Cac cau truc dir lieu nang cao

(Advanced Data Structures)

3.1) Cay nhi phan tim ki€m can bang

B-Cay
3.3) Bang bam — Hash Table
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Cay nhi phan tim ki€m can bang (1)

" C&y BST c6 thé bi léch
= Visao cay BST tré nén bi léch ?
= Chi phi tim kiém trén cay bi léch ?

MOt cdy BST khong can bang
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Cay nhi phan tim ki€m can bang (2)

Cay can bang - chiéu cao va chi phi tim ki€m t6i uu O(log,N)



Cay nhi phan tim ki€m can bang (3)

Can cb phuong phap dé duy tri tinh cdn bang
cho cay BST
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" ) Cay nhj phén tim kiém cén bang (4)

" Cac loai cay BST can bang
= Cay AVL
= Cay Do - Pen (Red — Black tree)
= Cay AA
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Binh nghia

Cai dat cau truc di liéu

Mat can bang khi thém/x6a node
Cac thuat toan diéu chinh cay
Panh gia/so sanh

E. M. Landis

G. M. Adelson-Velskii
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Cay AVL (2)

Cau truc cay AVL do 2 tac gia ngudi Lién
x0: G. M. Adelson-Velskii va E. M. Landis
cong b6 nam 1962

Pay 1a mo6 hinh cay tu can bang dau tién

dugc dé xuat (self-adjusting, height-
balanced binary search tree)
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binh nghia cay AVL (1)

" Cay AVL:
= L4 mét cay nhi phan tim kiém (BST)
= MOGi nUt p clia cay déu thoéa: chiéu cao clia cay con bén
trai (p->1eft) va chiéu cao cua cay con bén phai
(p->right) chénh léch nhau khéng qua 1

VpeT,y: abs (hy_iee - h )< 1

p->right
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binh nghia cay AVL (2)

Height h Height h Height h

Chiéu cao 2 cay con left, right chénh Iéch
khong qua 1
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Binh nghia cay AVL (3)

Cay AVL ?
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Cai dat cau truc dir liéu (1)

Cau truc node, tree tuong tu nhu BST

Thém vao moi node mét field balance, dién
ta trang thai can bang clia node do:
= balance = -1. node |&ch trai (cay con trai cao hon cay
con phai)
= balance = 0: node can bang (cay con trai cao bang
cay con phai)
= balance = +1: node Iéch phai (cay con phai cao hon
cay con trai)
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Cai dat cau truc dir liéu (2)

Hé s6 can bang cua cac node trong cay AVL
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Cai dat cau truc di liéu (3)

template <class T> class AVLNode {

public:
T key; // key of node
char balance; // balance status of node
BSTNode *left; // pointer to left child
BSTNode *right; // pointer to right child

BSTNode () { }

BSTNode (T newItem)

{
key = newltem;
balance = 0;
left = right = NULL;

}

}; // end class
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" ) Mat can bang khi thém/x6a node (1)

" [Insert — Thém 1 phan tir vao cay]: c6 thé
lam cay mat can bang.
= Duyét t&r node vira thém nguwoc vé node goc

= Néu tim thay node P bi mat can bang thi tién hanh
xoay cay tai nut P (chi can diéu chinh 1 1an duy nhat)
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| ) Mat can bang khi thém/xda node (2)

Thém phan tu 54
lam cay mat can
bang tai node P




) M3t can bang khi thém/xo6a node (3)

" [Delete - X6a 1 phan tur]: cd thé lam cay

mat can bang.

= Duyét t&r node vira x6a nguwoc vé node goc

= Néu tim thay node P bj mat can bang thi tién hanh
xoay cay tai node P

= Lwu y: Thao tac diéu chinh c6 thé 1am cho nhirng node
phia trén ij’a node P bi mat can bang =2 Cér] diéu
cbinh cho dén k‘hi kbéng cc‘)n,node nao bi mat can
bang nitra (lui dan vé node goc)
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) Mat can bang khi thém/xda node (4)

X6a phan tor 32 lam ;2'4 @

cay mat can bang

tai node P @ @
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bk f)k

(al) (bl)
Hai trudng hdp cay bi mat can bang & nhanh trai
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(a2) (b2)
Hai trudng hop cay bi mat can bang & nhanh phai
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Trudng hdp (al): ap dung phép xoay don Trai - Phai
(SLR - Single Left-to-Right)
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Vi du: diéu chinh cay bang thao tac xoay don SLR
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Trudng hdp (b1): ap dung phép xoay kep Trai - Phai
(DLR - Double Left-to-Right)
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Vi du: thao tac xoay kép DLR
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Cac thuat toan diéu chinh cay (7)

" Poi vbi trudng hap (a2) va (b2)
= X ly twong tw nhw (a1) va (b1), dbi xteng qua truc
dung

" Trudng hdp (a2)
= Ap dung phép xoay SRL — Single Right-to-Left

“ Trwong hop (b2)
= Ap dung phép xoay DRL — Double Right-to-Left
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Vi du tao cay AVL (1)

" Tao cay AVL vai cac khoa lan luct la:
30, 20, 10,...

30

O IEE)
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Vi du tao cay AVL (3)

l___————————'l - thém 5[ 13[ 14

Winter 2017 149 (C) Nguyen Tri Tuan - Truong DH.KHTN DHQG-HCM



Panh gia/so sanh

“ P06 cao cua cay: h,, < 1.44*log,(N+1)

Cay AVL co d0 cao nhiéu han khong qua 44% so vai do cao
cua 1 cay nhi phan toi uu.

“ Chi phi tim kiém O(log,N)

“ Chi phi thém phan tu O(log,N)
= Tim kiém: O(log,N)
= Piéu chinh cay: O(log,N)

“ Chi phi x6a phan t O(log,N)
= Tim kiém: O(log,N)
= Piéu chinh cay: O(log,N)
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Cac cau truc dir lieu nang cao

(Advanced Data Structures)

3.1, Cay nhi phan tim ki€m can bang

B-Cay
3.3) Bang bam — Hash Table
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Bang bam - Hash Table

" Gidi thiéu

“ Direct-address table

" Bang bam

" Khai bao cau truc Hash Table

" Xung dot dia chi

" Ham bam

" Cac phudng phap xu ly xung dot
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Gidi thiéu (1)

" Bai toan:
= Cho mot tap cac khoa (key).
= Nhu cau chd yéu la tim kiém (thém, xda it khi xay ra)
= Cach td chirc Iwu tri va tim kiém vai chi phi thap ?
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Gioi thiéu (3)

Cac cau truc di lieu da biét:

= Mang, Danh sach lién két, BST,... tim kiém bang céach
so sanh lan lwot cac phan tr = théi gian tim kiém
khéng nhanh va phu thudéc N (s6 phan t)

0 Level |

[l'_'] [ o Level 2

% [;j ' Level 3
’%I—!j- iy Data Blocks

Cay bac 3 - chi phi tim ki€m O(log;N)
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Direct-address table (1)

" Gia s’ co mot tap khoa U:
= Kich thwédc khdng qua Ion
= Cac gia tri khoa phan biét
= VD.U={0,1,2, ..., 9}

-
-

key  satellite data

| ..“]

l N/
2
13,13
4
: 5
7 M6 hinh minh hoa
“ >3] | dung direct-address
9

table T[m] dé luu tri
cac khoa trong tap U
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Direct-address table (2)

“ Direct-address table:
= M6t mang T[m] (T[0],...,T[m-1]) d& chlra cac khoa trong tap U
= [T =1]U]
= MObi vi tri T[K] (slot) sé chira:
* Khoa k, hay
« NULL néu khod k khéng c6 trong tap hop

" Luuy:
= U (Universe of keys): tap cac gia tri khoa
= K (Actual keys): tap cac khoa thwc sy dwoc dung

“ Chi phi thao tac: O(1)
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Direct-address table (3)

" Cac gigi han cua direct-address table:
- K[ch thwde tap U qua Idn = khéng thé tao bang T voi
sO slot twong wng voi |U|
= Kich thuéc clia tap K qua nhé so vei U - rat nhieu
slot bi bo trong
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Bang bam (1)

" Khi tap khoa K nho han nhiéu (VP) so v@i tap U = ta
chi dung mang T[m] vai kich thudc vua du cho tap
K
= m=0(K|)

" Do dd, khdong thé ap dung anh xa truc tiép T[k] € k
ducc nUa

Thay vi anh xa truc
ti€p T[k] € k, ta dung
ham bam h dé anh xa
T[h(k)] € k
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Bang bam (2)

" Ham bdm h: dung dé édnh xa cac khod cua
tap U vao nhirng slot cua bang bam
T[0..m-1]

h:U—{0,1,....m—1} .
" h(k): gia tri bam (hash value) cua khoa k
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Bang bam (3)

binh nghia bang bam:
= Bang bam la mét cau trac di liéu, lwu trir cac khoa
trongbang T (danh sach dac); str dung mét ham bam
(hash function) dé anh xa khoa (key) v&i mét dia chi
lwu triv
= Ham bam c6 tac dung bién dbdi khoa thanh chi sé dia
chi (index) — twong rng voi khoa

Bang bam la ciu tric rat phu hop dé cai

dat cho bai toan “tu dién (dictionary)”

= Dictionary: dang bai toan chi chd yeu s& dung thao tac
chen thém (Insert) va tim kiém (Search)
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Bang bam (4)

hash
keys function buckets
00
- 01 | 521-8976
John Smith =02 [ 5211234
03
Lisa Smith
Sandra Dee s
T —— 14| 5219655
15

Ham bam - bién doi khod thanh dia chi index
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Bang bam (5)

" Cac tinh chat:

= Cau truc lwu trir dung trong Hash table thuwdng la danh
sach dac: mang hay file

m Th,ao tdc co ban dwoc cung cap bdi Hash table 1a tim
kiém (lookup)

= Chi phi trung binh la O(1)

= Chi phi tim kiém xau nhat (it gap) c6 thé 1a O(n)
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Khai bao cau truc Hash Table

template <class T> class HASH TABLE ({

private:
T *items; // array of hash items
int maxSize; // maximum size of hash table

unsigned long hash (T key); // hash function

public:
HASH TABLE (int m); // create hash table with
// m slots
HASH TABLE (const HASH TABLE &aHashTable) ;
~HASH TABLE () ; // destructor

// operations

bool insert (T newlItem) ;

bool remove (T key) ;

bool retrieve (T key, T &item) ;

}; // end class
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Xung dot dia chi (1)

" M6t cach ly tudng, ham bdm sé& &nh xa moi
khoa vao mot slot rieng biét cua bang T

" Tuy nhién, diéu nay trong thuc té kho dat
dudc, vi:
= m << |U|
= C4c khoa Ia khdng biét trwdc
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Xung dot dia chi (2)

® Hau hét cau truc bang bam trong thuc té dau chap
nhan mot ti 1€ nho cac khoa dung do va xay dung
phuong an giai quyét su dung do do

keys buckets entries
gg: i; x| Lisa Smith | 521-8976
John Smith
002 | x
: : ¢ | John Smith | 521-1234
Lisa Smith 157 [e l
Sam Doe g x® | Sandra Dee | 521-9655
154 | x
Minh hoa su dung sandra Dee S x| Ted Baker | 418-4165
dﬁ va phUdng an 253 | %
gidi quyét “chaining | TedBaker e
(moc xich)” == ™ x| SamDoe | 521-5030
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Ham bam (1)

® Thanh phan quan trong nhat cua bang bam la
“ham bam”

" Nhiém vu clia ham bam la bién ddi khda k cua
phan tu thanh dia chi trong bang bam.

= Khoa co thé l1a dang sb hay dang chudi

" Phucong an xu' ly chinh cua ham bam la xem cac
khoa nhu la cac s6 nguyén
= Khoa la chudi “key” > xt ly v&i 3 thanh phan 107 (k), 101 (e),
121 (y)
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Ham bam (2)

" MOt ham bam t6t Ia yéu tb tién quyét dé tao ra
bang bam hiéu qua

" Cac yéu cau cd ban doéi véi ham bam:
= Tinh toan nhanh, dé dang
= Céac khéa duwoc phan bd déu trong bang
= |t x&y ra dung do
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Ham bam (3)

" Cac phudng phap xay dung ham bam:
= Cat bd (truncation)
= Gap (folding)
= Ap dung cac phép tinh toan
* Phép chia modular
 Phuwong phap nhan
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Ham bam (4)

" Xay dung ham bam - phudng phap chia:
= h(k) =k mod m
= VD. h(k) = k mod 11

" Chon m nhu thé nao ?
= m khdng dwoc 1a ldy thira ciia 2. Néu m = 2P thi
h(k) = k mod m chinh 1a p bit thap cua k
* m khong nén la ldy thtra cua 10, vi khi d6, hash value
sé khong st dung tat ca chir s6 thanh phan cua k
= Né&n chon m la s6 nguyén t6 nhwng khéng qua gan voi
gia tri 2"
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sEINECEINNE),

" Xay dung ham bam - phudng phap nhan:
= h(k) =L m* (k*A mod 1) |
= Trong do:
O0<A<1
(k*A mod 1) 1a phan thap phan cla k*A
[ x |14 floor(x)

= O phwong phap nay, gia tri m khéng quan trong, ta
thwong chon m = 2P

= Knuth da phan tich va dwa ra mét gia tri A téi wu:
A= (V5-1)/2=0.6180339887...
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Ham b3m (6)

" Vi du phudng phap nhan:
= Giaslrtacod k=123456; m = 10000; A nhu trén

h(k) = |10000- (123456 0.61803... mod 1)]
= 10000 - (76300.0041151... mod 1)]

10000 - 0.0041151 ... ]

41.151.. ]

41 .
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Cac phudng phap xu' ly xung dot

" Phuong phap noi két (Separate chaining)

" Phudng phap dia chi md (Open addressing)
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Phudng phap noi két (1)

" Pua tat ca cac khda dung do6 vao mot slot, luu
thanh mot linked-list

MO hinh cach xur ly dung d6 bang phuong phap chaining
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Phudng phap noi két (2)

keys buckets entries
000 | x -
oo1 [e3—>1% | Lisa Smith | 521-8976
John Smith 002 [x]
— S ¢ | John Smith | 521-1234
151 | x &
Sam Doe g x | Sandra Dee | 521-9655
154 | x
Sandra Dee x
: x| Ted Baker | 418-4165
253 | X
Ted Baker e
x| SamDoe | 521-5030
255 | x|

Phucdng phap chaining — bang T chi luu con tro cua linked-list
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Phudng phap noi két (3)

overflow
keys buckets entries
000 X
001 | Lisa Smith | 521-8976
ohn Smith
) 002 %
Lisa Smith ' : : i
151 %
82| John Smith | 521-1234 e~
Sam Doe / ¥ | Sandra Dee | 521-9655
153 | Ted Baker | 418-4165 | e
.-' 154 b4
Sandra Dee ~ _
253 »
Ted Baker
254 Sam Doe 521-5030 | e
255 »

Phucdng phap chaining -
bang T Iuu phan t& dau tién + con tro cua linked-list
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Phucong phap noi két (4)

Chi phi cac thao tac:
= Insert: chi phi xau nhat 1a O(1)
= Search va Delete: chi phi trung binh la ®(1+a)

a = n/m (load factor: s6 phan t& trung binh lwu tri
trong mot slot)

Cac cau truc di lieu khac:

= Ngoai linked-list, ta cé thé ap dung cac Céu‘trl]c khac
hiéu qua hon (khi tim kiém) nhw: cay can bang (AVL,
Red-Black, AA), hay mang cap phat déng,...
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Phudng phap dia chi md (1)

® Cac phan tu chi luu trong bang T, khong dung
thém bd nhd md rong nhu phuong phap noi két
" Thuét todn co ban dé thém khda k:

HAsH-INSERT(T, k)

1 i—20

2 repeat j — h(k,I)

3 if 7'[j] =NIL

4 then T[j] — k

5 return j

6 else i — [+ 1

7 until [ = m

8 error “hash table overflow™
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Phudng phap dia chi mad (2)

keys buckets

000

D01 | Lisa Smith | 521-8976
John Smith- 002
Lisa Smith 151

W83 John smith | 521-1234
Sam Doe W88|| sandra Dee | 521-9655

154 | Ted Baker | 418-4165
Sandra Dee 155

253

254 | samDoe | 521-5030

255

Phuong phap Open addressing — Linear probing
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Phudng phap dia chi mad (3)

" Thuét todn co ban dé tim khda k:
HAsH-SEARCH(T, k)

] i—0

2 repeat j — h(k,i)

3 if T{j1=k

4 then return j

3 [ — 1+ 1

6 uwntil T[j]=NiLori=m
7 return NIL
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Phudng phap dia chi mad (4)

Tén goi “open addressing” mang y nghia la dia chi
(address) cua phan ti khéng phai chi dugc xac
dinh bang “duy nhat” hash value cua phan t do,
ma con co su can thiép cua phép “do tim
(probing)”

Cé 3 phudng phap do tim pho bién:
= Phwong phap do tuan ty (Linear probing)
= Phwong phap do bac 2 (Quadratic probing)
= Phuwong phap bam kép (Double hashing)
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Linear probing

" Mo ta:
h(k, i) = (h(k) + i) mod m

i tht tw cda 1An thir (1= 0, 1, 2,...)

h(k): ham bam

m: sO slot clia bang bam

h(k, i): dia chi ctia khoa k tai lan thir the i
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Quadratic probing

" Mo ta:
h(k, i) = (h(k) + i¥) mod m

i th tw cdia 1an thee (i = 0,1,2,...)

h(k): ham bam

m: sO slot clia bang bam

h(k, i): dia chi ctia khoa k tai lan thir the i
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Double hashing

" Mo ta:
h(k, i) = (h(k) + i*h ’(k)) mod m

i th tw cdia 1an thee (i = 0,1,2,...)

h(k) va h’ (k) : ham bim

m: sO slot clia bang bam

h(k, i): dia chi ctia khoa k tai lan thir the i
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Thao luan

" H3y so sanh cac uu, khuyét diém cula
phudng phap chaining va open addressing
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" Bai tap:
= C6 1 bang bam T, chiéu dai m = 11; ham bam h(k) = k mod m
= Cho mét day phan ti theo th( tw nhw sau:
10, 22, 31, 4, 15, 28, 17, 88, 59
= Hay trinh bay két qua khi thém cac phan tl trén vao bang bam,
v&i lan lwot tieng phwong phap xr ly dung doé:
- Noi két (Chaining)
- Do tuan tw (Linear probing)
* Do bac 2 (Quadratic probing)
« Bam kép (Double hashing), v&ih’ (k) =1 + (k mod (m — 1))
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