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Muc tiéu bai hoc

» Hiéu khai niém cdy va cay nhi phan trong ciu triic dif liéu.

» N3m dudc tinh chat sap xép ctia cay nhi phan tim kiém (BST).
» Biét cach tim kiém va chén mét khéa vao BST.

» Giai thich dugc vi sao BST gilp tra clru dit liéu nhanh.

Y chinh: Cay nhi phan tim kiém 13 cich t8 chic dit liéu gigp tim kiém nhanh
nhd ludn giit thir tu trdi < gbc < phai.
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Khéi dong
Tinh huéng thuc té

Hay tudng tuong em tra mdt tir trong tir dién gidy day 2000 trang. Em cé lat
tirng trang tir ddu khong? Chéc chin I3 khéng!

Em mg giita cubn, thy chit cai I6n hon thi I3t vé sau, nhd hon thi 1t vé trudc. Mai
lan 14t, em loai bé mot nira s6 trang con lai.

Y chinh: May tinh ciing cAn mdt cach té chiic dif liéu "théng minh” dé tra ciru
nhanh nhu vay. D6 13 ly do ta hoc cdy nhi phan tim kiém.

Cu héi: Lam sao luu dit liéu d€ méi 1an so sénh loai duoc nia sé phan ti?
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Khai niém cay va cay nhi phan




Cay la gi?

Dinh nghia Lién hé thuc té
Gibng nhu cay gia pha clia mot dong
ho: éng t8 1a gbc, con chau 13 cac
nhanh tda ra.

Cay (tree) la cu tric dif liéu gobm céc
nat (node) ndi v6i nhau, trong d6 c6
mét nat gde (root) va mdi nit ¢ thé
c6 cac niat con.

Trong cay, mdi nit (trir gbc) c6 dang mot nit cha. Khong cé "vong 13p” — di tur
gdc ludn t6i dling mot dudng xudng mdi nit.

Ndt khéng c6 con goi la 1a (leaf).
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Cay nhi phan

Dinh nghia

Cay nhi phan (binary tree) I3 cdy ma mdi niit c6 téi da 2 nit con: mot con trai
va mot con phai.

M&i nidt gém: Lién hé thuc té

> Khéa (gia tri luu trong nit). Gibng trd choi "20 cau héi": mbi

» Con trd t&i cay con trai. cau chi tr3 16i C6/Khéng, dan ta

» Con trd téi cay con phai. ré trai hodc phai dé doan ding dd
vat.
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Cay nhi phan tim kiém (BST)




Dinh nghia cay nhi phan tim kiém

Dinh nghia

Cay nhij phan tim kiém (Binary Search Tree - BST) 13 cay nhj phan théa man: véi moi nit, moi
khéa & cay con trai < khdéa clia nit < moi khéa & cay con phai.

Y chinh: Nh& tinh chat "trai nhé - phai 16n”, mi Ian so sanh ta biét ngay phai di v& nhanh no,
loai boé han mét nda cdy.

Quy tic vang clia BST: Trai < G6éc < Phai — ap dung cho moi nit, khéng chi nat gbc.
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Minh hoa tinh chat BST

Mét cay nhi phan tim kiém hap 1&

Mitc 0 (gbc)

Mic 1

Mitc 2 (13)

Kiém tra tinh chat BST tai gc 50: nhanh tréi {30,20,40} déu < 50; nhanh phai
{70,60, 80} déu > 50.

Tai nit 30: con trii 20 < 30 < 40 con phai — diing. Tai nit 70: 60 < 70 < 80 —
diing.

9/41
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Chiéu cao va hiéu qua ctia BST

Chiéu cao clia ciy |3 sb canh trén dudng dai

nhit tir gbc xubng l4. Lién hé thuc té

Khi tim kiém, s& phép so sanh tbi da bang

. S Véi n = 1000 nit, ciy can dbi cao
chiéu cao cla cay.

khodng 10. Nghia 13 chi can 10 lan

so sanh 13 tim ra! So véi do lan luot
m 1000 |3n.
Cay can d6i véi n ndt c6 chiéu cao . o
khodng log, n, nén tim kiém chi méit Loi thudng gap: neu chen dif licu da
O(log, n) buéc — rt nhanh sap xép san, cay bi "léch” thanh chudi
2 .

dai — cham nhu tim tuan tu.
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So sanh cach luu trir dir liéu

Tiéu chi Mang thudng Mang da sip BST can dbi
Tim kiém O(n) O(logy n) O(logy n)
Chen phan tr o(1) O(n) O(log, n)
Xéa phan tir O(n) O(n) O(log, n)
Gitt thir tu Khong Cé o

Y chinh: BST két hop uu diém cla hai loai mang — vira tim kiém nhanh, vira
chén/xéa hiéu qud ma khdong can dich chuyén hang loat phan tir.
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Thao tac trén BST




Thuat toan tim kiém trén BST

Bat dau tir gbc, I3p lai:
» Néu khéa can tim bang nit hién tai

= fm thay " Ghi nho |

» Néu khéa nhé han = sang ciy con

trai. M3i so sanh chi c6 3 kha ning: bing,
» Néu khéa 18n han = sang cy con nho, I6n. Ta khong bao gid quay lui,
phai. ludn di thang xubng duéi.

Néu di t6i nat réng (null) = khéng cé
khéa doé.
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Luu d6 thuat toan tim kiém

Luu db: tim khéa k trong BST
Bit dau

e gbe

Diing. Khong fim

14 /41
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Vi du minh hoa




minh hoa Vi du 1

Vi du 1: tim khéa 65 trong BST

Mic 0
65 > 50
Mic 1 @
65 < 70
Mirc 2 @ @

65 > 60

o
i
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Vi du 1: Tim khéa 65 (I5i giai)

Dé bai: Tim khéa 65 trong cdy BST & hinh truéc, bt dau tir gbc 50.

Buédc 1. So sanh 65 véi gbc 50: vi 65 > 50 nén khéa (néu c6) ndm & nhanh phai =
di sang nat 70.
65 > 50 = sang phai

Budc 2. So sanh 65 véi 70: vi 65 < 70 nén di sang nhanh trai = t&i nit 60.
65 < 70 = sang trdi
Budc 3. So sanh 65 véi 60: vi 65 > 60 nén di sang nhanh phai = téi nat 65.

65 > 60 = sang phai

Két qua: G3p ding khéa 65 sau 4 phép so sanh — bang chiéu dai dusng di tur
gbc.
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Vi du 2: Chén khéa méi vao BST

Dé bai: Chen khéa 45 vao cay BST c6 gbc 50 (cac nat: 50, 30, 70, 20, 40, 60, 80).
Budc 1. So sanh 45 véi gbc 50: vi 45 < 50 nén di sang trai téi nat 30.
45 < 50 = sang trai
Budc 2. So sianh 45 véi 30: vi 45 > 30 nén di sang phai téi nat 40.
45 > 30 = sang phai
Budc 3. So sanh 45 véi 40: vi 45 > 40 nén di sang phai, nhung con phai clia 40 dang rong.
45 > 40, con phai rdng = dit 45 vao day

Khi chén, ta di xung nhur tim kiém cho t6i khi gdp chd réng, rdi dit khdéa méi vao d@é. Cach nay
ludn giir ding tinh chat BST.
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Tong két phan kién thirc

Y chinh: Cay nhi phan tim kiém t6 chirc dif liéu theo quy tdc Trai < Géc <
Phai, gitp tim kiém, chén va x6a déu nhanh O(log, n) khi ciy can dbi.

Cay gdm cac nit ndi nhau, cé gbc va la.

Cay nhi phan: mdi nit t&i da 2 con (tréi, phai).

BST: moi khda trai < nit < moi khda phai.

Tim kiém/chén: di tir gbc, so sanh dé r& trai ho3c phai.

Cay bi "léch” (do chén dit liu d3 sip xép) s& mat uu thé téc d6 — can cac k§
thuat can bang cay (hoc & bac cao hon).

vV v vy
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Luyén tap nhanh - Cau 1

Luyén tap nhanh - Nhan biét
Cay nhi phan tim kiém (BST) cé tinh chat nao sau day tai MOI niit?
A. Con trdi I6n hon nit, con phai nhd hon nit.
B. Con trai nhé hon nit, con phai 16n hon nit.
C. Moi niit con déu I6n hon niit cha.
D

. Moi niit con déu b3ng nit cha.
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Pap an- Cau 1

Dép an ding: B. Moi khod & cdy con trai < khoa nit, moi khod & cdy con phai >
khod nut.

Bay: A dao ngugc thir tu (18i rat phd bién); C, D nham véi cAu tric heap/cdy khiac —
BST so sanh theo TRAI-PHALI, khéng phai cha—con chung chung.
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Luyén tap nhanh - Cau 2

Luyén tap nhanh - Nhan biét

Trong BST, mudn tim gia tri NHO NHAT ta di theo huéng nao tir gbc?
A. Lubn r& phai dén khi hét con phai.
B. Ludn ré trai dén khi hét con trai.
C. Di xubng nit gitta mdi tang.

D. Duyét toan bd cay rdi so sanh.

EduFlow - agentra.io.vn 22 /41



Pap an - Cau 2

Dap an diing: B. Vi con tréi ludn nhd hon, gia tri nhd nhat n3m & nit tan cing bén
trai.

Bay: A cho gia tri LON nhat (nham chiéu); D ding két qua nhung cham — khéng
tan dung tinh chit BST.
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Luyén tap nhanh - Cau 3

e Luyén tp nhanh - Nhan biét

Nt gbc clia cdy bén |3 nit nao?

OER N
OROE R

EduFlow - agentra.io.vn 24 /41



Dap an - Cau 3

Dap 4n dang: C. NGt gbc 13 nat trén cling, khdng cé cha — chinh 13 nit 8.

Bay: A |2 gia tri nhd nhat, D 13 gia tri I6n nhat; nhidu ban nham "gbc” véi "nhd
nhat/Ién nhit”. Géc phu thudc thit tv CHEN, khéng phai gia tri.

EduFlow - agentra.io.vn 25 /41



Luyén tap nhanh - Cau 4

Luyén tap nhanh - Théng hiéu
e Tim gia tri 6: duong di cac ndt dugc so sanh

lan lugt 137
e Q A. 810 —6
B.8—+3—6
G e @ C.8—=23—-1—6

D.8—6
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Pap an - Cau 4

Dap 4n dang: B. 6 < 8 r& trai téi 3; 6 > 3 r& phai t6i 6 — tim thiy.

Bay: A r& nham phai & gbc (6 < 8 phai r& trai); C di thira xubng nit 1 (6 > 3 nén
khéng ré trai); D bd qua budc so sanh trung gian.
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Luyén tap nhanh - Cau 5

Luyén tap nhanh - Théng hiéu
Chen 13n lugt cac khoa 5,3, 8,2 vao BST rdng. Nit 2 s& 13 con clia nit ndo?
A. Con tréi cta nit 3
B. Con phai cta nat 3
C. Con trai ca ndt 5
D.

Con trai cla nit 8
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Dép an - Cau 5

Dap an ding: A. 2 < 5 r8 trai t6i 3; 2 < 3 ré trai, chd trébng = con trai clia 3.

Bay: B nham chiéu (2 < 3 phai sang trai); C, D khong theo diing dudng di so sanh tir
gbc.
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Luyén tap nhanh - Cau 6

Luyén tap nhanh - Théng hiéu
° Duyét theo thir tu giita (trai-gdc—phai) cho diy

nao?
"a. ‘!” A. 8,3,1,6,10,14
B. 1,3,6,8,10,14
‘II. ‘Ii" "HH" C. 1,6,3,14,10,8
D

. 14,10,8,6,3,1
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Dap an - Cau 6

Dap an dang: B. Duyét gilra (in-order) cia BST ludn cho day TANG DAN.

Bay: A I3 duyét trudc (gbc truéc); C 13 duyét sau; D 13 ddy gidm dan. Nhé: in-order
= s3p xép ting.
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Luyén tap nhanh - Cau 7

Luyén tap nhanh - Van dung

Mot BST CAN BANG chira 1000 nat. S6 phép so sanh téi da dé tim mét khoa
khodng bao nhiéu?

A. Khoang 1000

B. Khoang 500

C. Khoang 10

D. Khoang 3
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Déap an - Cau 7

Dép an ding: C. Chiéu cao cay can bang ~ log, 1000 ~ 10, nén tbi da khoang 10
phép so sanh.

B3y: A I3 tim kiém TUYEN TINH (khdng dung tinh chit BST); B nham chia dbi s6
nGt n/2; D nham dung log;, thay vi log,,.
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Luyén tap nhanh - Cau 8

Luyén tap nhanh - Van dung
Chen day d3 sSp xép 2,4, 6,8 tao cay bén. Vi sao
tim kiém & day kém hiéu qua?
A. Cay suy bién thanh danh sich, chiéu cao I6n.
B. Cay qué can bang nén cham.
C. Vi thiéu nat gbc.

D. Vi cic kho4 déu 13 sb chin.
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Dap an - Cau 8

Dap an diing: A. Cheén d3y d3 sip xép 1am cdy "léch” thanh chudi, chiéu cao ~ n, tim
kiém tré vé O(n).

Bay: B ngugc thuc té (can bang thi NHANH); C sai vi niit 2 van I3 gbc; D vo Ii —
gia tri chdn/Ié khong anh hudng ciu tric.
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NGi dung luyén tap & I6p

1. Chen lan lust day 50, 30, 70, 20, 40, 60, 80 vao BST rdng va vé& cay két qua.

2. Véi cay vira v&, ghi lai dudng di (cac ndt dugce so sanh) khi tim khoa 60 va khoa
45 (khong cd).

3. Viét day két qud khi duyét ciy theo thir tu giita va nhan xét.

Goi y

Ludn xuit phat tir gbc: nhoé hon thi ré trai, 16n hon thi ré phai. Khoa khéng ton tai =
ditng khi g3p chd tréng. Duyét giita cia BST ludn cho day ting dan — dung dé kiém
tra cdy vé ding.
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Bai tap vé nha

Chen day 15,9,20,4,12,17,25 vao BST va vé ciy.
Tim gia tri 16n nhat, nhé nhat trén cdy cau 1; néu dudng di.
Cho BST 15 nit can bang, uéc luong s& phép so sanh tbi da khi tim kiém.

el A

Giai thich vi sao chén diy d3 s3p xép lai tao ciy suy bién; dé xuit cach khic phuc.
5. Viét (bang I5i hosc m3 gid) thuat toan tim kiém mdt khoa trong BST.

Doc trudc: khai niém cdy can bang (AVL) va y tudng giit chidu cao thap.
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Bang tém tat - Thao tac trén BST

Thao tac  Cach lam Do phirc tap
Tim kiém  So sanh, ré trai/phai O(h)
Chén Tim chd tréng rdi gén nat  O(h)
Nhé nhdt  R@& trai dén cing O(h)
Lén nhat R& phai dén cing O(h)
Duyét giita Cho d3y ting dan O(n)

h 13 chidu cao cdy. Cay can bing: h =~ log, n; ciy suy bién: h~ n.
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Bang tém tat - So sanh ciu tric luu tri

Tiéu chi Mang chua SX Mang da SX BST can bang

Tim kiém O(n) O(log n) O(log n)
Chen O(1) O(n) O(log n)
Duyét ting can sap xép san ¢ in-order

BST két hop uu diém: tim kiém nhanh MA v3n chén/xo4 linh hoat — mién 13 giit cdy can b3ng.

- agentra.io.vn
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» Tinh chat cét 16i: v6i mdi nit, cdy con trai < nlt < cay con phai — nén tang
cho moi thao tac.
» Tim kiém/chén: xuit phat tir gbc, nhé ré trai, I6n ré& phai; chi phi ti & véi chiéu
cao h.
» Duyét giita (in-order) ludn cho ddy ting dan — cach kiém tra cdy va lay dif liéu
d3 sap xép.
» Hiéu qua phu thudc dang cay: can bing = O(log n); suy bién (cheén day d3
sép) = O(n).
Lién hé: y tudng "chia d6i dé tim” clia BST ciing chinh 13 cach tir dién, co s6 dif liéu
va cdng cu tim kiém t6 chiic dif liéu dé tra cttu cuc nhanh.
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Cam on cac em da lang nghe!
________________________________________________________________________________________________________________________________________
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