Chuong 2. CAu tric Cay.

CHUGNG 2.

CAU TRUC CAY.

2.1 PINH NGHIA & THI DU.

2.1.1 CAY.
CAy 12 mot do thi khong dinh huéng, lién thong va khong c6 chu trinh.

THI DU.

o\, o
o7 o

@)

FIG. 2.1. Ciy.

* Chiéu dai clia dudng ndi hai dinh lai véi nhau dudc goi 1a khodng c4ch giita hai dinh.

TINH CHAT.
» Giita hai dinh bat ky clia mot cAy sé& c¢6 duy nhat mdt diy chuyén ndi chiing lai v6i
nhau.

* Mot ciy n dinh s& c6 n —1 canh. Cong thém vao cdy mdt canh giita hai dinh bat ky s&
tao nén mdt chu trinh duy nhat.

2.1.2 RUNG.

La mot d6 thi khong dinh huéng va khdng c6 chu trinh (Khdng lién thong manh) Mbi
thanh phan lién thong clia mot rirng 13 mot cay.
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Chuong 2. CAu tric Cay.

2.1.3 CAUTRUC CAY (CAY €O GOC).

LA mot dd thi c6 dinh huéng sao cho mdi dinh déu c6 mdt dinh trude trir mdt phan ti duy
nhit khong c6 , dugc goi1a GOC. Vi moi dinh x thi c6 duy nhit mot dudng tit goc di
dén x.

Xét mot dinh x ctia mot cdy Tcé goclar:

= Mot dinh y bit k¥ niim trén dudng hudng tir gdc d€n x, dude goi 1a cdc PINH
TRUGC (ANCETRE ) ciia x, vi x dugc 12 PINH SAU (DESCENDANT) ciia y.

* N&u (x,y)la motcanhcia T, ta goi x1a CHA clia y va yla CON cda x. Hai dinh
cling cha dugc goi 12 ANH EM. Mot dinh khéng c6 con dugc goi 1a LA. Nhitng dinh
khong 12 LA dugc goi 12 PINH TRONG.

* Chiéu dai cia dudng tir goc d&€n dinh dugc goi 1a do sdu ctia dinh d6.

* Mifc (Niveau) ciia mot dinh trong T 1a khodng cdch tir goc dén x.

> Mic cda niit g&c =0.
o Mic cda niit khdc gdc = Mifc clia cAy con nhd nhat chita né + 1.

* Chiéu cao hay do sau (Hauteur, profondeur) ctia cAy 1a gi4 tri I6n nhit clia midc cia
cac dinh trong ciy.

* N&u mdi dinh trong ciy c6 t6i da hai con, thi ta goi d6 1a cAy nhi phan.

0,
°n

* Bic cua nit & bac cia cay (Degrée).
Bac clia nit1a s cdy con clia nit d6.
% Baic clia cAy 1a bac 16n nhit clia cdc nit clia cAdy. Néu ciy c6 bac 1a n, ta goi la
cdy n-canh.
THI DU . Cay 3 —canh c6 gdc,véi 8 dinh va c6 do cao 1a 4.

/?< Mtc 0.
d(4)=2 @ @ @ d(3)=0 -----Mc 1.
/ N d(2)=0

............. a)=2 (5 ) (5) Mic 2.

d(9)=0

|
d(6)=0 \>J e @d(7) =1 Miic 3.
s

FIG.2.2. Cay cé6 goc.
2.1.4. THIDU.
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Chuong 2. CAu tric Cay.

*  Doi khi ta c6 thé biéu dién mot quan hé bao ham thifc clia nhiéu tip hgp bing mot
cu tric cay.
Thi du. Bao ham cia cic tap hdp sau c6 thé biéu dién thanh ciu tric cAy nhu sau :

B,C,D c A. A
E,F,G H c B. / ‘
M, N c D. C
I c E / | \\
J.K c F M N E F G H
L c H. ¥ F X L’
= Mot Bi€n cé cau triic c6 thé bi€u dién du6i dang ciy.
SINH VIEN
e N
CAOPANG  PAIHOC HO TEN /SIN<
NGAY NOI
N T N TP Q
= Biéu thic s& hoc. Biéu thic +—_
X = (x=(2*y) +H((x+(y+2)) *z) - *
¢6 thé biu dién thanh hinh cdy X /\/*\ l+\ z
nhu sau : ) y T+
S
y VA
* Vong loai trong mot cudc thi ddu bong ban.
% Vongl.J da/u Vd% T, F dau/vdl M, L dau véi P. _— J —~
s Vong2.J dauvéi M, L dau véi Ph - J ~_ /Ph ~_
% Vong3.] dau Ph. J M L Ph

% Cudi ciing J thing. /| /| A

J T F M P L
= Cautrong ngon ngit ty nhién (hay trong ngén ngi 1ap trinh)

Ferme ~
D6i v6i cau « Le Pilote ferme la porte » /Pilote porte
C6 thé bi€u dién dudi dang Le la—"
* Ty dién cé thé t§ chifc theo hinh cay. g _copm

Ching han ty dién gdm cic tir ART, T ou
ARTICLE, ASTISTE, COU, COUR,
COUTEAU, COUVE, COUVENT, * 1 * R TEAU VE

COUVER c¢6 thé bi€u dién theo VAN | N
R

hinh vé sau. Ky tu «*» chi chdm dit CLE STE * ¥ % NT
mot tr. Chi y, thit tvt ALPHABET ‘ ‘
theo thit ty tir phai sang tréi. * * * Ok
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Chuong 2. CAu tric Cay.

2.2 TINH CHAT CO BAN.

2.2.1 PINHLY 1.

Cho G lamdtcay bac n> 1. Céc tinh chd't sau day tuong duong vdi nhau :

G lién thong va khong c6 chu trinh.

G lién thdéng va ¢c6 n -1 canh.

G khdng c6 chu trinh va ¢c6 n -1 canh.

G khdng c6 chu trinh va néu thém vao mot canh giita hai dinh khong ké sé

tao mot chu trinh duy nhat gita ching.

5. G lién thong t5i thi€u(co nghia 13 néu x6a di mot canh ba't ky thi G khong con
lién thong nira)

6. Moi ciip dinh ¢6 duy nhit diy chuyén ndi ching.

el

CHUNG MINH. Bai tap.

2.2.2 PINHLY 2.

Mot dd thi G = (X,U) 12 mdt dd thi c6 chita mot dd thi riéng phadn néu va chi néu
G lién thong.

CHUNG MINH. Bai tap.

2.23 PINHLY 3.
Moi CAu tric cdy 1a mot cay.

CHUNG MINH. Bai tap.
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Chuong 2. CAu tric Cay.

2.3 CAY NHI PHAN.

2.3.1. PINH NGHIA (THEO BE QUI).
Mot cay nhi phan B hodcla & hodc c6 dang :
B=<0,B,, B;> trong d6 :
O : gbc,
B;: ciy con trdi va
B, : cdy con phai.

2.3.2. BIEU DIEN CAY NHI PHAN.

THI DU.
/ @\

®  ©
0
°a

% SUDUNG BANG. C6 thé dinh nghia kiu dit liéu nhu sau :
Type Arbtab = Array [1..n] of Record v:t;

G : integer ;
D :integer ;
End ;
Vi thi du & trén, ta 6 :
Trai Phai

1
2 d 0 8
3 a 5 6
4 e 0 9
5 b 2 0
6 ¢ 4 0
7
8 f 0 0
9 g 0 0
10

% SUDUNG CON TRO. C6 thé dinh nghia kiu dit liéu nhu sau :
Type Pt = “nut;

nut = Record
G :Pt;
Val:t;
D :Pt;
End ;
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Chuong 2. CAu tric Cay.

2.3.3. DUYETMOT CAY NHI PHAN.
C6 3 c4dch duyét mot cay nhi phan (phu thudc theo goc).
1. THU TU TRUGC (PREFIXE).
= Xuly gdc.
= Duyé€tcay con tréi.
* Duyét cay con phai.
2. THU TU GIUA (INFIXE).
= Duyét cay con trai.
* Xily gdc.
= Duyét cay con phai.
3. THU TU SAU (POSTFIXE).
= Duyét cay con trai.

* Duyét cay con phai.
= Xuly gdc.

THI DU. Theo cdy & thidu trén, ta cé :

= Truéc: abdfceg
» Gita :dfbaegec
= Sau :fdbgeca

2.4 CAY PHU.

2.4.1. DINH NGHIA.

Cho mdt dd thi vo huéng G. Mdtcidy H goila ciy phii cda G néu H 1a cay riéng
phinclia G chita moi dinh cia G.

24.2. DINHLY.

D6 thi G ¢6 cay phd n€u va chi né€u G lién thong.
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Chuong 2. CAu tric Cay.

2.43. GIAITHUAT TIM CAY PHU.
Xét mot do thi G.
GIAI THUAT.

®= Budc 1. Chontuy y motdinh cia G ditvao H.

" Budc 2. Néu moi dinh clia G déu niim trong H thi dirng.

" Butfc 3. Néu khong, tim mot dinh cia G khong nim trong H ma né c6 thé ndi
né v6i mot dinh cta H bing mot canh. Thém dinh va canh nay vao H. Quay
vé budc 2.

THI DU . Cho db thi G theo hinh vé sau :

X3 X2
X1
X6
X4 X5
FIG. 2.3.

R/
0.0

Khéi tr x;. T= .

BuGc 1. Chon xa, T = {(x1,x2)}.

Buéc 2. Chon x3, T = {(X1,X2), (X2,X3)}.

BuGc 3. Chon x4, T= {(X1,X2), (X2,X3), (X3,X4)}.

Bu6c 4. Chon xs, T = {(X1,X2), (X2,X3), (X3,X4), (X4,X5)}.

Bu6c 5. Chon x6, T = {(x1,X2), (X2,X3), (X3,X4), (X4,X5), (X5,X6)}.

3

S

33

%

X3

%

X3

S

33

%

Ké&tqud : T la cay phiiciaG.

2.4.4. PINH LY.
Coi mdt cdy pht H ctia G.
Thém vao H modt canh cia G (khong thudc H), ta dugc mot chu trinh trong H.
Hily mot canh bt ky trén chu trinh nay ra khéi H, ta nhdn dugc mot cdy phlii méi
cia G.

Truong My Dung 24

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Chuong 2. CAu tric Cay.

2.4.5. GIAI THUAT KIEM TRA TINH LIEN THONG.
Xét mot d6 thi khong dinh huéng G.
Ap dung gidi thudt trén vao G. Khi gidi thut dirng.
* Né&u H chita moi dinhclia G thi G liénthong va H 12 mdtcay phi clia G.
* N&u H khdng chita moi dinh cia G thi G khong lién thong va H 1a mot cay
pht cia mot thanh phan lién thong clia G.

THI DU 1. Trusng hop db thi G 6 hinh FIG. 2.3. thi ta c6 G lién thong.

THI DU 2. Cho db thi G theo hinh vé sau :

X3 X2
(] o
X1
X6
X4 X5

< Khéitr x;. T=C.
< BuGc 1. Chon x3, T= {(x1,x3)}.
%  Budc 2. Chon x4, T = {(X1,X3), (X3,X4)}.

Thuit todn dirng. T 12 cAy phi clia mot thanh phan lién thong cia G ma thdi.

2.4.6. GIAI THUAT TIM THANH PHAN LIEN THONG THEO CACH
DUYE T THEO CHIEU SAU.

Do thii tuc duyét theo chiéu siu PROF(s) cho phép thim tit c& cdc dinh thudc cling
mot thinh phan lién thong v6i dinh s, nén sd thanh phan lién thong cla dd thi chinh
bing s& 1an goi dén thii tuc nay. Van dé con lai 14 cdch ghi nhin c4c dinh trong tirng
thanh phan lién thong biing cdch cdi ti€n thi tuc chiéu theo chiéu sau PROF(s) nhu
sau :

THU TUC DFS(int k) ;
//Duyét theo chiéu sau bit diu tir dinh k
{
Mark[k] = socomp;
For (inti=1;i <n ;i++)
if (a[i][k]==1 && (Mark]i]= =0) DFS(@);
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Chuong 2. CAu tric Cay.

THU TUC CONNEXE ;

{
// Khéi tao s6 liéu ban diu cho Mark (cdc dinh dd duyét rdi) va socomp (s6
thanh phan lién thong
For (int j=1;j<n jj++) { Mark[j] =0 ; Socomp =0 ;}
//Goi tht tuc @€ xdc dinh cdc thanh phan lién thong
For (int i= 1 ;i<n ;i++)
If Mark [i] ==0
{
Socomp = Socomp +1 ;
DFS(i) ;
}
//Tn k&t qua
}
THI DU.
Sg S1 S2 S3
@) O
@) O
S7 S6 S4 S5
X Khdi tir s; . Goi DFS(1) , ta ¢6 Tap danh di'u {sy, s, Se, 57, Sg}.
o i=3 Goi DFS(3) , ta c¢6 Tap ddnh dau {s;, s4, s5}.
<> K&t qua. C6 2 thanh phin lién thong.
Ci= {s1, 2, S, 87, Ss}.
Cy = {s3, 84, 55}.
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Chuong 2. CAu tric Cay.

2.5  CAYPHU TOI THIEU.

BAITOAN 1. Cho mét dd thi lién thong G = (X,U), vi,v6i moi canh u lién két véi
mot con s 1(u) ma ta goila chiéu dai (trong lugng). VAn dé dit ra 1a tim mot cdy
riéng phin H=(X,V) ctlia G sao cho tdng chiéu dai Zl(u) 12 nhd nhat.

THI DU. Bai todn nay thudng gip trong vién thong va trong nhiéu trudng hgp khdc.
Ching han, bai todn dit ra cho ching ta 13 Tim dudng diy cdp ngin nhit d€ nGi n
thanh phd lai v6i nhau ? Céc thanh phd dugc biu dién 1a dinh ctia mot dd thi va
1( (x,y) 1a khodng cdch giita thAnh phd x va y. Mang day cdp ndi bit budc phai
lien thong. O day, van dé 1a tim cAy riéng phin ¢ tdng chiéu dai nhé nhat ndi tat
ca cac dinh ?

BO PE. Néu G=(X,U) 1a motdd thi diy di va néu tit ci cdc chidu dai I(u)
tuong ng clia cac canh déu phan biét thi khi 4y, Bai todn 1 c6 mdt 15i gidi duy nhat
X, V). Tap V={v,va,...,vp.1} nhdn dudc theo cach sau day :

Chon v; Ia canh c6 chiéu dai nhd nhat.
v, 12 canh c6 chién dai nhd nhdtsaocho vy # vi vd V, = {v},v»} khong
chita chu trinh.
. v3 12 canhnhd nhat saocho v3# vy # vi vd Vs={v;,v5,v3} khong
chita chu trinh.
Ct thé, tiép tuc.
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Chuong 2. CAu tric Cay.

2.5.1. THUAT TOAN PRIM.
Ky hi¢u :

¢ A = Matrinké bi€udién d6 thi, c6 trong lugng, dugc dinh nghia nhu sau :
A=[a] = (1(i,j) = chi€u daicla canh cung dng u=(i,j) € U
oc u=(>,j) ¢ U
0, i=j
¢ M = Tapdinh chua ddnh diu (c6 s6 phan ti 13 no).
¢ Pr(p) = Binh trude dinh p.
¢ d = Tapchiéu daicta Ciy phii c6 chié&u dai ngin nhat.

¢ Mark = Tap dinh da danh ddu (dd xét rdi), dinh nghia nhu sau :
Mark[i]= ¢ 1, né€u dinh da xét roi,
0, ngugc lai.

NGUYEN LY THUAT TOAN.
1.Khdi tao : Xuat phdt tir dinh 1. T = &,

M ={2,..n}
Pr =[1,1,...1]
d =a[l,j], j=1..n (DOng ddu clia ma trinké A)

Mark =11,0...0]

2. G mdi budc lip, chon dinh dédnh d&u 1a dinh c¢6 do dai ngdn nhat.
* k=Argming c v d[x].
< Mark[k]=1.
« Capnhatlai d[i], Pr[i] véi ie M\{k} theo cOng thic:
e d[i] = alki]lnéu d[i] >alk.i].
o Pr[i]l= k.
s Thay M := M\{k}.

Néu M = &. Dirng. N&u khodng , quay lai 2.

Do phic tap : O(m log n).
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Chuong 2. CAu tric Cay.

THI DU. Ta c6 Ma tranké A, biu dién Db thi § FIG. 2.3., nhu sau :

1 2
1 0o 2
2 2 0
3 3 1
4 11 10
5 5 o
6 8 9

Céc budc cta thuat todn thyc hién nhu sau :

» Géinban daucho: M, d, Pr:
M={ 23, 4,5,6)
d =[0, 2, 3,11,5, 8]
Pr=11, 1,1, 1,1,1]

= Buédc 1. Chon dinh s,.

M={ ’ 39 43 5’ 6}
d =[0, 2, 1,10,5, 8]
Pr=[1, 1,2 2,1,1]

= Budc 2. Chon dinh s;.

M={ 9 4’ 59 6}
=[0, 2, 1. 6,5, 8]
Pr=[1, 1,2, 3,1,1]

= Budc 3. Chon dinh ss.

M={ ’ k 4’ K 6}
=00, 2, 1, 4,5, 7]
Pr=[1, 1,2, 5,1,5]

= Budc 4. Chon dinh sy4.

M: ’ H 9 ’ 6}
d=[0, 2, 1,4 5 7]
Pr=[1, 1,2, 5, 1,5]

Ta c6 K&t quéa nhu sau :

CiapnhatM, d, Pr:

CiapnhatM, d, Pr:

CiapnhatM,d, Pr:

CiapnhatM, d, Pr:

3 4 5 6
3 11 5 8
1 10 o0 9
0 6 12 00
6 0 4 0
12 4 0 7
o0 o0 7 0

] Cay Phi ¢6 do dai ngdn nhat theo cdc Budc lip :

T= (x1, X2), (X2,X3), ), (X1,X5) , ), (X5,X4), (X5,X6)} va c6 do dail(T) =19
. Cay Phi c¢6 dd dai ngin nhi't doc két qud theod va Pr :

T= (X1, X2), (X2,X3), ), (X5,X4), (X1,X5), ), (Xs5,X6)} va 6 d0 dai (T) =19
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X4 X5
Cay ban dau

eg—l—e

4

X1

Canh thém vao thit 2

o [ ]
2/
X1 o
N
° 4 °
X4 X5
Canh thém vao thi 4

Chuong 2. CAu tric Cay.

X2@
. /
Cay khéi dau
Canh thém vao thit 1
X3 1 X2
o /.
o
X1 \
5
X5 ®

X3. [ X2
2/
o ® X¢
X1
5 7
° 4 °
X4 X5
Canh thém vao thit 5.

FIG. 2.3. Tim Cay phti c6 d6 dai ngdn nhit theo PRIM (s=1).
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Chuong 2. CAu tric Cay.

252. THUAT TOAN KRUSKAL (1956).
Cho @6 thi G = (X, U) 12 dd thi lién thong khong dinh huéng, c6 trong lugng. Gid
St da sdp x&p cdc canh clia dd thi theo thit tu khdng gidm theo chiéu dai.

Y tudng cha thudt toin KRUSKAL & mdi budc lip, ta bd sung vao tdp canh clia ciy
phi H =(X, T) sao cho khong tao thanh chu trinh.

Thuat todn dirng khi ti't ¢4 cdc dinh cda d6 thi déu dudc ndi, nghia 1a s6 canh ciia H
bing n— 1. Pay la thuat todn « hdu in », theo nghia la & mdi budc, ta chon mot 15i
gidi t6i wu dia phuong va mong mudn 13i gidi t6i uu dia phuong nay 1a t6i wu todn
cuc.

Cay nhan dudc 1a duy nhit néu tit cd cdc canh c6 chiéu dai khdc nhau.
Do phic tap : O(m log m).

THU TUC KRUSKAL ;
Begin
T:={J};
While Card(T) < (n-1) and (U= &) Do Begin
Chon u 1a canh c¢6 d6 dai nhd nhat trong U ;

U := U\{u};

If (T U {u}) khong chda chu trinh) then T :=Tu {u} ;
End ;
If (Card(T) < n-1) Then D6 thi khong lién thong.

End ;
THI DU 1. Xem hinh FIG. 2.3. Ta 6 :
U={(X2, X3),(X1,X2),(X1,X3),(X4,X5),(X1,X5),(X3,X4), (X5,X6),(X1,X6),(X2,X6),(X2,X4),(X1,X4),(X3,X5) }
LU)={ 1, 2, 3, 4, 5 6 1, 8, o, 10, 11, 12)
Céc budc cta thuit todn thyc hién nhu sau :
= Budcl. T={(xx3)}
L(T)y={ 1}

] Buéc 2. T={(xa, X3),(X1,X2)},
Lm={ 1, 2 }

. Budc 3. T= {(x2, X3),(X1,X2), ),(X4,X5) },

L(T)={ 1, P, | 4 }
g Budc 4. T= {(X2, X3),(X1,X2), ),(X4,X5) ,(X1,X5)},
L(T)={ 1, 2, 4, 5 }

. Budc 5. T= {(x2, X3), (X1,X2), ),(X4,X5) ,(X1,X5) , (X5,X6) }
K&t thic vi Card(T) = 5 = 6 (dinh) —1. Tdng chiéu dai nhd nhat = 19.

Chd y. Trong thi du nay, ta tim lai cAy phl gidng nhu trong thuit todn PRIM. Nhung,
trong trudng hgp tong quit, ta c6 thé tim thAy mot ciy phli khdc nhung c6 ciing tdng

trong lugng.
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Chuong 2. CAu tric Cay.

10 7 X3 X2 X2, X3 @
[ )
9
2 X1
6 ) ®x;
12
7
o [ J
X4 4 X5
X1, @ X2, X3 X1,X2, X3, @ X4, X5
5 8 X6 5 7
[ J
o
X4, X5 X6

FIG. 2.4. Tim cAy phi ¢6 chiéu dai ngdn nhat theo thuit toin KRUSKAL.
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