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Tai liéu tham khao

» Nguyén Cam -Chu Dwrc Khanh, Ly thuyét do thi
- NXB Tré Tp. HCM, 1998.

» Kenneth H. Rosen: Discrete Mathematics and
its Applications, 7 Edition, McGraw Hill, 2010.

1. Pinh nghia va cic tinh chat cg ban

Pinh nghia va cdc tinh chat c¢d ban

0 Dinh nghia: Cay (Tree), con goi la cay ty do
(free tree) la dot do thi vO huéng lién thong va
khéng c6 chu trinh

0 Pinh Iy 1: Giira 2 dinh bat ky trong cdy T luén ¢6 mot va
chi mot duong di trong T ndi chiing

Vidu: T, va T, sau day la 2 cay ﬁ
%
- T
T

C/m: Xét 2 dinh x, y bat ky trong T (x#y), T lién thong nén co
dudng dindix vay

Gia sir ¢ it nhét 2 duong di p,,p, (p,;#p,) gita x va y

D1t XTV05V 5003 Vise s Vitse o5V Vit o5 Viem ™Y

P x=V’0,v’,1,. . .,V’i,.’. SV ks sV iV gV ™Y

Véi i: chi s0 16n nhat thoa: v,_v’,, Vk, 0<k <i

Va j: 1a chi s6 nho nhit thoa: v_v’r, Vr, j<r <j+m
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Dinh nghia va cdc tinh chat ¢o ban

0 Do p,#p, nén phai co it nhat mot dinh a trén p, va khong
nam trong p, hodc phai c6 it nhat mot dinh b trong p, va
khong nam trong p;,.

Pinh nghia va cac tinh chat co ban (tt)

0 Dinh nghia: Cay c6 gbc (rooted tree) 1a mot ciy c6 hudng,
trén d6 da chon mot dinh la géc (root) cuia cdy va cac canh dinh
huéng sao cho v6i moi dinh ludn c6 mot duong di tir ge dén
dinh do

. Mot cay tw do co thé chon
Vi du: 2 mét dinh bat ky lam goc dé
tro thanh cdy co goc

root

Pinh nghta va cdc tinh chat ¢g ban (tt)

Xét xdy ¢6 goc T
- Mtc cua dinh: Khoang cach tir gbe dén nut dé
- Chi€u cao cua cay: Muc 16n nhat cua mdt dinh bat ky

Mic0 1§
Mc 1 3
Mic2 | 8
3
50
Mirc 3 S

- Néu (xy) 1a canh cua T: ta goi x dinh cha (parent) cua y, y la dinh
con (child) cta x
-La (leaves) Nhiing dinh khong c6 cay con.

htrong (internal vertices): 1a nhitng dinh c6 it nhét 1 cay con

Pinh nghia va cic tinh chat ca ban (tt)

Binh nghia.: Tap hop cac cay déi mot khong co
dinh chung goi la moét rirng (Forest)

NN

mot rirng (forest): gém nhiéu cay khong c6 dinh chung

Moi dmh x trong mot cay ma la géc cua mot cay con,
~diph x khoi cay ta dugc mét rirng




Pinh nghia va cic tinh chat ca ban (tt)
Pinh ly 2: Néu mét ciy cé n dinh thi sé c6 m=n-1 canh

C/m; Ta chon mét nat lam gbc dé duoc cay co

- 98% cay chicé 1 dinh (n=1), sé canh la 0, nghia

. @iiér@t’:?'&ﬁ‘}' c6 k dinh thi c6 k-1 canh la dang,

+  Xét cdy c6 k+1 dinh va xét mét dinh |4 v bat ky, néu
loai bd v cling v&i canh nbi dén v (chi c6 duy nhat 1
canh néi dén v), db thi T’ con lai cling 1a moét cay cd k
dinh = T’ ¢6 k-1 canh = T c6 k canh

_+  Theo nguyén ly quy nap, “mot cay cé n dinh thi sé c6
) <1 canh” ding v&i moi n (n>=1)
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Dinh nghia va cac tinh chat ¢o ban (tt)

Pinh nghia (d6 léch tdm):Xét xay c6 géc T

- D6 léch tdm (eccentricity) cta dinh v: la Khoang
cach 16n nhat tir v dén dinh bat ky trong T. Ki hiéu
E(v)

E(v)= max S(u,v)

uel’

root

E(x)=?
\ E(v)=?

Pinh nghia va cic tinh chat ca ban (tt)

v Cay c6 11 dinh = ¢6 11-1=10 canh

Vi du:

10

Dinh nghia va cac tinh chat ca ban (tt)

Xét xay ¢6 géc T

- Dinh c6 d6 léch tam nho nhat goi la tam (center) cia T
- D6 léch tam cla tam goi la ban kinh (radius) cia T

Vidu: Chocay T

root

Xac dinh tdm cda T?
Xac dinh ban kinh cta T?




Pinh nghfa va cdc tinh chat cd ban (tt)

» Cho cay co goc T:

- Néu s6 con tbi da cia mot
dinh trong T la m va c6 it
nhat mét dinh ding m con thi
T goi la cdy m-phan (m-ary
tree)

- Néu moi dinh trong cta T déu
¢6 ding m cay con thi T goi
la cdy m-phan da (complete
m-ary tree)

- Cay m-phan v&i m=2 goi la

_cay nhj phan

Cay nhj phan du

C/m dinhly 3
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Dinh nghfa va cac tinh chat cg ban (tt)

» Dinh ly 3 (Pinh ly Daisy Chain): T 1a mdt dé
thi c6 n dinh, cdc ménh dé sau la twong
dudng

(i) T la cay

(ii) T khong c6 chu trinh va cé n-1 canh

(iii) T Lién théng va néu hay bat ky mét canh nao
trong T thi T s& mét tinh lién thdng

(iv) Gitr 2 dinh bat ky trong T lu6n ton tai duy nhat
moét dudng di ndi ching

(v) T khdng ¢6 chu trinh, ndu thém 1 canh b4t ky néi

- chh trong T th| T sé co chu trinh

14

Dinh nghia va cac tinh chat ca ban (tt)

» Binh ly 4. Mot cay ty do cé nhiéu nhat 2 tdm
» Binh Iy 5: Mot cdy m-phan day da cé i dinh
trong thi c6 mi+1 dinh

» Hé Juan. T /a mét cdy m-phén day di

i) Tcodidinhtrong=Tcédl=m-1)i+1 1a

i) Tcollda=Tcodl=(-1)/(m-1)dinh trong
van = (ml-1)/(m-1) dinh

i) Tcdndinh = Tcodi=(n-1)/m dinh trong
val=[(m-1)n+1)]/m nat la

16




Pinh nghfa va cdc tinh chat cd ban (tt)

» Dinh ly 5
@ Mot cdy m-phan c6 chiéu cao h thi ¢6 nhiéu
nhat A mh 14
@ Mot cdy m-phan c6 | 1a thi c6 chiéu cao h
>[logyl]
(iii) Mot cdy m-phan day da, can bang c6 | 1&
thi c6 chiéu cao h=[log,,l]
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2. Cac phudng phap duyét cay

2.1. Duyét cay theo thir tw truéc (preoder)
-ThamgbcrctaT
- P& quy: Duyét tirng cay con lan luot tr T, dén
T, theo thr ty trudc

Két qua duyét theo Preorder?

2. Cac phu'dng phap duyét cay

Xét cay c6 goc T, goi Ty, Tpp,..., Tyl@n lugt 1a cac cay con cua nut r
theo th(r tu tur trai qua phai

18

2. Cac phudng phap duyét cay

2.2. Duyét cay theo thir tw gitra (inoder)
- Duyét T,, theo tht ty gitra

-Thamr
- Duyét T,,theo th ty gira,..., duyét T,, theo thw
tu. ~NIThA
Vi ' Két qua duyét theo Inorder?
d

R 20




2. Cac phudgng phap duyét cay

2.3. Duyét cdy theo thtr tw sau (postorder)
- Duyét T,, theo postorder, duyét T,, theo
postorder,..., duyét T, theo postorder
-Thamr

Két qua duyét theo postorder?

Cay bao trum(spanning tree)

» Binh ly:
D6 thi G ¢6 cay bao trum < G lién théng

H lién thong = H ¢o
cay bao trum
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Cay bao trum(spanning tree)

» Cho db thi v huéng G. Cay T goi |a mét cay
bao trum cta G néu T<G va T chtva moi dinh
cia G

Vi die: 3

M6t cay bao trum cua G

22

Tim cay bao trum

Hai phudng phap:

QTim theo chiéu sau (DFS: Depth First Search)

QTim theo chiéu rong (BFS: Breadth First Search)
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Tim cay bao trum theo phuong phap - Tim cdy bao trum theo phudng phap -
DFS (Depth First Search) DFS (Depth First Search)
Butc 1: Chon moét dinh bat ky v cta G lam DFS(G: Lién théng véi cac dinh v,,v,,...,v,)
diém xuat phat (gbc) cia T. ’ ’ { T=Cay chigbm 1 dinh v,
Butc 2:Xac dinh mot dudng di so cap xuat visit(v,)
phat tr v qua cac dinh € G nhung ¢ T, cho }

dén khi khong thé di tiép. Goi k la dinh két
thdc duong di. D4t duong di nay vao T roi
quay tre vé dat dinh lién trudc k lam diém

Visit(v: dinh caa G)
{ For (mdi dinh w ké v&i v nhung chua cé

; PR C . A . trong T)
xuat phat. Lap lai thd tuc nay cho dén khi A ) N N
moi dinh cta G déu nam trong T. —.T.?(en; dinh wva canh (v,w) vao T
visit(w);
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Tim cay bao trum theo phwang phap - Tim cdy bao trum theo phuang phap -
DFS (Depth First Search) DFS (Depth First Search)
1 2 3 4 5 6 7
1{o0 1 1 0 0 0 1
2 1 0 1 1 0 1 0
sfililol1]olo]t 1 A 6
4 0 1 1 0 0 1 1
sloflofo]ofofo]1 .//
glolitlol1]o]o]o ; /5.
7 1 0 1 1 1 0 0

<
I
[y

; T=<Vy,Er> v6i Vo={1}, E;= @




No u P w N

Tim cay bao trum theo phu'dng phap -
DFS (Depth First Search)

1 23 4 5 6 7
ol1]1]o]o]ol1
1ol l1]o]1]o
tlilolilolo]
ol1]1]ofo]1]1
olololo]o]ol]1
ol1]o]i1]o]olo
tlolil1]1]o]o

V=1,w=2, a;,#0 A 2¢V;,V;={1,2},E:={(1,2)}

29
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No u P w N

Tim cay bao trum theo phudng phap -
DFS (Depth First Search)

1 2 3 4 5 6 7
0 1 1 0]01}0 1
1 0 1 1 0 1 0
1 1 0 1 (U] 1
0 1 1 0] 0 1 1
0O]0[O0|0]O0]O0 1
0 1 0 1 o010
1 0 1 1 1 010

V=3,w=4, a3#0 A 4¢V;,V;={1,2,3,4},E;={(1,2),(2,3),(3,4)}
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1 2 3 4 5 6 7
1lofl1|lt]o]olof1
21 lof1 |1t |of1]o
3t |1]of1]ofolf1
alol 1|1 fofol1]1
s{oflofoflofofof1
slof1]oj1]o]o]o
71 o1 |1 |1]o0]o0

Tim cay bao trum theo phudng phap -
DFS (Depth First Search)

V:2,W:3, a23¢0 N 3EVTIVT:{1/2/3}/ET:{(112)/{213)}

30

NOo ul A w N

Tim cdy bao trum theo phuang phap -
DFS (Depth First Search)

1 2 3 4 5 6 7
ol1]1]o]ofol]1
1ol l1]o1]o
tl1flol1lolo]1
ol1]1]o]o]1]1
oloflolo]ofol]1
ol1|ol1]ofo]o
tlol1t]l1]1]o]o
V=4
W=6, a0 A 62V Ve={1,2,3,4,6},E;={(1,2),(2,3),(3,4),(4,6)}

32
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Tim cay bao trum theo phudng phap - Tim cay bao trum theo phudng phap -
DFS (Depth First Search) DFS (Depth First Search)
1 2 3 4 5 6 7 1 2 3 4 5 6 7 2
tfo] i1 JoJo o] tfoJiJ1iJoJoJon
2l foflt[1i]o]1]o 2l 0ot fo]i]o
sl fol i ool 31 ]o]1i]ofol 6
alo[ 1]t ]o]o] 1D alot[t]o]o]1]1 . 4
slofoflofolo]ol slofoflofolo]ol
slol1Jo]1]o]o]o 6lo]1Jo]1]olo]o Seil—
7ol i1 ]o]o 7[1lo]i]1i[1]o]o 7 5
V=4 V=4
W7/71 a47¢0 A 7€VTIVT:{11213141617}IET={(112)/(2/3)l(3/4)1(4/6)1(4/7)} W:7, a47¢0 A 7€VTIVT:{11213141617}IET:{(112)/(2/3)l(3/4)1(4/6)1(4/7)}
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Tim cay bao trum theo phuang phap - Tim cay bao trum theo phudng phap -
DFS (Depth First Search) DFS (Depth First Search)

1 2 3 4 5 6 7
1101 10]0 |01 Cay bao trum tim dugc
2 1 0 1 1 0 1 0 1 2 3 4 5 6 7
NS EEEERAEEERE 1 ¢
4 ot ot lifol1]o
sfojojojojojogt st lt]oj1i]ofo]1
6 0 1 0 1 0 0 0 i ] 0 1 1 0 0 1 1
7ol fi)olo 7 ° e oo [v ]

5
V=7 6 0 1 0 1 0 0 0
W=5, a,520 A 5¢V,Vo={1,2,3,4,6,7,53,E:={(1,2),(2,3),(3,4),(4,6), 1ol |1 ]J1]o]o
(4,7),(7,5)}

wig G déu co trong T, diing

35
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Tim cay bao trum theo phu'dng phap -
DFS (Depth First Search)

37

Tim cay bao trum theo phuang phap -
BFS (Breadth First Search)

1) Chon 1 dinh b4t ky cta G lam dinh xuét phat
(gbc) cta T.

2)  Dat moi canh ndi gbc v&i 1 dinh ¢ T vao T.
Lan luot xét tivng dinh con tryc tiép clta gbc.
Xem dinh ndy |a gbéc mai, 1ap lai tha tuc nay
cho dén khi moi dinh ctia G déy nam trong T.

Tim cay bao trum theo phucdng phap -
BFS (Breadth First Search)

BFS(G: lién thong vei tap dinh v,,v,,...,v,)
{ T:= Cay chigébm 1 dinhv,;
Q={v}// Queue: cac dinh chua xt ly
while (Q#9)
{ v =Q.Remove();
for (méi dinh w ké vé&i v)
if we Qand weT

{ Q.Add(w)
Thém canh (v,w) vao T

Tim cay bao trum theo phuang phap -
BFS (Breadth First Seiarch)

LT T

"4

Cal

7

\

\

10
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Tim cay bao trum theo phucdng phap -
BFS (Breadth First Search)

a1

Tim cay bao trum theo phuang phap -
BFS (Breadth First Search)

Cay bao trum nhoé nhat

» D6 thi cb trong sé: La db thj trong dé méi
canh (cung) duoc gan thém mot sb thwc goi
la trong s6 (weight) cta canh (cung)

Ki hiéu:
c(e): Trong sb cta canh e
c(G): Trong sb cta db thi G

Cay bao trum nhoé nhat

» Ma tran ké cua dé thi cé trong sé: Cho
G=<V,E> ¢6 trong sb, ma tran ké trong sb
cta G la ma tran A c¢é kich c& |V|x|V| trong
dé méi phan t& a;; c6 gia tri nhu sau:

Trong s6 cua canh/cung (v;,v;) néu (v;,v;)eE

a; = "
’ o0 Néu (v;,v;)2E

A B C D
A (o 8 5 o
B |8 o 4 9
cC|5 4 o 3
D\@ 9 3 w

a4

11



Cay bao trium nho nhét

» Bai toan: Cho G la dé thi lién théng, c6 trong
sO. Hdy tim mot cay bao trum cta G c6 trong
s0 nhd nhat

a5

Thuat todn tim cdy bao trum nhé nhéat:
Thuat toan KRUSKAL

Kruskal(G: db thi lién théng c6 trong sb)
begin T:= 7,
E=E;;// E; latap canh cia G
While |E;|<n-1 and (E+Q)
begin Chon e 1a canh d6 dai nhé nhét trong E
E:= E\{e}
If (Tu{e} khéng chiva chu trinh) then
T := TU{e} // Két nap canh e vao ciy khung nhé nhat
end
If (|E;|<(n-1))then D6 thi khéng lién théng.
else return T,

47
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Cay bao trum nhé nhéat

» Dinh ly: Cho T Ia mét cay bao trum cuta dd
thi c6 trong s6 G lién thdng. T la mot cay
bao trum téi thiéu néu va chi néu méi canh
eeT déu co trong sb I&n nhat trén chu trinh
tao bdievacaccanhcua T

46

Thuat toan tim ciy bao trum nhé nhat:
Thuat toan KRUSKAL

12



Thuat todn tim ciy bao trum nhé nhéat:
Thuat toan KRUSKAL
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Thuat todn tim cdy bao trum nhé nhéat:
Thuat toan KRUSKAL

Thuat todn tim cdy bao trum nhé nhét:
Thuat toan KRUSKAL

Thuat toan tim ciy bao trum nhé nhat:
Thuat toan KRUSKAL

52
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Thuat todn tim ciy bao trum nhé nhéat:
Thuat toan KRUSKAL

S dung thuét toan
Kruskal tim mot cay
bao trum nhé nhat
cua G?

Thuéat toan tim cay bao trum nho
nhat: Thuat toan PRIM
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Thuat toan tim cay bao trum nhé
nhat: Thuat toan PRIM

Prim(G: lién thdng, c6 trong sé, v,; dinh bat dau)

begin E;:= &;Vi={v,};// V1 1a tap dinh cda T, E;: tap
canhcia T
while (|E;|<n-1)
begin

Tinh T(V;) = {(i,))eE/ ie Ve Aje V- Vq}
_ Chon canh e=(u,v) trong T'(Vy) ¢6 trong s bé nhét,

bo sung e vao T (Nghia la: E;=E; u{e}; V; = V; U
{vh
end

n T: <VT, ET>Y

54

Thuat toan tim cay bao trum nhé
nhat: Thuat toan PRIM

14
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Thuat toan tim cay bao trum nho Thuat toan tim cay bao trum nhé
nhat: Thuat toan PRIM nhat: Thuat toan PRIM

58

Thuéat toan tim cay bao trum nho A -
nhét: Thuat todn PRIM Cay ma HUFFMAN

» M3 tién tb (prefix code)
» Thuat thoat Huffman

60
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M3 tien to (prefix code)

> Cho X la mét tap hiru han cac ky hiéu:
Vi du: X={a,b,c,d,e,f}
> M la mét ban tin gom ky hiéu lay ti X theo xac suét
biét trudc.
Vi du: M gdm 105 ki hiéu vé&i tAn suét xuat hién nhu
bang sau:
_------

Tansuat(A) 4 10 12 20 10

xuét hién 5
cCanma hZlT 8 L0

chiéu dai ban tin 1a ngan nhat?

. m
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M3 tién to (tt)

O Cach 2:
_------

001 011 010 101
0 1

» Téng chiéu dai cia M 1a:

(1x45%+4x10%+3x12%+3%x3%+3%x20%+4Xx10%)X 1
0°> =230 000 bit < 300 000 bit

M3 tién to (tt)

[0 Cach 1, dung téi thiéu 3 bit/1 ky hiéu (23>6)
_------

000 001 010 O11

» Téng chiéu dai cda M 1a:
3x105= 300 000 bit

1

62

M3 tién to (tt)

» Nhdn xét\N&i cach ma hoa khéng cho phép bat
ky ma ctia mot ky hiéu nao 1a tién t6 (prefix) cla
ma mot ky hiéu khac thi cé thé gidi ma duoc.
Céch ma nay goi |1a ma tién t6 (prefix code)

» Vi du: Xét cach ma hoa sau:

Ma 0 01 00 11 1 10
Trong d6: chudi ma hoa cda a la tién té cda clha
chuoi ma hoéa cia b va c
ert ban tin M gébm 3 ki hiéu M=aac. Ban ma:

64
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NGt 1a: moét ky hiéu trong X
Nhanh/canh:
0: dén cay con trai
~1: dén cay con phai
Chudi bit dudng di tur géc
dén 14 1a ma cua ky
hiéu tuagng U'ng

12

1 0001 011 0000 001 010

Giai thuat Huffman

Procedure Huffman(X: cac ki hi¢u a; voi tan suét n;, i=1,2,...,n)
Begin F:=rimg gom n cdy c6 gdc, mdi T, cay chi chira 1 dinh a
duoc gan trong s6 w(T))
While <F khéng la ciy>
Begin
- Tim 2 cdy trong F (T; va Tj) sao cho gdc ctia chung (y va z) ¢6
trong s6 nho nhét.

- Nbi y va z véi dinh méi u dé thanh cdy méi T ¢6 gde u (nghia 1a T,

1a cay con trdi, T; cdy con phai clia cdy méi)
- G4n nhan canh mé&i dé T, 1a 0 va canh méi dén T;lal
- w(w)=w(y)+w(z)
end
End

66

Giai thuat Huffman

» Dinh ly: Khi giai thuat két thuc, cdy ma nhan
duoc la toi vu

Vi du: M gém 105 ki hiéu véi tan sudt xuat hién
nhu bang sau:

Tan suat (%)
xuét hién

Giai thuat Huffman

Vi du: M gbm 105 ki hiéu v@i tan sudt xudt hién
nhu bang sau:

_------
Tan suat (%) 4
xuét hién 5

13

68
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Giai thuat Huffman

_------
Tan suét (%) 4 12 3
xuét hién 5

7\ -ZZA‘
3 10 10 12
d b f [¢

69
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33
13 22
20
e
3 10 10 12
- d b f [¢

Giai thuat Huffman

Kyhiew  a B c d e f
Tan suét (%) xuathien 45 1 12 3 20 10
0

Giai thuat Huffman

_------
Tan suét (%) 4 12 3
xuét hién 5

70

Giai thuat Huffman

> (Kihigu a2 b ¢ d e f

ma 1 0001 011 0000 001 010

72
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