THUAT TOAN
(Algorithms)

Thuat nglr va khai niém
P06 phirc tap vé thdi gian cua thuat toan
Cac vi du

Két luan va luu y



THUAT NGU VA KHAI NIEM

e Thuat toan la moét thu tuc xac dinh bao gom mot day hiu
han cac budc can thuc hién dé thu dugc 1i giai bai toan

e Mot thuat toan luon cdé mot tap dir liéu dau vao (input) va
mot tap di liéu dau ra (output) tucng Ung vdi yéu cau va IGi
giai bai toan



THUAT NGU VA KHAI NIEM

Cé thé mo ta thut toan bang:
e Ngon ngl tu’ nhién (Natural language)
e Ma gia (Pseudocode)

e Ngon ngir l1ap trinh cap cao (High programming languages)
nhu Pascal, C/C++ vv



THUAT NGU VA KHAI NIEM

Vi du: Tim xtrong day a,, &, ...., 4,
Pau vao: SO x, day ns6 a,, &, ..., a,

Pau ra: Mot gia tri logic true hoac false
Search(x, a, n)

1 for/«< 1ton

2 do ifa=x

3 then return true

4 return false



THUAT NGU VA KHAI NIEM

P06 phirc tap cua thuat toan la chi phi vé tai nguyén cua hé
thong (chu yéu la thdi gian, bo nhd, CPU, dudng truyén) can
thi€t dé thuc hién thuat toan



THUAT NGU VA KHAI NIEM

Phan tich thuat toan (Analyzing of Algorithm) la qua trinh tim ra
nhirng danh gia vé tai nguyén can thiét dé thuc hién thuat toan



THUAT NGU VA KHAI NIEM

P06 phic tap vé thoi gian cua thuat toan:
e Pugc qui vé dém soO Iénh can thuc thi cua thuat toan
e DO la mot ham 7{n) phu thudc vao kich thuGc 17 cua input

e Coi nhu c6 mot may triru tugng (abstract machine) dé thuc
hién thuat toan



PPT THOT GIAN CUA THUAT TOAN

e Thdi gian t6i thi€u dé thuc hién thuét todn vdi kich thudc dau vao
11 goi la thai gian chay tot nhat cua thuat toan

e Thdi gian nhiéu nhat dé thuc hién thuét toan véi kich thudc dau
vao n dudc goi la thai gian chay xau nhat cua thuat toan

e Thdi gian trung binh dé thuc hién thuit toan vdi kich thudc dau
vao n dudc goi la thaoi gian chay trung binh cua thuat toan



PPT THOT GIAN CUA THUAT TOAN

Vi du Danh gia do phudtc tap vé thai gian cua thuat toan
Search(x, a, n)

1 for/<— 1ton

2 do if g =x
3 then return true
4 return false



PPT THOT GIAN CUA THUAT TOAN

e Giai Goi o, B va y la thoi gian thuc hién cua phép gan,
phép so sanh va tra vé cua thuat toan

= Truong hgp tot nhat: Néu g, = x, thi 7{n7) = o +B + v

= Truong hop xau nhat: Néu x ¢ {a,, &, ..., a,; thi
n) = (ml)a+m+y
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PPT THOT GIAN CUA THUAT TOAN

Giai
e Trudng hop trung binh: Ton tai /, a,= x, thi 7(n) = ) =
o, + B + y vaGixac suat p(/) = 1/n
n = [(aa+p + )+ Qo+ 2B + y)+...+(ro + M + y)]/n
= [(Mn+1)(a +B)/2 +my])/n = (n+1)(o +B)/2 + v
v luu y: 7(n) la ky vong (expected value) cua )= a/+p/+

vy trén khong gian xac suat {1, 2, ..., n7}

11



PPT THOT GIAN CUA THUAT TOAN

Gia sU’ g la ham khong am ddi s6 nguyén ducng

e 7(n) co bac khong qua g(n) va viét 7(n) = O(g(n)) néu cd hang
sO ¢ > 0 va s nguyén ducgng Nsao cho 7(n) < cgn), v n= N
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PPT THOT GIAN CUA THUAT TOAN

Vi du Xét 7{n) = 202 +9n +3.
o 7(n) <20P+924+3 =322, Vv n >1
e Vay 7(n) = O(rA), vGic=32, N=1
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PPT THOT GIAN CUA THUAT TOAN

* Néu 7y(n) = O(Am) va T,(n) = O(g(n)) thi
" 7i(m)+Ty(n) = O(max(An), g(n))
= Ty(n). Ty(n) = O(An). o))
= cO(An)) = O(An))
= O(¢c) =0(1)
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PPT THOT GIAN CUA THUAT TOAN

e NEu thuat toan co thai gian chay tot nhat (trung binh, xau
nhat) la 7{n) va 7(n) = O(g(n)) thi ta ndi thdi gian chay
tot nhat (trung binh, xau nhat) cua thuat toan co bac
khong qua g(n) hay thdi gian chay tot nhat (trung binh,
Xau nhat) cua thuat toan la O(g(n))
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PPT THOT GIAN CUA THUAT TOAN

Luu y:

e Bac cua thdi gian chay cang I6n thi thuat toan cang cham
(chang han, thuat toan co thdi gian chay 7{n) = O(r?) sé
kém hiéu qua han thuat toan co thai gian chay 7(n) =
O(rign))
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CAC VI DU

e Vidu 1 Viét va phan tich thuat toan tinh gan dung e~
theo khai trién e~ 1+ X1 + x2/2! + ...+ x|

e Giai?
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CAC VI DU

Exp(x, )

1
2
3
4
6
5
6

S« 1
for /i< 1ton
do p«1
for j<— 1to/
do p« p*xj
S« S+ p

return s
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CAC VI DU

Goi a, v la thdi gian thuc hién |Eénh gan va tra vé, thi
e 7(n)=a+no+ (1+2+...+Ma +no. + v
e 7(n)= 2n+ Do + [Mn+1)/2]a + v
o 7(n) = O(rP)
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CAC VI DU

Exp(x, n) - Mot thuat toan hiéu qua han
s« 1
p«1
for /< 1ton
do p<« p*x//

S« S+ p

OO Ul b~ W N =

return s
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CAC VI DU

Phan tich do phuc tap thuat toan thr 2
e 7(n) =20+ 2n0 +vy
e 1In=2(n+1)a+y
e 7(n) = 0(n)
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CAC Vi DU
e Vidu 2 Viét va phan tich thuat toan tinh giai thura cta so tu
nhién n

e Giai?
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CAC VI DU

Factorial( )

1
2
3
4

ifn=0orn=1
then return 1
else iIfn>1

then return *Factorial(/+1)
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CAC VI DU

Goi 7(n) la thai gian chay cua thuat giai

T — O1), n=0,1
(n)_{T(n—1)+O(1), n>1
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CAC VI DU
n=71Tnl)+c
= T(nF2)+c+c=T7(2) + 2c

= [(n3)+c+ 2c= T(n3) + 3¢

= (1)) + (ml)c= T(1) + (n1l)c = c + (n1)c= nc
7(n) = O(n) (tuong ducng vai thuat toan khong dé qui)

25



CAC VI DU

Gia st moi budc doi hdi 1 us = 10-6sec thi véi n = 100
o 7(n) = O(rP) co thdi gian chay 7(n) =~ 1003.10® = 1 (sec)
e 7(n) = O(27) cb thai gian chay 7(n) ~ 2100,10-¢(sec) =
2100 10-%(sec)/(60.60.24.365) ~ 4.106(nam)
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KET LUAN VA LUU Y

e NEu bai toan co thuat giai vai thai gian chay xau nhat la da
thirc, O(7), thi bai toan goi la dudc giai tot

e NEu bai toan khong co thuat giai v&i thoi gian chay xau nhat la
da thirc thi bai toan goi la kho giai (intractable)

e NE&u bai todn khd dén murc khong thé xay dung dudc thudt giai
thi né dudc goi la khong giai dugc (unsolvable problem)
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KET LUAN VA LUU Y

Phan tich dd phiic tap chd yéu dua trén ki thudt dém va biéu
dién hé thirc truy hoi
Phan tich trudng hgp trung binh thudng phutc tap hon va can

thém cac cong cu toan hoc nhu' ly thuyét xac suat, ham sinh

Trong nhiéu truong hdp chi can tinh thdi gian chay xau nhat
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CAC CAU TRUC DU LIEU CO BAN

(Elementary Data Structures)

Chong xép (stack)

Hang dgi (queue)

Danh sach

Danh sach

ien két don (singly linked list)

ién két kép (double linked list)



STACK

e Bi€u dién mdt tp dong (dynamic set) ma thao tac chén
va x0a theo nguyén ly vao sau ra trudc (last in, first out
hay LIFO)

e Stack la mo hinh dir liéu dudc U'ng dung nhiéu trong thuc
té

e Trong khoa hoc may tinh stack dugc dung dé quan Iy qua
trinh goi va thuc thi chuang trinh con



CAC THAO TAC TREN STACK

PUSH(S, x): Chen vao stack S mot phan tur
POP(S): Loai khoi stack mot phan tur
STACK_EMPTY(S): Kiém tra stack rong
STACK_FULL(S): Kiém tra stack day



BIEU DIEN STACK

e CO nhiéu cach biéu dién

e Cd thé dung mang mdt chiéu n phan t& S[1..n]



BIEU DIEN STACK

e Ky hiéu top[S] la dinh stack (chi dén phan tU dugdc chen
vao gan nhat)

e Tai mot thai diém stack bao gdm céc phan tr S[1], S[2],
..., S[top[S]]

e Trong do S[1] la phan tu&r ¢ day va S[top[S]] la phan tU &
dinh stack



BIEU DIEN STACK

Néu top[S] = 0, stack rong

Néu top[S] > n, stack tran

Moi [an thao tac push thuc hién top[S] téng 1én 1
Moi Ian thao tac pop thuc hién top[S] giam di 1



BIEU DIEN STACK

1 2 3 4 5 6 7 1 2 3 4 5 6 7 I 2 3 4 5 6 7

HHEE | EEEERRRNE EEREEPRE |
} T ?

top[S]=4 top[S] =6 top[S] =5

(a) (b) (c)

Figure 10.1  An array implementation of a stack §. Stack elements appear only in the lightly shaded
positions. (a) Stack S has 4 elements. The top element is 9. (b) Stack § after the calls PUSH(S, 17)
and PUSH(S, 3). (¢) Stack § after the call POP(S) has returned the element 3, which is the one most

recently pushed. Although element 3 still appears in the array, it is no longer in the stack; the top is
element 17,



STACK-EMPTY

STACK-EMPTY (S)

1 ifrop[S] =0
2 then return TRUE
3 else return FALSE



PUSH

PUSH(S, x)

1 top[S] <« top[S]
2 Sltop[S]] < x




POP

POP(S)

1 if STACK-EMPTY (S)

2 then error “underflow”

3 else rop[S] < top[S] — 1
4 return S[zop[S] + 1]
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STACK-FULL

STACK-FULL(S)
1if top[S] = n

2
3

then return TRUE
else return FALSE
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pO PHUC TAP

e Thdi gian thuc hién cac thao tac la O(1)
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QUEUE

e Bi€u dién mdt tp dong (dynamic set) ma thao tac chén
va x0a theo nguyén ly vao trudc ra trude (First in, first out
hay FIFO)

e Queue la m6 hinh di liéu dudc U'ng dung nhiéu trong
thuc té

e Queue cd thé dugc 'ng dung trong qua trinh quan ly va
thuc thi co trat tu cac chuong trinh cua mot hé diéu hanh

13



CAC THAO TAC TREN QUEUE

ENQUEUE(Q, x): Chen vao queue mot phan tur
DEQUEUE(Q): Loai khoi queue mot phan tur
QUEUE_EMPTY(Q): Kiém tra queue rong
QUEUE_FULL(Q): Kiém tra queue day
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BIEU DIEN QUEUE

e C6 nhiéu cach biéu dién
e Cd thé dung mot mang mot chiéu véi n phan tir Q[1..n]
dé biéu dién mot hang dgi tdi da n-1 phan tur
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BIEU DIEN QUEUE

e MOi hang dgi cd mot dau (head) va mot dudi (tail)
e MOt phan tr dugc dua vao hang dgi tai dudi cua no
e Phan tu bij loai khoi hang dgi la phan tr ¢ dau hang dai
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BIEU DIEN QUEUE

e Ky hiéu head[Q] va tail[Q] la dau va dudi cua hang dgi

e Cac phan tuU trong hang dgi dudc dat tai cac vi tri
head[Q], head[Q]+1,..., tail[Q]-1 va coi vi tri 1 di ngay
sau vi tri n trong mot trat tu “vong”
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BIEU DIEN QUEUE

 head[Q] = tail[Q] thi hang dgi rong (khdi tao hang dgi
rong: head[Q] = tail[Q] = 1)
e Khi head[Q] = tail[Q] + 1 thi hang dgi day

18



BIEU DIEN QUEUE

1 2 3 4 S5 6 7 8 9 10 11 12
@ o [ 5] o [0 [s]+
A A

head[Q] =7 fail[Q] = 12

3 4 5 6 7 8 9 10 11 12

I 2
® o 375 s s > Ts [+ 1]
A A

ftail[Q] =3 head[Q] =7

3 4 5 6 7 8 9 10 11 12

1 2
© o [3]5 NS o[ o8 [4][17]
A 4

taillQ] = 3 head[Q] = 8

Figure 10.2 A gqueue implemented using an array Q[1 .. 12]. Queue elements appear only in the
lightly shaded positions. (a) The queue has 5 elements, in locations Q[7 .. 11]. (b) The configuration
of the gqueue after the calls ENQUEUE(Q, 17), ENQUEUE(Q, 3), and ENQUEUE(Q, 5). (c) The
configuration of the queue after the call DEQUEUE(Q) returns the key value 15 formerly at the head
of the queue. The new head has key 6.

19



ENQUEUE

ENQUEUE(Q, x)

1
2
3
A

Qtail[Q]] < x
if tail[Q] = length[ Q]
then rail]Q] < 1
else tail[Q] < tail[Q] + 1

20



DEQUEUE

DEQUEUE(Q)

X < Qlhead[Q]]
if head[ Q] = length| Q]

1

2

3 then head[ Q] < 1

4 else head[Q] < head[Q] + 1
5 return x

21



pO PHUC TAP

e Cac thao tac trén hang dgi déu co chi phi vé thdi gian la
O(1)

e Luu y: Trong cac thao tac ENQUEUE va DEQUEUE chua
c6 kiém tra hang dgi day va rong
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DANH SACH LIEN KET DON

e Danh sach lién két don la cau truc dir liéu trong do cac
doi tugng dudc sap dat theo mot trat tu’ tuyén tinh

e Trat tu tuyén tinh trong danh sach lién két dugc xac dinh
bgi cac pointer trong moi d6i tugng

23



DANH SACH LIEN KET DON

e Vi du vé mot danh sach lién két dan

head[L]——|9 16 4 1 | nil

 Danh sach lién két cung cAp mot su biéu dien mém déo
va dan gian cho cac tap dong, ho trg cac thao tac nhu tim
ki€m, chen, xo0a v.v
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DANH SACH LIEN KET DON

e MOi d6i tugng trong danh sach chira mot khoa (cd thé cé
thong tin khac) va mot pointer next
e V3Gi mot phan tr x, next[x] chi dén phan tu theo ngay sau

no

25



DANH SACH LIEN KET DON

e NEu next[x]= NIL, thi x khong cé phan tir di’ng sau no, vi
vay x la phan tu cudi cung con goi la dudi cua danh sach

e head[L] chi dén phan tu dau tién cua danh sach, khong
co phan tU x ma next[x] chi dén phan tU dau cua danh
sach

e N&u head[L] = NIL thi danh sach L 13 rong

26



CAC THAO TAC TREN DANH SACH

e LIST-SEARCH(L, k): Tim ki€m mot phan tir co khoa k
e LIST-INSERT(L, x): Chén phan tir x vao danh sach
e LIST-DELETE(L, x): Xéa phan tir x khoi danh sach

27



LIST-SEARCH

e Thao tac LIST-SEARCH(L, k) tim mdt phan tir ¢ khda k
trong danh sach L

e NEu co phan tr co khoa k, thu tuc sé tra vé mot pointer
chi dén phan tu nay

e NEu khong cd do6i tugng nao co khoa bang k trong danh
sach, thu tuc tra vé NIL

28



LIST-SEARCH

LIST-SEARCH(L, K)

1 x<« head L]

2 while x= NIL and ke[ x] # k
3 do x<« nex{x]

4 return x
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LIST-INSERT

e Thao tac LIST-INSERT(L, x) thuc hién dan gian bang cach

chen x vao dau cua L

head[L] - T

16

nil

-
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LIST-INSERT

LIST-INSERT(L, X)
1 nextix] < head L]
2 headl] < x
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LIST-DELETE

e Thao tac LIST-DELETE(L, x) x6a x khai L

e Pugc thuc hién bang cach cap nhat lai cac con tro khi biét
con trd tdi x dé loai x ra khoi danh sach

X

N\

head[L] ............................... >l g 16 4 1 Inil
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LIST-DELETE

LIST-DELETE(L, X)
1 if head L] = x
2 then head_delele(Z, x)
else p« head L]

while p = NIL and nex{{ p] # x

do p <« nex{p]
It nexq{ p]=x
then nex{ p] < nex{ x|

N O o AW
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LIST-DELETE

e Luu y: Muon loai mot phan tur khi biét khoda, trudc hét
phai goi thl tuc LIST-SEARCH dé xac dinh con tro dén
phan tU nay
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pO PHUC TAP

e Thao tac tim ki€m va xoa mot phan tir mat toi da O(n)
néu danh sach cé n phan tu

e Thao tac chen mot phan tir chi phi la O(1)
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DANH SACH LIEN KET KEP

e Danh sach lién két kép la cau truc dir lieu trong do cac doi
tugng dugc sap dat theo mot trat tu tuyén tinh

e Trat tu tuyén tinh trong danh sach lién két kép dudc xac
dinh b&i mot cdp pointer trong moi ddi tugng

36



DANH SACH LIEN KET KEP

prev  key  next

\ I /
(b)  head[L] ——>{/ 25 1 9| T=—L 15 Sy e 0 I e e B B 272
(€) headlL] —{/25] T[> |9 (<=L f16 Tl [1|~/

Figure 10.3 (a) A doubly linked list L representing the dynamic set {1, 4, 9, 16}. Each element in
the list is an object with fields for the key and pointers (shown by arrows) to the next and previous
objects. The next field of the tail and the prev field of the head are NIL, indicated by a diagonal slash,
The attribute head[L ] points to the head. (b) Following the execution of LIST-INSERT(L . x), where
keylx] = 25, the linked list has a new object with key 25 as the new head. This new object points to

the old head with key 9. (¢) The result of the subsequent call LIST-DELETE(L , x), where x points to
the object with key 4.



CAC THAO TAC TREN DSLK KEP

e LIST-SEARCH(L, k): Tim ki€m mot phan tir co khoa k
e LIST-INSERT(L, x): Chén phan tir x vao danh sach
e LIST-DELETE(L, x): Xéa phan tir x khoi danh sach
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LIST-SEARCH

e Thao tac LIST-SEARCH(L, k) tim mdt phan tir ¢ khda k
trong danh sach L

e NEu co phan tr co khoa k, thu tuc sé tra vé mot pointer
chi dén phan tu nay

e NEu khong cd do6i tugng nao co khoa bang k trong danh
sach, thu tuc tra vé NIL
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LIST-SEARCH

LIST-SEARCH(L, k)

1 x <« head[L]

2 while x # NIL and key[x] # k
3 do x <« next[x]

4  return x



LIST-INSERT

e Thao tac LIST-INSERT(L, x) thuc hién dan gian bang cach
chen x vao dau cua
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LIST-INSERT

LIST-INSERT (L, x)

1
2
3
4
5

next|x] < head[L]
if head|L] % NIL
then previhead|L]] < x
head|L] < x
prev[x] <— NIL
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LIST-DELETE

e Thao tac LIST-DELETE(L, x) x6a x khai L

e Pugc thuc hién bang cach cap nhat lai cac con tro khi biét
con trd tdi x dé loai x ra khoi danh sach

43



LIST-DELETE

LIST-DELETE (L, x)

1
2
3
4
5

if prev[x] # NIL
then next[prev[x]] < next[x]
else head|L] < next|x]

if next[x] % NIL
then prev[next[x]] < prev|[x]
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PO PHUC TAP
e Thao tac tim ki€Em mot phan tir mat toi da O(n) néu danh

sach cé n phan t

e Thao tac chén va x6a mot phan tir chi phi la O(1)
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BIEU DIEN CAY CO GOC

e Cay nhj phan (tham khao - Introduction to Algorithms)
e Cay da phan (tham khao - Introduction to Algorithms)

46



BANG BAM

(Hash Table)
Bang dia chi truc ti€p (direct-address table)
Bang bam (Hash table)
Ham bam (Hash function)

Giai quyét dung do bang PP dia chi mé&



BANG DIA CHI TRUC TIEP

e Bang dia chi truc ti€p (direct-address table) luu trir mot
tap co khoa trong U={0, 1, ..., m-1} la mot mang T[0..m-
1] ma mai vi tri (slot) twong &ng véi mot khoa trong U

e MOt ap dung can mot tap cac phan tir khong vugt qua m
va m khong qua I3n thi co thé dung mot bang dia chi truc

tiép



BANG DIA CHI TRUC TIEP

key satellite data
N\ _/
2

3

Figure 11.1 Implementing a dynamic set by a direct-address table T. Each key in the universe
U = {0,1,...,9} corresponds to an index in the table. The set K = {2, 3, 5, 8} of actual keys
determines the slots in the table that contain pointers to elements. The other slots, heavily shaded,
contain NIL.



BANG DIA CHI TRUC TIEP

e Slot k U'hg v&i mot phan tr trong tap co khoa k
e NEu tap khong chira phan tir co khoa k thi T[k]=NIL



CAC THAO TAC

e DIRECT-ADDRESS-SEARCH(T, k): Tim ki€m mot phan tr
cd khoa k trén bang dia chi truc tiep T

e DIRECT-ADDRESS-INSERT(T, x): Chén mot phan tur x vao
bang dia chi truc tiép

 DIRECT-ADDRESS-DELETE(T, x): X0a phan t x khoi bang
dia chi truc tiép



DIRECT-ADDRESS-SEARCH

DIRECT-ADDRESS-SEARCH( 7, k)
return 7[K]



DIRECT-ADDRESS-INSERT

DIRECT-ADDRESS-INSERT(7, X)
ke x]]«x



DIRECT-ADDRESS-DELETE

DIRECT-ADDRESS-DELETE(7, )
7T key[ X]]<NIL



pO PHUC TAP

e Thai gian thuc hién cac thao tac la O(1)
e Luuy
= |a cau truc dir liéu tot doi vai tap kich thudc nho

= NEu sO phan tuU cua tap bién dong I6n dung bang nay sé
lang phi nhiéu bd nhG va cd thé khdng kha thi



BANG BAM

e Bang bam la mot cdu trdc dir liéu co thé Iuu trlr mot tap
cac doi tugng co so phan tur tuy y

e Cac thao tac tim kiém, chen, xoa trén bang bam rat hiéu
qua

e Phan tu c6 khoa k dudc luu trir trong slot h(k), trong do h
la ham bam (hash function) tu' tap U cac khoa dén tap cac
slot cua bang bam T[0..m-1]
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BANG BAM

e Ham bam c6 dang h: U — {0,1,..., m-1}

e h(k) la gia tri bam (hash value) ctia khoa k hay con goi
phan tUr co khoa k bam slot h(k)

e Vd&i ham bam chi can x&r ly m-1 gia tri thay vi |U| gia tri

11



BANG BAM

e
hky)
hky)

Figure 11.2 Using a hash function h to map keys to hash-table slots. Keys k, and ks map to the
same slot, so they collide.
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BANG BAM

o CO thé cb su dung do (collision) luu trir cac khoa, vi du k,
dung dd k., nghia 13 h(k,)= h(k.)
e Cac phuong phap giai quyét dung do
= Thiét k€ ham bam h(U) phan bd déu trén T (khong triét dé)

= Giai quyét dung do bang két ndi (collision resolution by
chaining)

= Giai quyét dung do bang dia chi ma (open addressing)

13



GIAI QUYET DUNG DO

T
0 s e .71
" ky® ks .
o g N oy s B oy e B 7
keys) o ks -
e T

Figure 11.3  Collision resolution by chaining. Each hash-table slot T'[ J 1 contains a linked list of all
the keys whose hash value is j. For example, &(k) = h(ky) and h(ks) = h(ky) = h(kq).
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GIAI QUYET DUNG DO
BANG KET NOI
e Dat tat ca cac phan tU co cung gia tri ham bam vao mot
danh sach lién két

e Slot j chia pointer chi dén dau cua danh sach lién két cua
tat ca cac phan tu dugc luu trif co ham bam la j

e Néu khong cd khda k dé h(k)=j thi thi slot j tré dén NIL

15



CAC THAO TAC

e CHAINED-HASH-INSERT(T, x): Chén mdt phan tir vao
bang bam T

e CHAINED-HASH-SEARCH(T, k): Tim mot phan t&r co khoa
ktrong T

e CHAINED-HASH-DELETE(T, x): Xoa mdt phan t& khoi T

16



CHAINED-HASH-INSERT

e CHAINED-HASH-INSERT( 7, x)
Insert x at the head of list 7T/ key{ x])]

e Thdi gian thuc hién la O(1) (chén vao dau danh sach)

17



CHAINED-HASH-SEARCH

e CHAINED-HASH-SEARCH( 7, k)
Search for an element with key «in list 7T/A(k)]

e Thdi gian trung binh la O(1+a), trong d6 o = n/m vGi m,
n lan lugt la so slot va so phan tir dugc luu trir trong
bang, o goi la hé so tai (load factor) cua T

18



CHAINED-HASH-DELETE

e CHAINED-HASH-DELETE(7, x)
Delete x from the list 7TA keyf x])]

e Thdi gian thuc hién trung binh la O(n/m)

19



HAM BAM

o MOt ham bam Ia t6t néu h(k) cd thé la bét ky slot nao trén
bang bam

e Ludn gid st moi khod 1a mdt sb tu nhién

e CO mot sb cach xay dung ham bam nhu: phucdng phap
chia (division method), phuong phap nhan (multiplication
method) v.v

20



HAM BAM

VGi phuong phap chia, tao ham bam bang cach dat tuong
('ng moi khod k vdi s6 du’ trong phép chia k cho sd slot m

Vay h(k) = k mod m
Tap cac khoa dudgc chia thanh m I6p

Nén chon m la s nguyén to khong qua gan vai liy thua
cua 2

21



HAM BAM

e Phuong phap nhan, ham bam cé dang:
» h(k) = Lm(k A mod 1)J, A la hdng thdéa 0 < A <1
= V3i kAmod 1 = KA- |k A]

e Phuong phap nay khong han ché viéc chon m

22



HAM BAM

e Vidu A = (5-1)/2~ 0.61803 va k =123456, m =10000,
Thi
h(k) =110000(123456 x 0.61803 mod 1)
= 10000 x 0.0041151 |

=41.151]
=41

23



HAM BAM

e Luuy:
= Trong Ung dung can tim cac ham bam thich hgp

= Con co phuong phap khac dé gidi quyét dung dd khda,
vi du phucng phap dia chi maé (open addressing-tham
khao)

24



GIAI QUYET DUNG DO
BANG DIA CHI MO

e Trong phuong phap dia chi md tat ca cac phan tir dugc
luu trr ngay trong bang bam

e HEsOtdia = nfm<1
e Moi slot clla badng chira mdt phan t cla tap hodc NIL

25



GIAI QUYET DUNG DO
BANG DIA CHI MO

o P& tim mdt phan tlr, kiém tra mot cach cd hé thdng cac
slot clia bang cho dén khi tim dugc n6 hodc biét chac
chan no khong cd trong bang

e P& chén mot phan tr vao bang, kiém tra lan Iuct bang
b&m cho dén khi tim dugc mot slot rong va chén nd vao
slot nay

e Thay vi tham do theo trat tu’ O, 1, ..., m+1, day cac vi tri

dudc tham do phu thudc vao khoa dang dugc chen vao
bang

26



GIAI QUYET DUNG DO
BANG DIA CHI MO

Pé xac dinh cac slot dugc do, mé rdng ham bam sao cho
ham ca s6 tham do (bat dau tir 0) nhu la doi so thir hai
cua ham

Ham bam co dang A: Ux {0,1,..., m-1} = {0,1,..., m-
1}

VGi moi &, day cac vi tri cAn thdm do 13 (A&, 0), Ak,
1),.... Ak m1))

Day nay la mot hoan vi cua (0, 1,..., m+1), vi tri dau tién
con trong sé dugc chen khoa & vao
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GIAI QUYET DUNG DO
BANG DIA CHI MO

e Trong cac thao tac chen va xo0a, gia sur cac phan tu chi chira
khoa (khong c6 cac thong tin khac kem theo)

e Thu tuc tim ki€m mot phan tir theo khoa & sé do theo day da
chén vao bang. Vi vay nd cd thé két thic khéng thanh cdng néu
gap mot slot rong (phan tir ¢ khod & khdng thé dugc chén sau
slot rong nay).

e Day cac slot dudc do tim (trong ca tim kiém va chen, xoa) phu
thudc vao dang cua ham bam. Cé mot s6 phuong phap tham do
nhu: Tham tuyén tinh (linear probing), tham bac hai (quadratic
probing) va bam kép (double hashing)
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GIAI QUYET DUNG DO
BANG DIA CHI MO

e Chen mot phan t vao bang
HASH-INSERT (7, k)
i1 <— 0O
repeat j <— h(k,i)
if 7[j] = NIL
then 7[j] < k
return j;
else 7 <7 +1
until 7 = m

NN D WN =

error ‘‘hash table overflow?”’
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GIAI QUYET DUNG DO
BANG DIA CHI MO

e Tim mot phan tu

HASH-SEARCH(T7, k)

1 7 <— O

2 repeat j <— h(k,i)

3 if7[j] = k

~t then return j;

5 I <— I + 1

6 until 7'[j] = NIL ori = m
7 return NIL
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GIAI QUYET DUNG DO
BANG DIA CHI MO

e Phu thudc vao ham bam sé co cac phudng phap tim
ki€Em sau:
= Tim ki€ém tuyén tinh
= Tim ki€m bac hai
= Tim ki€m bam kép

31



TIM TUYEN TINH

ThU tu tim co tinh chat tuyén tinh

Ham bam c6 dang: h(k, i) = (h'(k) + i) mod m, i =0,
1,...m-1va h'":U— {0,1,..., m-1} la mot ham bam
thong thuong

V&i khoa k day cac slot can tham do la T[h'(k)],
T[h'(k)+1],..., T[m-1]

Tim tuyén tinh chua phai la phuong phap tot (vi cac khoa
co thé tu lai tirng doan trong bang)
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TIM BAC HAIL

e Th(r tu tim dugc gia mot ham bac hai

e Ham bam co dang: h(k, i) = (h'(k) + ¢,i + ¢,i2) mod m,
trong déi =0, 1,...m-1; h’: U - {0,1,..., m-1} la mGt
ham bam thong thudng va c;, ¢, la cac hang khac 0

e Tim bac hai khac phuc dugc yéu diém cla tim tuyén tinh
nhung han ché & chd cac gid tri bam co thé khong 1ap day
cac slot cua bang
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BAM KEP

e ThU tu tham dugc gia mot ham bam

e Ham bam co6 dang: h(k, i) = (h,(k) + ih,(k)) mod m, trong
dé i=0,1,..., m-1; hyva h, la cac ham bam théng
thuGng

e Khai dau vi tri dugc do la T[h,(k)], cac vi tri tiép theo
dugc gia thém h,(k)

e Phudng phap bam kép la tot nhat
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VI DU BAM KEP

Figure 11.5 Insertion by double hashing. Here we have a hash table of size 13 with /iy(k) =
A mod 13 and h2(k) = 1 4 (k mod 11). Since 14 = | (mod 13) and 14 = 3 (mod 11), the key 14
is inserted into empty slot 9, after slots 1 and 5 are examined and found to be occupied.
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pO PHUC TAP

e MOt bang bam dia chi m& va@i hé so tai oo = n/m < 1, thi
sO cac budc tham do trong mot tim kiEm khong thanh
cong nhiéu nhat la 1/(1- o ), gia s’ qua trinh bam la
chuan.

e Chung minh?
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pO PHUC TAP

e MOt bang bam dia chi md va&i hé so tai o = n/fm < 1, thi sO
cac budc tham do trong mot tim ki€m thanh cong nhiéu nhat
la:

1 1 1
—In +

a l-a «a

e ChUng minh?
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CAY NHI PHAN TIM KIEM
(BINARY SEARCH TREE-BST)

Khai niém cay

Duyét cay nhi phan

Cay BST

Cac thao tac trén cay BST

Cay BST ngau nhién (randomly BST)

Biéu dién ciy da phan



KHAI NIEM CAY

e Cay la mot tap hitu han cac nut trong dé co6 mot nut dac
biét goi la goc (root)

e Gilra cac nut co quan hé phan cap goi la “quan hé cha

con



KHAI NIEM CAY

e Cay dudc dinh nghia mot cach dé qui:
= MOt nut la mot cay, nut dd ciling la goc cua cay
= NeunlamétnutvaT, T, .., T, la caccay véin;, n,, ..., n,
lan lugt la cac goc thi mot cay mdi T sé dugc tao lap bang
cach cho n trg thanh cha cua cac nat ny, n,, ..., n,
= LUc nay n la goc con Ty, T,, ..., T, la cac cay con (subtrees)
cua géc (ny, N, ..., N la con cta nut n)



KHAI NIEM CAY

e Qui udc cho phép ton tai cay khong cé nut nao va goi do
la cAy rong (null tree)

e Cay ma moi nGt chi co t6i da hai con goi 1a ciy nhi phan



KHAI NIEM CAY




BIEU DIEN CAY NHI PHAN

e Biéu dién cay nhi phan
= CO thé dung ba bién p, left, right d& luu trit cac pointer chi dén
cha, con trai va con phai ciia moi nit trong ciy nhj phan T
= Néu p[x] = NIL thi x la nat goc.
= NEu left[x] = NIL thi x khong cé con trai
= NEu right[x] = NIL thi x khdng c6 con phai
= NUt goc cta cay T dudc tro bdi root[T]
= Néu root[T] = NIL thi cdy T la rong



BIEU DIEN CAY NHI PHAN

rooi|T]

B
7

\ &

<z

~
%

<z

-
S
)

v

Figure 10.9 The representation of a binary tree 7. Each node x has the fields p[x] (top), lefifx]
(lower left), and right[x] (lower right). The key fields are not shown.



BIEU DIEN CAY NHI PHAN

Cau truc cay nhi phan trong C++

e Coi moi nGt clia cay biéu dién mot d6i tugng cd khoda 1a mot sb
nguyén (kiéu int)

e CAu tric dT liéu cdy nhi phan cd thé dugc dinh nghia dua trén cac
pointer chi dén cha va cac con nhu' sau

typedef struct CELL *TREE;
struct CELL {
int key;
TREE p, left, right;



DUYET CAY NHI PHAN

e CO ba th tu duyét co ban

= Duyét theo t
= Duyét theo t

= Duyét theo t

U tu gitra (inorder tree walk)
U tu truGe (preorder tree walk)

U tu’ sau (postorder tree walk)

e Cac thu tuc duyét cay chi phi O(n) trén cay cé n nut



DUYET CAY NHI PHAN

INORDER-TREE-WALK (x)

1 ifx #NIL

2 then INORDER-TREE-WALK (left[x])
3 print key|[x]

4 INORDER-TREE- WALK (right[x])
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CAY BST

e La mo hinh d{ liéu co nhiéu Ung dung trong thutc té
e Khoa cua cac phan tr dugc luu trir thoa man tinh chat cay nhi
phan tim ki€m (binary-search-tree-property)
= NEu y la mot nut trong cay con trai cia nut x thi
key[y]< key[X]
= NEu y la mot nut trong cay con phai cua nut x thi
key[y]> key[x]

11



(a) (b)

Figure 12.1 Binary search trees. For any node x, the keys in the left subtree of x are at most key[x],
and the keys in the right subtree of x are at least key[x]. Different binary search trees can represent
the same set of values. The worst-case running time for most search-tree operations is proportional

to the height of the tree. (a) A binary search tree on 6 nodes with height 2. (b) A less efficient binary
search tree with height 4 that contains the same keys.
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CAC THAO TAC TREN CAY BST

e (Cac thao tac tim kiém

e Cac thao tac chen va xoa

13



CAC THAO TAC TIM KIEM

TREE-SEARCH: Tim mo6t phan tr theo khoa cho trudc
TREE-MINIMUM: Tim phan tr c6 khoa nhé nhat
TREE-MAXIMUM: Tim phan t&r c6 khoa I6n nhat
TREE-SUCCESSOR: Tim phan tU di sau mot phan tr
TREE-PREDECESSOR: Tim phan tU di trudc mot phan tur

14



CAC THAO TAC TIM KIEM

Figure 12.2 Queries on a binary search tree. To search for the key 13 in the tree, we follow the
path 15 — 6 — 7 — 13 from the root. The minimum key in the tree is 2, which can be found by
following left pointers from the root. The maximum key 20 is found by following right pointers from
the root. The successor of the node with key 15 is the node with key 17, since it is the minimum key
in the right subtree of 15. The node with key 13 has no right subtree, and thus its successor is its
lowest ancestor whose left child is also an ancestor. In this case, the node with key 15 is its successor.
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TREE-SEARCH

Pau vao la mot pointer x chi dén goc cua cay nhi phan tim
ki€m va khoa k cua phan tu can tim
Thu tuc tra vé pointer chi dén nut co khoa k hoac NIL

Dua vao tinh chat clia cdy nhj phan tim kiém dé& xac dinh nut
nao phai tim ké ti€p trong cac con trai va phai cua x

= Néu k < key[x], tim ti€p trong cay con trai

= Ngugc lai, tim ti€p trong cay con trai

16



TREE-SEARCH

TREE-SEARCH (x, k)

1
2

3
4

5

if x = NIL or k = key|x]
then return x

if k < key[x]
then return TREE-SEARCH (left[x], k)
else return TREE-SEARCH (right[x], k)

17



TREE-SEARCH

ITERATIVE-TREE-SEARCH (x, k)

1  while x # NIL and k # key[x]
2 do if &k < key[x]

3 then x <« /eft[x]

4 else x <« right[x]
S return x

18



TREE-SEARCH

e Thai gian chay cua TREE-SEARCH(X, k) trong trudng hgp
xau nhat la O(h), trong do h la chiéu cao cua cay

e Trudng hgp t6t nhét cd thé la O(1)

19



TREE-MINIMUM

e DPau vao la mot pointer x chi dé€n goc cua cay nhi phan tim
ki€m

e Thu tuc tra vé pointer chi dén nut co khoa nho nhat

e Dua vao tinh chat ctia cay nhi phan tim ki€m, phan tir co khoa
nho nhat dugc tim ki€ém theo cac pointer chi dén con trai bat
dau tu goc cho dén khi gap mot NIL
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TREE-MINIMUM

TREE-MINIMUM (x)

1 while /left[x] 7% NIL
2 do x <« left[x]
3 return x

T(n)=0(h), h la chiéu cao cua cay c6 n nut
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TREE-MAXIMUM

Pau vao la mot pointer x chi dén goc cua cay nhi phan
tim ki€m
Thu tuc tra vé pointer chi dén nut co khoa IGn nhat

Phan tu co khoa nho nhat dugc tim kiém theo cac pointer

chi dén con phai bat dau tur goc cho dén khi gap mot NIL
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TREE-MAXIMUM

TREE-MAXIMUM (x)

1 while right[x] # NIL
2 do x <« right[x]
3 return x

T(n)=0(h), h la chiéu cao cua cay c6 n nut
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TREE-SUCCESSOR

Phan tuU di sau cua x la nut cé khoa nho nhat I6n hon
key[x]

Pau vao la mot nut x trén cay nhi phan tim ki€m

Thu tuc tra vé pointer chi dé€n nut di sau x hodac NIL néu x

cd khoa I6n nhat trong cay

Thu tuc tim ki€ém dua vao TREE-MINIMUN(right[x]) va
tinh chat cua cay nhi phan tim ki€m
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TREE-SUCCESSOR

e Thu tuc dugc chia lam hai truGng hgp
= N&u ciy con bén phai ctia x khac rong thi thuc hién I8i goi
thd tuc TREE-MINIMUN(right[x])
= Ngudc lai, néu y di sau x thi y Ia to tién gan nhat cia x ma
con trai cla nd ciling a to tién cua x, tim y bang cach di vé
goc cho taGi khi gap nut dau tién co con trai
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TREE-SUCCESSOR

TREE-SUCCESSOR (x)

| if right[x] # NIL

2 then return TREE-MINIMUM (right[x])
3y < plx]

4 while y £ NIL and x = right[y]

S do x <y

6 y < plyl

7 return y

T(n)=0(h), h la chiéu cao cua cay co n nut
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TREE-PREDECESSOR

e Phan tUr di trudc cla x la nut co khoa I&n nhat nho han
key[X]
e Thu tuc nay tucng tu (doi xing) véi TREE-SUCCESSOR(x)

e Thuat toan ?
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CHEN VA XOA

e TREE-INSERT: Chen mot nut vao cay
e TREE-DELETE: X06a mot nut trén cay

28



TREE-INSERT

e Thu tuc TREE-INSERT(T, z) tim mot vi tri thich hap dé
chen nut z co6 khoa key[z] vao cay T sao cho left[z] = NIL
va right[z] = NIL

e CAay T tdng mot nGt va van ddm bao 1a cdy nhj phan tim
Ki€m
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TREE-INSERT

Chen moét phan tu cd khoa 13 vao cay, cac nut dugc

lam sang chi dudng di tu’ goc dén vi tri can chen
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TREE-INSERT

TREE-INSERT(T, z)

¥ < NIL
X <« root|T]
while x £ NIL
doy <« x
if key[z] < key[x]
then x < /left[x]
else x « right[x]
plz]l <y
if_}’ = NIL
then root|T] « z
else if key[z] < key[v]
then left[y] <« z
else right[y] <« z

> Tree T was empty
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TREE-INSERT

e Thu tuc chén z bat dau tir goc cla cay theo mot dudng di
Xuong, pointer x gilr vét ducng di va pointer y duy tri nhu
la cha xua x

e VOng I3p 3-7 tao ra hai pointer di chuyén xudng theo cay
trai hodc phai tuy theo su’ so sanh key[z] va key[x] cho
dén khi x dat dugc bang NIL, z dugc dat vao vij tri NIL
nay
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TREE-INSERT

e DoOng 8-13 dat lai cac pointer dé z dugc chén vao cay

e Thai gian thuc hién thu tuc la O(h)
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TREE-DELETE

e TREE-DELETE(T, z) xo0a z co key[z] = v, xét ba trucng hop
= Néu z khdng cd con, stra cha cla z 1a p[z] dé nd co con 13
NIL
= NEu z chi cd mot con, loai bd z bang mot lién két mdi gilra
con va cha cua no
= NEu z co hai con, loai phan tU' y di sau cua z va thay thé noi
dung cua z béi ndi dung cua y
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TREE-DELETE

-

(a)

o

Figure 12.4 Deleting a node z from a binary search tree. Which node is actually removed depends
on how many children z has; this node is shown lightly shaded. (a) If z has no children, we just
remove it. (b) If z has only one child, we splice out z. (¢) If z has two children, we splice out its
successor v, which has at most one child, and then replace z7s key and satellite data with ¥'s key and
satellite data,
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TREE-DELETE

TREE-DELETE(T, z)

1

VOO B WN

10
11

13
14
15
16
17

if left[z] = NIL or right[z] = NIL
then y <«— =z
else y «<— TREE-SUCCESSORI(z)
if leftl v] &= NIL
then x <— lefr|[v]
else x <« righr|v]
if x £ NIL
then plx] < ply]
if p[v] = NIL
then roor|[T] <« x
else if y = lefi[ply]]
then /eftl plv]] <— x
else rightlplvyv]] <— x
if v £ z
then key[z] < keyv[y]
copy vy’s satellite data into z
return y
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TREE-DELETE

e DONg 1-3, xac dinh mot nat y dé loai bd, nuty 1a z (néu z
cd nhiéu nhat 1 con) hoac la di sau cua z (néu z co 2 con)

e Dong 4-6, x dugc gan dén con = NIL cua y hodc NIL néu

y khong co con
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TREE-DELETE

e NUt y bj loai bd trong dong 7-13 bang cach stra cac
pointer trong p[y] va x, v3i viéc xét cac diéu kién bién

e Trong dong 14-16, néu di sau cua z phai loai bo thi noi
dung cua z dudc di chuyén tUr y dén va ghi dé 1én ndi
dung trudc do cua z

e Cudi cung, thao tac tra vé nut y bi loai khoi cay
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pO PHUC TAP

e Pinh Ly Cac thao tac INSERT va DELETE thuc hién trong
thai gian O(h) trén mot cay nhi phan tim ki€m do cao h
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CAY BST NGAU NHIEN

e DO cao cla cay nhj phan tim ki€m bién doi thdng qua cac
thao tac chen va xoa cac nut trén cay

e Thdi gian thao tac la O(h), vi vay khi cay suy bi€n va co
chiéu cao la n-1 (n la sO nut trén cay) thi cac thao tac nay
sé khong con hiéu qua

e Xac sudt dé xay ra su suy bién khi chén, xod mot cach
ngau nhién la rat nho

40



CAY BST NGAU NHIEN

e MOt cay nhj phan tim ki€m dudc xay dung ngau nhién
trén n khoa phan biét la cay sinh ra tu thao tac chen cac
khod theo trat tu’ ngau nhién vao trong mét cay khai dau
rong

e Viéc tao cac cay nhj phan tim ki€m mot cach ngdu nhién
thudng cho ta mot cay can bang (tham khao)
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CAY BST NGAU NHIEN

e Pinh Ly D0 cao trung binh cua mot cay nhi phan tim
kiém dugc xay dung ngau nhién trén n khoa phan biét la
O(lg n)
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BIEU DIEN CAY DA PHAN

e Cd ché biéu dién cay nhi phan cé thé mé rong cho cay da
phan

e N&u moi nlt ¢d tdi da k con thi ¢ thé duing k+1 bién 1a p
(chi dén cha) va child,, child,, ..., child, (chi dén k con)

e Phuong phap nay khong hiéu qua (ton nhi€u bo nhd) va
khong sU’ dung dugc néu so con toi da cua mot nut qua
IGn
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BIEU DIEN CAY DA PHAN

S dung 3 bién p, left-child, right-sibling dé Iuu trir cac pointer
chi dén cha, con trai trdi nhat va anh, em bén phai ciia moi n(t
trong T

root[T] la pointer chi dén gbccua T

left-child[x] chi dén con trai nhat cua x

right-sibling[x] chi dén anh em truc ti€p bén phai cua x
Néu x khong co con left-child[x] = NIL

NEu x la con phai nhat thi right-sibling[x] = NIL
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BIEU DIEN CAY DA PHAN

roof[T] _
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Figure 10.10 The left-child, right-sibling representation of a tree T. Each node v has fields plx]
(top), lefi-child[x] (lower left), and righe-sibling[x] (lower ri ght). Keys are not shown.
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CAC BIEU DIEN KHAC CUA CAY

Co thé biéu dién cay cd goc nhu mdt do thi cd hudng

Co thé biéu dién cay co goc ma khdng can pointer chi dén
cha cua no

Ngoai ra cé thé ding mét mang mdt chiéu dé biéu dién
cay co goc

46



B-CAY

e Dinh nghia B-Cay
e Cac thao tac trén B-Cay

e Hién thuc B-Cay



PINH NGHIA B-CAY

e Mot B-Cay (B-tree) T la mot cay cd goc (vdi goc root[T]),
mOi nudt x cd cac thanh phan sau
= n[x], sO khoa hién tai dugc luu trir trong nut x
= Cac khoa key,[x], key,[X], ..., key[x] va dugc luu trir
theo trat tu' tang
= |eaf[x] co gia tri luan ly la TRUE néu x la Ia va FALSE néu x
la mot nut trong



PINH NGHIA B-CAY

e Neéu x la mot nut trong, no chira n[x]+1 pointer ¢,[x], ¢,[x],
... Copx+1[X] d€N cac con cua no, cac nut la khdng co con, vi
vay cac vung ¢ cua nd chua dugc dinh nghia

e Cac khod keyi[x] tach cac viing khod dudc luu trif trong moi
cay con nhu sau: néu k; la mot khoa dugc Iuu trir trong cay con
goc ¢[x] thi k; < key;[x] <k, < key,[x] < ... <keYq[X] < Kypqe1

e Moi la cé cung do sau, do la chiéu cao h cua cay



PINH NGHIA B-CAY

e M0i B-Cay cé mot s6 nguyén t > 2, biéu dién can trén va can dudi clia s6 cac

khoa trong mot nut dugc goi la bac nho nhat (minimum degree) cua B-cay

Sao cho

MoOi nut khac gbc phai co it nhat t-1 khod; moi nat trong khac gbc vi vay
phai cd it nhat t con

N&u cay khac rong, nit géc phai cé it nhat mot khoa

MOi nut cd thé chira nhidu nhat 2t-1 khod, vi vy mét nlt trong cd thé co
nhiéu nhat 2t con

MOt nut la day (full) néu nod chira ddng 2t-1 khoa



PINH NGHIA B-CAY

Vi du 1: Mot B-Cay don gian nhat cd bac nhé nhat t = 2
e Moi nut trong cé thé c6 2, 3, 4 con

e B-cay nay dudc goi la 2-3-4-tree

e Thuc té gia tri cia t dugc s dung I6n han nhiéu



PINH NGHIA B-CAY

root|T]

N\

M _

=

Figure 18.1 A B-tree whose keys are the consonants of English. An internal node x containing

n[x] keys has n[x] + 1 children. All leaves are at the same depth in the tree. The lightly shaded
nodes are examined in a search for the letter R.



PINH NGHIA B-CAY

e B-Cay do R. Bayer dua ra 1970

e B-Cay la cau truc dir liéu thich hgp cho viéc luu trir va
thao tac d{ lieu trén bo nhd ngoai



CHIEU CAO B-CAY

e Pinh ly: VG&i moi B-Cay 7 cd nkhoa, chiéu cao A va bac nho
nhat ¢> 2 thi,

hglogthrl

e Chirng minh?




CHIEU CAO B-CAY
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Figure 18.4 A B-tree of height 3 containing a minimum possible number of keys. Shown inside

each node x is n[x].



CHIEU CAO B-CAY

Chi'ng minh

e S0 nut trén B-Cay it nhat khi goc co 1 khda va tat ca cac
nut khac chira t-1 khoa

e Trong trudng hdp nay B-Cay c6 2 nut 6 do sau 1, 2t nut ¢
do sau 2, 2t2 nut ¢ do sau 3, ..., tai d0 sau h co 2th1 nut

10



CHIEU CAO B-CAY

Ching minh
e Vay so khod nthda man bat dang thic

h
n>1(t-D) A =142t —1)—11_2th 1

TU day suy ra hé thic can chifng minh
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CAC THAO TAC TREN B-CAY

B-TREE-SEARCH: Tim kiém trén B-Cay
B-TREE-CREATE: Tao mdt B-Cay rong
B-TREE-SPLIT-CHILD: Tach mot nit trong mot B-Cay
B-TREE-INSERT: Chén mot khoa vao mét B-Cay
B-TREE-DELETE: Xéa mot khda khéi mdt B-Cay

12



B-TREE-SEARCH

e Pau vao cua B-TREE-SEARCH la mot pointer chi dén nut goc x
cua mot cay con va mot khoa k can tim trong cay con nay

e Thu tuc B-TREE-SEARCH la mot su’ ma rong truc ti€p cua
TREE-SEARCH trén cay nhi phan tim kiém

e NEu k ¢ trong B-Cay, thu tuc tra vé mot cap co thu tu’ (y, i)
gom nut y va chi so i sao cho key[y]=k, ngugc lai, NIL dugc
tra vé

13



B-TREE-SEARCH

B-TREE-SEARCH (x, k)

1 1 «—1

2 while: < n[x] and k > key,[x]

3 doi <7 +1

4 ifi < n[x]and k = key,[x]

5 then return (x, /)

6 if leaf|x]

7 then return NIL

3 else DISK-READ (¢;[x])

9 return B-TREE-SEARCH (¢;[x], k)

14



B-TREE-SEARCH

Dong 1-3 tim i nho nhat sao cho k < key,[x] ngugc lai i dugc
gan la n[x]+1

Dong 4-5 thu tuc kiém tra va trd vé néu khod dudc phat hién
Dong 6-9 két thuc tim ki€m khong thanh cong (néu x la 13)
hodc dé qui dé tim trong cdy con thich hgp cuiia x (sau khi thuc
hién thao tac doc dia)

Thai gian chi phi cho thao tac tim kiém la O(th) = O(tlog.n)

15



B-TREE-CREATE

Thu tuc B-TREE-CREATE tao mét B-Cay rong T

Trudc hét nd goi ALLOCATE-NODE dé dugc cap phat mot trang
dia (disk page) nhu la mot nut mdi vai thaoi gian la O(1)

Gia dinh rang mot nut dugc tao bai ALLOCATE-NODE khong
yéu cau doc dia vi chua co thong tin hitu dung dugc luu trir
trén dia cho nut nay

B-TREE-CREATE yéu cau O(1) thdi gian thao tac dia va O(1)
thoi gian CPU

16



B-TREE-CREATE

B-TREE-CREATE (T)

1 x < ALLOCATE-NODE()
2 leaf|x] < TRUE

3 nlx] <0

4 DISK-WRITE (x)

S root|T]| < x

17



B-TREE-SPLIT-CHILD

e B-TREE-SPLIT-CHILD nhan dau vao la mot nut trong x chua
day, mot chi s6 i va mét nut con y =c[x] da day cua x

e B-TREE-SPLIT-CHILD tach ndt y day (cé 2t-1 khod) tai khod
gitta (median key) key,[y] thanh 2 nut c6 t-1 khoa

e Khod gilra dugc di chuyén Ién nut cha x cua y trudc dé chua
day

18



B-TREE-SPLIT-CHILD

@
X ‘Q-Eﬁ f\ﬁﬁx

e\ 1 TRy
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Figure 18.5 Splitting a node with r = 4.
key § of y is moved up into y’s parent.

llllllllllllllllll

Node y is split into two nodes, y and z, and the median
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B-TREE-SPLIT-CHILD(X, i, y)

B-TREE-SPLIT-CHILD (x, 7, y)

—~OVARONA LD WN

ol T R S -
VRN AWN

z <— ALLOCATE-NODE(Q)
leaf [z] <— leaf [ y]
nlz] <——r — 1
for j < 1tor — 1
do key;[z] < key,;,,[¥y]
if not /leaf| v]
then for ;] <— 1 to r
do c;ilz] <« Cively]
nly] «—r — 1
for j < n[x] + 1 downto i + 1
do c;1[x] < c;[x]
Civi1lx] «— =z
for j < n[x] downto i
do key;,1[x] < key ;[x]
key;[x] <— key,[y]
rnnfx] <— n[x] + 1
DISK-WRITE (y)
DISK-WRITE(2)
DISK-WRITE (x)

20



B-TREE-SPLIT-CHILD

e B-TREE-SPLIT-CHILD(X, i, y) tdch nGt y 1a con th( i clia
nut x, luc dau y co 2t-1 khoa sau do giam con t -1 khoa

e NuUt z nhan t-1 khoa I6n nhat cua y va z tré thanh mot con
mai cua x dudc dinh vi sau y trong bang cac con cua x,
khod gilra cia y dudc di chuyén Ién x va phan chia y va z

21



B-TREE-SPLIT-CHILD

Dong 1-8 tao z va chuyén cho nd t-1 khod 16n han tuong
U'ng v@i t con cua y
Dong 9 chinh lai s6 khoa cho y

Cudi cung dong 10-16 chen z nhu' la mot con cua X, di
chuyén khod gilra tr y Ién x dé tach y va chinh lai s& khod
cua X

Thai gian chay la O(t)
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B-TREE-INSERT

e Thu tuc B-TREE-INSERTchen mot khoa k vao mot B-tree T
yéu cau O(h) thai gian truy xuat dia va O(th) = O(tlog, n)
thaoi gian CPU

e Thu tuc B-TREE-INSERT s dung B-TREE-SPLIT-CHILD dé
dam bao IGi goi dé qui khong bao gic di vao mot nut day

23



B-TREE-INSERT

B-TREE-INSERT (T, k)
r <— root|T]
if n[r] =2r — 1
then s < ALLOCATE-NODE ()
root|T ] <— s
leaf |s] <— FALSE
nls] <— 0O
cils] < r
B-TREE-SPLIT-CHILD(s, 1, r)
B-TREE-INSERT-NONFULL (s, k)
else B-TREE-INSERT-NONFULL (7, k)

CVOAONANANNH WN =~

[—

24



B-TREE-INSERT

root|T)
s
H
root|T)
N\ 7 ,- \
ADFE HLNP,| o | A D F L NP
?J"t ?lz }3 }4 ]ls Tl:ﬁ }? '}s Il:l ?Jz As 7{ 'Ils Tlﬁ ]l? ?{

Figure 18.6 Splitting the root with r = 4. Root node r is split in two, and a new root node s is
created. The new root contains the median key of r and has the two halves of r as children. The
B-tree grows in height by one when the root is split.
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B-TREE-INSERT

e Dong 3-9 trong B-TREE-INSERT xU ly trudng hgp trong do
nut goc la day

e NuUt gbc bi tach va mot nut mdi s (co hai con) tré thanh
nut goc

e Tach nut goc la cach duy nhat lam tang chiéu cao cua
mot B-Cay
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B-TREE-INSERT

e Thu tuc hoan thanh bang cach goi B-TREE-INSERT-
NONFULL dé chén khod k vao trong cdy dudc dinh gbc tai
nut chua day nay (s hoac r)

e B-TREE-INSERT-NONFULL la thu tuc dé qui va nd dam
bao khong di vao nut day bang cach goi B-TREE-SLIT-
CHILD
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B-TREE-INSERT
- == S —

(b) £ nscricd

— =
CAXE 5 E 1|

{c) C*inserncd

(dy [ inserted o

(e} F ainscried

O oG A
(A% (B EF 1 e

Figure 18.7 Inscrting keys into a B-tree. The minimum degree ¢ for this B-tree is 3. so @ node can
hold a1 most 5 keyvs., Modes that are modified by the insertion process are lightly shaded. (a) The
initial tree for this example. (B) The result of inscriing & into the initial tree; this is a simple insertion
into a leaf node. (€) The result of inscrting €2 into the previous tree. The node RET UV ix split into
two nodes containing &5 and V., the key T is moved up to the rool. and @ is inscried in the
leftmost of the two halves (the BS node). (d) The result of inserting L into the previouws troc. The
root is split right away. since it is full, and the B-tree grows in height by one. Then L iz insered into
the leal containing J K . (&) The result of inscrting S into the previous tree. The node ABCDE is
split before F is inserted into the rightmost of the two halves {the D FE node).
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B-TREE-INSERT-NONFULL

B-TREE-INSERT-NONFULL (x, k)

I <— n[x]
if leaf [ x]
then while/ > 1 and £ <= key;[x]

else

do key,;, [x] <« key,[x]
I «— I — 1
keyi i [x] < &
nlx] <« n[x] 4+ 1
DISK-WRITE (x)
while/ > 1 and £ < key;[x]
doi «— i — 1
I <— 7 + 1
DISK-READ(c;[x])
if n[c;[x]] = 2r — 1
then B-TREE-SPLIT-CHILD (x, i, ¢; [x]D
if £ > key;[x]
theni:/ <« ;7 + 1
B-TREE-INSERT-NONFULL (cilx], b
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B-TREE-INSERT-NONFULL

e DoONg 3-8 x(r ly trudng hgp trong do x la mot nut 1a bang cach
chen khoa k vao trong x

e Néu x khong phai la nut 13, phai chen k vao nut 1a thich hgp
trong cay con dinh goc tai nit x
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B-TREE-INSERT-NONFULL

e Trong trudng hgp nay, dong 9-11 xac dinh con cua x theo do
su’ dé qui di vao

e DoOng 13 kiém tra cho trudng hgp dé qui di vao nut con day,
khi d6 dong 14 sé tach nut con d6 thanh 2 nut con khong day,
dong 15-16 xac dinh ding nut con dé goi dé qui

e DONg 17 thuc hién ISi goi dé qui dé chén k vao cay con thich
hgp
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B-TREE-DELETE

e B-TREE-DELETE(X, k) x0a khoa k khoi cay con dinh goc tai x,
va dam bao rang bat ky khi nao né dudc goi dé qui trén nat x
thi s6 khoa trong x it nhat la bang bac nho nhat t (diéu kién
nay doi hdi do tinh chat cua B-cay)

e Bat ky khi nao nut goc x trég thanh nut trong khong co khoa thi
nut con ¢,[x] trd thanh nut goc va cay giam chi€u cao

32



B-TREE-DELETE

1. Néu khoa k & trong x va x la 1a thi xoa k khoi x

2. Néu khoa k & trong x va x la mot nut trong thi lam nhu sau:

d.

NEu con y di trudc k trong nudt x cé it nhat la t khog, thi tim di
truGe k' cia k trong cay con dugc dinh goc tai y, mot cach

dé qui xoa k'’ va thay thé k bdi k' trong x

Tuong tu, néu con z di sau k co it nhat t khoa, thi tim di sau k'’
cla k trong cay con dugc dinh goc tai z, mot cach dé qui xoa
k’ va thay thé€ k bai k'’ trong x

NEu ca y va z co chi t-1 khoa, tron k va tat ca cac khoa cua z
vao trong y sao cho x mat ca k va pointer dén z va y bay gic
chira 2t-1 khoad, giai phdng z va dé qui xoa k khoi y
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B-TREE-DELETE

3. Néu khoa k khong hién dién trong nut trong x, thi xac dinh gbc ¢[x]
cua cay con thich hgp chira khoa k. Néu c[x] chi ¢co t -1 con, thuc
hién budc 3a hodc 3b dé dam bao rang khéng goi dé qui vao nut co it
hon t khod. Sau do hoan tat bang cach goi dé qui trén con thich hgp
cua x
a. Néu ¢[x] chi co t-1 khoa nhung c6 mdt anh em véi t khoa, cho

c[x] mot khoa bd sung bang cach di chuyén mot khoa tir x
xubng c[x], di chuyén mot khoa tir anh em trai hodc phai truc
ti€p cua ¢[x] lén x
b. Néu ¢[x] va tat ca cac anh em cua ¢[x] co t-1 khoa, tron ¢[x]
v3i mot anh em va yéu cau di chuyén mot khod tir x vao nut
dugc tron dé trd thanh khoa gilia cta nat dé
34



B-TREE-DELETE

(a) inivial tree

(b) F deleted: case 1 e

e

{c) Af deleted: case 2a

(d) G deleted: casc 2c I .

| £ 5 K]

Figure 188 Dclcting keyvs from a B-tree. The minimum degree for this B-tree is f = 3, zo0 a node
(other than the root) cannot have fewer than 2 keys. Nodes that are modified are lightly shaded.
(@) The B-uce of Figure 1E.7(e). (b) Deletion of F. This is case 1- simple deletion fromm o leaf,
(c) Deletion of M. This is case 2a: the predecessor L. of M is moved up to take Af"s posilion.
(d) Deletion of €. This is case 2¢: & is pushed down to make node DEGT K, and then & is deleied
from thiz leaf (case 1). (e) Deletion of . This iz case 3b: the recursion can’t descend 1o node €0
because it has only 2 keys, 50 P is pushed down and merged with CL and T X o form L PTX:
then, 2 is delcted from a lcaf {(case 1). (€”) Afiter (d). the root is deleted and the tree shrinks in height
by one. (N Deletion of 8. This is case 3a: € is moved to fill B 's position and £ is moved o Gl ¢ "<

POosition,
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B-TREE-DELETE

(e) D deleted: case 3b []_L]

(e¢”) tree shrinks
in height
TE ) i —
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