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g im kiém va trinh dién thong tin

Bai 9. Nén chi muc ngugc
IIR.C5. Index Compression

B6 mén Hé théng théng tin
Vién CNTT & TT



i NOi dung chinh

= Cac quy luat phan bo tu vung




& Quy luat Heap

M = kTP,

=*Trong d0 M la kich thudc bd tu vung; T la sO tu
trong bo di liéu; k, b la cac hang so.

=Quan hé tuyén tinh trong mat phang log-log:
log(M) = log(k) + b log(7)




Quy luat Heap: Xac dinh cac hang so

Cé thé du doan kich thudc bd tor vung truGe khi
hoan thanh qua trinh xay dung chi muc ngudgc.

Least square error line trén cac tap gia tri X, Y:
:COV(X,Y) h _Z(Xi_)_()'(Yi_Y)
var( X )° L Z(Xi—)_()z
b.=Y-b X
0 : b = b,

y = b, + b,x log(k) = b,

b,




=Trong do6 K la hang s0O; cf, la tan suat bo dir liéu
(la sO lan tu thd' i xudt hién trong bo dir liéu); i la
chi s trong danh sach tir sap x€p theo th’ tu
giam dan cf.



& Quy luat Zipf (2)

= cf, = cf,/2; cf, = cf,/3; v.v.
= MOGi lién hé tuyén tinh gitra log(cf,) va log(/):
= log(cf; )= log(K) — log(/)

CG rét it tu duoc sur dung phé bién nhung cd rét nhiéu tir
hiém.



i NOi dung chinh

= Nén tU dién



& Nén bao toan vs. khong bao toan

= Néen bao toan:
= D{I liéu dugc bao toan sau khi giai nén;
= PhO bién nhat trong tim kiém.
= Nén khong bao toan:
= Loai bo mot phan dir liéu, ti 1€ nén thuong cao haon
phuaong phap bao toan;

= Cb thé coi cac phép loc trong qua trinh tach tU (chuan
hoa cach viét, loai tur dung, v.v.) la nhitng phuong
phap nén khong bao toan.



& Ly do nén tur dién

= Thuc hién truy van luon bat dau vaéi tim kiém tur
trong tu dién:
= Can sU dung cau trdc dir liéu trong bd nhé dé tim
ki€m nhanh;
= Ap dung phudng phap nén gidp:
= Luu tur dién kich thudc I6n trong bd nhd;
= Giam thdi gian tai dT liéu tir 6 dia.



i Mang phan ti kich thudc tinh

= Mang phan tu kich thudc tinh

—_———

Cau truc tim kiém
trén tu dién

Danh sach thé
dinh vi

Tw Té‘i’n Con tro
suat
ja 656,265
abc 65
ZWX 221
fixed word | [tf _size
length pointer_size

10



Chuoi ky tu dai

= Luu bo tr vung nhu mdt chuoi ky tu' dai :
= Con tro tai tu ti€p theo la dau hiéu két thuc tu hién tai

....systiIengeticsyzygiaIsyzygyszaibelyiteszczecinszomo....

Freq. Postings ptr. Term ptr. J

Pd dai chudi tir vung =
. Téng db dai tir

29

44

kich thudc toi uu
126 <:: cho con tré la: log,L,

L [a do dai chuoi

tf_size pointer_size
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Phan doan chudi ky tu dai

= Luu con tro tGi tu dau tién trong khoi k tu.
= Nhu vi du: k=4.

= BO xung 1 byte dé luu do dai tur
.../ systileSsyzygetic8syzygiak syzygyl1szaibelyite....

T

< word_engtr

33

29

44 SO bytes tiét kiém dugc
126 (k — 1) * pointer_size — k




* Phan doan

= Vi du V@i kich thudc khoi k=5

= Khi chung ta st dung 3 bytes/con tro, néu khong
phan doan s€ can 5 x 3 = 15 bytes,

= NEu st dung phan doan sé can 3 + 5 = 8 bytes.
= Tiet kiém 7 bytes cho moi khoi.

Thao tac nay gidm kich thudce tir dién,
k I6n hon sé tiét kiém nhiéu hon,
vi sao khong sur dung k [&n?

13



& TU dién khéng phan doan

" Gia sU xac suat su
dung tu la dong nhat,

" SO so sanh trung binh
dé tim mot tu Ia
(1+2:2+4-:3+4)/8 ~2.6
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* TU dién c6 phan doan

—O—C
F—O0—0O0—0O
= Tim ki€ém nhi phan trén khoi

= Tim kiém tuan tu trong moi khéi.

= VGi khoi 4 tu, s6 so sanh trung binh =
(14+2:2+2-3+2-4+5)/8 = 3 so sanh

®
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Chuoi ky tu dai, phan doan va Front-

& coding

= P3c diém: Nhiing tir da sap x&p thudng co phan bat dau
giong nhau

= Front-coding: Trong khoi, luu hoan chinh tu dau tién va
phan khac biét cua cac tu ti€p theo
SautomataSautomated automaticlOautomation

—~>87automatalelic3ion

Phan dau automat PO dai phan ma réng ngoai
automat.
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i NOi dung chinh

= Nén danh sach ma van ban
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& Nén danh sach ma van ban

= Xét trudng hdp don gian nhat khi chi luu ma van
ban theo trat tu tang dan trong danh sach the
dinh vi.
= Vi du, mo hinh Boolean.

= Muc dich nén:
= Giam kich thudc danh sach the dinh vi;
= Luu s6 lugng I&n thé dinh vi trong bo nhd;
= Giam thdi gian doc tU 6 dia.
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& Bi€u dién nhi phan clia ma van ban
= S§ bit t8i uu dé bi€u dién md van ban I3

log,(DocID) bits:

= NEu su dung lugng bit c6 dinh (>=log,(max(docID)))
s€ lang phi bd nha khi lvu ma sé nho;
= Can thay doi s6 Iugng bit phu hgp vGi ma vén ban.
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* Danh sach khoang cach

= Cac ma van ban trong danh sach dugc luu theo
th(' tu’ tang dan, vi du:
= May tinh: 33,47,/154,159202 ...
= CO thé thay b3 oang cach
= 33,14,107,5,43 ...
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Ma VB

= Ma VB: Variable Bytes Code. La phucgng phap ma hoa sur
dung s byte thay doi phu hgp vdi kich thudc ma van
ban.
= Ma hoa:
= Gom nhom 7 bits,
= S{r dung 1 byte dé Iuu mét nhdm,
= Pt bit cao nhat (bit c) clia byte phai nhat bang 1, vdi cac bytes
con lai dat c = 0,

= Day byte thu dugc la ma VB cua khoang cach G.
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Mé VB (2) VBENCODENUMBER(n)

bytes — ()

1

2 while true

3 do PREPEND(bytes, n mod 128)
4 if n < 128

5 then BREAK
6

7

8

n «— ndiv 128
bytes|LENGTH(bytes)] += 128
return bytes

VBDECODE (bytestream)
numbers < ()
n«0
for i < 1 to LENGTH(bytestream)
do if bytestream|[i] < 128
then n < 128 x n + bytestream|i]
else n < 128 x n + (bytestream|i] — 128)
APPEND(numbers, n)
n <« 0
return numbers

W oo SOk W=



Vi du

gaps 5 214577
VB code 00000110 10008401 00001101
10111000 00001100

10110001

Danh sach the dinh vi dugc luu nhu day byte
000001101011100010000101000011010000110010110001

A\

*Quan trong: Co6 thé gidi ma VB theo tién trinh
doc tur 6 dia (doc tGi dau gidi nén tGi do).

>

V&i khoang cach nho (5),
VB s dung ca mot bytes| 23

>




Paon vi ma hoa toi uu cho ma VB

= NéEu s’ dung don vi ma hoa I6n sé lang phi b6 nhd doi
v@i cac khoang cach nho, ngugc lai néu s dung don vi
nho sé lang phi bo nhé doi vdi gia tri I6n.
= CO thé sir dung cac dan vi ma hda khac: 32 bits, 16 bits, 4 bits
tuy theo ddc diém phan bd gia tri s6;

= Hoac gom cac gia tri nho thanh gia tri I6n han, v.v.

24



& Ma Unary code

= Biéu dién s6 n nhu chudi nsd 1 thém sb 0 & cudi.
= Unary code cua 3 la 1110.

= Unary code cua 40 la
111111111111111111131111111111111111111110.
= Unary code cua 80 la:

1111111111111111111111111117111111711111131111111111
11111111111111111111111111111110

Hiéu qua Ung dung?
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& Ma Gamma

= Bi€u dién mdt khodng cach G bang offset va length
= offset la ma nhi phan cua G loai bo bit di'ng dau

= Vidu 13 = 1101, ; offset(13) = 101
= |length la Unary Code cua do dai cua offset

= V@i 13: offset = 101, length = 1110.

= Ma Gamma = length + offset
= Ma Gamma cua 13 la 1110101
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Vi du ma Gamma

number _length ______ offset ___ycode

© + O N -~ O

13
24
911
1025

0
10
10
110
1110
1110
11110
111111110
11111111110

0

1

00

001

101

1000
11111111
0000000001

none

0

10,0

10,1

110,00

1110,001

1110,101

11110,1000

111111110,11111111
11111111110,0000000001 ;7



* Ma Gamma vs. ma VB

= Péu co thé gidi ma cung tién trinh doc dir liéu.
= M3 Gamma co ti 1é nén 6n dinh cho moi gid tri ma van
ban va nén tot han ma VB;

= Ma Gamma sU dung cac thao tac trén bits nén cham hon
ma VB.
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* Bai tap 11.1

Cho danh sach ma van ban sau:
1, 3, 10, 120, 121
a) Hay xac dinh danh sach khoang cach;

b) I-ay ma hoa két qua muc a bang ma VB, dan vi
ma hoa la 8 bits;

c) Hay ma hoa két qua muc a bang ma Gamma.
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* Bai tap 11.2

a) Day bits sau la ma VB cua danh sach khoang
cach, don vi ma hoa la 4 bits (nibbles):

1010 0001 1011 0101 1000
Hay xac dinh danh sach ma van ban ban dau.

b) Day bits sau la ma Gamma cua danh sach
khoang cach:

110011110000101
Hay xac dinh danh sach ma van ban ban dau.
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& Bai tap 11.3

Hay chd’ng minh kich thuGc bo tu vung la hitu han
trén cd sG luat Zipf va vo han trén ca s& luat Heap.
Chiing ta co thé suy dién luat Heap tUr ludt Zipf hay
khong?
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* Bai tap 11.4

Gia sir cho mot bd tu dién va&i 100 000 tir. Kich
thuGc co dinh cho mot tu' la 20 bytes, s dung 4
bytes dé luu tan sudt van ban, va 4 bytes dé luu
con tro.

Hay udc lugng kich thudc tUr dién néu chia khdi
trong hai trudng hop, k = 8 va k = 16.
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