PO THI EULER
PO THI HAMILTON



NOi dung

« D6 thj Euler
« D6 thj Hamilton



D6 thi Euler



Khai niém do thi Euler (1/2)

* Dinh nghia.
— Chu trinh don trong do thi G di qua méi canh clia do thi ding
mot lan dwoc goi la chu trinh Euler.
— Puwdng di don trong G di qua mdi canh clia né ding mot 1an
dwoc goi la dwong di Euler.
— D6 thi dwoc goi 1a dd thi Euler néu nd co chu trinh Euler.
— D6 thi co6 dwdng di Euler dwoc goi la nira Euler.

e Vidu 1:
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Khai niém do thi Euler (2/2)

e Vidu 2:
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Pi1éu kién can va du dé do thi la Euler

» D6 thi vd hwdng
— P06 thi vd hwdng lién thong G=<V,E> |1a dd thj Euler
khi va chi khi moi dinh ciia G déu co6 bac chan.
» D06 thi co hwéng
— D6 thi c6 hwdng lién thong yéu G=<V,E> 13 do thi
Euler khi va chi khi tat ca cac dinh cda n6 déu c6 ban
dinh bac ra bang ban dinh bac vao (diéu nay lam cho
do thi la lién thGng manh)



Chung minh d6 thi 1a Euler

e V@i do thi vo hudng:
— Kiém tra d6 thi c6 lién thong hay khéng?
« Kiém tra DFS(u) = V ho&dc BFS(u) = V =l ién théng
— Kiém tra bac cla tat ca ca dinh co6 phai s6 chan hay khong?
« V&i ma tran ké, tbng cac phan tlr cia hang u€y(cot u) la bac cua dinh u.
* V@ido thi co hudng:
— Kiém tra do thi cé lién thong yéu hay khéng?
« Kiém tra dé thi v&é hudng twong (rng la lién thdng, hodc
« Kiém tra néu ton tai dinh uev dé DFS(u)=V hodc BFS(u)=V?
— Kiém tra tat ca cac dinh c6 théda man ban bac ra bang ban bac
vao hay khong?

« V&i ma tran k&, ban bac ra cltia dinh u la deg*(u) 1a sb cac sb 1 cua hang u,
ban bac vao cta dinh u la deg(u) la sO cac s6 1 clua cot u.



Vi du v&i do thj vé hudng

« Cho d6 thi vé huwéng dwoc biéu dién dwdi dang ma

tran ké nhw hinh dugi. Chirng minh 1a dd thi Euler .

« VIiBFS(1) ={1, 2,6, 3,5,
7,4,11, 8, 10, 12, 9, 13} =
V. Do vay, G lién thong.

 Talai co:

deg(1) = deg(13) = 2.
deg (2) =deg(3) =4
deg(4) =deg(5) =4
deg(6) =deg(7) =4
deg(8) =deg(9) =4
deg(10) = deg(11) =
deg(12) =4
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Vi du v&i do thi co huwdng

« Cho d§ thi c6 hwéng dwoc biéu dién dwéi dang ma
tran ké nhw hinh dudi. Chirng minh la do thi Euler .

+ViBES(1)=1{1,2,3,5,4,11,6,7, 10, 12,
8,9, 13} =V. Do vay, G lién théng yéu.
+ Ta lai co:
deg (2)=deg'(2)=deg (3)=eg(3) =2
deg (4)=deg’(4)=deg (5)=deg’(3) =2
deg (6)=deg(6)=deg (7)=deg(7)
deg (8)=deg(8)=deg (9)=deg(9)
deg (10) =deg(10) =2
deg (11)=deg'(11) =2
deg (12) =deg'(12) =2
deg (1)=deg’(1)=deg’(13)=deg (13) =1
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Thuat toan tim chu trinh Euler

Thuat toan Euler-Cvcle(u):
Budc 1 (Khoi tao) :
stack =@ ; //Khoi tao mot stack bat dau la &
CE=@;  //Khoitao mang CE bat dau la &
Push (stack, u) ; /Dua dinh u viao ngin xép
Budc 2 (Lap ):
while (stack=< ) do { //Lap cho dén khi stack rf:‘"mg
s = get(stack); //Lay dinh & dau ngan xép
if ( Ke(s) # @) then { // Néu danh sach Ke(s) chua rf:‘"rng
t =< Pinh dau tién trong Ke(s)>:
Push(stack, t)’ //Pua t vao stack;
E =E " (s,t); // Loai bo canh (s,t);

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

10



t toan (1/3)

a
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K

° I\’

iém nghiém thuat toan (2/3)

Bude Trang thai Stack Gia tri CE
l I b
2 [, 2 iy
3 1,2,3 i
4 1,2,3, 4 iy
5 1,2,3,4,7 o)
6 [,2,3,4,7,5 )
7 1,2,3,475.2 b
8 1,2,3,4,75.2,6 iy
9 1,2,3,4,75.2.,6,1 b
10 1,2,3,4,75.2,6 |
11 1,2,3,4,75.2,6,5 1
12 1,2,3,4,7,5,2,6,5,3 |
13 1,2,3,4,75,2,6,53,11 |
14 1,2,3,4,75,2,6,53,11.4 |
15 1,2,3,4,752,6,53,11,4,8 1
16 1,2,3,4,7,52,6,53,11,4,87 1
17 1,2,3,4,75.2,6,53,11,4,8,7.6 1




Kiém nghiém thuit toan (3/3)

Budc Trang thai Stack Gia tri CE

18 1,2,3,4,7,5,2,6,53.11.4.8,7 1,6

19 1.2,3,4,7,52,6,53,11.4.8 1,6,7

20 1,2,3,4,752,653,11,4,89 1,6,7

21 1,2,3,4,7,5,2,6,5.3,11,4,8,9.10 1,6,7

22 1,2,3,4,7,52,65,3,11,4,89,10,8 1,6,7

23 1,2,3,4,7,5,2,6,5.3,11,4,8,9.10 1,6,7.8

24 1.2,3,4,7,5,2,6,53,11.4,8,9,10,11 1.6,7.8

25 1,2,3,4,7,5,2,6,53,11.4,89,10,11,12 1,6,7.8

26 1,2,3,4,7,5,2,6,5,3,11,4,8,9,10,11,12,9 1.6,7.8

27 1,2,3,4,7,52,6,5,3,11,4,89,10,11,12,9,13 1,6,7.8

28 1,2,3,4,7,5,2,65,3,11,4,89,10,11,12,9,13,12 1,6,7.8

29 1,2,3,4,7,52,6,53,11,4,89,10,11,12,9,13,12,10 1,6,7.8
Pua lan luot cdc dinh trong Stack sang CE cho dén khi ’im't k=

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

Lat nguoe lai cac dinh trong CE ta dwoc chu trinh Lm’es

- 2-3-4-

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




Cai dit thuat toan

» Th tyc Init(): doc dir liéu theo khudn dang biéu dién ma
tran ké.

+ Thu tuc Kiemtra(): Kiém tra xem G c¢6 |a Euler hay
kKhong.

» Tha tuc EulerCycle (u) : Xay dwng chu trinh Euler bat
dau tai dinh u.

Xem code minh hoa



Piéu kién can va du dé db thi 1a ndra Euler

- V@i db thi vé hwdng
— D thj v hwédng lién thdng G=<V,E> 1a dd thj nira
Euler khi va chi khi G c6 0 hoac 2 dinh bac Ié
e GcO2 g‘ﬁnh bac 1&: dwdng di Euler xuat phat tai mot dinh bac
|é va két thuc tai dinh bac |1é con lai
* G c6 0 dinh bac I&: G chinh la dé thj Euler.

» D06 thi co hwéng
— Do thi c6 hwdng lién thdng yéu G =<V,E> 1a do thi
ntra Euler khi va chi khi:
e 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 co6 deg*(s)=deg(s).
« PDuwong di Euler sé xuat phat tai dinh u va két thuc tai dinh v.



Chung minh d6 thi 1a ncra Euler

. V&i dd thi vo huéng:
— Chrng td do thj da cho lién théng
« St dung hai tha tuc DFS() hoac BFS()
— C6 0 hoac 2 dinh bac lé
« S dung tinh chéat ctia cac phwong phap biéu dién dé thj dé tim ra bac cua
mdi dinh.
« Vi dd thi co hudng:
— Chirng t6 do thi da cho lién théng yéu
« St dung hai tha tuc DFS() hoac BFS()

— CO0 hai dinh u,v € V thda man
deg*(u) - deg (u)=deg(v) - deg*(v)=1
— Cac dinh s# u, s# v con lai c6 deg*(s) = deg(s).



Vi du v&i do thj vé hudng

» Cho d0 thi vé hwéng duoc biéu dién dwsi dang ma
tran ké nhw hinh dudi. Chirng minh la dé thi nira Euler

« Theo tinh chat clia ma tran
ké, tdng cac phan t& hang u
la bac cua dinh u. Vay ta co:

deg(1) = deg(13) =3

deg (2) = deg(3) =deg(11) =4
deg(12) = deg(6) = deg(7) =4
deg(8) =deg(9) =4

deg(5) = deg(4) = deg(10) =6

* Glién théng va c6 2 dinh
baclé u=1vau=13nén G la
ntra Euler.
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Vi du v&i do thi co huwdng

« Cho d§ thi c6 hwéng dwoc biéu dién dwéi dang ma
tran ké nhw hinh dudi. Chirng minh la dé thi nira Euler

Chimg minh. Theo tinh chat cua ma trdn ké
deg (u) la mng cac phan tir hang u, deg’(u) !
tong cac phan fr cot u. Vi vay ta co:
deg (2) = degi(2) =deg (3) = deg(3) =2
deg (6) = degi(6) =deg (7) =deg(7) =2
deg (8) = deg(8) =deg (9) =deg(9) =2
deg (11)=deg(l1l)=deg (12) =deg(12) =
deg (5) =deg'(5)=deg (4) =deg(4) =
deg (10) = deg'(10)=3
deg (1) -deg(1)=deg(13)—deg (13) =
G lién théng yéu va co6 2 dinh u=1 va u=13 thoa
man diéu kién nén G la nira Euler.
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Thuat toan tim duong di Euler (1/2)

* Thuat toan tim dwong di Euler va chu trinh Euler chi
khac nhau duy nhat & mét diém do 1a dau vao cla thuat
toan.

« Dobi voi thuat toan tim chu trinh Euler, dau vao thuat toan
la dinh ueV bat ky.

. DPo6i v&i thuat toan tim dwdng di trinh Euler, dau vao
thuat toan la dinh ueV

— la dinh bac & dau tién trong déi vai do thi vd huédng.
— la dinh ueV c6 deg+ (u)-deg- (u)=1 d&i v&i do thi co
hwong,



Thuat toan tim duong di Euler (2/2)

Thuat toan Euler-Path (u ):
- u la dinh bac lé dau tién néu G la do thi vé hudng
- ula dinh cd deg (u) - deg'(u) =lI.
Budc 1 (Khei tao) :
stack=@ ; //Khdi tao mot stack bat dau 1a &
dCE=; //Khditao mang dCE bat dau 1a @
Push (stack, u) ; /Pua dinh u vao ngan xép
Buoc 2 (Lap ):
while (stack=@ ) do { //Lap cho dén khi stack rong
s = get(stack); //Lay dinh ¢ dau ngin xép
if ( Ke(s) # @) then { // Néu danh sach Ke(s) chua rong
t =< Dinh dau tién trong Ke(s)>;
Push(stack, t)’ //Pua t vao stack;
E =E \(s,1); // Loai bo canh (s,1);

i
else { //Truong hop Ke(s)=2
s = Pop(stack);// Pua s ra khéi ngin xép
s =dCE; //Pua s sang dCE
f
} .
Buoc 3 (Tra lai ket qua) :

<Lat nguoc lai cac dinh trong dCE ta dugc duong di Euler> ; 0



Kiém ng

* Tim duwong di
Euler trén do
thi co hwdng
lién thong yéu
dwoc biéu dién
duwdi dang ma
tran ké nhu hinh
bén.

« Khi dé, dinh u c6 deg*(u)-deg(u)=1 la dinh 1.

hiém thuat toan (1/3)
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Kiém ng

hiém thuat toan (2/3)

Budc Trang thai Stack Gia tri dCE
| |
2 1,2
3 1,2,3
4 1,2,3,4
5 1,2,3,4,7
6 [,2,3,4,7.5
7 [,2,3,4,7,5.3
8 1,2,3,4,753,11
9 1,2,3,4,753,11,10
10 1,2,3,4,753,11,108
1 1,2,3,4.7.53,11,108.4
12 1,2,3,4,7,5.3,11,10,8,4,10
13 1,2,3,4,7,53,11,10,8,4,10,12
14 1,2,3,47,5.3,11,10,8,4,10,12,9
15 1,2,3,4,7,53,11,10,8,4,10,12,9.8
16 1,2,3,4,7,5,3,11,10,8,4,10,12,9,8,7
17 1,2,3,4.753,11,10,8,4.10,12.98.7.6
18 1,2.3,4,7.53,11,10.8,4.10,12,0.8,7.,6,1
19 1,2.3,4.7.53,11,10.8,4.10,12,08.7.6,1.,5
20 1,2,3,4,7,53,11,10,8,4,10,12,9.8,7,6,1,5,4




Kiém nghiém thuit toan (3/3)

Bude Trang thai Stack Gia tri dCE
21 1,2,3,4,7,5,3,11,10,8,4,10,12,9,8,7.6,1,5.4,11
22 1,2,3,4,7,5,3,11,10,8,4,10,12,9.8,7,6,1,5.4,11,12
23 1,2,3,4,7,5,3,11,10,8,4,10,12,9,8,7,6,1,5.4,11,12,13
24 1,2,3,4,7,5,3,11,10,8,4,10,12,9,8,7.6,1,5.4,11,12,13.9
25 1,2,3,4,7,5,3,11,10,8,4,10,12,9.8,7.6,1,5,4,11,12,13,9,10
26 1,2,3,4,7,5,3,11,10,8,4,10,12,9.8,7.6,1,5,4,11,12,13,9,10,13
27 1,2,3,4,7.53,11,10,8,4,10,12,9.8,7.6,1.5.4,11,12,13,9,10 13,
28 1,2,3,4,7,5,3,11,10,8,4,10,12,9,8,7.6,1,5.4,11,12,13.9 13,10
29 1,2,3,4,7,5,3,11,10,8,4,10,12,9,8,7.6,1,5,4,11,12,13 13,109
30 1,2,3,4,7,5,3,11,10,8,4,10,12,9.8,7.6,1,5.4,11,12 13,10,9,13
31 1,2,3,4,7,5,3,11,10,8,4,10,12,9,8,7.6,1,5.4,11 13,10,9,13,12
32 1,2,3,4,7,53,11,10,8.4,10,12,9.8,7.6,1,5,4 13,10,9,13,12,11
33 1,2,3,4,7,5,3,11,10,8,4,10,12,9,8,7.,6,1.5 13,10,9,13,12,11.,4
34 1,2,3,4,7,53,11,10,8.4,10,12,9.8,7.6.1,5,6 13,10,9.13,12,11,4
35 1,2,3,4,7,5,3,11,10,8,4,10,12,9,8,7.6,1,5,6.2 13,10,9,13,12,11.,4
36 1,2,3,4,7.53,11,10,8.4,10,12,9.8,7.6,1,5,6,2.5 13,10,9,13,12,11.4

Puea lan lwot cdc 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 ngwec lai cac dinh trong CE ta diegc duong di Euler

~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




Cai dit thuat toan

« Thu tuc Init(): doc di¥ liéu theo khudn dang biéu dién ma
tran ke.

 Thi tuc Kiemtra(): Kiém tra xem G ¢6 la nra Euler hay
kKhong.

 Thu tuc EulerPath (u) : Xay dwng dwong di Euler bat dau
tai dinh u (dinh bac |1& dau tién).

Xem code minh hoa



D6 thi Hamilton



Pinh nghia do6 thi Hamilton

Puwdng di qua tat ca cac dinh cua dd thi, méi dinh dung mét 1an
duwoc goi la dwong di Hamilton.

Chu trinh bat dau tai mét dinh v ndo do, qua tat ca cac dinh con lai
moi dinh dung mét Ian, sau d6 quay tré lai v, dwoc goi la chu trinh
Hamilton.

D6 thi dwoe goi la do thi Hamilton néu c6 chu trinh Hamilton

D6 thi dwoc goi la dé thi ndra Hamilton néu cé dwdng di Hamilton

a .h d g .b




Vai lvu y

« Cho dén nay, chwa tim ra dwoc mot tiéu
chuan dé nhan biét mot doé thi co phai 13
do thi Hamilton hay khong.

« Cho dén nay, cling van chwa cé thuat toan
hiéu qua dé kiém tra mét do thi co phai la
do thi Hamilton hay khong.



Thuat todn tim tat ca cac chu trinh
Hamilton (1/2)

« Thuat toan liét ké tat ca chu trinh Hamilton bat dau tai
dinh k.

Thuat toan Hamilion( int k) {
/* Liét ké cac chu trinh Hamilton cua do thi bang cach phdt trién day dinh
(X[1], X[2]. ..., X[k-1] ) ciia d6 thi G = (V, E) */
forve Ke(X[k-1]) {
if (k==n+1)and (v == v() then
Ghinhan(X[1], X[2], . .., X[n], v0);
else {
X[k]=y, chuaxetfy] = false;
Hamilton(k+1);
chuaxet[yv] = true;

28



Thuat todn tim tat ca cac chu trinh

Hamilton (2/2)

« Khi do, viéc liét ké chu trinh Hamilton dwoc thwe hién
nhw sau:

Begin

End.

for (velV) chuaxet[v] = true; /*thiét Idp trang thai cdac dinh™/

X[1] =v0; (*v0) la mot dinh nao do cua d6 thi*)
chuaxet[v0] = false;

Hamilton(2);



Kiém nghiém thuat toan

* V&i d0 thi G=<V, E> bén trai sé cho ta cay tim
kiém chu trinh Hamilton bén phai
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Cai dit thuat toan

e Xem code minh hoa



Bai tap

e Lam cac bai tdp tir 1 dén 7 trong Tai liéu giang
day mon Toan roi rac 2.



