
a) Trinh bay thuat toan tim mot duong di Euler trén do thi ¢6 huéng?
b) Tim mot dudng di Euler ctia d6 thi?
¢) Viét chuong trinh tim mot duong di Euler cia d6 thi?
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CHUONG 5. CAY KHUNG CUA PO THI

Noi dung chinh ctia chuong niy dé cap dén mot loai do thi don gian nhét d6 1 cay.
Cay dugc tmg dung rong rai trong nhiéu linh vuc khéc nhau cta tin hoc nhu t6 chirc cac
thu muc, luu trir dir liéu, bi€u dién tinh toan, biéu dién quyét dinh va td chirc truyén tin.
Nhitng ndi dung duogc trinh bay bao gom:

v/ Cay va céc tinh chat co ban cua cay.

v/ Cay khung cta dd thi & céc thuat toan co ban xay dung cay khung cta do thi.

v Bai toan tim cay khung nho nhit & céc thuét toan tim cay khung nho nhat.

v Thuat toan Kruskal tim cay bao trim nho nhat.

v' Thuat toan Prim tim cdy bao trim nho nhét.

Ban doc c6 thé tim thay nhitng ching minh cu thé cho cac dinh 1y, tinh diing dan va
do6 phure tap cac thuat toan thong qua céc tai liéu [1], [2].

5.1. Cay va mdt s6 tinh chét co ban
Pinh nghia 1. Ta goi ciy la d6 thi vo huéng lién thong khdng cé chu trinh. Do thi
khong lién thong duogc goi 1a rung.

Nhu vy, rimg 14 d6 thi ma méi thanh phan 1ién thong cia n6 13 mot cay.

Vi du. Rimg goém 3 ciy trong hinh 7.1.

()
T1 T2 T3

Hinh 5.1 . Rimg gom 3 cdy T1, T2, T3.

Cay dugc coi 13 dang d6 thi don gian nhat caa d6 thi. Pinh 1y sau ddy cho ta mot
SO tinh chat cua cay.

Pinh ly. Gia st T= <V, E> 1a d0 thi vo huéng n dinh. Khi d6 nhiing khang dinh
sau la tuong duong

a) T la mot cay;
b) T khéng c6 chu trinh va c6 n-1 canh;
c) T lién thong va c6 dung n-1 canh;
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d) T lién thdng va mdi canh cta n6 déu 1a cau;
e) Giira hai dinh bat ky ciia T duoc ndi véi nhau boi dung mot dudng di don;

f) T khong chaa chu trinh nhung hé ctr thém vao né mot canh ta thu duge ding
mot chu trinh;

Chirng minh. Pinh 1y dugc chirng minh dinh ly thong qua cac budc (a) =>(b)
=>(c) => (d) =>(e) => (f) => (a). Nhing budc cu thé cia qua trinh ching minh ban doc
c6 thé tim thay trong cac tai liéu [1], [2].

Pinh nghia 2. Cho G Ia do thi vo huéng lién thong. Ta goi do thi con T ciia G 1a
mot cay khung cua G (Cay bao trum) néu T thoa mén hai diéu kién:

a) T la mot cay;
b) Tap dinh cua T bang tap dinh cua G.
Trong ly thuyét d6 thi, nguoi ta qua tAm dén hai bai toan co ban Vé cay:

Bai toan 1. Cho d6 thi vo hudng G =<V,E>. Hay xay dung mot cdy khung ctia d6
thi bat dau tai dinh ueV.

Bai toan 2. Cho d6 thi vo hudng G =<V,E> ¢6 trong s6. Hay xay dung cay khung
c6 do dai nho nhat.

Bai toan 1 duoc giai quyét bﬁng‘ cac thuat toan tim kiém co ban: thuat toan DFS
hoac BFS. Bai toan 2 dugc giai quyet bang thuat toan Kruskal hoac PRIM.

5.2. Xay dung ciy khung ciia @6 thi dwa vao thuat toan DFS

Pé tim mot cay khung trén do thi vo hudng lién thong ta co thé sir dung ky thuat
tim kiém theo chiéu sdu. Gia sir ta can xay dung mot cay bao triim Xuat phét tai dinh u
nao do. Trong ca hai trudng hop, mdi khi ta dén duoc dinh v tac (chuaxet[v] = False) tir
dinh u thi canh (u,v) dugc két nap vao cay khung. Ky thuat xdy dung cay khung bat dau
tai dinh u dva vao thuat toan DFS dugc mo ta trong Hinh 5.2.

5.2.1. M0 ta thuat toan

Thuat toan Tree-DFS(u) {
chuaxet[u] = False; //Bdt trang thdi dinh u tuw True tro thanh False
for veKe(u) do { //Duyét trén danh sach ké ciia dinh u
if (chuaxet[v]) { //Néu dinh v chwa dwoc xét dén
T =Tu(u,v); IIHop canh (u,v) vao cay khung
DFS(v); //Duyét theo chiéu sdu bdt dau tai dinh v

Hinh 5.2. Thuat toan Tree-DFS(u).
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Khi d6, qué trinh xay dung cay khung bat dau tai dinh u duoc thuc hién nhu thuat
toan trong Hinh 5.3.

Thuat toan Tree-Graph-DFS() {
for each ueV do //Khdi tao cac dinh chwa xét
chuaxet[u]= True;

endfor;
roof = <Pinh bat ky ctia d6 thi>; /Ldy mét dinh bt ky 1am goc
T=0; IIThiét lgp tdp canh ban dau ciia cdy 1a &

Tree-DFS(roof); //Thuec hién thudt todn Tree-DFS(roof)
if (|T| <n-1) <bo thi khong lién thong>;
else <Ghi nhan tap canh Tcua cay khung>

Hinh 5.3. Thuat toan xay dung cay khung dua vao DFS.

5.2.2. Kiém nghiém thuit toan

Gia sir ta can kiém nghiém thuét toan Tree-Graph-DFS voi dinh bat dau u=1 trén
do thi duoc bi€u dien dudi dang ma tran ké dudi day. Khi d6 cac budc thuc hién cua
thuat toan dugc thé hién trong Bang 5.1.

601 11 000 O0O0OO0OTO0OTO0OTO
101 1 0 0 O0O0OO0OOTO0OTO
110 1 1 0 0 OO0 OO O0OTO
111 0 0 0 0 0 0 0 O OO
0 0 1.0 0 1 111 00 0O
0 0001 01 01 0 0 0O
00 0 0 11 01 0 00 0O
0 0 0 01 01 0 1 0G0 O0O0
0 0 001 1 01010 0O
0 0o 0O 0O0OO O OTI1O01 11
0 0 0O 0OOOOOOT1O0T11
0 0 0O 0OOO OO OTI11 01
0 0 0O 0OOO OOOT1TW11O0

Bang 5.1. Kiém nghiém thuat toan Tree-Graph-DFS

Budc | Tree-DFS(u) =? T=?

1 1 T=0

2 1,2 T=Tu(l,22)
3 1,2,3 T=Tu(2,3)
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4 1,2,3,4 T=Tu(3, 4)

5 1,2,3,4,5 T=Tu(3,5)

6 1,2,3,4,5,6 T =Tu(5, 6)

7 1,2,3,4,56,7 T=Tu(6,7)

8 1,2,3,4,56,7,8 T=Tu(7, 8)

9 1,2,3,4,56,7,8,9 T=Tu(8,9)
10 1,2,3,4,56,7,8,9,10 T = TU(9, 10)
11 1,2,3,4,5,6,7,8,9,10, 11 T = Tu(10, 11)
12 1,2,3,4,56,7,8,9,10, 11, 12 T=Tu(11, 12)
13 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13 T =Tu(12, 13)

Két luan T = {(1,2), (2,3), (3,4), (3.5), (5,6), (6.7), (7,8), (8,9), (9,10), (10,11),

(11,12), (12,13)

5.2.3. Cai dat thuat toan

ma tran ké. Cac thu tuc chinh duoc cai dit bao gém:

Thuat toan Tree-Graph-DFS duoc cai dat doi vai d6 thi dugc biéu dién dudi dang

e Thu tuc Init() : doc dir liéu va thiét 1ap gia tri ciia mang chuaxet([].

e Thu tuc Tree-DFS (u) : thuat toan DFS bat dau tai dinh u.

e Thu tuc Result(): ghi nhan tap canh cua cay khung.

Chuong trinh xay dung mét ciy khung duoc thé hién nhu sau:

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#define MAX 50

#define TRUE1
#define FALSE 0

int CBT[MAX][2], n, AIMAX][MAX], chuaxetfMAX], sc, QUEUE[MAX];

void Init(void){
inti, J;FILE *fp;
fp= fopen("BAOTRUML.IN", "r");
if(fp==NULL){
printf(*\n Khong co file input");
getch(); return;

}
fscanf(fp,"%d",&n);
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printf("\n So dinh do thi:%d", n);
printf("\n Ma tran ke:");
for(i=1; i<=n; i++){
printf("\n");
for(j=1; j<=n; j++){
fscanf(fp, "%d", &A[i][j]);
printf("%3d", A[i][j]);
}
}
fclose(fp);
for (I=1; i<=n;i++)
chuaxet[i]=TRUE;
}
void TREE_DFS(int i){
int j; chuaxet[i] = False;
if(sc==n-1) return;
for(j=1; j<=n; j++){
if (chuaxet[j] && A[i][jD{ sc++;
CBT[sc][1]=i; CBT[sc][2]=;
if(sc==n-1) return;
STREE_DFS(j);

}
}
}
void Result(void){
inti, j;
for(i=1; i<=sc; i++){
printf("\n Canh %d:", i);
for(j=1; j<=2; j++)
printf("%3d", CBT[il[j]);
}
}

void main(void){
int i; Init(); sc=0; i=1; /* xdy dung cay bao trum tai dinh 1*/
TREE_DFS(i);
if (sc<n-1) printf(“\n P4 thi khong lién théng”);
else Result();

}
5.3. Xay dung ciy khung ciia d6 thi dwa vao thuit toan BFS

Pé tim mot cay khung trén do thi vo hudng lién thong ta c6 thé sir dung k¥ thuat
tim kiém theo chiéu rong. Gia sir ta can xay dung mot cay bao trum Xuat phat tai dinh u
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nao do. Trong ca hai truong hop, mdi khi ta dén dugc dinh v tirc (chuaxet[v] = False) tir
dinh u thi canh (u,v) duoc két nap vao cdy khung.

5.3.1. Cai dat thuat toan

Thuat toan xay dung cay khung cua dd thi duge mé ta nhu Hinh 5.4.

Thuat toan Tree-BFS(u):
Begin
Budc 1 (Khdi tao):
T = &; //Tap canh ciy khung ban dau.
Queue = &; //Thiét 1ap hang doi ban dau;
Push(Queue, u); /Pua u vao hang doi;
chuaxet[u] = False;//Bat trang thai da xét ctia dinh u
Budc 2 (Lap):
while (Queue=@ ) do { //Lip cho dén khi hang doi rong
s = Pop(Queue); LAy s ra khoi hang doi
for each teKe(s) do { //Lap trén danh sach Ke(s)
if (chuaxet[t] ) then { //Néu dinh t chuaxet
Push(Queue, t);// Pua t vao hang doi
T = TU(s,1); //Két nap (s,t) vao cay khung
chuaxet[t] = False; //Ghi nhan t d& xét
endif ;
endfor ;
endwwhile ;
Bude 3 (Tra lai két qua) :
if (| T|<n-1)<PH thi khong lién thong> ;
else <Ghi nhan tap canh T cia cay khung" ;
end.

Hinh 5.4. Thuat toan Tree-BFS(u).
5.3.2. Kiém nghiém thuit toan
Gia st ta can kiém nghi¢m thuat toan Tree- BFS véi dinh bat dau u=1 trén do thi

dugc biéu dién dudi dang ma tran ké duéi day. Khi d6 cac bude thuc hién cua thuat toan
dugc the hién trong Bang 5.2.
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Bang 5.2. Kiém nghiém thuét toan Tree-BFS

Budc | Trang thai hang doi: Tree-BFS(u) =? | T =?

1 1 T=0

2 2,3,4 T=Tu{(1,2), (1,3), (1,4 }

3 3,4 T=TuZ

4 4,5 T=T(3,5)

5 5 T=TLL

6 6,7,8,9 T =Tu{(5,6), (5,7), (58), (59)}
7 7,8,9 T=Tud

8 8,9 T=Tud

9 9 T=Tud

10 10 T =Tu(9,10)

11 11, 12,13 T =TuU{(10,11), (10,12), (10,13)}
12 12,13 T=Tud

13 13 T=TuI

14 ) T=Tud

Két luan T = {(1,2), (1,3), (1,4), (3.5), (5,6), (5,7), (5,8), (5,9), (9,10), (10,11),

(10,12), (10,13)

5.3.3. Cai dat thuat toan

Thuat toan Tree-BFS duoc cai dat ddi voi @6 thi dugc biéu dién dudi dang ma tran
ké. Cac thu tuc chinh dugc cai dat bao gom:
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e Thu tuc Init() : doc dir liéu va thiét 1ap gia tri ciia mang chuaxet([].
e Thu tuc Tree-BFS (u) : thuat toan BFS bt dau tai dinh u.
e Thu tuc Result(): ghi nhan tap canh cua cay khung.

Chuong trinh xay dung mét cay khung duoc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#define MAX 50
#define TRUEL1
#define FALSE 0
int CBT[MAX][2], n, AIMAX][MAX], chuaxetfMAX], sc, QUEUE[MAX];
void Init(void){
inti, J;FILE *fp;
fp= fopen("BAOTRUMZI.IN", "r");
if(fp==NULL){
printf(*\n Khong co file input");
getch(); return;
}
fscanf(fp,"%d",&n);
printf("\n So dinh do thi:%d", n);
printf("\n Ma tran ke:");
for(i=1; i<=n; i++){
printf(*\n");
for(j=1; j<=n; j++){
fscanf(fp, "%d", &A[il[]);
printf("%3d", A[i][j]);
}
}
fclose(fp);
for (I=1; i<=n;i++)
chuaxet[i]=TRUE;
}
void TREE_BFS(int u){
int dauQ, cuoiQ, v, p;
dauQ=1; cuoiQ=1; QUEUE[dauQ]=u;chuaxet[u]=FALSE;
while(dauQ<=cuoiQ){
v= QUEUE[dauQ]; dauQ=dauQ+1;
for(p=1; p<=n; p++){
if(chuaxet[p] && A[V][p]){
chuaxet[p]=FALSE; sc++;
CBT[sc][1]=v; CBT[sc][2]=p;
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cuoiQ=cuoiQ+1;
QUEUE[cu0iQ]=p;
if(sc==n-1) return;

ks
ks

void Result(void){
inti, J;
for(i=1; i<=sc; i++){
printf(*\n Canh %d:", 1);
for(j=1; j<=2; j++)
printf("%3d", CBT[i]l[j]);
}
}
void main(void){
int i; Init(); sc=0; i=1; /* xay dung cay bao trum tai dinh 1*/
TREE_BFS(i);
if (sc<n-1) printf(“\n P4 thi khong lién thong”);
else Result();

¥

5.4. Bai toan xay dung cay khung c¢é dd dai nho nhat

Bai toan tim cay khung nho nhat 1a mot trong nhing bai toan téi wu trén db thi c6 tng
dung trong nhiéu linh vuc khac nhau cua thyc t€. Bai toan dugc phat biéu nhu dudi day.

5.4.1. Pat bai toan

Cho G=<V, E> 1a db thi v6 hudng lién théng véi tap dinh V.= {1, 2, ..., n } va tap
canh E gom m canh. Mdi canh e caa dd thi dugce gan v6i mot sd khong am c(e) duoc goi
1a do dai canh. Gia st H=<V, T> 1a mot cay khung cua d6 thi G. Ta goi d6 dai c(H) cua
cay khung H 1a tong d6 dai cac canh: c(H) = ZC(G) . Bai toan duoc dit ra 13, trong sb céac

eeT
cay khung cua db thi hay tim cay khung c6 d6 dai nho nhét cua d6 thi.
Pé minh hoa cho nhiing (mg dung cua bai todn nay, ching ta c6 thé tham khao hai mo
hinh thuc té cua bai toan.

Bai toan noi mang may tinh. Mot mang may tinh gdm n may tinh dugc danh s6
tr 1, 2,. .., n. Biét chi phi ndi may i voi may jlac[i,j],i,j=1,2, ..., n. Hay tim cach
noi mang sao cho chi phi 1a nho nhat.

Bai toan xay dwng hé thdng cable. Gia sir ta mudn xay dung mot hé thong cable
dién thoai n6i n diém cua mot mang vién thong sao cho diém bat ky nao trong mang déu
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¢6 duong truyén tin toi cac diem khac. Biét chi phi xdy dung h¢ thong cable tir diém i dén
diém j la c[i,j]. Hay tim cach xay dung hé thong mang cable sao cho chi phi [a nho nhat.
D¢ gidi bai toan cay khung nho nhat, ching ta c6 thé liét ké toan bo cay khung va

chon trong s6 d6 mét cdy nho nhat. Phuong an nhu vay thuc sy khong kha thi vi O cay
khung cua d6 thi 1a rat 1on ¢& n"%, diéu ndy khdng thé thuc hién dugc v6i d6 thi véi sb
dinh c& chuc.

Pé tim mot cay khung ta c6 thé thuc bang hai thuat toan: Thuat toan Kruskal va thuat
toan PRIM.

5.4.2. Thuat toan Kruskal

Thuat toan s& xay dung tap canh T cua ciy khung nho nhat H=<V, T> theo ting
budc dugc mé ta trong Hinh 5.5 nhu dudi day.

a) MO ta thuat toan

Thuat toan Kruskal:
Begin
Buwdéc 1 (Khoi tao):
T = &; IIKhai tao tdp canh cay khung [a &
d(H) = 0’ //Khdi tao do dai nhé nhdt cdy khung 13 0
Buée 2 (Sap xép):
<S§p xép cac canh cua do thi theo thir tu giam dan cua trong $6>
Buwdére 3 (Lap):
while (|T<n-1| && E=@ ) do { // Lip néu E=2va |T|<n-1
e = <Canh c6 do dai nhé nhat>;
E = E\{e}; //Loai canh e ra khéi do thi
if (Tw{e} khdng tao nén chu trinh ) then {
T = U{e}; Il Két nap e vao tap canh cdy khung
d(H) =d(H) + d(e); /D¢ dai cua tdp canh cdy khung
endif;
endwhile;
Buéc 4 (Tra lai két qua):
if (|T| < n-1) then <Bb thi khong lién théng>;
else
Return( T, d(H));
end.

Hinh 5.5. Thuat toan Kruskal tim cay khung nho nhat.
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b) Kiém nghiém thuit toin

Vi du ta can kiém nghiém thuat toan Kruskal trong Hinh 5.5 trén d6 thi duoc biéu
dién dudi dang ma tran k& nhu dudi day. Thyc hién tuan ty cac budc cua thuat toan ta sé
duogc két qua nhu sau:

o 2 1 3 o o o o © ©w o © ©
2 © 2 o o 5 5 oo o o o o o
1 2 o 4 oo 5 o o o o o o o®
3 o 4 o 5 5 o o o o ©o © o©
© © o 5 o 6 o o o 6 o o o©
o 5 5 5 6 o 6 6 6 6 o o o©
© 5 o o o 6 o 6 ©w o ®w © o©
©w o o o o 6 6 o 7 o o 7 7
©w © o o w 6 w 7T oo 7T T o o
w o o o 6 6 o oo 7 o 7T T o
© © w o w o o o [ 1T o 8 o
©® o o o o o o [ o [ 8 o 8
© o o o w o o [ o o o 8 o

Bude 1: T = ¢; D(T) = 0;

Budrc 2. Sap xép cac canh theo thi ty ting dan cua trong s6

Diu Cuoi Tr.S6 Dau Cud Tr.So

[EEN [EEN [EEN
N O |00 o ©O©|(00(~ o oO|oOug|o| N oO|WA~lw N
[EEN [EEN [EEN A
N O |00 o ©O©|(00(~ o o|o|ug|o|No|~ MW W™

OOV N[OOI DR(WWINININRFP(FP-
OOV N[OOI DR(WININWIFLIN P

OO0 NN [N NN NN O[O0 O1|O1 OB |WIN(N| | o

OO NN (N NN NN OO0 B |OTOTND| W[ N

13 13

10 10
9 11 9 11
10 11 10 11
10 12 10 12
11 12 11 12
12 13 12 13
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Bude 3 (1ap) :

STT Canh duoc xét T we
1 E\(1,3) T=Tu@3);DbM=1
2 E=E\(12) T=Tu(1,2); D(T) =1+2 =3
3 E =E\(2,3) Tao nén chu trinh
4 E =E\(14) T =Tu(1,4); D(T) = 3 +3 =6
5 E =E\(3,4) Tao nén chu trinh
6 E =E\(2,6) T=Tu(2,6); D(T) = 6+5=11
7 E=E\(2,7) T=Tu(2,7); D(T) = 11+5 =16
8 E = E\(3,6) Tao nén chu trinh
9 E =E\(4,5) T=Tu (4,5); D(T) = 16+5 =21
10 E = E\(4,6) Tao nén chu trinh
11 E = E\(5,6) Tao nén chu trinh
12 E = E\(5,10) T = Tu(5,10); D(T) = 21+6 =27
13 E = E\(6,7) Tao nén chu trinh
14 E = E\(6,8) T =Tu(6,8); D(T) = 27+6 =33
15 E = E\(6,9) T =TuU(6,9); D(T) = 33+6 =39
16 E = E\(6,10) Tao nén chu trinh
17 E =E\(7,8) Tao nén chu trinh
18 E = E\(8,9) Tao nén chu trinh
19 E =E\(8,12) T =TU(8,12); D(T) = 39+7 =46
20 E = E\(8,13) T =Tu(8,13); D(T) = 46+7 =53
21 E = E\(9,10) Tao nén chu trinh
22 E =E\(9,11) T =Tu(9,11); D(T) = 53+7 =60
Budc lap ket thic vi |T|> N-1 =12

Budc 4 : Tra lai két qua:
T={(1,3), (1,2), (1,4), (2,6), 2,7), (4,5), (5,10), (6,8),(6,9), (8,12), (8,13), (9,11) }
D(T)=1+2+3+5+5+5+6+6+6+7+7+7 =60
c) Cai dat thuat toan
Chuong trinh tim cdy khung nho nhét theo thuét toan Kruskal cho d6 thi biéu dién
dudi dang danh sach trong s6 dugc thé hién duodi day véi cac thu tuc:
e Thu tuc Init(): doc dit liéu biéu dién bang danh sach trong s6.

e Thu tuc Heap(): sip xép cac canh theo thtr tu ting dan cia trong s6 bang thuat
toan Heap Sort.

e Thu tuc Find(), Union() : tim va kiém tra khi két ndo canh vao cay khung c6 tao
nén chu trinh hay khéng.

e Thu tuc Result() : dua ra tip canh va do dai nho nhat cia cay khung.
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#include <stdio.h>
#include <conio.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int n, m, minl, connect;
int dau[500],cuoi[500], w[500];
int daut[50], cuoit[50], father[50];
void Init(void){
inti; FILE *fp;
fp=fopen("baotruml.in","r");
fscanf(fp, "%d%d", &n,&m);
printf(*\n So dinh do thi:%d", n);
printf(*\n So canh do thi:%d", m);
printf(*\n Danh sach ke do thi:");
for(i=1; i<=m;i++){
fscanf(fp, "%d%d%d", &dau[i], &cuoi[i], &w[i]);
printf("\n Canh %d: %5d%5d%5d", i, dau[i], cuoi[i], w[i]);
}
fclose(fp);getch();
}
void Heap(int First, int Last){
intj, k, t1, t2, t3;
J=First;
while(j<=(Last/2)){
if( (2*j)<Last && w[2*] + 1]<w[2*]])

k=2*% +1;

else
k=2%*j;

if(wk]<w[j]){
tl=dau[j]; t2=cuoi[j]; t3=w[j];
dau[j]=dau[Kk]; cuoi[j]=cuoi[K]; w[j]=w[K];
dau[k]=t1; cuoi[k]=t2; w[k]=t3; j=k;

}

else j=Last;

int Find(int i1){
int tro=i;

98



while(father[tro]>0) tro=father|[tro];
return(tro);
}
void Union(int i, int j){
int x = father[i]+father[j];
if(father[i]>father[j]) {father[i]=j;father[j]=x; }
else {
father[j]=i; father[i]=x;
}
}

void Krusal(void){
int i, last, u, v, rl, r2, ncanh, ndinh;
for(i=1; i<=n; i++) father[i]=-1,
for(i= m/2;i>0; i++)
Heap(i,m);
last=m; ncanh=0; ndinh=0;minl=0;connect=TRUE;
while(ndinh<n-1 && ncanh<m){
ncanh=ncanh+1; u=dau[l]; v=cuoi[1];
r1= Find(u); r2= Find(v);
if(ri!'=r2) {
ndinh=ndinh+1; Union(rl,r2);
daut[ndinh]=u; cuoit[ndinh]=v;
minl=minl+w[1];
}
dau[l]=dau[last]; cuoi[l]=cuoi[last]; w[1]=w][last]; last=last-1;
Heap(1, last);
}
if(ndinh!=n-1) connect=FALSE;
}
void Result(void){
inti;
printf("\n Do dai cay khung nho nhat:%d", minl);
printf(*\n Cac canh cua cay khung nho nhat:");
for(i=1; i<n; i++)
printf(*\n %5d%5d",daut[i], cuoit[i]);
}

void main(void){
Init(); Krusal();Result(); getch();
}

5.4.2. Thuat toan Prim
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Thuat toan Kruskal 1am viéc kém hiéu qua ddi v6i nhimg d6 thi c6 s6 canh khoang
m=n(n-1)/2. Trong nhirng tinh hudong nhu vay, thuat toan Prim t6 ra hiéu qua hon.

a) M0 ta thuat toan

Thuat toan Prim cOn dwgc mang tén 1a nguoi lang giéng gan nhat. Trong thuat
toan nay, bat dau tai mot dinh tuy y s ctia do thi, ndi s v6i dinh y sao cho trong sé canh
c[s, y] 12 nho nhét. Tiép theo, tir dinh s hodc y tim canh c6 do dai nho nhat, diéu nay dan
dén dinh thir ba z va ta thu duoc cdy bd phan gom 3 dinh 2 canh. Qua trinh duoc tiép tuc
cho téi khi ta nhan dugc cdy gdm n-1 canh, d6 chinh 1a cdy bao trim nhé nhét can tim.
Thuat toan Prim dugc mo ta trong Hinh 5.6.

Thuat toan PRIM (s):
Begin:
Buwdérc 1 (Khoi tao):
Vy = {s}; //Tap dinh cdy khung thiét lap ban dau 1a s
V = V\{s}; /[Tap dinh V dugc bot di s
T = &; //Tap canh ciy khung thiét 1ap ban dau 1a &
d(H) = 0; /Do dai cay khung duoc thiét 1ap 14 0
Buwdére 2 (Lap ):
while (V= &) do {
e = <u, v>: canh c6 d6 dai nho nhat thoa man ueV, veVy;
d(H) = d(H) + d(e); // Thiét 1ap dd dai cay khung nho nhét
T =T w{e}; //Két nap e vao cay khung
V =V \{u}; // Tap dinh V b6t di dinh u
Vh = VHU{U}, Il Té.p dinh V4 thém vao dinh u

endwhile;
Buée 3 (Tra lai két qua):
if (|T|<n-1) then <D0 thi khong lién thong>;
else Return( T, d(H));
End.

Hinh 5.6. Thuat toan PRIM xay dung cdy khung nho nht.
b) Kiém nghiém thuat toan
Gia sir ta can kiém nghiém thuat toan cho dd thi trong s6 Muc 5.4.1. Khi d6 cac

budce thuc hién theo thuat todn PRIM nhu trong Bang dudi day.
Budc khoi tao: T =¢; D(T)=0; V = 2,3,4,5,6,7,8,9,10,11,12,13; Vy =1
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e=(v,1)] Viv=2? Vi Lv=? T, D(T)

veV, teVr

¢ do dai

nho nhit

(1,3) 2,4,5,6,7,8,9,10,11,12,13 1,3 T=Tu(1,3)
D(T)=0+1

(1,2) 4,5,6,7,8,9,10,11,12,13 123 T=TuL2)
D(T) = 1+2=3

(1,4) 5,6,7,8,9,10,11,12,13 12,34 T=Tu(L,4)
D(T) = 3+3=6

(2,6) 5,7,8,9,10,11,12,13 1,2,3,4,6 T=Tu(2,6)
D(T) = 6+5=11

(2,7 5,8,9,10,11,12,13 1,2,3,4,6,7 T=Tu(2,7)
D(T) = 11+5=16

(4,5) 8,9,10,11,12,13 1,2,3,4,5, 6,7 T =Tu(4,5)
D(T) = 16+5=21

(5,10) 8,9,11,12,13 1,2,3,4,5, 6,7,10 T = Tu(5,10)
D(T) = 21+6=27

(6,8) 9,11,12,13 1,2,3/4,5, 6,7,8,10 T = TU(6,8)
D(T) = 27+6=33

(6,9) 11,12,13 1,2,3,4,5, 6,7,8,9,10 T =Tu(6,9)
D(T) = 33+6=39

(8,12) 11,13 1,2,3,4,5, 6,7,8,9,10,12 T=Tu(8,12)
D(T) = 39+7=46

(8,13) 11 1,2,3,4,5, 6,7,8,9,10,12,13 T =Tu(8,13)
D(T) = 46+7=53

(9,11) o 1,2,3,4,5,6,7,8,9,10,12,13,11 | T =Tu(9,11)
D(T) = 53+7=60

V = ¢ : két thiic budc lip

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

D(T) =

1+2+3+5+5+5+6+6+6+7+7+7 =60
c) Cai dat thuat toan

Chuong trinh tim cdy khung nho nhat theo thuat todan PRIM cho dd thi biéu dién

dudi dang danh sach trong s6 dugc thé hién duédi day véi cac thu tuc:

e Thu tuc Init(): doc dit liéu biéu dién bang danh sach trong s6.

e Thii tyc Prim: Thuat todn PRIM x4y dung cdy khung nho nhat.

e Thu tuc Result() : dua ra tip canh va do dai nho nhat cia cay khung.

Chuong trinh cai dit thuat toan Prim tim cay bao trim nhé nhét duoc thuc hién

nhu sau:
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#include <stdio.h>
#include <conio.h>
#define TRUE 1
#define FALSE 0
#define MAX 10000
int a[100][100];
int n,m, i,sc,w;
int chuaxet[100];
int cbt[100][3];
FILE *f;
void Init (void){
int p,i,j.k;
for(i=1; i<=n; i++)
for(j=1; j<=n;j++)
a[i][i]1=0;
f=fopen(*'baotrum.in","r");
fscanf(f,"%d%d",&n,&m);
printf("\n So dinh: %3d ",n);
printf("\n So canh: %3d", m);
printf("\n Danh sach canh:");
for(p=1; p<=m; p++){
fscanf(f,"%d%d%d", &I,&j,&K);
printf("\n %3d%3d%3d", i, j, K);
} a[illjl=k; afjlil=k;

for (i=1; i<=n; i++){
printf("\n");
for (j=1; j<=n; j++){
if (i'=j && a[i][j]==0)
a[i][j]]=MAX;
printf("%7d" a[i1[j]);
}
}
fclose(f);getch();
}

void Result(void){
for(i=1;i<=sc; i++)

printf(*\n %3d%3d", cbt[i][1], cbt[i][2]);

}
void PRIM(void){

int i,j,k,top,min,l,t,u;
int s[100];
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sc=0;w=0;u=1;

for(i=1; i<=n; i++)
chuaxet[i]=TRUE;

top=1;s[top]=u;

chuaxet[u]=FALSE;

while (sc<n-1) {

min=MAX;
for (i=1; i<=top; i++){
t=s[i];

for(j=1; j<=n; j++){
if (chuaxet[j] && min>a[t][j]{

min=a[t][j];
k=t;l=j;

}
} -
sC++;w=w-+min;
cbt[sc][1]=k;cbt[sc][2]=!;
chuaxet[I]=FALSE;a[k][l|]=MAX;
a[l][k]=MAX;top++;s[top]=l;
printf("\n");
}
}
void main(void){
Init(); PRIM();Result();
}

5.5. Nhitng ngi dung can ghi nhé
v’ Cay la d6 thi vo hudng lién thong khong cd chu trinh. Do vy, moi d6 thi vo
hudng lién thong deu co it nhat mot cay khung cta no.

v Hiéu cach biéu dién va cai dat duoc cic loai cay: cay nhi phan tim kiém, cay quyét
dinh, cdy md tién to va cdy ma Huffman.

v' Nim vimg phuong phap xay dung céy khung cta d6 thi bang hai thuat toan duyét
theo chiéu rong va duyét theo chiéu sau.

v' Hiéu va cai dat dugc cac thuat toan Kruskal va Prim tim cdy bao trim nho nhét.
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BAI TAP

1. Cho dd thj v6 huéng dugc biudiéndudi|o 1 1 1 1 0 0 0 0 0 0 0 0
dang ma tran ké nhu Hinh bén phai. Hdy |1 0 1 1 0 0 0 0 0 0 0 0 0
thuc hién: 1101 0 00O0O0O0TUO0TO0TO
a) Trinh bay thuat toan xdy dyng mét /1 1 1 0 0 0 0 0 0 0 0 0 O
cdy khung cua d6 thi bit dau tai dinh/2 0 0 0 0 1 1 1 1 0 0 0 0
ueV dya vao thuat toan BFS(u)? 0000101010000
b) Kiém nghiém thuat todan BFS(u) bat 0 0001101010700
dau tai dinh u=1? Chi 16 két qua trung 0 0001010100700
; e 1 L /0000110100000
gian theo moi budce thuc hién cua thuat 0 0 04 0 0 1000 1 1 1
toan. . , , /0 00 0O0O0O0O0OTO0T1O0 11
¢) Kiém nghiém thuat toan BFS(u) bat| 3 o 0 0 0 0 0 0 0 1 1 0 1
dAu tai dinh u=7? Chi 6 két qua trung | o g 0 0 0 0 0 0 0 1 1 1 0
gian theo mdi budc thuc hién cua thuat
toan.
2. Cho @6 thi v huéng duoc biéudiéndudi|o 1 1 1 1 0 0 0 0 0 0 0 0O
dang ma tran k& nhu Hinh bén phai. Hdy (1 0 1 1 0 0 0 0 0 0 0 0 0
thuc hién: 1101 0000 O0O0TUO0TO0TUO
a) Trinh bay thuat toan xdy dyng m¢t{1 1 1 0 0 0 0 0 0 0 O 0 O
cdy khung cta d6 thi bat diu tai dinh[1 0 0 0 0 1 1 1 1 0 0 0 0
ueV duya vao thuat toan DFS(u)? c 000101010000
b) Kidm nghiém thuét toAn DFS(u) bat|° ¢ 0 0 1 1 0 101000
dau tai dinh u=1? Chi 16 két qua trung 0 0001010100700
: X1 T, S0 000110100000
gian theo moi budc thuc hién cua thuét 00000010001 11
toan. . _ , /0 00 O0O0O0O0O0O0T1O0 11
¢) Kiém nghiém thuét todn DFS(u) bat| 3 o 0 0 0 0 0 0 0 1 1 0 1
dAu tai dinh u=7? Chi 16 két qua trung|g o 0 0 0 0 0 0 0 1 1 1 0

gian theo mdi budc thuc hién cua thuat
toan.

3. Cho @6 thi v hudng dugc biéu dién dudi dang danh sach ké nhu dudi day
Ke(1)={2,3,4,5}. Ke(5)={1,6,7,8,9} Ke®©9)={5,6,8}.

Ke2={13 4} Ke(6)={5,7,9} Ke(10) = { 7, 11, 12, 13 }.
Ke(3)={124} Ke(7)={5,6,8 10}  Ke(1l)={10,12 13}
Ked)={123} Ke(8) ={5 79} Ke(12) = { 10, 11, 13 }.

Ke(13) ={ 10, 11, 12 }.
Hay thuc hién:
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a) Trinh bay thuat toan xay dung cdy khung ctia dd thi bat dau tai dinh u
dua vao thuat toan DFS?
b) Xay dung cay khung cta dd thi bat dau tai dinh u=3? Chi rd két qua theo
moi buoc thuc hién ctia thuat toan?
¢) Viét chuong trinh xay dung cay khung ctia d6 thi bat dau tai dinh ueV?
4. Cho db thi vo huéng dugc biéu dién dudi dang danh sach ké nhu dudi day
Ke(1)={2,3,4,5} Ke(5)={1,6,7,8,9} Ke(9)={5,6,8}.

Ke2={1,3 4} Ke(6)={5,7, 9} Ke(10)={7, 11, 12,13 }.
Ke@)={1,24} Ke(7)={5,6,8 10}  Ke(l1)={10,12,13}.
Ke@)={1,2 3} Ke8)={5,7, 9} Ke(12) ={10, 11,13 }.

Ke(13) ={ 10, 11, 12 }.
Hay thuc hién:
a) Trinh bay thuat toan xdy dung cdy khung cta do thi bat dau tai dinh u
dua vao thuat toan DFS?
b) XAy dung cay khung cta do thi bat dau tai dinh u=3? Chi rd két qua theo
moi buoc thuc hién ctia thuat toan?
¢) Viét chuong trinh xay dung cdy khung ctia d6 thi bat dau tai dinh ueV?

5. Cho db thi v6 huéng c6 trong s6 G 2’ 2 ; 3 = Z’ : ©oeeemom
=<V,E> dugc biéu dién dudi dang ma tran OO ©® e e
z R n ) o R 1 2 o 4 oo 5 o o o w o o o
trong s0 nhu hinh bén phai. Hay thuc hién: 3

- . N B ) N R o 4 o 5 5 o o o © ®w ® ©

a) Trinh bay thuat toan Prim tim cay 5 6 6
R z . X . n , p o0 o0 o0 o0 o0 o0 o0 o0 o0 o0
khung r:lhO nhat tren dO thl VO hlIOIlg cO o 5 5 5 6 o 6 6 6 6 o o o
trQng s0? o 5 o w o 6 o 6 o w © w ©
b) Ap dung thuat toan, timcdy khung | « © © © 6 6 o 7 © o 7 7
nho nhat tal dinh so 1 cua do thl G, chi ©w o o o o 6 o 7T w 7 7T o o
rd két qua theo tung budc thuc hiéncia |[© © © © 6 6 © o 7 o 7 7 o
thUé.t toan? © ©® w o w o o w [ 1T o 8 o
¢) Viét chuong trinh tim cdy khungnho |® = © @ © © o 7 « 7 8 « 8
nhat ctia d6 thi bang thut toan PRIM? © 0 0 0 0 0 o [ o o o 8
6. Cho dd thi vo6 huéng c6 trong sé6 G ‘; 2 ; 3w : :’ ©oeermom
=<V,E> dugc biéu dién dudi dang ma tran N ©® e e
z R n Y- o R 1 2 ©o 4 oo 5 w o w oo o o o

trong s0 nhu hinh bén phai. Hay thyc hién: 3

R . R , N R o 4 o 5 5 o o o o ®w ®» ©

a) Trinh bay thuat toan Kruskal tim cay 5 6 5
R z n X . n , f e} o0 o0 o0 o0 o0 o0 o0 o0 o0
khung r:lhO nhat tren dO thl VO hlIOIlg cO o 5 5 5 6 o 6 6 6 6 o o o
trQng s0? o 5 o w o 6 w 6 ©w w © w ©
b) Ap dung thuat todn, tim cdy khung |« © © © © 6 6 o 7 © o 7 7
nhé nhat cua do thl G, chi rd ket qué © © o o o 6 o 7T o 7 7T o o
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CHUONG 6. BAlI TOAN TiIM DPUONG DI NGAN NHAT

Trong chuong nay chiing ta s& dé cap dén bai toan tim dudng di ngan nhat trén do
thi. Pay 12 mot trong nhimng bai toan cd y nghia vé 1y thuyét va thyuc té. Ban doc co thé
tim hiéu thém vé phuong phap chimg minh tinh dung dan cling nhu do phrc tap cua cac
thuat toan thong qua tai liéu [1, 2].

6.1. Phat biéu bai toan

Xét do thi G=<V, E>; trong d6 | V| =n, | E | = m. V&i mdi canh (u, v)<E, ta dat
tuong tng véi ndé mot sb thue A[u][v] duoc goi 12 trong s cua canh. Ta s& dat A[u,v]=o0
néu (u, v)¢E. Néu day vo, Vi, . . ., Vi 1a mot dudng di trén G thi D" Alv,,,v] duoc goi
la d6 dai cua duong di.

Bai toan tim duong di ngin nhat trén d6 thi dudi dang tong quat c6 thé dugc phat
biéu dudi dang sau: tim dudng di ngan nhét tir mot dinh xuéat phat s eV (dinh ngudn) dén
dinh cudi teV (dinh dich). Pudng di nhu vay duogc goi la duong di ngan nhat tir s dén t,
do6 dai cua duong di d(s,t) duoc goi 1a khoang cach ngan nhat tir s dén t (trong trudng hop
téng quat d(s,t) ¢ thé am). Néu nhu khong ton tai duong di tir s dén t thi do dai dudng di
d(s,t)=co. Duéi day 1a mot sé thé hién cu thé cta bai toan.

Truwong hop 1. Néu s ¢6 dinh va t thay d6i, khi d6 bai toan duoc phat biéu dudi
dang tim duong di ngan nhét tir s dén tat ca cac dinh con lai trén d6 thi. P6i voi d6 thi c6
trong s khong &m, bai toan ludn co loi giai bang thuat toan Dijkstra. D6i voi do thi 6
trong s6 am nhung khong ton tai chu trinh 4m, bai toan c6 1oi giai bang thuat toan
Bellman-Ford. Trong truong hop do thi ¢6 chu trinh am, bai toan khong c6 101 giai.

Truong hop 2. Néu s thay d6i va t cling thay doi, khi d6 bai toan duoc phat bicu
dudi dang tim dudng di ngan nhat giita tat ca cac cip dinh ciia d6 thi. Bai toan ludn co loi
giai trén d6 thi khong c6 chu trinh am. D6i voi do thi ¢ trong sé khong am, bai toan
dugc giai quyét bang cach thyc hién 1ap lai n 1an thuét toan Dijkstra. D6i véi do thi khong
c6 chu trinh &m, bai toan co thé giai quyét bang thuat toan Floyed.

C4c thuat toan cu thé giai quyét bai toan tim duong di ngan nhat duoc thyc hién
nhu dudi day.

6.2. Thuat toan Dijkstra
Thuat toan tim duong di ngan nhat tir dinh s dén cac dinh con lai dugc Dijkstra de
nghi ap dung cho truong hop do thi c6 hudng voi trong so6 khong am. Thuat toan dugc

thuc hién trén co sd gan tam thoi cho cac dinh. Nhan cia mdi dinh cho biét can trén cia
d6 dai duong di ngan nhat téi dinh d6. Cac nhén nay sé dugc bién doi (tinh lai) nhd mot
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thi tuc 1ap, ma & moi bude lap mot s6 dinh s& co nhan khong thay doi, nhan do chinh 1a
dd dai duong di ngan nhat tir s dén dinh do.

6.2.1. MO0 ta thuat toan

Thuat toan Dijkstra tim dudng di ngan nhat tir s dén tat ca cac dinh con lai coa do
thi dugc mo ta chi tiét trong Hinh 6.1.

Thuit toan Dijkstra (s): /se V 1a mot dinh bat ky ciia G = <V, E>
Begin
Buwdéc 1 (Khoi tao):
d[s]=0; //Gan nhan cua dinh s [a 0
T =V\{s}; /| T latdp dinh cé nh@n tam thoi
for each ve V do {//Sir dung s gdn nh@n cho cac dinh con lai
d[v] = A[s,v];
truoc[v]=s;
endfor;
Buwére 2 (Lap):
while (T= &) do {
Tim dinh ueT sao cho d[u] = min { d[z] | zeT};
T=T\{u}; //cé dinh nhan dinh u
for each ve T do { //Str dung u, gan nhén lai cho cac dinh
if (d[v] >d[u] + Afu, v] ) then {
d[v] = d[u] + A[u, v]; //Gén lai nhan cho dinh v;
truoc[v] = u;
endif;
endfor;
endwhlie;
Buwéc 3 (Tra lai két qua):
Return (d[s], truocls]);
End.

Hinh 6.1. Thuat toan Dijkstra.

6.2.2. Kiém nghiém thuit toan
PAau vao cua thuat toan :
. du,v) if (uv)eE
- Ma tran trong s6 khong am Alu,v] = ( . ) )
o if (uv)gE

- 5 1a dinh bét ky ctia d6 thi.
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Vi du ta can kiém nghiém thuat toan cho d6 thi dugc biéu dién duéi dang ma tran
trong s6 dudi day. Khi do, cac budc thuc hién theo thuat toan Dijkstra tai dinh s =1 dugc
thé hién nhu Bang 6.1.

8 8 8 88 888 8 N8 8 8

8 8 8 88 888 8888 ™

8 w
2 o
o 6
® oo
1 7
® oo
® oo
® oo
® oo
® oo
® oo
® oo
® oo

8 88 N8 88 88 8 8 8

8 8 8 o8 8 M8 8 8 8 8
8 8 88 8 888 88 rw©o3g

w0
w 0
w 0
w0
w 0
9 8
2 o
o 9
w0
w 0
oo 6
0 00
w 0

8 8 N8 8 8 8 88 8 8 8
~8 8 88 888 88 88 8

8 8 8 8 ©nv8 8 88 8 8 8

8 M8 8 8 8 8 8 8 8 8 8

Bang 6.1. Cac budc thuc hién thuat toan Dijkstra tai s =1

Budc | Pinh1 | Pinh2 | Pinh3 | Pinh4 | Pinh5 | Dinh6 | Pinh7 | Dinh8 | Pinh 9 Dinh binh 11 Dinh binh 13
10 12
1 <0,1> <2,1> <8,1> <o0,1> <0,1> | <o0,1> <w0,1> | <©0,1> | <w0,1> | <own,l1> <oo,1> <mo,1> <wo,1>
2 * <2,1> <4,2> <o0,1> <0,1> | <o0,1> | <11,2> | <o0,1> | <o0,1> | <o0,1> <o0,1> <omo,1> <mo,1>
3 * * <4,2> | <10,3> | <wo,1> | <123> | <53> | <0,1> | <o0,1> | <o0,1> <o0,1> <o0,1> <0,1>
4 * * * <10,3> | <ow,1> | <7,7> <5,3> <7,7> | <0,1> | <o0,1> <o0,1> <o0,1> <mo,1>
5 * * * <10,3> | <8,6> | <7,7> * <7,7> | <156> | <oo,1> <o0,1> <o0,1> <o0,1>
6 * * * <10,3> | <8,6> * * <7,7> | <156> | <oo,1> <o0,1> <9,8> <o0,1>
7 * * * <10,3> | <8,6> * * * <15,6> | <oo,1> <o0,1> <9,8> <o0,1>
8 * * * <10,3> * * * * <15,6> | <oo,1> <o0,1> <9,8> | <11,12>
9 * * * <10,3> * * * * <15,6> | <oo,1> <o0,1> * <11,12>
10 * * * * * * * * <15,6> | <owo,1> | <18,13> * <11,12>
11 * * * * * * * * <15,6> | <21,9> | <18,13> * *
12 * * * * * * * * * <21,9> | <18,13> * *
13 * * * * * * * * * <21,9> * * *
Két qua :

Puong di ngan nhat tir dinh 1 dén dinh 2: 2. Puong di: 1-2.
Puong di ngan nhat tir dinh 1 dén dinh 3: 4. Pudng di: 1-2-3.
Puong di ngan nhét tir dinh 1 d&én dinh 4: 10. Puong di: 1-2-3-10.
Pudng di ngan nhét tir dinh 1 dén dinh 5: 8. Puong di: 1-2-3-7-6-5.
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Puong di ngan nhat tir dinh 1 d&én dinh 6: 7. Puong di: 1-2-3-7-6.

Puong di ngan nhat tir dinh 1 dén dinh 7: 5. Pudng di: 1-2-3-7.

Puong di ngan nhat tir dinh 1 dén dinh 8: 7. Puong di: 1-2-3-7-8.

Puong di ngan nhét tir dinh 1 dén dinh 9: 15. Puong di: 1-2-3-7-6-9.

Puong di ngan nhat tir dinh 1 dén dinh 10: 21. Puong di: 1-2-3-7-6-9-10.

Puong di ngan nhat tir dinh 1 dén dinh 11: 18. Puong di: 1-2-3-7-8-12-13-11.

Puong di ngan nhét tir dinh 1 dén dinh 12: 18. Puong di: 1-2-3-7-8-12.

Puong di ngan nhat tir dinh 1 dén dinh 13: 11. Puong di: 1-2-3-7-8-12-13.
6.2.3. Cai dat thuat toan

Chuong trinh cai dat thuat toan Dijkstra tim ~duong di ngan nhat tir mot dinh dén
tat ca cac dinh khac cta do thi c6 hudng véi trong sé khong am dugc thuc hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
intn,s,t;
char chon;
int truoc[MAX], d[MAX], CP[MAX][MAX];
int  final[MAX];
void Init(void){
FILE * fp;int i, |;
fp = fopen(*“ijk1.in",’r”);
fscanf(fp,””%d”*, &n);
printf(*\n So dinh :%d”’,n);
printf(*“\n Ma tran khoang cach:”);
for(i=1; i<=n;i++){
printf(*\n”’);
for(j=1; j<=n;j++){
fscanf(fp, “%d”, &CP[i1[j]);
printf(*‘%3d”,CP[i][j]);
if(CP[i][j]==0) CP[i][j]1=32000;
}
}
fclose(fp);
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void Result(void){

}

inti,j;
printf(*“‘\n Duong di ngan nhat tu %d den %d la\n™, s,t);
printf(““%d<=""t);
i=truoc|[t];
while(i!'=s){
printf(““%d<="",i);
i=truocli];
}
printf(*“%d™,s);
printf(*“\n Do dai duong di la:%d”, d[t]);
getch();

void Dijkstra(void){

int v, u, minp;
printf(*“\n Tim duong di tu s="");scanf(*“%d”’, &s);
printf(*“  den *);scanf(**%d™, &t);
for(v=1; v<=n; v++){

d[v]=CPIs][VI;

truoc[v]=s;

final[V]=FALSE;
}
truoc[s]=0; d[s]=0;final[s]=TRUE;
while(!final[t]) {

minp=2000;

for(v=1; v<=n; v++){

if((Mfinal[v]) && (minp>d[v]) }{

u=v;
minp=d|[v];
} }
final[u]=TRUE;// u- la dinh co nhan tam thoi nho nhat
if(ffinal[t]){
for(v=1; v<=n; v++){
if (ffinal[v]) && (d[u]+ CP[u][v]< d[v]){
d[v]=d[u]+CP[u][v];
truoc[v]=u;
}
}
}
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void main(void){
clrscr();Init(); Dijkstra();
Result(); getch();

}

6.3.Thuat toan Bellman-Ford

Thuat toan Bellman-Ford dung dé tim duong di ngin nhat trén do6 thi khong c¢6 chu
trinh @m. Do vay, trude khi thuc hién thuat toan Bellman-Ford ta can kiém tra do thi ¢
chu trinh @m hay khéng. Trong truong hop do thi ¢6 chu trinh @&m, bai todn s€ khong co
161 giai.
6.3.1. MO0 ta thuat toan

Thuat toan duge thuc hién theo k =n - 2 vong lip (n 1a s§ dinh cua d6 thi) chi tiét
trong Hinh 6.2.

Thuit toan Bellman-Ford (S): //se V la dinh bat ky ciia dé thi
Begin:
Buwdéc 1 (Khoi tao):
for veV do { //Sur dung s gan nhan cho cac dinh veV
D[v] = Als][VI;

Truoc|v] =s;
}
Buwére 2 (Lap) :
D[s] = 0; K=1,

while (K<=N-2) { //N-2 vong lap
for veV\{s} do { //Ldy méi dinh veW\s
for ueV do { //Gan nhan cho v
if (D[v] > D[u] + A[u][v] ) {
D[v]= D[u] + Afu][V];
Truoc|v] = u;
endif;
endfor;
endfor;
endwlie;
Buwée 3 (Tra lai két qua):
Return( D[v], Truoc[v]: veU);,
End.

Hinh 6.2. Thuat toan Bellman-Ford.
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6.3.2. Kiém nghiém thuit toan

Vi du ta can kiém nghiém thuat toan Bellman-Ford cho db thi duoc biéu dién dudi
dang ma tran trong so sau:

o 1 oo o 3
o o 3 3 8
A=lo o o 1 -5
v o 2 o o
o o o 4 o
Khi @6, két qua thuc hién theo thuat toan ta dugc két qua sau:
Vong lap K=1:
v=2;D[2] =1

D[1] + A[1, 2] = 0+1 (Khéng nho hon 1)
D[2] + A[2,2] =1+ o>1
D[3] + A[3, 2] = 0 + w>1
D[4] + A[4, 2] = 0 + 0>1
D[5] + A[5, 2] = o0 + 00>1
v=3; D[3] =
D[1] + A[1,3] = 0+
D[2] + A[2, 3] =1 + 3 =4<w (Thay D[3] = 4, Truoc[3] = 2)
D[3] + Al3, 3] =4 + >4
D[4] + Al4, 3] =0+ 2>4
D[5] + A[5, 3] = © + >4

v=4; D[4] =«
D[1] + A[1,4] = 0+
D[2] + A[2, 4] =1 + 3 =4<w (Thay D[4] = 4, Truoc[4] = 2)
D[3] + A[3,4] =4 + 1=5>4
D[4] + A[4,4] =4+ >4
D[5] + A[5, 4] = o + 4>4
v=5; D[5] =3
D[1] + A[1,5] = 0+3 (Khéng nho hon 3)
D[2] + A[2,5] =1+8=9>3
D[3] + A[3, 5] = 4 -5=-1<3 (Thay D[5] = -1, Truoc[5] =3)
D[4] + A[4,5] =4 + © >-1
D[5] + A[5,5] =-1 + 00>-1
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Vong lap K=2:
v=2;D[2] =1
D[1] + A[1, 2] = 0+1 (Kh6éng nho hon 1)
D[2] + A[2,2] =1+ o>1
D[3] +A[3,2] =4 + >1
D[4] + A[4,2] =4 + o>1
D[5] + A[5,2] =-1 + 0o>1
v=3; D[3] =4
D[1] + A[1, 3] = 0+o>4
D[2] + A[2, 3] =1 + 3 =4 (Kh6ng nho hon 4)
D[3] +A[3,3] =4 + >4
D[4] + A[4,3]=4+2>4
D[5] + A[5, 3] =-1 + 00>4
v=4;D[4] =4
D[1] + A[1, 4] = 0+0>4
D[2] + A[2, 4] =1 + 3 =4 (Kh6ng nho hon 4)
D[3] +A[3,4]=4+1>4
D[4] + A[4, 4] =4 + >4
D[5] + A[5, 4] =-1 + 4=3< 4 (Thay D[4] =5, Truoc[4] =5
v=5; D[5] =-1
D[1] + A[1, 5] = 0+00>-1
D[2] + A[2,5]=1+3=-1
D[3] +A[3,5] =4+ 1>-1
D[4] + A[4,5] = 3 + co>-1
D[5] + A[5,5] =-1 + 0>-1

Vong lap K=3:

v=2;D[2] =1
D[1] + A[1, 2] = 0+1 (Kh6éng nho hon 1)
D[2] + A[2,2] =1+ o>1
D[3]+A[3,2] =4 + >1
D[4] + A[4,2] =3 + wo>1
D[5] + A[5,2] =-1 + 0o>1

v=3; D[3] =4
D[1] + A[1, 3] = 0+oo>4
D[2] + A[2, 3] =1 + 3 =4 (Kh6ng nho hon 4)
D[3] +A[3,3] =4+ >4
D[4] + A[4,3]=3+2>4
D[5] + A[5, 3] =-1 + 00>4

v=4; D[4] =3
D[1] + A[1, 4] = 0+o0>3
D[2] + A[2,4]=1+3=3
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D[3] + A[3,4] =4 +1>3
D[4] + A4, 4] =3 + ©>3
D[5] + A[5, 4] = -1 + 4=3(Khbng nho hon 3)

v=5; D[5] =-1
D[1] + A[1, 5] = 0+o0>-1
D[2] + A[2,5]=1+3=-1
D[3] +A[3,5]=4+1>-1
D[4] + A[4, 5] =3 + co>-1

D[5] + A[5, 5] = -1 + c0>-1
Két qua cubi cling ta nhan dugc Bang 6.2 dudi day.

Bang 6.2. Két qua kiém nghiém theo thuat toan Bellman-Ford

K=? D[1], Truoc[1] | D[2], Truoc[2] | D[3], Truoc[3] | D[4], Truoc[4] | D[5], Truoc[5]
<0,1> <1,1> <o0,1> <o0,1> <3,1>
1 <0,1> <1,1> <4,2> <4,2> <-1,3>
2 <0,1> <1,1> <4,2> <3,5> <-1,3>
3 <0,1> <1,1> <4,2> <3,5> <-1,3>

6.3.3. Cai diit thuit todn

Chuong trinh cai dat thuat toan Bellman-Ford tim duong di ngan nhat tir mot dinh

dén tat ca cac dinh khac cta d6 thi c6 hudng, khoéng cé chu trinh &m duoc thyuc hién nhu

Sau.

#include <iostream.h>
#include <stdlib.h>
#include <stdio.h>
#include <conio.h>
#define MAX 100
#define MAXC 10000

int C[MAX][MAX]; //Ma tran trong so bieu dien do thi

int D[MAX]; //Do dai duong di

Int Trace[MAX]; //Luu lar vet duong di

int n, m, S, F; // n:So dinh; S: Dinh bat dau; F:
Dinh ket thuc

FILE *fp;

void Read Data(void){
int 1, u, v;fp = fopen('dothi.iIn","r'");
fscant(fp, "%d%d%d%d"" ,&n,&m, &S, &F) ;
for(u=1; u<=n; u++)
for(v=1; v<=n; v++)
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it (u==v) C[u][Vv]=0;
else C[u][V]=MAXC;
for(i=1; i<=m; 1++)
fscant(fp, "%d%d%d"", &u, &v,&CLu][v]);

fclose(fp);
}
void Init(void){
int 1;
for( 1=1; i1<=n; 1++){
DLi]1 = C[S]Li]:
Trace[1]=S;
}
}

void Result(void){
iIT (D[F]==MAXC) printf(''\n Khong co duong di'");
else {
printf("'\n Do dair %d den %d: %d", S, F, D[F]):
while (FI=S ){
printf(""%d <--"",F);
F = Trace[F];

+
+
void Ford Bellman(void){
int k, u, v;D[S]=0;
for( k=1; k<=n-2; k++){
for(v=1l; v<=n; v++){
// it (vI=S ){
for( u=1; u<=n; u++){
it (DLv]I>DLul+CLullv1){
DLv]l = DLul+CLullv1;

Trace[u]=v;

}
}
// }
by
}
}
int main(Q)
{

Read_Data(Q);Init();
Ford_Bellman(); Result();
system(""PAUSE™) ;

return O;
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}
6.4.Thuat toan Floy

Pé tim duong di ngan nhat giira tat ca cac cip dinh cua dd thi, chiing ta c6 thé sir
dung n lan thudt toan Ford_Bellman hoac Dijkstra (trong truong hgp trong s6 khong am).

Tuy nhién, trong ca hai thudt toan dugc st dung déu co do phirc tap tinh toan 16n (chi it 12
O(n%). Trong trudng hop tong quat, ngudi ta thudng ding thuat toan Floy.

6.4.1. MO0 ta thuat toan

Thuat toan Floy dugc moé ta chi tiét trong Hinh 6.3.

Thuat toan Floy:
Begin:
Buwdéc 1 (Khoi tao):
for (i=1; i< n; i++) {
for (j =1; j< n; j++) {
d[i.j] = afi, j];
pli.jl =1;
}
}
Buwérce 2 (lap) :
for (k=1; k< n; k++) {
for (i=1; i< n; i++){
for (j =1; j< n; j++) {
if (d[i,j]>d[i, K] +d[k, j]) {
d[i, j] = d[i, K] + d[k, j;
p[i.jl = pIk, il;

}
} ,
Buwdére 3 (Tra lai két qua):
Return (p([i,j], d[i,j]: i, jeV);

Hinh 6.3. Thuat toan Floy.
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6.4.2. Cai dat thuat toan

Chuong trinh cai dat thuat toan Foly tim dudng di ngan nhat gitra tit ca cac cap dinh cia
dd thi duogc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 10000
#define TRUE 1
#define FALSE 0
int A[50][50], D[50][50], S[50][50];
intn, u, v, k;FILE *fp;
void Init(void){
inti, J, k;
fp=fopen(*FLOY.IN’,”’r”);
if(fp==NULL){
printf(*“\n Khong co file input™);
getch(); return;
}
for(i=1; i<=n; i++)
for(j=1; j<=n; j++)

Ali]Li]=0;
fscanf(fp,””%d%d%d”,&n,&u, &v);
printf(*\n So dinh do thi:%d”’,n);
printf(“\n Di tu dinh:%d den dinh %d:”*,u,v);
printf(*“\n Ma tran trong so:”);
for(i=1; i<=n; i++){

printf(*\n™);
for(j=1; j<=n; j++){
fscanf(fp,”%d”, &A[il[j]);
printf(*‘%5d”" A[iI1[D);
if(i'=j && Ali][j]==0)
Al]LHI=MAX;
}
}
fclose(fp);getch();
}
void Result(void){
if(D[u][v]>=MAX) {
printf(“\n Khong co duong di’’);
getch(); return;
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else {
printf(*“\n Duong di ngan nhat:%d”’, D[u][V]);
printf(*\n Dinh %3d”’, u);
while(ul=v) {
printf(*‘%3d”,S[u][v]);
u=S[u]lv];
}
}

}
void Floy(void){

int i, j,k, found;
for(i=1; i<=n; i++){
for(j=1; j<=n;j++){
DOIGI=ALID]
if (DL]IL]==MAX) S[i][j]=0;
else S[i][j1=j;
} }
/* Mang D[i,j] la mang chua cac gia tri khoan cach ngan nhat tu i den j
Mang S la mang chua gia tri phan tu ngay sau cua i tren duong di
ngan nhat tu i->j */
for (k=1; k<=n; k++){
for (1=1; i<=n; i++){
for J=1; j<=n; j++){
if (DL][k]'=MAX && D[i][i]>(D[i][k]+DIK]IGD )
/[ Tim D[i,j] nho nhat co the co
DL][]1=DIil[k]+DIK][];
S[i101=SIi1KI;

/lung voi no la gia tri cua phan tu ngay sau i

}

}

void main(void){
clrscr();Init();
Floy();Result();
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6.5. Nhitng ngi dung can ghi nhé

v Hiéu bai todn tim dudng di ngan nhat va cac dang cu thé cuia bai toan.

v' Hiéu thuat toan, kiém nghiém thuat toan va cai dat dugc thuat toan Dijkstra.

v Hiéu thuat toan, kiém nghiém thuét toan va cai dit duoc thuat toan Bellman-Ford.
v Hiéu thuat toan, kiém nghiém thuat toan va cai dit duoc thuat toan Floy.

119



BAI TAP

1. Cho db thi gém 7 dinh cho bdi ma tran trong sb

00 11 65 17 65 65 65
65 00 12 65 65 10 16
65 65 00 13 14 65 19
65 65 65 00 65 65 18
65 65 65 65 00 65 15
65 13 18 65 65 00 10
65 65 65 65 65 65 00

Tim duong di ngan nhét tir dinh 1 dén dinh 7. Yéu cau chi 18 nhitng két qua trung gian
trong qué trinh thyc hién thuat toan.

2. Cho Co sé dir liéu ghi lai thong tin yé N Tuyén bay (N<=100) ciia mot héng hang
khong. Trong do, thong tin vé mdi tuyén bay duge mo ta boi: Diém khai hanh
(departure), diém dén (destination), khodng cach (lenght). Departure, destination la mot

xau ki tu d6 dai khong qué 32, khong chira dau trong ¢ gitra, Length 14 mot s6 nho hon
32767.

Ta goi “Hanh trinh bay” tir diém khoi hanh A téi diém dén B 1a day cac hanh trinh [A,
A, n], [Aq, Az, no] . . .[Ax B,ng] voi Ajla diém dén cua tuyén i nhung lai 1a diém khéoi
hanh cua tuyén i +1, n; la khoang cach cua tuyén bay thir 1 (1<=i<k). Trong do, khoang
cach cua hanh trinh 1a tong khoang cach cua cac tuyén ma hanh trinh di qua (ny+n,+.
AHN).

Cho file dix liéu kiéu text hanhtrinh.in dugc ghi theo timg dc‘mg, sb cac dc‘mg trong file dir
liéu khong vuot qua N, trén mdi dong ghi lai thong tin vé mot tuyen bay, trong do
departure, destination, length duoc phén bi€t voi nhau boi mét hodc vali dau tréng. Hay

tim giai phap dé thoa mén nhu cau cua khach hang di tir A dén B theo mdt s6 tinh huéng
Sau.

Tim hanh trinh ¢6 khoang cach bé nhét tir A dér} B. In ra man hinh tung diém ma hanh
trinh d& qua va khoang cach cua hanh trinh. Néu hanh trinh khdng ton tai hdy dua ra
théng bao “Hanh trinh khéng ton tai”.

Vidu vé Co s dit liéu hanhtrinh.in

New_York Chicago 1000
Chicago Denver 1000
New_York Toronto 800
New_York Denver 1900
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Toronto Calgary 1500

Toronto Los_Angeles 1800

Toronto Chicago 500

Denver Urbana 1000
Denver Houston 1500
Houston Los_Angeles 1500

Denver Los_Angeles 1000

Vé6i diém di : New York, diém dén : Los_Angeles ; ching ta s& co két qua
Sau.

Hanh trinh ngan nhat:
New_York to Toronto to Los_Angeles; Khoang cach: 2600.

3. Ké tuc thanh cong véi khéi lap phuong than bi, Rubik sang tao ra dang phang cua tro
choi nay goi 1a tro choi cac 6 vuong t than bi. Do 1a mot bang gd6m 8 6 vudng bang nhau
nhu hinh 1. Chlng ta qui dinh trén mdi 6 vudéng c¢6 mot mau khac nhau. Cac mau duge ki
hiéu boi 8 s nguyén tuong Gmg v6i tam mau co ban ciia man hinh EGA, VGA nhu hinh
1. Trang thai ctia bang cac mau dugc cho boi day ki hiéu mau cac 6 duge viét 1an luot
theo chiéu kim ddng ho bat dau tir 6 goc trén bén trai va két thic & 6 goc dudi bén tréi. Vi
du: trang théi trong hinh 1 duoc cho boi ddy cac mau tuong tmg véi day s6 (1,2, 3,4, 5,
6, 7, 8) Trang thai nay duge goi 1a trang thai khoi dau.

Biét rang chi can str dung 3 phép bién doi co ban c6 tén la ‘A’, ‘B’, “‘C” dudi day bao
gio cling chuyen duge tir trang thai khoi dau vé trang thai bat ky:

‘A’ : d6i chd dong trén xudng dong dudi. Vi du sau phép bién doi A, hinh 1 s& tro
thanh hinh 2:

‘B’ : thyc hién mot phép hodn vi vong quanh tu trai sang phai trén timg dong. Vi
du sau phép bién doi B hinh 1 s¢ tr¢ thanh hinh 3:

‘C’ : quay theo chiéu kim ddng ho bon 6 & giira. Vi du sau phép bién doi C hinh 1
tro thanh hinh 4:

Hinh 1 Hinh 2 Hinh 3 Hinh 4
L2 |34 8|7 1|6 |5 41213 11712 4
8 [4 b 5 1 Z 3 4 5 8 [4 b o ) 3 5

Cho file dir liéu Input.txt ghi lai 8 s6 nguyén trén mot dong, mdi sé dugc phan biét
v6i nhau boi mot dau trong ghi lai trang thai dich. Hay tim day cac phép bién doi so ban
dé dua trang thai khoi dau ve trang thai dich sao cho s6 cac phép bién doi 1a it nhat c6 thé
duoc.
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Dit liéu ra duoc ghi lai trong file Output.txt, dong dau tién ghi lai s6 cac phép bién
d6i, nhimg dong tiép theo ghi lai tén caa cac thao tac co ban d4 thyuc hién, mdi thao tac co
ban dugc viét trén mot dong.

Ban sé& duoc thém 20 diém néu str dung bang mau thich hop cia man hinh dé mé
ta lai cac phép bién ddi trang thai cua trd choi. Vi du voi trang thai dich dudi day s& cho
ta két qua nhu sau:

Input.txt Output.txt
268 457 31 7

B

C

A

B

C

C

B

4. Cho mot mang thong tin gdm N nut. Trong d6, dudng truyén tin hai chiéu truc tiép tir
nat i dén nat j co chi phi truyén théng tuong ung la mot sé nguyén A[i,j] = A[j,i], véi
A[i,j]>=0, i # j. Néu duong truyén tin tir nfit i; dén nat i, phai thong qua cac nut iy, . . ik
thi chi phi truyén thong duoc tinh bang tong cac chi phi truyén théng Aliy,is], Alizig], . . .
Alii.1,ik]. Cho trude hai nat i va j. Hay tim mot dudng truyén tin tir nat i dén nat j sao cho
chi phi truyén thong 1 thap nhat.

Dir liéu vao dugc cho boi file TEXT cé tén INP.NN. Trong d6, dong thir nhat ghi ba s6
N, i, j, dong thir k + 1 ghi k-1 86 A[k,1], A[k,2], . . , A[k.k-1], 1<=k<=N.

Két qua thong bao ra file TEXT c6 tén OUT.NN. Trong do, dong thir nhat ghi chi phi
truyen thong thap nhat tur nat 1 dén nat j» dong thu 2 gh1 lan lugt cac nut trén dudng
truyén tin c6 chi phi truyén thong thap nhat tir niit i t&i nit j.

5. Cho mot mang thong tin gdm N nat. Trong d6, dudng truyén tin hai chiéu tryc tiép tir
nat i dén nat j co chi phi truyén thong twong ung 1a mot sé nguyén A[i,j] = A[j,i], véi
Ali,j]>=0, i #]. Néu duong truyén tin tir nat iy dén nut iy phai thong qua cac nit iy, . . ik1
thi chi phi truyen thong dugc tinh bang téng cac chi phi truyen thong Alis,ip], Alizig], -
Alik,i]- Biét rang, giita hai nut bat ky clia mang thong tin déu ton tai it nhat mot duorng
truyen tin.

Pé tiét kiém duong truyén, ngudi ta tim cach loai bo di mot sé duong truyén tin ma vin
dam bao dugc tinh lién thdng cua mang. Hay tim mot phuong an loai bo di nhitng duong
truyén tin, sao cho ta nhan dugc mot mang lién théng cd chi phi t6i thi€u nhat c6 thé
duoc.
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Dit liéu vao dugc cho béi file TEXT c6 tén INP.NN. Trong d6, dong thir nhat ghi s6 N,
dong tht k + 1 ghi k-1 86 A[k, 1], A[k,2], . ., A[kk-1], 1<=k<=N.
Két qua thong bao ra file TEXT c6 tén OUT.NN trong d6 dong tht nhat ghi chi phi
truyén thong nho nhat trong toan mang. Tu dong thir 2 ghi lan lugt cac nuat trén duong
truyén tin, moi duong truyén ghi trén mot dong.
5. Cho db thi co hudng co6 trong sb6 duoc biéu dién duédi dang ma tran trong s6 nhu dudi
day. Hay thyc hién:
a) Trinh bay thuat toan Dijkstra tim duong di ngin nhat tir dinh seV dén cac dinh
con lai cua do thi?
b) Tim duong di ngan nhét tir dinh 1 dén tat ca cac dinh con lai cua d6 thi? Chi 1o
két qua theo moi budce thuc hién cta thuat toan?
¢) Tim dudng di ngan nhat tir dinh 5 dén tat ca céc dinh con lai cua do thi? Chi rd
két qua theo moi budc thuc hién cua thuat toan?
d) Viét chuong trinh tim dudng di ngan nhat tir dinh s dén tat ca cac dinh con lai
cua do thi?

8 8 8 88 88 8 8 ~N8 8 8
8 8 8 88 888 8888 ™
8 8 8 88 88 8 8 8 M
8 8 888 888 N8 o8 8
8 88 N8 88 »8 8 8 8 8
8 8 8 o8 8 M8 8 8 8 8
8 8 888 888 88 w3y
8 8 8 88 8 VOB 8 8 8 8
8 8 8 8 ©8 ©8 8 8 8 8
8 8 N8 8 8 8 88 8 8 8
~8 8 88 888 88 88 8
8 8 8 8 ©nv8 8 88 8 8 8
8 M8 8 8 8 8 8 8 8 8 8

6. Cho db thi c6 hudng co6 trong sb6 duoc biéu dién duédi dang ma tran trong s6 nhu dudi
day. Hay thyc hién:

a) Trinh bay thuat toan Bellman-Ford tim duong di ngan nhat tir dinh seV dén cac
dinh con lai cta do thi?

b) Tim duong di ngan nhat tir dinh 1 dén tat ca cac dinh con lai cua do thi? Chi rd
két qua theo moi budc thuc hién cua thuat toan?

¢) Tim dudng di ngan nhat tir dinh 5 dén tat ca cac dinh con lai cua do thi? Chi rd
két qua theo moi budc thuc hién cua thuat toan?
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d) Viét chuong trinh tim duong di ngan nhét tir dinh s dén tat ca cac dinh con lai coa d6

thi?
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