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Topic 9: Adaptive Huffman

Nhom thurc hién:

» L{r Cao Tién 0612444
> Nguy€n Khac Tiép 0612449
» Lé Phudc Trung 0612461

» Luu DUc Tri 0612484



ﬁ Adaptive Huffman

- % Gioi thiéu:

Han ché cUa thuat toan Huffman tinh.
Y tudng.

Lich st hinh thanh.

Uu diém.

+ Thudt toan tOng quat.

% (Cay Huffman (dOng).

v Tinh chat anh em (Sibling property)
¥" Hinh thanh va cap nhat ciy.

v Céac vi pham va cach gidi quyét

% Thuat toan nén (Encoding)

* Thuat to4n gidi nén (Decoding)
* Demo minh hoOa.




- Adaptive Huffman - GiGi thi€u:

* Gioi thiéu:

Han ché cUa thuat todn Huffman tinh.
Y tudng.

Lich sUr hinh thanh.

Uu diém.

Thudt toan tOng quat.

Cay Huffman (d0ng).

Tinh chat anh em (Sibling property)
Hinh thanh va cap nhat cay.

Céac vi pham va cach gidi quyét
Thuat toan nén (Encoding)
Thuat todn gidi nén (Decoding)
Demo minh hOa.
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Adaptive Huffman - GiGi thiu (tt):

* Han ché cUa thuat todn Huffman tinh.
v Trong qua trinh nén can dén 2 1an duyét File
— Chi phi nén cao.

v Can phai luu tr(t thong tin d€ gidi nén
— Lam tang kich thudc dr li€u nén.

v D(tliéu nén can phai c6 san
— Khong nén dugc dir liéu phat sinh theo thdi
gian thuc.



Adaptive Huffman - Gii thiéu (tt):

*Y tudng:
v Thudt toan nay van dua trén y tudng cUa Huffman 1a sUr
dung moOt vai bit (bit code) d€ bi€u dién moOt ki tu.

v PO dai “ma bit” cho cac ki tu khong giOng nhau:
0 Ki tu xudt hién nhi€u lan - bi€u dién bang ma ngan.
0 Ki tu xuat hién it — bi€u di€én bang ma dai.

v Tao san mOt cay “tOi thi€u” ban dau, d{ liéu nén sé&
dugc cap nhat dan vao cay.



GiGi thiéu (tt):

% Lich st hinh thanh:
v Pudgc dé xuat (d0c 1ap) bbi Faller (1973) va Gallager
(1978)

v Nam 1985 Knuth dua ra mOt sO cai ti€én va hoan chinh
thuat toan. Vi vay thuat toan nay con dugc goi la thuat
toan FGK.

v" Nam 1987 Vitter trinh bay cac cdi ti€n lién quan t&i
viéc tbi Uu cay Huffman.



GiGi thiéu (tt):

% Uu diém:
v Khéng can tinh trudc sO 1an xuat hién cla cac ki tu.

¥ Qua trinh nén chi can mOt 1an duyét file.
v Khong can luu thong tin phuc vu cho viéc gidi nén.

v Nén “online” trén d{r li€u phat sinh theo thoi gian thuc.
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% Gidi thiéu:

| v Han ché cUa thuat toan Huffman tinh.
Y tudng.

Lich st hinh thanh.

Uu di€ém.

Thudt toan tdng quat.

Cay Huffman (dOng).

Tinh chat anh em (Sibling property)
Hinh thanh va cap nhat cay.

Céac vi pham va cach gidi quyét
Thuat toan nén (Encoding)
Thuat todn gidi nén (Decoding)
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Adaptive Huffman - Thudt toan tOng
quat:

» Static Huffman:

0 Cay Huffman dugc tao thanh tU bang thOng ké sO
lan xuat hién cla cac ki tu.

» Adaptive Huffman:

0 Nén “online” — khong c6 trudc ban thOng keé.

0 Phuong phap: khéi tao cay “tOi thi€u” ban dau, cay
sé dugc cap nhat dan dan dua trén d{r liéu phat
sinh trong qua trinh nén hoac giai nén.



Adaptive Huffman - Thudt toan tOng
quat:

DUt liéu
phat sinh

Kh@i tao cay Cay 9
“t0i thiéu” Huffman »| Nén/ gidi nén
DU liéu
Cap nhat cay (€ ' nén/gidi
nén

Su phoi hop gilra viéc dung cay (cho thuat toadn nén/gidi nén) va cap nhat
cav



Adaptive Huffman - Thudt toan tOng
quat:

Pockitu c

Thuat todn nén

Kh6i tao cay
“t0i thi€u”
[ Két thiic
Ma héa

(nén ki tU c)
o

: li€u )

. nén

Cap nhat

ki tU c vao cay




Adaptive Huffman - Thudt toan tOng quat:

Poc dit li€u nén

Thuat todn gidi nén :

Kh@i tao cay
“tOi thi€u”
) No p
Ket thiic

Gidinén b
thanh c

/ Dirliéu
. gidinén |
c

Cap nhat
ki tu c vao cay
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* GiOi thiéu:

Han ché cUa thuat todn Huffman tinh.
Y tuéng.

Lich sUr hinh thanh.

Uu diém.

Thudt toan tOng quat.

Cay Huffman (dOng).

Tinh chat anh em (Sibling property)
Hinh thanh va cap nhat cay.

Céac vi pham va cach gidi quyét
Thuat toan nén (Encoding)
Thuat todn gidi nén (Decoding)
Demo minh hOa.
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Adaptive Huffman - Cay Huffman
(d0ng):

% MOt cdy nhi phan c6 n node 14 dugc goi la cay
Huffman néu thoa:



Adaptive Huffman - Cay Huffman
(d0ng):

)

* Vidu:

ThGrew | #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9
W 1 | 2| 22| 3] 6 7 | 10 | 17
Giawi | A | B | Cc | D E |Root




Adaptive Huffman - Cay Huffman
(d0ng):

% Cach thUc tao cay:
b1: Khéi tao cay “t0i thi€u”, chi c6 node Escape (node 0)

Escap
e
W =0
b2: Cap nhat tUng ki tu vao trong cay theo qui tac:
» Néu ki tu chua c6 trong cay = thém m&i node 14
> Néu ki tu da cé trong cdy = tang trong sO node 1én 1
> Cap nhat trong sO cUa cac node lién quan trong cay



Adaptive Huffman - Cay Huffman
(d0ng):

<*Thuat todn cap nhat trong soO:
v’ Tang trong sO cUa node 14 1én 1.
v" Pi tU node 14 dén node gbc ting trong sO cla

cac node 1én 1. Kiém tra tinh chat anh em va
hiéu chinh lai cay n€u c6 vi pham.



Adaptive Huffman - Cay Huffman (d0ng):

Tang trong sO

\\.Ll\l.l}

Tang trong sO (3)

Tang trong sO (2)




Adaptive Huffman - Cay Huffman (d0ng):

* Khi thém mOt node m&i hodc tang trong so:
v" Vi pham tinh chat anh em.

v Tran s0.



Adaptive Huffman - Cay Huffman (d0ng):

Vi pham tinh chat anh em:

Tang trong sO (1)

7
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Adaptive Huffman - Cay Huffman (d0ng):

Hiéu chinh cay d€ thoa
tinh chat anh em:




Adaptive Huffman - Cay Huffman (d0ng):

“* Thuat toan xac dinh node vi pham:
> GOi x 1a node hién hanh.
> So sanh x v3i cac node ti€p theo sau (theo th(r tu' tUr
trai sang phai, tU dudi 1én trén).
» Neéu tOn tai y sao cho y.Weight < x.Weight thi x 1a
node vi pham.
* Thuat toan hi€u chinh cay théa tinh chat anh
e1nl.
» GOi x 1a node vi pham.
» Tim node y xa nhat, c6 trong sO cao nhat thda
y.Weight < x.Weight
> Hoan dOi x va node y trén cay.
» Cap nhat lai cic node cha tuong Ung.
> Lap lai bl cho dén khi khéng con node vi pham.



Adaptive Huffman - Cay Huffman (d0ng):

* Van dé tran sO:
» Quaé trinh cap nhat cdy — lam tang trong s cac node.

» Trong so node goc ting nhanh — cd theé vuot qua kha
nang luu tr( cua kiéu da liéu.

o Kiéu int — gia tri max = 215- 1
o Kiéu unsigned int — gia tri max = 216— 1

o Kiéu long — gia tri max = 23'- 1



Adaptive Huffman - Cay Huffman
(dOng):

> V1 du ve tran so:

Node gOc dang c6 gia tri
trong sO tOi da ma ki€u dit
liéu c6 thé bi€u dién.

Hién tuong tran sO
sé xuat hién khi ta
tdng trong sO cla
bat ki node 14 nao



Adaptive Huffman - Cay Huffman (d0Ong):

“* Thudt todn xU 1i tran sO:

»Khi cap nhat trong s0, ki€m ta trong sO node gOc.
»Néu trong s6 node gbc > MAX_VALUE:

O Gidm trong sO cac node 14 trong cay (chia cho 2).
O Cap nhat lai trong sO cac node nhanh.

O Ki€m tra tinh chat anh em va hi€u chinh lai cay.

(Do phép chia cho 2 1am mat phan du cUa sO nguyén)



Adaptive Huffman - Cay Huffman
(dOng):

» XU li tran so: (tt)

B
#8
W=y
#5 W52
’
G T D L
W=Pb W=i8 w=35 WEBD
#1 #2 #3 #4
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T % Gidi thiéu:

Han ché cUa thuat toan Huffman tinh.
Y tudng.

Lich st hinh thanh.

Uu diém.

% Thudt to4n tOng quat.

% (Cay Huffman (dOng).

v Tinh chat anh em (Sibling property)
v" Hinh thanh va cap nhat cay.

v Céc vi pham va cach gidi quyét
Thuat toan nén (Encoding)

* Thuat todn giai nén (Decoding)

L/
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* Demo minh hOa.




Adaptive Huffman

% Thuat toan nén:

initialize_model();

while(c != EOF)

{
c = getchar(inputfile);
encode(c, outputfile);
update_model(c);



Adaptive Huffman

o

* Thuat todn ma héa ki tu c:
encode (c, outputfile)
Néu c chua co trong cay

A\

Duyét cay T tim ma bit cUa Escape ghi 1én outputfile.
Ghi tiép 8 bit ma ASCII cUa c 1én outputfile.
Thém node c vao cdy va cap nhat lai cay.

Néu c da co trong cay:

Duyét cay T tim ma bit cUa c va ghi 1én outputfile

©O O Yy O o o

Tang trong sO cUa node c 1én 1 va cap nhat lai cay
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Gi0i thiéu:

Han ché cUa thuat toan Huffman tinh.
Y tudng.

Lich st hinh thanh.

Uu diém.

Thuat toan tOng quat.

Cay Huffman (dOng).

Tinh chat anh em (Sibling property)
Hinh thanh va cap nhat cay.

Céac vi pham va cach gidi quyét
Thuat toan nén (Encoding)
Thuat toan gidi nén (Decoding)
Demo minh hOa.



Adaptive Huffman

% Thuat todn gidi nén:

inputfile: dir 1iéu & dang nén
outputfile: d& 1liéu gidi nén

initialize_model();
while((c = decode(inputfile)) != EOF)
{
putchar(c, outputfile);
update_model(c);



Adaptive Huffman

% Thuat todn gidi ma ki tu c:
decode(inputfile)
b = getchar(inputfile);

> Bat dau tU vi trf hién tai trén inputfile.

> Lay tUng bit cUa b, duyét trén cay (b==0: trai, b==1:
phai).

0 NE&u di dén node 14 x, return x.char

0 Néu di dén node Escape:

* ¢ =14y 8 bit ti€p theo tU inputfile

 Thém c vao cay, cap nhat lai cay.

°* return C



DEMO MINH HOA



Adaptive Huffman — Vi du

Gia sU c6 dir liéu nhu sau:
f = “abacbdc”



Adaptive Huffman — Vi du (tt)

B1: Khdi tao cay va dua ki tu' “a” vao cay:
a

Q-
#1 o @ #2
input = 01100001



Adaptive Huffman — Vi du (tt)

B2: Them ki tU “b” vao trong cay
“b” chua c6 trong cay
Ta them “b” vao thanh node la

tren cay

input = 011000010 01100010



Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)

Cap nhat trong sO cUa cac node c6
lien quan



Adaptive Huffman — Vi du (tt)

B3: them ki tU “a” vao cay.
“a” da tOn tai trong cay

Tang trong sO cla node a thém 1
Cap nhat lai trong sO cla
cac node lien quan

#1

input = 01100001001100010



Adaptive Huffman — Vi du (tt)

B4: them ki tU “c” vao cay.

“c” chua co trong cay
§ T~

Ta them “c” vao thanh node
tren cay

input = 01100001001100010100 01100010



Adaptive Huffman — Vi du (tt)

- (- (o) (@



Adaptive Huffman — Vi du (tt)

o\
(= " G



Adaptive Huffman — Vi du (tt)

Cap nhat trong sO cUa cac node c6
lien quan



Adaptive Huffman — Vi du (tt)
b

B5: them ki tU “b” vao cay.

“b” da tOn tai trong cay
Tang trong sO cla node b thém 1
Cap nhat lai trong sO cla
cac node lien quan

input = 011000010011000101000110001001




Adaptive Huffman — Vi du (tt)

@
Vi pham tinh chat anh em —» [#5 @ #6]

Ta phai xoay lai cay
()

Cap nhat lai trong s cla cac 4
Node lién quan.



Adaptive Huffman — Vi du (tt)

B6: them ki tu “d” vao cay.
“d” chua co6 trong cay
Ta them “d” vao thanh node la

tren cay

input = 01100001001100010100011000100110001100100



Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)

Cap nhat lai trong so cla
cac
node co lien quan




Adaptive Huffman — Vi du (tt)

C

B7: them ki tU “c” vao cay.
“c” da tOn tai trong cay
Tang trong sO cUa node ¢ thém

input = 01100001001100010
1000110001001100
01100100101

#1



Adaptive Huffman — Vi du (tt)

OF
Cap nhat lai trong sO cla cac
node lién quan va hi€u chinhlai  #7 @ @ 7
cay.
Vi ph?@ tinh ch.atAanh em > | e e
Ta phai xoay lai cay
OXOL




Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)

Vi pham tinh chat anh em

Ta hiéu chinh 1ai cay




Adaptive Huffman — Vi du (tt)

ki€m tra trong sO cUa cac
node lien quan.

input = 01100001001100010100011000100110001100100101



Adaptive Huffman

Giai nén



Adaptive Huffman — Vi du (tt)

B1: Boc 8 bit dau tién tUr file input

d

input = Q1100001,001100010100011000100110001100100101
|

d

output = a




Adaptive Huffman — Vi du (tt)

B2: Poc bit tiép theo, duyét cay
Cap nhat ki tu' ‘b’ vao trong cay
Di chuyén dau doc dén vi tri ti€p theo

output = al
fseek

input = 011000010Q110001010001100010011000110010010

b




Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)

Cap nhat trong sO cUa cac node c6
lien quan



Adaptive Huffman — Vi du (tt)

B3:Poc bit ti€p theo va duyét cay.
Tang trong sO cla node a thém 1
Cap nhat lai trong sO cla
cac node lien quan

Di chuyén dau doc dén

vi tri ti€p theo

output = ab

input = 0110000100110001010001100010011000110010010



Adaptive Huffman — Vi du (tt)

B4: Boc bit tiép theo va duyét cay.
Ta them “c” vao thanh node 1a

tren cay
Di chuy€n dau doc dén
vi tri ti€p theo

output = aba
fsefk

input = 0110000100110001010001100010011000110010010
A J
I

el




Adaptive Huffman — Vi du (tt)
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Adaptive Huffman — Vi du (tt)
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Adaptive Huffman — Vi du (tt)

Cap nhat trong sO cUa cac node c6
lien quan



Adaptive Huffman — Vi du (tt)

B5: Boc bit tiép theo va duyét cay..
Tang trong sO cla node b thém 1
Cap nhat lai trong so cla
cac node lien quan

Di chuyén dau doc dén

vi tri ti€p theo

output = abac | #l

input = 0110000100110001010001100010011000110010010



Adaptive Huffman — Vi du (tt)

@
Vi pham tinh chat anh em —» [#5 @ #6]

Ta phai xoay lai cay
()

Cap nhat lai trong s cla cac 4
Node lién quan.



Adaptive Huffman — Vi du (tt)

B6: Boc bit ti€p theo va duyét cay..
Ta them “d” vao thanh node la
tren cay
Di chuy€n dau doc dén
vi tri ti€p theo

output = abacb « #1

input = 0110000100110001010001100010011000&1 1001q0101




Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)

Cap nhat lai trong so cla
cac
node co lien quan




Adaptive Huffman — Vi du (tt)

B7: Doc bit tiép theo va duyét cay...
Tang trong s6 clUa node c thém 1

output = abacbd

input = 01100001001100010
1000110001001100

01100100101

)
fseek



Adaptive Huffman — Vi du (tt)

OF
Cap nhat lai trong sO cla cac
node lién quan va hi€u chinhlai  #7 @ @ 7
cay.
Vi ph?@ tinh ch.atAanh em > | e e
Ta phai xoay lai cay
OXOL




Adaptive Huffman — Vi du (tt)




Adaptive Huffman — Vi du (tt)

Vi pham tinh chat anh em

Ta hiéu chinh 1ai cay




Adaptive Huffman — Vi du (tt)

ki€m tra trong sO cUa cac
node lien quan.

output = abacbdc
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