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e Cac dinh nghia va tinh chat

* Cac wng dung cua cay

Cay khung
« Cay khung nhé nhat
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9.1 CAC PINH NGHIA VA TINH CHAT CAY
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Dinh nghia 1:

Cay 1a mot do thi vo hudng, lién thong va khong co chu trinh don

Vi du:

Nikolaus
{(1623-1708)
Jacob 1 Mikolaus Johann 1
(1654-1705) (1662—-1716) {1667-1748)
Nikolaus 1 Mikolans 11 Daniel Johann 11

(1687-1759)  (1695-1726) (1700-1782) (1710-1790)

/N

Johann 11T Jacob 11
(1746-1807) (1759-1789)
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CAY

Vi du: Do thi ndo sau day la cay?

—— 0

b a b a b

L B

Do thi khong cé chu trinh don va khong lién thong goi 13 rirng.
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CAY

Dinh Ii 1:

Mot do thi vé hudng 1a mot cAy néu gitta moi cip dinh cua nd ludn
ton tai dwong di don duy nhat.

Dinh nghia 2:

Cay co goc la cay c6 mot dinh dugc goi la goc va moi canh co
hudng tu goc di ra.
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MOT SO THUAT NGU’

Con cﬁa g Cha cua u
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MOT SO THUAT NGU’

;

TO tién cua f

v

Con ch3du cua b
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MOT SO THUAT NGU’

Dinh trong cua cay

La cua cay
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MOT SO THUAT NGU’

Cay con goc la b
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CAY m-phan

Dinh nghia 3:

no khong c6 hon m con.

e Cay dugc goi 1a m-phdn ddy dii néu moi dinh trong c6 ding m
con.

« Cay m-phan voi m = 2 goi la cdy nhi phan

e Cay c6 goc duogc goi 1a cdy m-phan néu tat ca cac dinh trong cua
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CAY cO GOC

Cay c6 goc dwoce sip:

Cay cé goc dwoc sdp (co thir ti) 13 ciy c6 goc trong d6 cac con cla
mo1 dinh trong dugc sap x€p theo mot thir tu nhat dinh.

Cay con phai ciia goc

Cay con trai cia goc
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Vi DU VE CAY

HOI DONG QUAN TRI

A N AN
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Cau truc thu muc
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CAC TiNH CHAT CUA CAY

Dinh li 2:

Cay vo1 n dinh ¢6 dung (n-1) canh

Dinh li 3:

Cay m-phan day du véi i dinh trong s& co tat can = m.i + 1 dinh.
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CAC TiNH CHAT CUA CAY

Dinh li 4:

Cay m-phdn ddy dii v6i

(m-1)n+1
m

la

(i) ndinhcoi = n?_l dinh trong va [ =

(ii) i dinh trong, c6 n=m.i + 1 dinh va | = (m—1) .i +1 I

ml-1 _, s -1 ,,
dinh va i = —— dinh trong

(i) 114, coOn = — —
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CAC TiNH CHAT CUA CAY

Vidu:

Tro choi viét thu day chuyén. Ban dau ¢6 mot nguoi nhan duge mot
btrc thu va gia st rang khi nhan dugc mot bic thu hodc s& viét thu
cho bon nguoi khac hoidc khéng viét cho ai. Hoéi c6 bao nhiéu
ngwoi nhian dwge thw ké ca nguoi dau tién néu khdng cd ai nhan
duoc nhiéu hon mot birc va tro choi két thic khi c6 100 nguoi nhan
thu ma ko viét cho ai?

Giai:

* Tro choi biéu dién bang cay tr phan.

e C0 100 khéng viét thu nén sb 14 cua cay la | = 100

e SO nguoi nhan thu 1a n = (4.100 -1 )/(4-1) = 133

* S0 céc dinh trong 1a i = (100-1)/(4-1) = 33 dinh, tirc 33 nguoi
viét thu
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CAC TiNH CHAT CUA CAY

* Mirc cua dinh v trong cay la d§ dai cua duong di duy nhat td1 nd
* Do cao cua cay la mirc cao nhat cua tat ca cac dinh

 Cay m-phan co goc va do cao h dwere goi 1a can doi néu tat ca
cac la déu & muc h va (h-1)
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CAC TiNH CHAT CUA CAY

Dinh li 5:

Co nhiéu nhat mh 14 trong cdy m-phan véi do cao h
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9.2 CAC UNG DUNG CUA CAY
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CAC NG DUNG CUA CAY

« Cay tim kiém nhij phén

« Cay quyét dinh

e Cac ma tien to
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TiM KIEM NHI PHAN

Cay nhi phan:

e Cay c6 mot con trai va mot con phai
* Dinh dugc gan mot khoa sao cho:
* L&n hon khoa cua tat ca cac dinh thudc cy con trai

* Nho hon khoa cuia tat ca cac dinh thudc cdy con bén phai
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TiM KIEM NHI PHAN

XAy dung ciy tim kiém nhi phan:
e Bait dau ciy co ding 1 dinh (goc)
 Thém mot phan tr moi:
v’ So sanh véi khoa ctia dinh, bat dau tir goc
v’ Pi sang trai néu n6 nhé hon
v’ Pi sang phai néu né 16n hon
v’ Tao dinh méi 1a con bén trai néu phan tir nhé hon khoa cua
dinh va dinh khong c6 con trai
v’ Tao dinh méi 1 con bén phai néu phan tir 16n hon khoéa ciia
dinh va dinh khong c6 con phai
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TiM KIEM NHI PHAN

Vi du: Tao ciy tim kiém nhij phan cho céc tir sau: mathematics,

physics,geography, zoology, meteology, geology, psychology, chemistry

mathematics

Meteorology > Mathemetics
Meteorology < Physics

Geology < Mathemetics
Geology > Geography

psychology

Psychology > Mathemetics
Psychology > Physics
Psychology < Zoology

. mathematics mathematics mathematics

\. physics
physics geography  physics geography
zoology
) ) ) Zoology > Mathemetics
Physics > Mathemetics Geography < Mathemetics Zoology > Physics
mathematics mathematics mathematics mathematics
EEDgraEh}' gﬁ'ﬂgﬂggh}’ geagraphy
physics physics physics - “a physic:
geography gel,?lng} physics
geology zoology geology zoology zoology
meteorology  zoology metecrology meteorology chemistq/

metecrology psychology

Chemistry < Mathemetics
Chemistry < Geography

Todn roi rac

huyenvt@tlu.edu.vn
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TiM KIEM NHI PHAN

Thuat toan tim kiem nhi phan:

* Pinh vi phan tir X trong cdy tim kiém nhi phan néu né 1a khoa
cua mot dinh

» Néu x khong 14 khoa ctia dinh nao, thém méi x vao cay
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TiM KIEM NHI PHAN

THUAT TOAN : Thuit toan tim kiém nhi phan

Procedure insertion(T: cay tim kiém nhj phan, x: phan tir)
v:= goccuaT {dinhkhong co trong T s& co gia tri bang null }
while v = null va label(v) # x
begin
If x < label(v) then
If con bén trai ctia v # null then v := con bén trai cua v
else thém dinh mdoi la con trai cua v va dat v := null
else
If con bén phai cta v = null then v := con bén phai ctia v
else thém dinh maoi la con phai caa v va dat v := null
end
if géc cua T = null then thém dinh v vao cdy va gan cho n6 nhan la x
else if v = null hoac label(v) # x then gan nhén cho dinh moi la x va datv la
dinh mo61 nay
{v=vitricuaX}
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CAY QUYET PINH

cao Trung binh tnanh nhe

MNo Yes No Ves
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9.3 CAC PHUONG PHAPDUYET CAY
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CAC PHUO'NG PHAP DUYET CAY

* Duyét tien thir tu
* Duyet trung thuw tu

* Duyéet hau thur ty
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DUYET TIEN THU TU’

Dinh nghia 1:

Gia str T 1a mot cay c6 goc dugc sap thi tu voi goc r. Néu T chi ¢d
r thi r 1a duyét tién thir tw ciia T. Néu khong thigoi T, , T, ..., T, la
cac cdy con tai I tir trai qua phai ciia T. Duyét tién thi tu:

e Thdm v dau tién
Duyét T, theo kiéu tién thir tie
Duyét T, theo kiéu tién thir tie

Duyét T, theo kiéu tién thir tie
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DUYET TIEN THU TV

Vidu: Cich duyét tién thir tu s& viéng tham cac dinh

cua cay theo thtr ty nao?
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DUYET TIEN THU TV

THUAT TOAN : Duyét kiéu tién thir tu

Procedure Preorder (T: cay c6 gbc dugc sap)
r:=gocciaT
Lictkér
for moi cdy con C cua r tir trai sang phai
begin

T(c) := cay con védi goc C

Preorder(T(c))
end

Toan roirac  huyenvt@tlu.edu.vn
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DUYET TRUNG THU TU

Dinh nghia 2:

Gia str T 1a mot cay c6 goc dugc sap thi tu voi goc r. Néu T chi ¢d
r thi r 1a duyét trung thir tw cia T. Néu khong thigoi T, , T, ..., T,
la cac cay con tai r tur trdi qua phai cua T. Duyét trung thir tu:

* Duyét T, theo kiéu trung thir tu

o Thamr

* Duyet T, theo kiéu trung thu tu

* Duyét T theo kiéu trung thir tu
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DUYET TRUNG THU TU

Vidu: Cach duyét trung thi tu s& viéng thim cac dinh

cua cay theo thur ty nao? »
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DUYET TRUNG THU TU

THUAT TOAN : Duyét kiéu trung thir tw

Procedure Inorder (T: cdy c6 goc dugc sap)

r:=goccuaT

If rlalathenliétkér

else

begin

| := con dau tién tir trai sang phai cta r

T(I) := cay con voi goc |

Inorder(T(l))

Liétkér

for moi cdy con ¢ cta r tir trai sang phai trur |
T(c) := cay con vdi goc C
Inorder(T(c))

end




DUYET HAU THU TU

Dinh nghia 3:

Gia str T 1a mot cay c6 goc dugc sap thi tu voi goc r. Néu T chi ¢d
r thi r 1a duyét hdu thiv i ca T. Néu khong thigoi T, , T, ..., T, 1a
cac cay con tai I tur trai qua phai cua T. Duyét hau thi tu:

* Duyét T, theo kiéu hdu thir tie
Duyét T, theo kiéu hdu thir tie

ooooo

Duyét T, theo kiéu hdu thir tie
Tham r
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DUYET TRUNG THU TU

Vi du: Cach duyét hau thir ty s& viéng tham cac dinh cia ciy

theo thur ty nao? a

n o p
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DUYET HAU THU TU

THUAT TOAN : Duyét ki¢u héu thir tw

Procedure Postorder (T: cay c6 goc duoc sip)
r:=gocciaT
for moi cdy con C cua r tir trai sang phai
begin
T(c) := cay con védi goc C
Postorder(T(c))
end
Lictkér
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CAC Ki PHAP TRUNG TO, TIEN TO VA HAU TO

* (C6 thé biéu dién biéu thirc phirc tap
* Ménh dé phirc hop
* Tap hop
* Biéu thirc so hoc
Bang cay c6 goc va duoc sap, trong do:
« dinh trong biéu thi cac phép toan
« |4 biéu thi cac s6 hay cac bién
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CAC Ki PHAP TRUNG TO, TIEN TO VA HAU TO

Vidu: Tim cay c6 goc biéu dién biéu thirc

3

((x+y)12)+(
N

/N /N
VANVAN

Biéu thirc co day du dau ngodc don goi 1a dang trung to

)
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CAC Ki PHAP TRUNG TO, TIEN TO VA HAU TO

e Khi duyét cay co6 goc theo kiéu tién thr tu c6 dang tién t6 cia biéu
thirc
«  Biéu thtrc duoc viét dudi dang tién to goi la ki phap Ba Lan
Panh gia mot bicu thirc ¢ dang tién to:
* D1 tir phai sang trai
* Gap mot toan tir thuc hién phép toan twong trng véi1 hai toan

hang di lién bén phai ctia toan tur
Vidu: Tinh gia tri biéu thirc tién to
+-*235/17234
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CAC Ki PHAP TRUNG TO, TIEN TO VA HAU TO

e Khi duyét cay co6 goc theo kiéu hau tht tu ¢6 dang hdu to ciia biéu
thirc
*  Biéu thtrc duoc viét dudi dang hau to goi 1 ki phap Ba Lan nguoc
 DPanh gia mot biéu thuc & dang tién to:
* D1 tu tra1 sang phai

* Thuc hién phép toan khi c6 mot toan tir di sau hai toan hang

Vidu: Tinh gia tri biéu thirc hau t6
(8+21T74-3/+
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9.4 CAY KHUNG
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CAY KHUNG

Bai toan giao thong ¢ Maine:

« Chinh quyén dia phuong muon cdo tuyét mot so it nhat cac con
duong sao cho ludn ludn c6 duong thong sudt ndi1 hai thanh pho

bat ki
Etna  Old Town Etna  Old Town
Orono ﬁno
Herman Bangor Herman [ Bangor
Hampden Hampden
(a) (b)
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CAY KHUNG

Dinh nghia 1:

Cho G 1a mot don do thi. Mot cay duoc goi la cay khung ctia G néu
no la mot do thi con cua G va chura tat ca cac dinh cua G.

Tim ciy khung cia d6 thi:
v’ Xéa di cdac canh tao ra chu trinh
v’ Bang phirong phdp tim kiém wu tién chiéu sdu

v’ Bang phwrong phdp tim kiém wu tién chiéu rong
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TiM CAY KHUNG CUA PO THI

Xoa di cac canh tao ra chu trinh

a b C d
® . o
€ 8
\i/
a b c d a b c d a b c d
€ g € g € g
f f f
(a. e} {e.f) {c.g}
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CAY KHUNG

Dinh Ii 1:

Mot don do thi 1a lién thong néu va chi néu nod c6 cay khung
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TiM KIEM U'U TIEN CHIEU SAU

Chon mot dinh ctia do thi lam goc

«  Xay dung duong di tir dinh goc bang cach ghép cac canh vao duong
di cho dén khi khong thé ghép

« Néu duong di khong qua tat ca cac canh thi [ui lai mot budc va xay

dung duong di md1 qua cac dinh chua thudc dudong di.

*  Tiép tuc lui lai cho dén khi khong thuc hién duoc nita

o Tim kiém wu tién chiéu siu ciing dwoc goi la thu tuc quay lui
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TiM KIEM U'U TIEN CHIEU SAU
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TiM KIEM U'U TIEN CHIEU SAU
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TiM KIEM U'U TIEN CHIEU SAU

THUAT TOAN : Tim kiém wu tién chiéu siu

Procedure DFS(G: d6 thi lién thong véi cac dinh vy , V,... v,)
T := cay chi chira mot dinh v,
Visit(v,)

Procedure Visit(v: dinh cua G)
for mdi dinh w lién ké véi v va chua c6 trong T
begin
thém dinh w va canh (v, w) vao T
Visit(w)
end
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TiM KIEM U'U TIEN CHIEU SAU
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TiM KIEM U'U TIEN CHIEU RONG

Chon mot dinh ctia do thi lam goc

«  Ghép vao tat ca cac canh lién thudc vdi dinh nay. Dinh ghép vao 1a
dinh muc 1 cua cay khung

*  V6imdi dinh mire 1, ghép tat ca cac canh lién thudc vdi nd vao cay

ma khong tao ra chu trinh.

e Tiép tuc cho dén khi tat ca cac canh dugc ghép vao ciy
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TiM KIEM U'U TIEN CHIEU RONG

Vi du: Dung thuat toan wu tién chiéu rong, tim cdy khung cta do thi

a b c [

o ® o <
de ‘e fo g
h io ;

J
®

m k
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TiM KIEM U'U TIEN CHIEU RONG

THUAT TOAN : Tim kiém wu tién chiéu rong

Procedure BFS(G: do thi lién thong voi cac dinh v, , V,... v,)
T := cay chi chira mot dinh v,
L := danh sach rong
Dit v, vao danh sach L gom cac dinh khong x li
while L khdc rong
begin
Xo6a dinh dau tién, v, khdi L
for mdi dinh lién k& w ctia v
if w chua nam trong L va khong thudc T then
begin
thém dinh W vao cudi danh sach L
thém w va canh {v,w}vao T
end
end

Toan roirac  huyenvt@tlu.edu.vn
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BAI TAP

= Bai 1: Tim cay khung cta do thi bang cach xo6a di cac canh
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BAI TAP

= Bai 2: Tim cay khung cta dd thi bang ki thuat tim kiém wu

tién chi€u sau. Chon a lam goc cua cay.

b c d e f
. o @
a
h J
o
8 k
[
[ m n
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9.5 CAY KHUNG NHO NHAT
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CAY KHUNG NHO NHAT

Dinh nghia 1:

Ciy khung nhé nhdt trong mot do thi lién thong co trong so6 1a mot
cay khung cé tong trong so trén cac canh cua né 1a nhé nhat

New York

San
Francisco

$2200
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CAY KHUNG NHO NHAT

Thuét toan tim cAy khung nhé nhat:

* Ghep cac canh co trong s6 nho nhat vao cay

e Lavidu vé thuét toan tham lam (thu tuc thuc hién mot lua chon
t0i wu o moi giai doan, khong dam bao toi wu toan cuc)

* 2 Thuat toan:
v Thuit toan Prim
v Thuat toan Kruskal
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THUAT TOAN PRIM

e Do Robert Prim dwa ra nam 1957

e Thuat toan:

v’ Chon mét canh bdt ki c6 trong s6 nho nhat, dit vao khung

v' Ghép vao cay cac canh c6 trong so toi thiéu lién thude voi
dinh cua cay, khong tao ra chu trinh

v" Dirng Kkhi c6 (n-1) canh dugc ghép vao cay
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THUAT TOAN PRIM

THUAT TOAN : Thuit toan Prim

Procedure Prim(G: do thi lién théng c6 trong sb vai n dinh)
T := canh c6 trong s6 nho nhat
for i:=1to n-2
begin
e := canh c6 trong s0 t6i thiéu lién thudc voi mot dinh trong T
va khong tao ra chu trinh trong T néu ghép né vao T
T:=T vé1e dugc ghép vao
end
{ T 1a cAy khung nhé nhit ciia G }
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THUAT TOAN PRIM

Lan chon

Vi du: Tim cay khung nho nhat
a b 3 c | d
& » G » I
2
3 2 5 3
4
5
X G 3 g. 3 ® 6
7
4 4 3 8
9
3 1 10
c > < 9
i j k I 1
Toan roirac  huyenvt@tlu.edu.vn
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{a. b}

{h, 1}
k. 1}
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=
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THUAT TOAN PRIM

Vi du: Tim ciy khung nhd nhat
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THUAT TOAN PRIM

u S T A B C D E
E |E o | [2,E] | [1, E]*| [1, E]
C |EC {E, C} 0 [2, E] [1, E]*
D |E,C,D {E.C}{E.D} |[3.D] |[2E[]
B |E C,D, B [{EC}:{E D} |3 D]
{E, B}
A |E,C,D,B, [{&C};{E D}

Toan roi rac
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THUAT TOAN PRIM

» Cay khung nhé nhat gdm céc canh: {E, C} ; {E, D}; {E, B} ;
{D, A}

« Tong trong s6 nho nhat cta cdy khung 1a: 7
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THUAT TOAN KRUSKAL

* Do Joseph Kruskal dua ra nam 1956

e Thuat toan:

v' Chon mét canh c6 trong s6 nho nhat, dit vao khung

v' Ghép vao cay cac canh c6 trong so toi thiéu, khong tao ra
chu trinh

v" Dirng Kkhi c6 (n-1) canh dugc ghép vao cay
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THUAT TOAN KRUSKAL

THUAT TOAN : Thuét toan Kruskal

Procedure Kruskal(G: d6 thi n dinh, lién théng, c6 trong so)
T := do thi rong
fori:-=1ton-1
begin
e := canh bat ki cua G véi trong s6 nho nhat va khong tao ra
chu trinh trong T khi ghéepvao T
T:=T vé1e dugc ghép vao
end
{ T 1a cAy khung nhé nhit ciia G }
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THUAT TOAN KRUSKAL

Lan chon

Vi du: Tim cay khung nho nhat
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Canh

{c. d}
{k, 1}
{b. [}
{c. g}
{a. b}
{rJl
{b. c}
{J. kj
{g. hi
{7}
{a. e}

Trong so

‘WWWWWMMM'—'—'—

Téng cong : 24
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THUAT TOAN PRIM

Vi du: Tim ciy khung nhd nhat
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BAI TAP

= Bai 2: Tim cay khung nho nhat dung thuat toan Prim va Kruskal
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BAI TAP

= Bai 2: Tim cay khung nho nhat dung thuat toan Prim va Kruskal

3.

5 b 4

®
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