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+ Cac thuat nglr thwdng dung:

¢+ Data Compression

¢ Lossless Compression
¢ Lossy Compression

¢+ Encoding

¢ Decoding

¢ Run/Run Length

+ RLE, Huffman, LZW
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¢ Giam kich thwde div liéu:

> Khi lwu triv
» Khi truyén di liéu

¢ Tang tinh bao mat

Winter 2015 Data Structures & Algorithms - Data Compression - Nguyen Tri Tuan, DH.KHTN Tp.HCM




Gi&i thiéu (tt)
+ Co 2 hinh thirc nén:

+ Nén bao toan thdng tin (Lossless Compression):
» Khéng mat mat théng tin nguyén thuy
> Hiéu suat nén khéng cao: 10% - 60%
» Cac gidi thuat tiéu biéu: RLE, Arithmetic, Huffman, LZ77,
LZ78,...

¢+ Nén khéng bao toan théng tin (Lossy Compression):
» Thong tin nguyén thay bi mat mat
» Hiéu suat nén cao 40% - 90%
» Cac giai thuat tiéu biéu: JPEG, MP3, MP4, ...
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— Gi&i thiéu (tt)

+ Hiéu suat nén (%):
¢ Tilé % kich thuwdc diy liéu giam dwoce sau khi ap dung
thuat toan nén
D (%)=(N-M)/N*100
D: Hiéu suat nén
N: kich thwdc data trwdec khi nén
M: kich thwé e data sau khi nén

+ Hiéu suat nén tuy thudc
¢+ Phuong phap nén
¢ Pac trwng cua dir liéu

Winter 2015 Data Structures & Algorithms - Data Compression - Nguyen Tri Tuan, DH.KHTN Tp.HCM




—Gié’i thiéu (tt)

+ Nen tap tin:
+ Dung khi can Backup, Restore,... di¥ liéu
¢ Dung céac thuat toan nén bao toan thong tin
+ Khéng quan tdm dén dinh dang (format) cta tap tin

¢ Cac phan mém: PKzip, WinZip, WinRar,...
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ata Compression

|- Giéi thiéu

* Giai thuat nén RLE

= Giai thuat nén Huffman
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—l‘a! i thuat nén RLE

+ RLE = Run Length Encoding: ma hoa theo do
dai lap lai cua dir liéu

+Y twédng
+ Dang 1: RLE voi file *.PCX
+ Dang 2: RLE voi file *.BMP

4+ Nhan xét
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iai thuat nén RLE (tt)

+Y twong:
Hinh thirc biéu dién théng tin dw thira don gian: “dwéng
chay” (run) — la day cac ky tw 3p lai lién tiép
¢ “dworng chay” dwoc biéu dién ngan gon: <Sb 1an 1ap> <Ky tu>
+ Khi o dai dwérng chay loén > Tiét kiém dang ké

Vi du:
Data = AAAABBEBBBBBCCCCCCCCCCDEE (# 25 bytes)

Data, ., = 4AS8REB10C1D2E (# 10 bytes)
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—l‘a! i thuat nén RLE (tt)

+Y twéng: (tt)
+ Khi van dung thwc té, can co bién phap x{ ly dé tranh
trwedng hop “phan tac dung” doi voi cac “run dac biét
chico 1 ky tuw”

X (# 1 bytes) =2 11X (# 2 bytes)
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iai thuat nén RLE (tt)
+ Dang 1: RLE trong dinh dang file *.PCX

N \T( J \f 7 — T —
Hai bit n = 6 bit thap d =A,b.y;ce di liéu
cao bat  cho biét sé lan ke tiep duoc

117 lap... lap

Trwong hep “run binh thwdong™
AAAAAAAAAAAAA - 13 A (biéu dién 2 bytes)
- 0xCD 0x41
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ai thuat nén RLE (tt)
+ RLE trong dinh dang file *.PCX (tt)

N 1 -
Hai bit cao Day la byte di¥
khong bat liéu (so lan 1&p=1)

Trweong hop “run dac biét”:
A > A (biéu dién 1 byte)
- 0x41
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'!iéi thuat nén RLE (tt)

+ RLE trong dinh dang file *.PCX (tt)

%Tf J \f 7 NL_ T —
Hai bit n = 6 bit thap d =Ab.y;£e dir liéu
cao bat  cho biét s lan ke tiep duoc

“117 lap (= 1) lap

Trweong hop “run dac biét”:
0xD9 ,,, 4y =2 1 0xD9 (biéu dién 2 bytes)
- 0xCl 0xD9
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iai thuat nén RLE (tt)
+ RLE trong dinh dang file *.PCX (tt)

¢ Uu diém:
» Cai dat don gian
» Giam 75% cac trweong hop “phan tac dung” cua nhirng
run dac biét

¢ Khuyét diém:

» Dung 6 bit biéu dién sb 1an 1&p > chi thé hién duwoc
chiéu dai run max = 63 > Cac doan lap dai hon sé
phai chia nhd dé ma hoa

» Khoéng gidi quyét dwoc trwdng hop “phan tac dung”
v&i run dac biét co ma ASCIl >= 192
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—la‘ ! thuat nén RLE (tt)

+ RLE trong dinh dang file *.PCX (tt)

Vi sao dung 2 bits lam co hiéu, ma khoéng
dung 1 bit ?

Winter 2015 Data Structures & Algorithms - Data Compression - Nguyen Tri Tuan, DH.KHTN Tp.HCM



iai thuat nén RLE (tt)

#define MAX RUNLENGTH 63

int PCXEncode a String(char *aString, int nLen, FILE *fEncode)
{
unsigned char cThis, clast;
int i;
int nTotal = 0; // Téng sb byte sau khi mid hoa
int nRunCount = 1; // Chiéu dai cuaa 1 run

cLast = *(aString);
for (i=0; i<nlen; i++) {
cThis = * (++aString) ;

if (cThis == cLast) { // Tén tai 1 run
nRunCount++;
if (nRunCount == MAX RUNLENGTH) {
nTotal +=

PCXEncode a Run(cLast,nRunCount, fEncode) ;
nRunCount = 0;

Continued..
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1ai thuat nén RLE (tt)

else // Hét 1 run, chuyén sang run ké tiép

{

if (nRunCount)

nTotal +=
PCXEncode a Run(cLast,nRunCount, fEncode) ;

cLast = cThis;
nRunCount = 1;

}
} // end for

if (nRunCount) // Ghi run cubdi cung lén file
nTotal += PCXEncode a Run(cLast, nRunCount, fEncode);

return (nTotal) ;

} // end function
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1ai thuat nén RLE (tt)

int PCXEncode a Run(unsigned char c, int nRunCount,
FILE *fEncode)

{
if (nRunCount) {

if ((nRunCount == 1) && (c < 192))
{

putc (c, fEncode) ;

return 1;

else

putc (0xCO | nRunCount, fEncode);
putc (c, fEncode) ;
return 2;
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iai thuat nén RLE (tt)

int PCXDecode a File (FILE *fEncode, FILE *fDecode) ({
unsigned char c, n;

while (!'feof (fEncode))
{

¢ = (unsigned char) getc (fEncode) ;

if (c == EOF) break;

if ((c & 0xCO0) == 0xCO) // 2 bit cao bat

{ - P P ~
n = c & 0x3f; // Lay 6 bit thap - sdé lan léap..
¢ = (unsigned char) getc (fEncode) ;

}

else n = 1;

// Ghi d# liéu di gidi md 1lén file fDecode
for (int i1i=0; i<n; i++) putc (c, fDecode) ;
}
fclose (fDecode) ;
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Iai thuat nén RLE (tt)

+ Dang 2: RLE trong dinh dang file *.BMP
+ File *.BMP

> DPinh dang file chuan ciia Windows dung dé Iwu &nh bitmap

» Co6 kha nang lwu trir anh B&W, 16 mau, 256 mau, 24bits
mau

» C06 sr dung thuat toan nén RLE khi lwu tri¥ div liéu diém anh
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1ai thuat nén RLE (tt)
+ RLE trong trong dinh dang file *.BMP (tt)

lap 255 lan

D lieu lwu lap lai vi
sO lan lap chi sw
dung co 6 bits

OxFF’'A’ OXFF'A’
OxFF’'A’ OXFF'A’
OxC3’'A’
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iai thuat nén RLE (tt)

+ RLE trong trong dinh dang file *.BMP (tt)
Y twéng:
¢ D{r liéu c6 2 dang

> Dang 1: Run v&i d6 dai > 1. vD. AAAAAAAAAAAA
» Dang 2: Day cac ky tw don |é. VD. BCDEFG

¢ Biéu dién: phan biét 2 dang bang cach dung “ma
nhan dang” (ESCAPE 0x00)
» Dang 1: <Sé lan 1ap> <Ky tw 1ap>
VvD. 0x0C ‘A’
» Dang 2: <ESCAPE> <n> <Day ky tw>
VD. 0x00 0x06 ‘B’’C’’D’’E’’F’'’G’
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-l‘a! i thuat nén RLE (tt)

+ RLE trong trong dinh dang file *.BMP (tt)

lap 255 lan

dINg UneN II

OxFF ‘A’ 0x00 O0x06 “BCDEFG”
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”. huat nén RLE (tt)

So sanh gitra PCX RLE va BMP RLE ?
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iai thuat nén RLE (tt)

int BMPDecode a File (FILE *fEncode, FILE *fDecode) ({

unsigned char cMode, cData;
int i, n;

while (!'feof (fEncode))
{
cMode = (unsigned char) getc (fEncode) ;
if (cMode==EOF) break;
if (cMode==0) { // Dang 2
n = (unsigned char) getc (fEncode) ;
for (i=0; i<n; i++) {
cData = (unsigned char) getc (fEncode) ;
putc (cData, fDecode)

Continued..
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1ai thuat nén RLE (tt)

else // Dang 1

{
n = cMode; // S6 lan 1la&p
cData = (unsigned char) getc (fEncode) ;
for (i=0; i<n; i++)
putc (cData, fDecode) ;
}

// end while

// end
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-l‘a! i thuat nén RLE (tt)

+Nhan xét / Ung dung:
+ DUNng dé nén cac di¥ liéu c6 nhiéu doan 1ap lai (run)
¢ Thich hgp cho di¥ liéu anh - *ng dung hep
+ Chwa phai la mot thuat toan nén cé hiéu suat cao

¢ Don gian, dé cai dat
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ata Compression

|- Giéi thiéu

I  Giai thuat nén RLE

* Giai thuat nén Huffman
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nl‘ !!uét nén Huffman

+ Gio¢i thiéu
+ Huffman tinh (Static Huffman)

+ Huffman déng (Adaptive Huffman)
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uat nen Huffman — Gi¢i thieu

4+ Hinh thanh

+ Van dé:

» M6t giai thuat nén bao toan théng tin;
» Khoéng phu thudc vao tinh chat ctia di liéu;
» ng dung réng rai trén bat ky di¥ liéu ndo, vdi hiéu suat tot

¢ Tw twdng chinh:
» Phwong phap ci: dung 1 day cd dinh (8 bits) dé biéu dién 1 ky tw
» Huffman:
® S dung vai bits dé biéu dién 1 ky tw (goi 1a “ma bit” — bits code)
® Do dai “ma bit” cho cac ky tw khéng gidéng nhau:
Ky tw xuat hién nhiéu 1an > biéu dién bang ma ngan;
Ky tw xuét hién it > biéu dién bang ma dai
> Ma hda bang ma c6 dé dai thay déi (Variable Length Encoding)

¢ David Huffman — 1952: tim ra phwong phap xac dinh ma téi wu
trén dir liéu tinh
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muét nen Huffman — Gi&i thiéu (tt)

+ Gia st co dir liéu nhuw sau:
f = “ADDAABBCCBAAABBCCCBBBCDAADDEEAA”
+ Biéu dién binh thwong (8 bits/ky tw):
Sizeof (f) = 10*8 + 8*8 + 6*8 + 5%8 + 2*8
= 248 bits

Ky tu |S6 lan xuidt hién
trong file f

10

HIO Q| W ¥
N| 0| o] o
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at nen Huffman — Gi&i thieu (tt)

+ Biéu dién bang ma bit co dd dai thay doi (theo
bang):

Winter 2015

Sizeof(f) = 10*2 + 8*2 + 6*2 + 5*3 + 2*3
69 bits

Ky tu| Ma bit
11
10
00
011
010

H O Q W|»
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— !tatic Huffman

4+ Thuat toan nén

+ Tao cay Huffman

+ Phat sinh bang ma bit

+ Lwu trir thong tin dung dé giai nén

+ Thuat toan giai nén
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tatic Huffman (tt)

4+ Thuat toan nén:

+ [b1] Duyét file > Lap bang thdng ké s6 lan xuat hién cta mbi
loai ky tw

b2] Phat sinh cay Huffman dwa vao bang thdng ké
b3] Tl cay Huffman - phat sinh bang ma bit cho cac ky tw
b4] Duyét file > Thay thé cac ky tw bang ma bit twong (rng

*
*
*
*

Winter 2015 Data Structures & Algorithms - Data Compression - Nguyen Tri Tuan, DH.KHTN Tp.HCM

b5] Lwu lai théng tin ctia cay Huffman dung dé gidi nén




Static Huffman (tt)

[b1] Ky Sé 1lan xuit
f = “ADDAABBCCBAAABBCCCBBBCDAADDEEAA” > tu hién
1 A 10
i::[:: B 8
Level 1 f‘;;él : . -
- \\\ [b2]
pr : —
2 /./ ey 3 D 5
e \
Leveal 2 QEH _1§u _BA 18 E 2
7 / \ Ky | Ma bit
4. / ALS) (6 ;/ N (7 . tw
o Eel E ED [ 07 [BLDB A 10 > A 11
YA
/N B 10
7\
Hode
8/ \9 tode._ [b4] c 00
Level 4 1|~ E 02 LD 05 e D 011
E 010
f = 11011011111110100000101111111010000000

nén

Winter 2015

1010100001111110110110100101111
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tatic Huffman (tt)

+ Tao cay Huffman:
* M6 t& cay Huffman: ma Huffman dwoc biéu dién bang
1 cay nhi phan
> M6i nut 1a chiva 1 ky tw

> Nut cha sé chwa cac ky tw
cua nhirng nut con

- Ve ceosa| 31
> Moi nut dwoc gan mot trong S Poctfiode
sO:
® Nut la co trong sb bang sb 2 3
lan xuét hién cla ky tw Lovel 2 CED 13 18
trong file
® Nut cha co trong sO bang
tdng trong sb cua cac nut \ 5 \ i
con Level 3 C 10
8 4 ':::m|h-w
Leval 4 E |02 D |105 =
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atic Huffman (tt)

+ Tao cay Huffman: (tt)

¢ Tinh chat cay Huffman:
»Nhanh trai twong rng v&i ma hoa bit ‘0’; nhanh phai twong
ng v&i ma hoa bit ‘1’
> C4c nut co tan sb thap nam & xa gbc > ma bit dai
»C4c nut co tan sb cao nam & gan géc > ma bit ngan
» S0 nut cla cay: (2n-1)
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' Static Huffman (tt)

// Céu truc ditr liéu luu trit cidy Huffman
#define MAX NODES 511 // 2*256 - 1

typedef struct ({

char c; // ky tu
bool used; // da st dung/chua
long nFreq; // trong sbé
int nLeft; // cdy con trai
int nRight; // cady con phai

} HUFFNode;

HUFFNode HuffTree[MAX NODES] ;
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atic Huffman (tt)

+ Tao cay Huffman: (tt)
¢ Thuat toan phat sinh cay:

[b1] Chon trong bang thdng ké 2 phan tlr x,y c6 trong sb thap nhat
- tao thanh nut cha z:

z.c = min(x.c + y.c);
z.nFreq = x.nFreq + y.nFreq;
z.nLeft = x
z.nRight = y
[b2] Loai bé nit x va y khdi bang;
[0b3] Thém nit z vao bang;
[b4] L&p lai bwdc [b1] - [b3] cho dén khi chi con lai 1 nat duy
nhat trong bang

(*) Qui woéc:
- nut ¢co trong s6 nhd nam bén nhanh trai; nut cé trong so I&n nam bén nhanh phai;

- néu trong s6 bang nhau, nat co6 ky tw nhd nam bén nhanh trai; ndt co ky tw Ion nam
bén nhanh phai

- néu co cac node co trong sé bang nhau = wu tién x&r ly cac node co ky tw ASCII
nho trwéc
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Ky | SLXH
tu

A 10
B 8
C 6
D 5
E 2

Winter 2015

Static Huffman (tt)

\4

Ky | SLXH
tu

A 10
B 8
ED

C

9}
| ED | 07 |
ffi'
WARNG
E [02] | D Jos]
0 - 1 ]
Ky | SLXH
tu
BA 18
CED 13

Minh hoa qua trinh tao cay

A

} ¢ \\

/ N
" [ (o]

Ky | SLXH
tu
CED 13
A 10
B 8
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Lewvel 1

Lovel 2

Level 3

Level 4

atic Huffman (tt)

=,
2/ 3
k:EDILm EAL‘IB

4 9 (6 /

CL& ED|07] [ B |0B]| [ A [10
. E; g? ':::ﬂikhwlnr
E [02] [ D [05 oo

Cay Huffman sau khi tao
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Static Huffman (tt)
+ Phat sinh ma bit cho cac ky tu:

+ Ma cua méi ky tw dwoc tao bang cach duyét tlr naut gbc dén nut
la chtra ky tw do;

+ Khi duyét sang trai, tao ra 1 bit O;

¢ Khi duyét sang phai, tao ra 1 bit 1;

1

Level 1 ﬂxﬁ]
Ky Ma
tu 9 3
A 11 Level 2 CEEf[J 13 | BA | 18
B 10 X, /\\

D/ \O (6 \7

C OO Level 3 C |06 ED OT B ‘I]OB A 10
D 011 5

Lavel 4 E i|]02 D |105 Code
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' Static Huffman (tt)

+ Lwu trir thdng tin dung dé giai nén:

P.Phap 1: lwu bang ma bit

Ky Ma
tu

A 11
B 10
C 00
D 011
E 010

P.Phap 2: Iwu s 1an xuat hién

Ky Sé lan xuit
tu hién

A 10

B 8

C 6

D 5

E 2
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' Static Huffman (tt)

+ Thuéat toan giai nén:

b1]
b2]
03]

b4]

Xay dwng lai cay Huffman (tr théng tin dwoc lwu)
Khéi tao nut hién hanh pCurr = pRoot

Poc 1 bit b tw file nén £

Néu (b==0) thi pCurr = pCurr.nLeft
nguwoc lai pCurr = pCurr.nRight

[b5] Néu pCurr Ia nut 14 thi:

- Xuat ky tu tai pCurr ra file
- Quay lai buéce [b2]

nguwoc lai
- Quay lai buéce [b3]

[b6] Thuat toan sé& dirng khi hét file £_

Winter 2015
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Static Huffman (tt)

Start atroot,  Start atroot,  Start atroot,
go right 15':' left gn fight ---w gonght
.'I.. \ l //J ;
1 10" . 0 l}la 1 10

4 |+ i L

g0 left om0 Mgolefr 4 g left

1t°s a leaf, u:uutput Wﬂ@ut
T E N

V4

Cay Huffman va qui trinh gidi nén cho chudi dwoc ma hoa “1000110”
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,!aptive Huffman

+ Gidi thiéu

+ Thuat toan téng quat

+ Cay Huffman dong

+ Thuat toan nen (Encoding)

+ Thuat toan giai nén (Decoding)
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aptive Huffman (tt)
+ Gidi thiéu:
¢ Han ché cua Huffman tinh:

»Can 2 1an duyét file (qua trinh nén) > chi phi cao

» Can phai lwu triy thdng tin dé gidi nén > tang kich thwéc div
liéu nén

»D{¥ liéu can nén phai c6 sdn > khéng nén duwoc trén dir liéu
phat sinh theo thoi gian thyc
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aptive Huffman (tt)
+ Gidi thiéu: (tt)
¢ Lich st hinh thanh:
»Puoc dé xuat béi Faller (1973) va Gallager (1978)

»Knuth (1985) dwa ra mot sb cai tién va hoan chinh thuat toan
- thuat toan con co tén “thuat toan FGK”

> Vitter (1987): trinh bay céac cai tién lién quan dén viéc tdi wu
cay Huffman
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aptive Huffman (tt)
+ Gioi thiéu: (tt)
¢ Uu diém:
»Khong can tinh trwdc s 1an xuat hién clha cac ky tw
»Qua trinh nén: chi can 1 1an duyét file

> Khong can lwu théng tin phuc vu cho viéc giai nén

> Neén “on-line”; trén di¥ liéu phat sinh theo th&i gian thyc
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daptive Huffman (tt)

+ Thuat toan téng quat:

* Huffman tinh: cay Huffman dwoc tao thanh tr bang
thong ké so lan xuat hién cua cac ky tw

¢+ Huffman dong:
»Nén “on-line” > khéng co trwdc bang thdng ké

»Tao cay nhw thé nao ?

> Phuong phap: khéi tao cay “toi thieu” ban dau; cay sé duoc

“cap nhat dan dan (~ thich nghi — Adaptive) dwa trén dir liéu
phat sinh trong qua trinh nén/giai nén
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aptive Huffman (tt)

D liéu
phat sinh

N

th’yi tao cay Cay
“t6i thiéu” Huffman

» Nén / Gidi nén

Cap nhéat cay =

Sw phdi hop gitra viéc dung cay (cho thuat toan nén/gidi nén) va cap nhat cay
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Winter 2015

Doc ky ty ¢

Khdi tao cay
“t6i thiéu”

A

Cay

l—SOA

Huffman

Ma hoa (nén
ky tw c)

|

Cap nhat ky
tw c vao cay

aptive Huffman (tt)

No——p

Két thuc

Thuat toan nén
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aptive Huffman (tt)

Poc dir lién
nénb

Khdi tao cay
“t6i thiéu”

A

Cay

No—» K&t thic

l—SOA

Huffman

Gidinénb
thanh c

|

Cap nhat ky Thuat toan giai nén

tw c vao cay
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Adaptive Huffman (tt)

+ Cay Huffman (dong):

Mot cay nhi phan c6 n nut 1a dwgc goi la cay Huffman
néu thoa:
e CacnutlacotrongsOw, > 0, i € [1..n]
¢ Céac nut nhanh co trong s6 bang tong trong s6 cac nut
con clia né
¢ Tinh chat Anh/Em (Sibling Property):

»Mbi nat, ngoai trir nat goc, déu toén tai 1 nat anh/em (c6 cung
nut cha)

»Khi sap xép cac nut trong cay theo thi tw tang dan cla trong
s6 thi mdi nut luén & ké v&i nat anh/em clha noé

Winter 2015 Data Structures & Algorithms - Data Compression - Nguyen Tri Tuan, DH.KHTN Tp.HCM




2
=1
#=1

A hinary tree iz a Huffman tree if and only if it obeys the sibling property.

l

#:

2

!

[
Wi=2
#=3

symbol weights: A=1, B=2, D=2, E=10

Adaptive Huffman (tt)

Theotw | #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 #9
W, 1 2 2 3 4 7 | 10 17
Gia tri A B C D E | Root

Winter 2015
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aptive Huffman (tt)

+ Cach thire tao cay:
+ Kh&i tao cay “toi thiéu”, chi co nut Escape (0-node)

Cay “tdi thiéu” chi c6 1 nut Escape

+ Cap nhat 1 ky tw ¢ vao cay:
»Néu c chwa cd6 trong cay = thém md&inatla ¢
»Néu c da co trong cay > tang trong sé nut c lén 1 (+1)
» Cap nhat trong sb clia cac nut lién quan trong cay
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aptive Huffman (tt)

Cap nhat trong sb cac nut trén cay

Taéng troing soa (1)

Winter 2015

o
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-!aptive Huffman (tt)

+ Cach thwre tao cay: (tt)
Thuat toan “Cap nhat trong so”;

¢ Tang trong s6 cda nut 14 1én 1
+ Di ttr nut 14 = nat goc: tang trong so cta cac nat 1én 1

+ Kiém tra tinh chat anh/em va hiéu chinh lai cay (néu
vi pham)
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ESCAPE

Winter 2015

\al
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Theam nuut

aptive Huffman (tt)

=
I

# 3

ESCAPE
W=0
# 1

o

\bl

Theam nuut




daptive Huffman (tt)

ESCAPE c W =0 W=1
W=20 wWw=1
# 1 # 2

’/ \‘ || |Hiesu chzenh c§ ESC:‘PE/\

Theam nuut
\CI
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naptive Huffman (tt)

+ Cach thwre tao cay: (tt)
Khi thém 1 nut méi hodc tang trong so:

+ Vi pham tinh chat anh/em

¢ Tran s6
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Vi pham tinh chat anh/em

Taéng troing soa (1)
e ——

Winter 2015

Adaptive Huffman (tt)

ROOT
W = 18
=9
E
::: W =10
= 4= 8
= 4 W=14
=5 ¥ =6
B C D
W=2 W=2 W =2
#:2 #:3 #:4
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aptive Huffman (tt)

Piéu chinh cay dé thoa tinh chat
anh/em
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Adaptive Huffman (tt)

ROOT
W = 20
# =09
|
W =10 r
= 7 =
# § =
W=4 W=26
# =5 # =6
D B C
= 2 W =2 W=2
=1 ¥ =2 # =3

Taéng troing soa
e ——
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Diéu chinh c[é>
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aptive Huffman (tt)

ROOT
W =21
#=09
|
E
= 7 # =28
|
A
=5

Q

N

o

w




-!aptive Huffman (tt)

+ Cach thwre tao cay: (tt)
Thuat toan “Xac dinh nut vi pham™:
¢+ Goi x la nut hién hanh
¢ So sanh x v&i cac nut tiép theo sau (tl trai > phai,
tw dwéi - trén)
¢ Néu Jy saocho: y.Weight < x.Weight > x 13
nut bi vi pham
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' !daptive Huffman (tt)

+ Cach thwre tao cay: (tt)

Thuat toan “Diéu chinh cay théa tinh chat anh/em”:
¢+ Goi x la nut vi pham
« Tim nut y xa nhat, phia sau x, thoa:
y.Weight < x.Weight
¢ Hoan ddi nut x va nut y trén cay
+ Cap nhat lai cac nut cha twong wng
¢ Lap lai bwde [1] cho dén khi khédng con nut vi pham
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aptive Huffman (tt)
+ Cach thwre tao cay: (tt)

Van dé “tran so”
¢ Qua trinh cap nhat cay > tang trong s6 ctia cac nut

+ Trong s6 cta nut gbc tang rat nhanh...
- gia tri trong s6 vwot qua kha nang lwu trir cta kiéu dir liéu

VD. unsigned int Weight; // Gi& tri max 65535
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aptive Huffman (tt)

ROOT
W = 255
#=7
W = 126 W= 129
# =5 $ =6
A B C D
W = 63 W = 63 W = 64 W = 65
#:1 #:2 #:3 #:4

Nut gbc sé bj tran s khi ta tdng trong s6 ctia bat ky nat nao
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daptive Huffman (tt)

+ Cach thwre tao cay: (tt)
Thuat toan “Xt ly trwérng hop tran so”:
+ Khi cap nhat trong s6, kiém tra trong s6 ctia nut goc

+ Néu trong s clia ndt goc > MAX VALUE
» Giam trong sb cac nut 1a trong cay (chia cho 2)
» Cap nhat trong sd cac nat nhanh
»Kiém tra tinh chat anh/em va diéu chinh lai cay (*)

(*) do phép chia cho 2 lam mat phan dw cia s6 nguyén
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Adaptive Huffman (tt)

ROOT ROOT
W = 18 W =8
=7 | > # =7

W =26 W= 12 W=2 W =26
$# =5 # =6 # =5 # =6
A B C D A B D
W=3 W=3 W=26 W=2=6 Ww=1 w=1 W=3
$# =1 $# = 2 # =3 # =4 $# =1 $# =2 # =4

Winter 2015

Cay sau khi chia trong sb g:éc nut la cho 2
va cap nhat lai trong s6 cac nut nhanh
- vi pham tinh chat anh/em

Cay bi tran sb
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aptive Huffman (tt)

ROOT
W =28
# =7
C
=5
W=3 - 6
#=5
| |
= 2 D
= 3 = 3
| = 4
A B
W=1 W=1
# =1 # =2

Cay sau khi diéu chinh

Winter 2015
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daptive Huffman (tt)

+ Thuat toan nén (Encoding):
// inputfile: di*t 1liéu cén nén
// outputfile: di# 1liéu d&a nén
initialize Tree(T); // kh&i tao cay “tdi thiéu”
while(c !'= EOF) {
c = getchar (inputfile); // doc 1 byte dix liéu

encode (T, c, outputfile);// md hoia (nén) c
update Tree (T, c); // cdp nhat c vao cay
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daptive Huffman (tt)

+ Thuat toan nén (Encoding): (tt)

// Ma hod ky tu c va ghi 1lén outputfile
encode (T, c, outputfile)

¢+ Néu c chwaco trongcay T
»Duyét cay T tim ma bit cia Escape, va ghi lén file outputfile
> Ghi tiép 8 bits ma ASCII clia ¢ 1&n file outputfile

+ Néu c da co trong cay
»Duyét cay T tim ma bit cua ¢, va ghi lén file outputfile
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daptive Huffman (tt)

+ Thuat toan giai nén (Decoding)

// inputfile: dt liéu & dang nén

// outputfile: di* 1liéu gidi nén

initialize Tree(T); // kh&i tao cay “téi thiéu”
while((c = decode (T, inputfile)) != EOF) {

putchar (c, outputfile); // ghi c 1lén outputfile
update Tree (T, c); // cdp nhat c vao cay
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, Adaptive Huffman (tt)

+ Thuat toan giai nén (Decoding): (tt)

// Gidi ma 1 ky tu c tu inputfile
decode (T, inputfile)
= Bat dau twr vi tri hién tai trén inputfile
= L3y tirng bit b, duyét trén cay (b==0: left; b==1: right)
+ Néu di dén 1 nit 14 x > return (x.char)
+ Néu di dén nut Escape:

> c = 8 bit tiép theo tlr inputfile
»return c
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