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LY THUYET DONG DU




Cac khai niém

Dinh nghia 1
Cho s6 nguyén duong n € N, hai sb nguyén a, b € Z dugc goi la
dong du theo moé-dun n néu ca hai ¢ cing s6 du khi chia cho n.
Dugc ky hiéu

a = b (modn)

Vidu1l

Ta cé
» 11 = 8 (mod3) (vi 11 va 8 chia cho 3 déu c6 sb du 13 2)
» —2=5(mod7) (Vi -2 va 5 chia cho 7 déu c6 sb du 12 5)




Mot sb tinh chat

Tinh chét
Quan hé dong du 13 mét quan hé tuong duong

» Tinh phan xa
a = a(modn)

» Tinh dbi xiing
a = b(modn) = b = a(modn)
» Tinh béc cu

a= b(modn)vab = c(modn) = a= c(modn)




M6t s6é tinh chit (cont.)

Tinh chét
Néu
a; = by (modn)
as = by (modn)
Thi

» a1 + ag = by + by (modn)
» a; — ag = by — by (modn)
> ajag = by by (modn)

» ak = bl (modn)




Ap dung

Vi du 2
Tim phan du ctia phép chia 332 cho 17

Loi giai tinh truc tiép
» Ta c6 3%2 = 1853020188851841

» Va 1853020188851841 mod 17 =1
» Vay, phan du clia phép chia 332 cho 17 13 1




Ap dung (cont.)

Loi giai dong du
Ta cb

2
332 = 32222 (mod17)
_ 2
=97 (modl7)
= 817" (mod17) = 152> (mod17)
= 2252 (mod17) = 4% (mod17)
= 16% (mod17)
= 256 (mod17)
=1 (mod17)




Ap dung (cont.)

Vidu 3

Tim hai chit s6 cudi cling ctia s& 716

Loi giai
Hai chit s6 cubi cting chinh |3 phan du clia phép chia 76 cho 100.
Ta c6
22°
7% =72 (mod100)
2
= 49" (mod100)
= 2401 (mod 100) = 12 (mod 100)
= 1 (mod100)

Vay, hai chit s6 cui cing 13 01 =




BANG BAM




Gigi thiéu

» Cac thao tac tim kiém trén cac ciu tric dif liéu nhu danh
sach, ciy nhi phan, ... thuong dua trén viéc so sanh khda cla
cac phan tir chia ciu tric dif liéu. Do d6, thdi gian thao tac s&
phu thudc vao kich thudc cua dir liéu

» Bang b3m 13 mét cAu triic dit liéu ¢ thé giam chi phi dén
O(1) (khong phu thudc vao kich thuéc cla dit liéu)

» NOGi dung dugc tham khao tu
http://www.giaithuatlaptrinh.com/
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Cac dinh nghia

Dinh nghia 2

Bang bam (hash table) 1a mot ciu tric dif liéu chira cic phan ti
c6 “dia chi”. Bang bdm thudng 1d moét mang T ¢ m phan tir. Tuy
nhién, né cé nhitng bién thé khac nhau

11



Cac dinh nghia (cont.)

Dinh nghia 3
Ham bam (hash function) 1a mét anh xa khoa thanh dia chi

h: U — {0,1,..m—1}
b h (k) (1)

> U la tap cac khéa
» {0,1,...,m— 1} la tdp cac dia chi trén bang bam
» Gia tri h(k) goi la hash code hodc dia chi
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Cac dinh nghia (cont.)

of v (BN

AL Ham bim £

Bang bam




Cac dinh nghia (cont.)

Dinh nghia 4

Hé s6 tai (load factor) a cia mét ham b3m h dugc dinh nghia
nhu sau:

(2)

v

Dinh nghia 5
Cho truéc ham bam h(x
u

dung d6 (collision) né
Prlh(x) = h(y)]

), hai khéa x,y ma x # y dudc goi la
h(x) = h(y). Xéc suat dung d6 ky hiéu

14



Chuyén kiéu cho khéa

» Khéa phai & dang s6 nguyén khong diu. Vi du: 12345
» Moi khéa bat ky déu cé thé chuyén thanh dang chudi.
» 12345.27 — “12345.27"
» Moi khéa dang chubi déu cé thé chuyén thanh dang sb
nguyén
» “AB” — 0100.0001.0100.0010 —16706
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Chuyén kiéu cho khéa (cont.)

Dinh nghia 6
Ham b3m chuyén kiéu f(s) 13 4nh xa mdt chudi s thanh mét sb
nguyén
f: S — {0,1,..,2"—1} 3
s = f(s)

v

Vi du 4
M&t s6 ham bim
» Ham CRC32 (check sum) s& trd vé mot sé nguyén (32 bit)
» Ham MD5 s& trd vé mét sb nguyén (128 bit)
» Ham SHA1 s& trd vé mét s6 nguyén (160 bit)
» Ham SHA2 s& trd vé mét s6 nguyén (256 bit)

B ucture & Algorithm 16



Chuyén kiéu cho khéa (cont.)

Dinh nghia 7

Bam da thirc (polynomial hashing) 13 mét ham bam chuyén kiéu.
Goi s[0,1,...,m—1] 13 chudi ky tu va tham s6 b. Gia tri f(s) cla
s dugc tinh bédi cdng thirc sau

f(s) = (50 . bm_1 + 51 bm_l 4+ ...+ Sm—l) mod 2" (4)

v

Cé thé tinh hiéu qua b3ng phuong phap Horner

f(s)=((...(so-b+s1)-b+s2)-b+..) b+ sy_1) mod?2" (5)
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Chuyén kiéu cho khéa (cont.)

Cé rat nhidu ham b3m chuyén kiéu va ching cé thé ding vao céc
muc dich khac nhu

=R s N 2 ~ 1A
» Kiém tra tinh toan ven cia dir liéu

» M3 hda

18



Cac loai ham bam

Mot ham b3m h(x) t6t phai théa man cic diéu kién sau:
» Tat dinh

» [t xay ra dung do

» Tinh todn nhanh




Cac loai ham bam (cont.)

Dinh nghia 8
Cho mét sb nguyén t6 p > |U|, ta dinh nghia ham b3m

hr(x) = (xr mod p) mod m (6)

Cong thirc nay sé cho m6t ho ham bam 13

H o= {hy(x), ha(x), ... hp_1(x)}
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Cac loai ham bam (cont.)

Dinh nghia 9

Goi w 13 sb nguyén duong nhé nhit sao cho |U/| < 2%. Chon
m = 2°. Vi mdi s6 nguyén ducng lé r khéng 16n qué 2%, ta dinh
nghia ham bam

(rx) mod QWJ

gr(x) = {T (7)

Céng thirc nay sé cho mot ho ham bam la

G =1{g1(x),83(x),.--,gw-1(x)}
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Cac loai ham bam (cont.)

w bits w bits
—_——

[ xT [ T |
2w bits
| LT
w bits
—_—
] (z = r)mod 2%
|:] xr mod ZwJ
S— — 210—3

£ bits




Cac loai ham bam (cont.)

Dinh Iy 1

Néu chon ngdu nhién mét ham bdm h,(x) (hodc g.(x)) tor H (
hodc tir G) dé thuc hién b3m thi xdc sudt dung d6 sé 13 c& %

Chirng minh
Sinh vién tham khdo tai liéu m
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Cac loai ham bam (cont.)

Dinh nghia 10

Knuth dé xudt mét ham b3m

h(k) = [m- (k-Amod 1)] (8)

» Phép toan x mod 1 13 phép Iy phan thap phan clia s6 thuc x
» Phép toan | x| 13 phép toan iy phan nguyén cla s6 thuc x
» k 13 khéa, m la kich thuéc bang, Ala hdngsbva0< A< 1
» Ngudi ta thuong chon m = 2P
» Gia tri A thudng dudc chon

V5 —1
2

A= ~ 0.61803398874989

R cructure & Algorithm 2



Cac loai ham bam (cont.)

» Vidu k = 12345 va m =210
» T cong thirc

h(k) = [1024 x (12345 x 0.61803398874989 mod 1)

» Cubdi ciing

h(k) = h(12345) = 644




Cac thao tac trén bang bam

v

Khéi tao bang bam

v

Tim kiém méot phan tir trén bang

» Thém mot phan tif vao bang

Loai bd mét phan tir khéi bang

v
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X ly dung do

» Phuong phap nbi két (separate chaining)
» Phuong phap dia chi mé (open addressing)

» Phuong phap bam hoan hdo (perfect hashing)




Phuong phap két nbi

» Y tudng clia phuong phap | dua tit cd cac khéa dung d6 vao
chung mét dia chi va tao thanh mét danh sich lién két
» Thém khéa x

PUTTOCHAININGTABLE(x, h, T)
add x to list T[h(x)]

» Tim khda x

LOOKUPCHAININGTABLE(x, h, T)
L+ T[h(x)]
for each element e in L
if e=x
return Yes
return No
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Phuang phap két ndi (cont.)

[a—

[Huy[=

BN

[Tan[o— T
(A -+—{AnT+~{Phuong[
[Bich[+~

/AL

SEES

Bang bam




Phuang phap két ndi (cont.)

Dinh 1y 2
Goi U(x) 13 chiéu dai cta danh sich chiia khéa x
» Chiéu dai trung binh ctia { 13 o

» Chiéu dai dai nhat cia ¢ 13 khodng O(log)ign)

Chirng minh
Sinh vién tu doc tai liéu tham khdo =
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Phuong phap dia chi mé

» Trong phuong phap giai két ndi, cé thé cé kha nhiéu 6 clia
bang rdng trong khi mot s& & khac lai chira kha nhiéu phan
tlr. Ngoai ra, ta can duy tri mét danh sach céc con trd dé lién
két cac phan tir lai v&i nhau. Cac lién két ndy duong nhién |3
s& ton thém bo nhé.

» Tén goi “dia chi m&” mang y nghia la “dia chi” cia khéa
khdng phai chi dugc xac dinh b3ng “duy nhit" hash code ciia
phan tir d6, ma con cé su can thiép clia phép “dd tim”

» Cac phan tir chi luu trong bang bdm, khéng dung thém bd
nhé m& rong nhu phuong phap két néi

B L cructure & Algorithm
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Phuaong phéap dia chi mé (cont.)

Y tuéng chung

St dung m ham b3m dbéc 1ap hg, h1,. .., hm_1, sao cho, vé6i bat ki
phan tr x nao, m gia tri ho(x), h1(x),..., hm_1(x) d6i modt khac
nhau.

» Néu tim thdy mét 6 tréng dau tién thi luu x vao dé

» Néu khéng thiy sir dung ham b3m ké tiép

» Do ho(x), hi(x),..., hm—1(x) la mét hoan vi cla
{0,1,...,m— 1}, qua trinh tim kiém 6 tréng ludn két thic
sau t6i da m buéc.
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Phuaong phap dia chi mé (cont.)

» Thém mot khda x

PuTTOOPENADDRESSINGTABLE(x, {hp,...
i+ 0
while T[h;(x)] # Null
i< i+1
TThi(x)] « x

3 hmfl} ) T)
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& (cont.)

Im
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Phuong phap
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Phuaong phap dia chi mé (cont.)

» Tim mét khda x

LookUPOPENADDRESSINGTABLE(x, {hg,...,hm_1}, T)
i+« 0
while T[h;(x)] # x
if Tlhi(x)] = Null

return No

i—i+1
if i<m-1
return h;(x)
return No
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Phuaong phéap dia chi mé (cont.)

Dinh Iy 3
» S6 Ian do tim trung binh dé tim kiém mét khéa x khéng cé
trong bang la

1
9
11—« )
» S& 1an do trung binh dé tim kiém mét khéa x ¢6 trong bang 13
1 1
— 141 10
o < i 1—- oz) (10)

» Trong truong hop xau nhat sé 1an do tim 13 O(log n)

Ching minh
Sinh vién tu chiing minh =
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Phuaong phéap dia chi mé (cont.)

Thuc hién

Trong thuc té, viéc thiét k& m ham b3m ngiu nhién déoc 1ap thda
man ma bam d6i mot khac nhau véi mot khda cho trude 1a viéc vo
cung khé. Cho du ta cé thuc hién dugc thi chi phi thai gian cé |€
ciing khong nhé. Do d6, trong thuc té, ta chap nhan cic ham bim
“phu thudc” v6i nhau & mdt mitc do nao d6, mdi mirc d6 cho
chiing ta mot phép do khac nhau: do tuyén tinh, dd nhi phan, do
bac hai va bam kép.
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Phuaong phéap dia chi mé (cont.)

Dinh nghia 11

Do tuyén tinh (linear probing), ta s& chi st dung mét ham bam
t6t h(x) dé dinh nghia m ham b3m nhu sau

hi(x) = (h(x)+i)modm  0<i<m-1 (11)

» Diém manh cta phuong phap do tuyén tinh nay I3 thuc thi
don gian.

» Tuy nhién, cac gia tri bam sé cé xu hudng tum lai véi nhau
thanh mét diy con lién tuc clia 7. Ngoai ra, khi hé s6 tai gan
bang 1 thi tim kiém véi do tuyén tinh cuc ki kém hiéu qua.
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Phuaong phap dia chi mé (cont.)

Dinh nghia 12
Do nhi phan, ta chon m = 2¢ va sir dung mét ham bam tét h(x)
dé dinh nghia m ham b3m nhu sau

hi(x) = (h(x) ®i) 0<i<m—1 (12)
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Phuaong phap dia chi mé (cont.)

Dinh nghia 13

Do bac hai (quadratic probing), ta s& duing mét ham bam tét
h(x) va mdt ham bac 2 dé thiét k& m ham b3m nhu sau

hi(x) = (h(x) + i*) mod m 0<i<m-1 (13)

» Phuong phap do bac hai vé m3t ly thuyét va thuc nghiém t6t
hon do tuyén tinh
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Phuaong phéap dia chi mé (cont.)

Dinh nghia 14

Do bim kép (double hashing) st dung hai ham bam tét déc lap
h(x), g(x) dé thiét k& m ham b3m nhu sau

hi(x) = (h(x) + ig(x)) mod m 0<i<m-1 (14)

» Phuong phap do bim kép t6t hon vé m3t ly thuyét
» Tuy nhién, trong thuc t& phuong phap nay s& hoi chdm hon.
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Phuong phap bam hoan hao

» B3m hoan h3o s& sir dung hai ham bam tét {h(x), g(x)} va
bang b3m hai chiéu T[1,2,...,m|[...].

» M&i hang clia bdng bidm T[] s& dugc xem nhu mét bang bim
phu, c6 kich thuéc phu thudc vao dau vao.

» Khi bam vao bang, ta thuc hién bam theo 2 pha:

» Trong pha dau tién, sir dung h dé b3m x vao hang h(x)
cta bang T.

» Trong pha thir 2, goi C[i] |a s6 lugng phan tir dugc bdm
cling vao hang thir i sau pha dau tién, véi mdi hang i, ta
cap phat mét bd nhé Cli]? cho hang TTi].

» Sau d6, ta coi hang ndy nhu mdt bang bim va dung g dé
bdm cic phan tl x cé cling m3 b3m i vao 6 g(x) cla
hang nay.

B L cructure & Algorithm P



Phuaong phap bam hoan hao (cont.)

» Dung d6 1an 2 nay s& dudc gidi quyét bang phuong phap
két nbi.




Phuaong phap bam hoan hao (cont.)

(7] (1[2[s[4]s[6]7[8]9

- 1 ] 1
o Phutog)
[Bic| I




Phuaong phap bam hoan hao (cont.)

» Thém mang A vao bang T

PuTToPERFECTTABLE(A[L,2,...,n], {h,g}, T)
Cl0,...,m—1] + {0,...,0}
for i< 1 to n
ClhALI)] « CIA(AL)] + 1
for i<+ 0 to m—1
allocate C[i]?> memory slots to row T[i] of 2D table
for i< 1 to n
J < h(A[])
k < g(A[i]) mod C?[j]
add A[i] to list T[j][K]
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Phuaong phap bam hoan hao (cont.)

LookuPPERFECTTABLE(x, {h,g}, C[0,...,m—1], T)

i< h(x)
j+ g(x) mod CZ[i]
L Tl
if L= Null

return No
for each element e in L

if x=-¢e

return Yes

return No
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Danh gia

Load factor o 0.1 05 0.8 09 0.9

N

Két noi 105 125 14 145 15
M3, ngiu nhien 1.05 1.4 2 26 46
M3, tuyén tinh  1.06 15 3 55 505

N

Bang 1: S6 1an do tim trung binh ¢6 (ly thuyét)
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Danh gia (cont.)

Load factora 0.1 0.5 0.8 0.9 099 2
Két nbi 01 05 08 09 09 2
M3, ngiu nhién 1.1 2 5 100 -
Mg, tuyén tinh  1.12 25 13 5000 -

Bang 2: S6 1an dd tim trung binh khéng c6 (ly thuyét)
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Danh gia (cont.)

Load factoraa 0.1 05 0.8 0.9 0.99 2
Két nbi 1.04 12 14 14 15 2
Mé&, ngdu nhien 1.04 15 21 27 52 -
Mg, tuyén tinh  1.05 16 34 62 213 -

Bang 3: S6 1an do tim trung binh ¢é (thuc nghiém)
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Danh gia (cont.)

N

Load factoraa 0.1 0.5 0.8 0.9 0.99

N

Két ndi 01 05 08 09 099
M3, ngdu nhien 1.13 22 52 119 126
M3, tuyén tinh  1.13 2.7 154 59.8 430

Bang 4: S6 1an do tim trung binh khéng c¢é (thuc nghiém)

50



Thiét ké ham bam

» Trong cac (ing dung ma ching ta phdi thudng xuyén thém va
x6a phan tir khdi bang, phuong phap chudi két ndi sé 1a mot
lua chon tét.

» Ngudc lai, trong cac (rng dung ma chiing ta chi yéu thuc hién
tim kiém, it khi phai thém hay x6a phan ti khéi bang (vi du
img dung tir dién ching han) thi bam hoan hao sé& la mét lya
chon tét.

» Tuong tu nhu b3m hoan h3o, néu (ing dung ciia chiing ta chi
yéu thuc hién tim kiém nhung chiing ta lai ¢6 thém thong tin
vé tan sult truy nhap khda, thi ta c6 thé sit dung b3m dia chi
ma.

B L cructure & Algorithm

51



	LÃš THUYáº¾T Ä’á»™NG DÆ¯
	Báº¢NG BÄ‡M

