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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" Pat van dé

" Truy xuat di' lieu trén bd nhd ngoai
“ m-way search tree

" Pinh nghia B-cay

" Luu trir B-cay trén bo nhd ngoai

" Khai bao cau truc B-cay

" Cac thao tac co ban B-cay
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" Cac Ung dung database

" Can luu trr dir liéu I16n (vd. 1,000,000 -
1,000,000,000 phan tu)

" Luu trir trén bd nhd ngoai

" Toc d6 tim kiém nhanh
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) Truy xuat dir lieu trén bo nhd ngoai (1)

" BO nhd ngoai: HDD, DVD, tape,...

" Pgn vi truy xuat téi thiéu ?

" Thgi gian truy xuat ?
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Truy xuat dir liéu trén bo nhdé ngoai (2)

" Thgi gian dé doc/ghi mot block

t = thoi gian dich chuyén dau doc dén block +
thoi gian doc/ghi block vao bé nhé

magnetic surface
of disk

read/write arm

read/write head

disk track
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) Truy xuat dir lieu tren bo nhg ngoai (3)

“Vd 1. thoi gian dé doc 2 block lién tiép,
moOi block=1KB
tl = 20ms + (5ms + 5ms) = 30ms

“Vd 2. thdi gian d€ doc 2 block xa nhau,
moOi block=1KB
t2 =2 * (20ms + 5ms) = 50ms
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m-way Search Tree (1)

o/

o

Cay nhi phan vd@i cac phan ti dugc gom thanh tung block (trén dia)
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m-way Search Tree (2)

" Pinh nghia: m-way search tree la cay thoa
= M6i node c6 tdi da m cay con va (m-1) khoa
= Céc khéa trong mdi node sap tang dan
= C4c khoa trong cay con th& i déu nho hon khoa i
= C4c khoa trong cay con th (i+1) déu I&n hon khoa i
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Cay tim kiEm m-way, thao tac tim kiém hoat dong tuong tu BST
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binh nghia B-cay (1)

binh nghia: B-cay bac m (m>2) la m-way
search tree thoa
= Node gbc cé it nhat 1a 1 khéa va 2 cay con, ngoai triy
kKhi no la node Ia
= Mbi node 14 c6 it nhat (m-1)/2 khoa
= MGi node trong cd6 it nhat (m-1)/2 khoéa va it nhat (m-
1)/2+1 cay con
= T&t ca node 14 co cung mirc

* Node trong (internal node): Ia node khdng phéi gbc va khong phai 14
* B-cay duworc gidi thiéu vao nam 1972 boi Bayer va McCreight
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binh nghia B-cay (2)

10415120 70|80
\
\
\ f
68 11112 16118 21125127|291(54 |56 71|76 81189

B-cay bac 5
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binh nghia B-cay (3)

" V3Gi m=3, ta co cay 2-3 (2-3 tree)
= MOi node trong c6 2 hay 3 cdy con
= Cay 2-3 duwoc phat minh nam 1970 bdi J. E. Hopcroft

" VGOi m=4, ta co cay 2-3-4 (2-3-4 tree)

= MOi node trong c6 2, 3 hay 4 cay con
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Binh nghia B-cay (4)

Y nghia:

B-cay la cay can bang hoan toan

Moi node dudc I&p day it nhat 50%. Cac phan
tich va thu nghiém thuc té cho thay cac node
cua B-cay trong truong hop binh thudng dugc
lap day ~70%

B-cdy st dung s6 phép truy xudt dia tdi thiéu
cho cac thao tac

Thich hdp vdai viéc luu tri trén bo nhd ngoai
Cé thé quan ly s6 phan tlr rat I6n
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binh nghia B-cay (5)

root|T]
I node,
1000 keys
1001 nodes,
1000 1,001,000 keys
100
1000 1,002,001 nodes,

1,002,001,000 keys

Cay 1001 nhanh, chi 3 mdc = chda hon 1 ti phan tu
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binh nghia B-cay (6)

" PO cao cua B-cay:
= n: sO khoa, n >=1
= m: bac cua cay, m > 2

h < ]un::rgmM ; :
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’ Luu trir B-cay trén bo nhd ngoai (1)

File header
File luu B-cay =
1. Ma nhan dang file
File header, block 0 - 2. Bdc clia B-cay (m)
3. Bia chi (con tro) root node
Node 1, block 1 4. Chiéu dai khoa
5. Unused (lap day block)

Node 2, block 2

Node 2, block 2

Node 3, block 3 i

Node n, block n

Winter 2017 166/203 (C) Nguyen Tri Tuan - Truong DH.KHTN DHQG-HCM



’ Luu trir B-cay trén bo nhd ngoai (2)

" Node goc nén dudc luu thudng xuyén
trong bo nho
= Khong can thuc hién thao tac READ_ROOT

= Thao tac WRITE_ROOT dudc thuc hién khi
node gbc thay doi
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Data file
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(a) B-cay vdi cac khoa khong co thong tin phu
(b) B-cay c6 thém thdng tin phu cho moi khda
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Khai bao cau truc B-cay (1)

Hay xay dung cau truc dir lieéu va
khai bao (struct/class) cho 1 node
cua B-cay ?

Hay xay dung cau truc dir lieéu va
khai bao (struct/class) cho header
cua file chla B-cay ?
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Khai bao cau truc B-cay (2)

Co xac dinh node 13 bool leaf
n: s6 khéa hién co unsigned short int n
Node i Mang chira khoa KEYTYPE keys[m-1]
Méng chira con tré (dén unsigned long long pointers[m]
cac cay con) E glong.p
Unused (Iap day block) char unused[k]
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Cac thao tac cd ban trén B-cay

" Tim kiEm mot khoa
" Thém mot khoa

" Xo0a mot khoa

Winter 2017 171/203 (C) Nguyen Tri Tuan - Truong DH.KHTN DHQG-HCM



Thém mot khoa vao B-cay (1)

12 ]!
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(a) (h)

Khoa 7 dudc thém vao
node la khi node nay con
cho tréng
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() (h)

218 718 13115

{C)

Khda 6 dugc thém vao node la da day - split node
va chuyén khoa gilia 1én node cha
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Thém mot khoa vao B-cay (3)

Thuat toan:

o Khéa dwoc thém vao node Ié,néu node con ché
trong. Cac khoa trong node sap thw tw tang dan

= Néu node |4 chira khoa day > tach node (split) bang
cach tao node mai; copy (m-1)/2 khéa sang node
moi; chuyén khda gilra 1€n node cha; tao con tro tw
node cha dén node md&i. Qua trinh tach node co thé
thwe hién lién tiép cho cac node trong clia B-cay

= Trwdng hop xau nhat, node goc cling bj tach va tao
thanh node goc moi
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Split node nhiéu Ian dan téi split node gdc > tao
thanh node goc mdi
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Delete 6

(i)
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(b)
Xo6a khda 6 3 node |a khi node nay du khoda
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X0a mot khoa cua B-cay (2)

Delete 7

16
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iC)

X0a khoa 7 & node la = node thi€u khdéa nhung node
anh/em co khoa du = mudn khoa tu node anh/em
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X0a mot khoa cua B-cay (3)

Thuat toan:

= Xo6a khoa & node |a
« Néu sau khi x6a key, sd khoa trong node >= (m-1)/2 > stop
« Néu sau khi xda key, node c6 it hon (m-1)/2 khéa

— Néu node anh/em c6 > (m-1)/2 khéa > muwon khéa tir node
anh/em

— Néu node anh/em c6 <= (m-1)/2 khéa > merge node va duva
khoa tir node cha xudng. Néu node cha thiéu khdéa > x& ly
twong ty nhw node la.

= Xba khda & node khdng phai la node 1a

- Ap dung phwong phap “tim phan t thay thé” va x6a key &
node la
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Delete 8 16
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(e)

Xo6a khoa 8 & node la - node thiéu khoa va node
anh/em KHONG c6 khoa du - gop (merge) node va
dua khoa & node cha xuong...
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X0a khoa 16 ¢ node khdéng phai la node la - ap dung
phudng phap "tim phan tud thay thé”

Winter 2017

180/203

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




