Cay va cay khung cta do thi
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Khoa CNTT BHSP KT Hung Yén
Cay va cay khung ctia d6 thi
Caiy va cac tinh chat co ban ciia ciy

Pinh nghia 1 Cay la mot do thi vo hudng lién thong, khong chira chu trinh va ¢ it nhat
hai dinh.

Mot d6 thi vo hudng khong chira chu trinh va c6 it nhat hai dinh goi 1a mét rimg. Trong
mot ring, mdi thanh phan lién thong 12 mot cay.

Vi du 1 Rung sau co6 3 cay:

O

Ménh dé 1 Néu T 1a mot ciy co6 n dinh thi T c6 it nhat hai dinh treo.

Chirng minh: Liy mét canh (a,b) tuy ¥ cua cay T. Trong tap hop cac duong di so cip
chtra canh (a,b), ta 14y duong di tir u den v dai nhit. Vi T 1a mot cay nén u # v. Mt
khac, u va v phai 13 hai dinh treo, vi néu mét dinh, u ching han, khong phai 1a dinh treo
thi u phai 1a ddu mat cia mot canh (u,x), voi x 1a dinh khong thude duong di tir u dén v.
Do d6, duong di so cap tir x dén v, chira canh (a,b), dai hon dudng di tir u dén v, trai véi
tinh chit duong di tir u dén v da chon.

Pinh Iy 2: Cho T 1a mot do thi ¢ n > 2 dinh. Cac diéu sau la twong duong:

1) T 1a mot cay.
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2) T lién thong va c6 n?1 canh.

3) T khong chira chu trinh va c6 n?1 canh.

4) T lién théng va mdi canh 1a cau.

5) Gitra hai dinh phan biét bat ky cta T ludn c6 duy nhat mot duong di so cap.

6) T khong chira chu trinh nhung khi thém mdt canh mdi thi c6 dugec mot chu trinh duy
nhét.

Chirng minh:1)=2) Chi can chl’rng minh rang mot cdy c¢6 n dinh thi ¢6 n?1 canh. Ta
ching minh bang quy nap. Diéu nay hién nhién khi n=2. Gia sir cay c¢6 k dinh th1 co k?1
canh, ta ching minh rang cay T c¢6 k+1 dinh thi c6 k canh. That vay, trong T néu ta xo4
mot dinh treo va canh treo twong tng thi d6 thi nhan duoc 1a mot cay k dinh, cay nay co
k?1 canh, theo gia thiét quy nap. Vay cay T c6 k canh.

2)=3) Néu T c6 chu trinh thi bo di mot canh trong chu trinh nay thi T van lién thong.
Lam lai nhu thé cho dén khi trong T khong con chu trinh nao ma van lién thong, lic d6
ta dugc mot cay c6 n dinh nhung c6 it hon n?1 canh, trai voi 2).

3)=4) Néu T c6 k thanh phan lién théng T, ..., Tk lan luot c6 sb dinh 1a ny, ..., nk (v6i
ni+n2+ ... +nk=n) thi mdi Tj 1a mot cay nén n6 co6 s6 canh 1a nj?1. Vay ta co

n—1=(n;-1)~(n.—1)+ . +(n.—1)=(n;—n,+ .. —n.)-k=n-k.

Do d6 k=1 hay T lién thong. Hon nita, khi bé di mot canh thi T hét lién thong, vi néu
con lién thong thi T 1a mdt cay n dinh véi n?2 canh, trai véi di€u da ching minh ¢ trén.

4)=5) Vi T lién thong nén giita hai dinh phan biét bat ky cia T ludn c¢6 mot duong di so
cap, nhung khong thé dugc ndi boi hai duong di so cap vi néu thé, hai dudng d6 sé tao
ra mot chu trinh va khi bé mgt canh thudc chu trinh nay, T van li€n thong, trai voi gia
thiét.

5)=6) Néu T chﬁ:a mot chu trinh thi hai dinh bét ky trén chu trinh nay s& duoc ndi boi
hai duong di 50 cap. Ngoal ra, khi thém mot canh maoi (u v), canh nady s& tao nén vdi
duong di so cAp duy nhat ndi u va v mét chu trinh duy nhét.

6)=1) Néu T khong lién thong thi thém mot canh ndi hai dinh ¢ hai thanh phan lién

thong khac nhau ta khong nhan dugc mdt chu trinh nao. Vay T lién thong, do do6 n6 la
mot cay.
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Cay khung ciia do thi

Pinh nghia 2. Gia sit G = (V, E) 1a d thi v6 hudng lién thong. Cay T = (V, F) véi F
E duoc goi 1a cay khung cua db thi G.

Vidu 2 Db thi G va cay khung ctia n6 dugc cho trong hinh 2

£ b

=
Hinh 2 D6 thi va cac cdy khung cua né.
Dinh 1y sau day cho biét sd lwong cay khung cuia d6 thi ddy di Kp:
Pinh 1y 3 (Cayley). S6 lirong cdy khung ciia dé thi K n la n n-2 .
Dinh 1y 3 cho thay sb lugng ciy khung ciia d6 thi 1a mot so rat 16n. Bay gio ta xét
ap dung cua thuat todn tim kiém theo chi€éu sau va theo chiéu rong trén do thi dé xay
dung cay khung ctia do thi vo huéng lién thong. Trong ca hai trudng hop mdi khi ta dén
duoc dinh méi u (trc Chuaxet[u]=true) tir dinh v thi canh (v, u) s€ dugc két nap vao cay
khung. Hai thuat todn tuong trng dugc trinh bay trong hai thu tuc sau day.

Procedure stree DFS(v);

(* tim kiem theo chieu sau ap dung vao tim tap canh cua cay khung T cua do thi vo
huong lien thong G cho boi danh sach ke. Cac bien Chuaxet, Ke, T la toan cuc®)

begin
Chuaxet[v]:=false;
Foru € Ke(v) do
If Chuaxet[u] then
Begin

T:=T7? (u,v),

STREE_DFS(u);

3/7



Cay va cay khung cta do thi

End;

end;

(* Main Program *)

begin

(* Initialition *)

foru € Vdo Chuaxet[u]:=true;

T:=.0;(*Tlatap canh cua cay khung *)
STREE_DFS(root); ( root la dinh nao do cua do thi *)

end.

Procedure Stree BFS(v),

(* tim kiem theo chieu rong ap dung tim tap canh cua cau khung T cua do thi vo huong
lien thong G cho boi danh sach Ke *)

begin
Queue:= G ;
Queue <r;

Chuaxet[r]:=false;
While queue <> @ do
Begin

V < queue;

Forr € Ke(v) do

If Chuaxet[u] then

Begin
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Queue <= u;

Chuaxet[u]:=false;

T:=T7? (uv),

End;

End;

end;

(* Main Program *);

begin

foru € Vdo Chuaxet[u]:=true;
T:=.0;(*Tlatap canh cua cay khung *)
Stree BFS(root); (* root la mot dinh tuy y cua do thi *)
end.

Chua y:

1. Lap luan twong ty nhu trong phan trudc ¢ thé chi ra duoc rang cac thudt todn mo ta
¢ trén c6 do phuc tap tinh toan O(m-+n).

2. Cay khung tim dugc theo tha tuc Stree BFS() 1a cay duong di ngan nhat tir gbc r dén
tat ca cac dinh con lai cua do thi.

X4y dung tip cac chu trinh co bén ciia d0 thi

Bai toan xay dung cdy khung ctia d6 thi lién quan chit ch& dén mot s6 bai toan timg dung
khac cua ly thuyét do thi: bai toan xay dung tap céac chu trinh co ban cua d6 thi ma ta sé
x€t trong muc nay.

Gia st G=(V, E) 1a don d6 thi vo hudng lién théng, H=(V, T) 1a cdy khung cta né. Céc

canh cua d6 thi thudc cay khung ta s€ goi la cac canh trong, con cac canh con lai s€ goi
la canh ngoai.
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Pinh nghia 3 Néu thém mot canh ngoai e € E\T vao cdy khung H chiing ta s& thu duoc
ding mot chu trinh trong H, ky hiéu chu trinh nay 1a Ce. Tép cac chu trinh ? = { Ce : e
€ E\T } duogc goi la tap cac chu trinh co ban cia do thi G.

Gid sir A va B 1a hai tap hop, ta dua vao phép todn sau

A?B=(A?B)\(A?B).

Tap A ? B duoc goi 13 hiéu dbi ximg cua hai tdp A va B.

Tén goi chu trinh co ban gin lién vai su kién 1a mdi chu trinh ciia d6 thi déu co thé thu
dugc tu cac chu trinh co ban nhu chi ra trong dinh 1y sau day:

Pinh 1y 3 Gia st G=(V,E) 1a db thi v6 huéng lién théng, H=(V,T) 14 ciy khung cta no.
Khi d6 moi chu trinh cua do6 thi G di€u co thé biéu dién nhu 1a hi¢u déi1 xtrng cua mdt s6
cac chu trinh co ban.

Viée tim tap hop chu trmh co ban gilt mot vai tro quan trong trong van dé giai tich mang
dién. Cuy thé hon, theo mdi chu trinh co ban cia dd thi twong mg voi mang dién can
phan tich ta s& thiét 1ap dugc mot phuong trinh tuyén tinh theo dinh luat Kirchoff: tong
hi¢u di¢n thé doc theo mot mach vong la bang khong. H¢ thong phuong trinh tuyén tinh
thu dugc cho phép tinh todn hi¢u dién thé trén moi duong day cua ludi dién.

Ta s& xay dung thuat toan x4y dung cac chu trinh co ban dya trén thu tuc tim kiém theo
chiéu sdu trén do thi. Thuat toan c6 cau triic tuong tu nhu thuat todn xay dung cay khung
theo thu tuc tim kiém theo chi€u sdu mo ta trong muc trudc.

Thuat toadn xay dung tap cac chu trinh co ban.

Gia thiét rang d6 thi G=(V,E) duoc m6 ta bang danh sach Ke(v),ve V.

Procedure Cycle(v),

(* tim kiem cac chu trinh co ban cua thanh phan lien thong chua dinh v; cac bien d, num
, stack, index la bien toan cuc *)

begin
d:=d+1; stack[d]:=v; num:=num+1;index[v]:=num;
foru € Ke(v) do

if index[u]=0 then cycle(u)
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else

if (u <> stack[d-1]) and (index[v]>index[u]) then
<Ghi nhan chu trinh voi cac dinh:

stack[d], stack[d-1].. . ., stack[c], voi stack[c]=u>
d:=d-1;

end;

(* Main Program *)

begin

forv € Vdo Index[v]:=0;

num:=0; d:=0; stack[0]:=0;

forv € Vdo

if Index[v]=0 then cycle(v);

end.

Chu y: D6 phtrc tap tinh todn cta thuat toan vira mo ta 1a O(|E| |V|).
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