CAY KHUNG CUA PO THI




e Néu do thi bé phan T clia do thi vé hwdng lién théng
G = (V, E) |a mét cay thi khi doé cay T duwoc goi la cay
khung (spanning tree) ciia do thj G.

e Cay khung con c6 tén goi khac la cay phu, cay bao
trim, cay toi dai.




Vi du vé cay khung

#’ \
. “,
y b
¥ ‘\..
7
# N\
" 4 -
r
-
-
7
_,.f
-
’ ’-P
.',-
#
-~
"
r/-
i >
4 ;
7 Vs
"4 r
7 #
7 r
I"‘
.".
;“I
7
r
-
|’J
-
o~
o
=
o
.




Dinh ly vé tinh lién thong

e M6t don d6 thi la lién thdng néu va chi néu né co cay
Khung.




Dinh ly vé tinh lién thong

e Mot don dé thi la lién thdng néu va chi néu no cé cay
kKhung.

b

Chtrng minh:

e Chiéu dao: Gia str G c6 cay khung T. Do T la cay
nén co dwdng di trén T gilra 2 dinh bat ky (tinh chat
5). Vi T 1a d@d thi bd phan clia G (theo dinh nghia cay
khung) nén G cé duwdng di gitra 2 dinh bat ky. Do do,
G lién théng




Dinh ly vé tinh lién thong

e Chiéu thuan: Gia s G lién thong. Néu G khéng phai
la cay, thi nd phai c6 mét chu trinh don. Xdéa di mot
canh bat ky trong céc chu trinh don nay. Do thi nhan
dwoc co sb canh it hon dod thi cli, nhwng s6 dinh
bang nhau va tinh lién thdng van con. Néu do thi bd
phan nay khdng la cay, thi né van con chva chu
trinh, ta lai 1ap lai qua trinh x6a canh cho dén khi
khéng con chu trinh don. Diéu nay cé thé vi s canh
la hiru han. Qua trinh két thuc khi khéng cén chu
trinh don trong d6 thi. Cay dwoc tao ra van con lién
thdng. Cay nay, hon ntra la cay khung vi né chtra
toan b6 cac dinh cua G.




Xac dinh cay khung

e Ta c6 thé siv dung 2 thuat toan tim kiém theo chiéu
rong 'vé ’gheo cbiéu sau trong chwong Pai cwong Ly
thuyét do thi dé xac dinh cay khung.

e Qua trinh duyét cac dinh chinh la qua trinh tim cay
khung cua do thi.




Vi du vé tim cay khung




Dinh ly vé s6 cay khung

e Dinh ly Borchart, Sylvester, Cayley:
S6 cay khung cua do thi day da K, 1a nn-2




1. Gia str do thi G lién théng, ¢ 13 dinh va 20 canh.
Cay bao trum cua G c6 bao nhleu dinh? Co6 bao
nhiéu canh?




2. Do thi day du Ks cé bao nhiéu cay khung?




3. Tim cay khung cda do thi sau lan luot bang DFS roi
BFS. Chon dinh dau tién lam goc:




4. Tim cay khung cua do thi sau lan lwot bang DFS roi
BFS. Chon dinh dau tién lam goc:
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CAY KHUNG NHO NHAT &
CAY KHUNG LON NHAT




P0 dai cua cay khung

e Cho G = (V, E) Ia d6 thi vé hwéng, lién théng. Moi
canh e € E cua do thi dwoc gan mdt trong s
(weight) hay chi phi (cost) khong am c(e), goi la do
dai (length) cua canh dé. Giasw T = (V4, E;) la cay
khung cua d6 thi G. Ta goi d6 dai ¢(T) cla cay khung
T la tdng d6 dai cac canh cla né:

e(l)= Zc(e)

eckE;

» M6t do thi ma cac canh dwoc gan trong s nhu trén,
dwoc goi la do thi co trong so (weighted graph).




Vi du vé do dai cay khung




Phat biéu bai toan

e Trong sO tat ca cac cay khung cla do thi G, hay tim
cay khung véi do dai nhé nhat. Cay khung nhw vay
dwoc goi la cay khung nhd nhat'(minimum spanning
tree) clia do thi va bai toan dat ra dwoc goi la bai
toan cay khung nho nhét.

e Twong tw nhw vay, cay khung c6 dd dai loén nhat
dwoc goi la cay khung I&n nhat.
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MOt so bai toan Ung dung

« Bai toan xay dwng hé thong dwérng cao téc: Gia
str ta muon xay dwng mét hé thdng dwdng cao tdc
ndi n thanh phd sao cho hanh khach cé thé di ttr mét
thanh pho bat ky dén céac thanh pho con lai. Méat
khac, trén quan diém kinh té doi hai la chi phi vé xay
dwng hé thdng dwdng phai la nho nhat.

e R3 rang, day la doé thi ma dinh 1a cac thanh pho con
canh (*ng v&i cac tuyén dwdrng va bai toan dat ra la
phai tim cay khung nho nhat trong dé trong so la chi
phi thwe hién céac tuyén dwdng cao toc.




MOt so bai toan Ung dung

+ Bai toan néi mang may tinh: Can n6i mang mét hé
thong gém n may tinh danh soé tlr 1 dén n. Biét Chl
phi n6i may i v&i may j la c[i, j] Hay tim cach noi
mang sao cho téng chi phi ndéi mang 1a nhd nhét.




Thuat toan tim cay khung nho nhat |

e Prim va Kruskal Ié,hai thuat toan théng dung dé tim
cay khung nho nhat.
Thuat toan Prim do Robert Prim dwa ra vao nam 1957

Thuat toan Kruscal do Joseph Kruskal phat minh nam
1956.

Kruskal (1928 -) Prim (1921 -)




Thuat toan Prim

e Cho G = (V, E) la mét d6 thi lién théng cé trong so6
gom n dinh.

e Bwéc 1. Chon tuy y mdt dinh bat ky v e V va khoi
tao: Y={vivaTl=0.

e Bwéc 2. Trong s6 nhirng canh e = (v, w), trong dg:’)
veYvaw e VY, ta chon canh cé do dai nho nhat.

e Bwéc3.GanY=Yu{wivaT=Tue}

e Bwéc 4. Néu T dd n — 1 phan ti thi divng, nguoc lai
lam tiep buwoc 2.

o T chinh la cdy khung nhé nhét.




Vi du thuat toan Prim

e Gia str chon dinh 1 1a dinh dau e C) N

Y = {1} O 'O

T =& VL




Vi du thuat toan Prim

e Chon canh (1, 2) vi la canh ¢co
trong nhé nhat trong s6 cac canh
thoa yéu cau & budc 2: (1, 2), (1,
4) '

e Cap nhat:

Y={1,2)
el 21




Vi du thuat toan Prim

» Chon canh (2, 4) vi la canh co
trong nho r]hét trong sO cac canh
thoa yéu cau o buwéc 2: (1, 4), (2,
3), (2, 4)

e Cap nhat:

Y={1,2,4)}
U= 2512, 45




Vi du thuat toan Prim

 Chon canh (4, 3) vi la canh co
trong nho r]hét trong sO cac canh
thoa yéu cau o buwéce 2: (2, 3), (4,
3), (4, 5)
e Cap nhat:
Y={1,24,3}
T =1, 2542, 4} 4, 31




Vi du thuat toan Prim

o Két thuc thuat toan vi |T| = 4.
e Cay khung nhé nhat tim dwoc cé
trong bang 12.
Y={1,2,3,4,5}
T={{1, 2}, {2, 4}, {3, 4}, {4, 5}}




Thuat toan Kruskal

e Cho G = (V, E) la mét do thi lién thdng ¢6 trong s6
gom n dinh.

e Bwéc 1. Sap xép céac canh theo thir tw dé dai téng
dan va khéitao: T = &.

e Bwdc 2. Lan lwot l1ay tirng canh e trong danh sach
da sap xép. Néu T u {e} khdng tao thanh chu trinh
thigan T =T u {e}

e Bwde 3. Néu T du n — 1 phan ti thi dirng, nguorc lai
lam tiép buwédc 2.

e T chinh la cdy khung nhé nhat.




Vi du thuat toan Kruskal

e Sap xép céac canh theo thr tw /
tdng dan:




Vi du thuat toan Kruskal

e Chon canh (3, 4) —la canh co
trong nhé nhat.
o T={{3, 4}}
« Danh sach cac canh tédng dan:
(3,4)=1




Vi du thuat toan Kruskal

e Chon canh (1, 4) — 1a canh tiép
theo trong danh sach.
e T={{3,4}, {1, 4}}
e Danh sach cac canh tang dan:
(3,4) =1
(1,4)=3




Vi du thuat toan Kruskal

e Chon canh (2, 4) — la canh tiép
theo trong danh sach.
% | = {4511, 45,42, 43}
« Danh séach cac canh tang dan:
(3, 4) =1
(1,4)=3
(2 4)=3
(1,2)=4
4,5)=5
(3,5)=6
2,3)=7




Vi du thuat toan Kruskal

« KHONG chon canh (1, 2) - Ia
canh tiép theo trong danh sach vi
khi chon sé tao thanh chu trinh.

o I'={3, 4}, {1, 4}, 2, 4}
« Danh séach céac canh tang dan:
(3,4) =1
(1,4) =3
(2, 4) = 3
(1, 2) =4 khong chon!
(4,5)=5
(3,5)=6
(2,3)=7




Vi du thuat toan Kruskal

e Chon canh (4, 5) — |a canh tiép
theo trong danh sach.
o T={{3,4}, {1, 4}, {2, 4}, {4, 5}}
» Danh séach cac canh tang dan:
(3, 4) =1
(1,4) =3
(2, 4) =3
(1,2) =4
(4,5)=5
(3,5)=6
(2,3)=7




Vi du thuat toan Kruskal

e Do |T| = 4, két thuc thuat toan.
e Cay khung tim dwoc la:
1'= 1154} 12, 44,48, 4}, 14, 9Y)




Vi du tim cay khung nhé nhat
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Tim cay khung nho nhat theo Prim




Tim cay khung nho nhat theo Prim




Tim cay khung nho nhat theo Prim
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Tim cay khung nho nhat theo Prim




Tim cay khung nho nhat theo Prim




Tim cay khung nho nhat theo Prim




Tim cay khung nho nhat theo Prim




Tim cay khung nho nhat theo Prim
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Tim cay khung nhd nhat theo Prim




Tim cay khung nho nhat theo Prim _




Tim cay khung nhé nhat theo Prim







Tim cay khung nho nhat theo Kruskal

{
{
b %

I )
\ i
1 3
a4 2 TN 5
{ \ \ J
L y
V- N




Tim cay khung nho nhat theo Kruskal
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Tim cay khung nho nhat theo Kruskal
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Tim cay khung nho nhat theo Kruskal
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Tim cay khung nho nhat theo Kruskal




Tim cay khung nho nhat theo Kruskal
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Tim cay khung nho nhat theo Kruskal
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Tim cay khung nho nhat theo Kruskal
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Tim cay khung nho nhat theo Kruskal
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Tim cay khung nho nhat theo Kruskal
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Tim cay khung nho nhat theo Kruskal
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Két qua Tim cay khung nho nhat




Tim cay khung I6n nhat

e Ta c6 thé tim cay khung I&n nhat bang cach ap dung
mot trong hai cach lam sau:
Pbi dau trong sb cac canh cla do thi tir dwong thanh
am sau do tim cay khung nhé nhét.
Péi dau so sanh, dau bé (<) thanh dau Ién (>), trong
cac biéu thirc so sanh clia cac thuéat toan tim cay
Khung.
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