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Recent Trends of Universal Data Compression
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ABSTRACT Data compression has important application in the areas of file storage and distributed computer
systems. The universal data compression achieves asymptotically optimum compression ratio for strings generated by
any stationary ergodic source without a priori source probabilities,

This paper describes the principle and the recent research trends on universal data compression and its applications,
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Fig 1. (¢) Dynamic Huffman tree after processing “abdc”.
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(independently and identically distribution) 4 M.
ol el 4 e gbEa s s ool
ol shel Al 4o A Aslol el 4wl s
(alphabet extention)-: g-ubébzl ¢bi- 2ol
olck, 'r &), A 43 4= (recursive operations)
of ek starvjfef ol /I»L‘o'M, gl
sk dpaeh el el e oale
qel watol e Aol Hlolibie riokql
4

d
el gusleln H8a 5 9l ool

L—][_.(“)

5.1 Binary Arithmetic Codes(BAC)
Bl 2t Falel grglel dade] 5 Alela-
MH (Modified Hutfman), MR (Modified READ)
W MMRwAl o] 0 Al Enjol ghot, Hit o
A g ALe] vhofaboll whul Gk al lsba] kAl
Ol] Abss -l ol &gk e
071403 BAC @hstel 5§40 idsh
® 2 g gof wfstol ool ol

dol nel 4R A3l Xoa=xX 0 Xn
01}el w3
o] p(()), p(lryduw, MP5(More Probability
Symbol) 0, LPS(Less Probability Symbol)
il vhabeh abar i goel sba s HO DS
ofeff o} #tol ¢ wlxel 24l 4G vhebuich

ol gleh,

X € {
A zkabel o 1% 0,19 e sk

[

AA)=0111"--+ 1 (1)
| E——

7ol n—12] AlY X, ,=XX " Xn 1’] #3587}
b Gl A Xool FE3E AR FERFLE
(2) 4ol 2)al| -ghxich

A(Xn, - 1)=A(Xn,) Xp(l)
AlXp, - 0)=1-AXn,- 1) (2)

olu] Aol Xpol Hiol C(X,) e
elaf -3 Ao

(3) 41

C(Xy)= C(anl )= C(an) Xn=()
C(Xn, - N=C(Xpa)+
A(Xn, - 0), Xn=1 (3)

ghal, Aol X'yl Bvh skasl Aol 4

. . ol o e
Xn=X"n X'ni® Xpa=

CX'n) CUX'n DCAX - D)ol %' 0
ohti, xa—l (1)

o WG gkl o) o = o},
o dell 4l A whoh o] A mel Aabere:

Fab Aesbol N 8g G alel Auhsivl, £k e

T AL obA Al sl o)Al £ 40

:
W

¥ (precision ) 7F = 7F8kd a7 wbAl bt
o] 212 &l 21k 41 8l @l Rissanen-® LPSe| &%
2 9(Q) T integer) . 15AERAl A FAE SlnE

g abo ol o AV ERL s vl 8 Alokslar Q) =

& vl

1:LPS, Q:skew number

[A(M: )11 1, g bits precision
CAA)=0.000 -~ 0 (5)
A(Xn| 1)=<A(Xn1) ZQ>qQ (())
A(Xn1(J):A(an)“A(an| 1) (7)
of /|4, (Xpqiz 2317 Xo| & w4 qu] i
Aebab elvdheh ol 8ol Al Xy=010(
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fo s Gadolab vbelu) gp Aol Aol al-tg et

)LIQ=2, a=4, p(1)=1/4, pl0)=3/4)e|
shp st ashel sy sizel welrh

E 2. BACe ¢l 4l 4 shet <lal
Table 2. Arithmetic coding example using BAC,

Xn A(\n,> AlXp, - 1) AlXp, - 1) (‘(\n\-xn)
7 lri A1 7 .lllrm : .(mllr N 0000
1 1oe 1001 0011 001
0 ool 001001 00001 1001
() 001001 O001H 000010 001
1 001110 0001011 0000011 A01oml

1 .000001100 000001001 000000011 101010101

(4 .0000000110( 000001001 00000000011 101010101

—

00000001001 .DOVOO00LTLL .0000000VO10 10101011011

Al % o] & & (efficiency) & 2% 43771
o] #ghd C(Xa) & Ller LK 1 Sl g gk vE

g Folxrl = da o] (average code
length) & ¥ 7}sich C Xn Yol f-a #bul g
A(Xn) o Aslgob Sdsle], vl A9 X,
o ) LPS7} Z& ekl Qubs FohshAl xlch
(1—29)9=1 /28 ubFHsle dof dlal, XaFof
MPS7t dsl vielvlsd 8 #bel i g #ul
Zrhakeh, Holzp FH8l { nol Hste] LPS
- np, MPS3z n(1—p)3| F#ehrz A(Xq)
of 4gA o3t Ayl

TR,

npQ+ n(ld—p)_ (8)

=npQ—n(l—pllog(1—2°9)
2 Bk wheba g 7lEwt Gay-sHe] Le=
pQ—{(1—pllog(1—29 %2 slof, & Aul4 g
% a7 #Hea nsoe ], Ly>H(Xp) el %8}
+ @,{”—1 gk 41 (asymptotical optimality)e|
olch. oi7l 4, H(Xn)® Ad X,

BACH o4& B/W FAX o 4ol g% &3}
= G3 FAX9 #4449l MR(Modified
READ) ol =]8] 20~30%2] st& &0 d&Absls
woln glof B S&o] HAHm Uk &

3], CCITTel ISO4 FAle iz g JPEG(Joint

Picture Expert Group) % JBIG(Joint Bi-level
Image Group)e| %33} & Eol ofaff zA WA
Al wjoict, JPEGe} JBIGS] olx g H353
(entropy coding}-& 98 IBM Z4le] Q-coder
¢} MITSUBISHI2] MEL-coder e|lir AT&
Te] Minimax codere] vba-5 wA zlolep ™
oo wm Y A4 Foel vE AYE vEE
shof 4 &-3hk flel A ’ﬂ—f' 5§ %o ek Q-coder'
O Ge| FHAEE Uobstel A A Sk
g 633 shar qlch Q Loder°| 1= LPSe &3 8%
1 Qe iAol wlu] FujEle] QlelA o] Q
bl 7l ol Al

24 9% g (dynamic coding) 7t 7hEEEE

T 2] © -
54% o ek

7401403 Oxlolog_)yq

5.2 Multi-tevei Arithmetic Codes(MAC)

FAXol A &tof7p stefslel ubeh Fei o
Hapop el e e 24 of AH(binary image) 3h&
#atsl & FAXx ~}al(photographic)# &
el w ol gbebel of 4 dlojelb-E FH 5kl
ol ik o|g} L FAXAIZ S 3 5ol
2pol spatel Hzshebs o R ¥ F g
(noiseless coding) 7} FH-5 o] F1 o, AM
ol FaAal 4 (locally statistics) & 2 |
b st ael olfe] F2 AME S F
olg]r

se] el 4k F-54 BACe| g3 ez g4
Adasl g ook Rl A Xn=XXXn, X

e A={0,1,---k—1}, p(O)=p(l)=--=2p(k—1)

off &k F-& 8= ool 3ol o] F-of A}
AA)=0.11---1, g bits precision (9)
A(x)=AR) - p(xy), X, € A (10)

w1
Ci(x,)== /E;I A( 1), x,%0 (st symbol cordword)
0, X, =0 (11)

A(Xn)=A(Xn - Xn)=A(Xn, - 1) - p(xn), (12)
909
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ClXn)= [C(Xn DA AKn - 1), xa 0
C(Xn-y), Xa=0 (13)

o1 7) 4 (10), (12) 4] 412 ep-0-0p gho] 4] ot

wossto didsted sl wgs 49 4

2 e,

ACL)=CAR) - 2% o, 00=k—1 (14)
a

AN=AMN = A( 1) (15)

AXny - D)=(AXn 1)+ 29 q (16)

A(xnl() A(xnx z f/\ n|' {) (17)

whebdl, e M AR S HTE o]

1

Lo (18) 4o v ZFofalul,

L=3 {p( ) xQ}—plodeg(1=3 29 (18)

At A S kel gle] <fef ) %)

[

= Kol Fob o sl (carry over) @] - 4|
7boalofupinig o]k 2lak sl Aol bars]efol
gholk FENE S vRe] haAlds s v

operation) off efsll Thuks] off ! siv] 'Alw’ RORURY

7 2 (shift

Alis crgidel ef akgihlchit stutfing)* e w
adal o 2ok helEale CiXa ) W A(X
cr X)) oashe el 4lspo] vl ek
o alofnbeh CiXa ) ¥ AlXn - xp) 2l Llgle
joglefz] iz A C{!(tode string )2 9]
A ze] Vol M b g )]
i), srelast glol VAl 2ulo] v osp 4y
L Avsfel ek L sl Mo A el 44
Apel-glel o &b Eolslel v vl b
SopabA st oS ‘th&" SRR Y B R
o] vt Hg Aol of G- n],1| IR A
dabdel gudrbel Aoby skl xlvk el
214t &l 44 wbake] shulie Rissanen-2- oiv 43l
# Allokshelar, M()RI'I\/\”"”{ Wl 2] A E] Vg
Mol 4 4] 4714 abe] 4412 o 46} 7] $lool
9

FR I

Reg. M Reg. V Reg. W(w» bit)

...... o110 = 111 | & 1100 C(Xa)

original sequ. O111+(1) 000 «(1) 0101
stuffing sequ. 01101 ___ 110 ./

1001 A(Xn)

processed seq. 01101 111
Augend

g 3 b el alel
Fig 3. bt stuffing example,

3 (” .” J:‘){. 9‘L %] 'g;}.): wl it H _% 1” ,(] —5} (11[;

elofurl qb=ro) opih B g obare]gre] L
gholvh 40 9l a &3 o1 % 4 i s
o] A bk O.M vielelel o] nell 4lg 4 o

nlvw Jn) o MAlslel 8o
4 bal w slabeh, crefuh ure abd alal

i el g Ak ol Sual Al gl Sl v elod

Aeldonosb digbal el absle] glep™ bl

(Y

S ESE (e o] 2 feu ] ol

Qg Ao shik shebael A Alsle] o]
Y N FURNC I R TR EETRY L R R
apy

A b ge] 9lgal Pascosl
FV 4G (Fixed to Vanable codes)™ - o] g ¢} of

gray level image-- §F3x A} o] b & 500 L5
shofaz ab b B Mool b Pascoe] shEah -
Elias -4 o 0(n*) 2] Al 4bgk8 0(n) o 7 4 4
dostend obarvlfel gyl sbnl EliasH-é
A EAbsl Aalabis Ygolel fol nel dw
SAlS Xn=XXyXpoll s dbed 7 4 x,6 A=
{01, k—1}e] #&lsts p(Xi)"f' Ju] & o] &g
2L g vhebleh olul pxg) iy ubSee] B

o ubEefof gl

O=p{x)<l, 2p(x)=1 (19)

gl b e xpoll e gk A eksk e(xg) 4
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i 0/ R ehud b delud sl g el #5t el gl el

c{A)=0 (20)
c(x)=2 p(x) (21)
c(x)+px)=1 (22)

2 xlet Pasco2] AbE8-4.8F obare] &2 of-g-3

N
e
o
£

{encoding process)

(1) F—0

(2) T—1

(3) For i==1 to n do

(3.1) Load the p(x;) and c(x;)

(3.2) Fi—=F 4T i xcl(x)

(3.3) Ty—=T;  Xp(xy), (truncated to g
siginificant digits)

(4) L>m4+1(Ta=tetty-tg s Xb 7,

to¥0), ([ —logyTnl+1)

(5) Fa=Fn+b*

(6) transmit the L digits of F,. (code string
Yi=vy,"-yL)

9l ebare] ol 7t w4 (F . Tep)i= /ol A
ub Abgroi Al g g o g &) glsted Y ® 4
aF ol gateh ofik fla] & H 8 px)eh 54
HE colxi)nk 2% ehrii
o] ¥lef, m Te} Feol gro- Yashel giol
HA wotxvt Teol Fa& #ulgi q=16032
slod Fob dbAl <2 ab & o & shift outske}, “rejvt
Tel Fiz otare] F(3.2)0 4 F b vlglo] ol 4
of Al w2 32vjke] A4k o] &dtetk Fri¢
shift outx] = Al H] vzt syt HEo]e sy
Zesi Al Al &3 Al o) Ak 9lakod

b

19)48] Fge o

B] 1= ALO] ul

el

T 57 E}L At
wap, e e AR FEe] AAe] odabdn
+= encoding processe] (3)ll 31?]] o] Z& )
(31)2) p(x) st x4z w8l wehelol 41t
S BHoz ANSE Gelni A Uda

shebelebolLt, Fop T

Fi=[Fi 45 Tixpl), y+0
Fiy, y=0 (23)

Ty=T, Xply), v :x¢ gray-level value (24)

2 sk g sbsastel dad sk

(2) F-4zk Fiboslek 340 5wl

(3) 7 Firbs skl slsk El
w4l
Soleh ubel deh Al odabgg Folvl 8
iz shabe] vl sl ehaz gkl
7hkolell &l Aj7lwd glet
of Babd rAl shae] ARgie]l y=0 H-irell
hgaelell G474 Al Geolsdt
cho ARG kel A A o 2
0,— Ll —(k=-1)(k=1)¢] &4 AAshd

288 odabape] hE Fol Gl HuR el

2 bl e

5 oael A%

VI. & =
of el dis chofal Awglel HEw 4
Q¥ Suwjak XFol 712 AIdE Molm L
o

SE&E TAew g FHe ol Bkl szt
O}OL\‘* oLg} AL H% A} ol {{%HOL Alo @ A],.Jq_gl o]
[+

[¢)
Huffman¥-3& % 22 = o

& MH# 52| 7| 2aq)

wodelelts Aeg walel SEsh Aelsi
aohe o FRS7) 9@ flm A at ool
Gk AR B FEE A 540

sbifol & Alofut

43 Abddwiel el whael Ziv-Lempel
FEA el Faow vehlidew 2HE
Aekuldl oml Alg s whAlol tf d}o] olo} Mok
ch. @A PCHAle] sb& felelele] F44
o] %31 4= PKARC, LZH, ZIP ! LHARC
= Ziv Lempel# 2ol g8l HE F4lshd
Mrh #urgl ol ghd el 2der oo Af

911
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gk oharel o) sfnbe] <414
w3k FAX H

el o} ekz}%’—;g‘zoﬂ tHotod 1 f’l—b’;—

Pk 4 delul s

SR gk od A dielvle] &S 9lal

s % gl ol 27 sku) ohelugel el

7] Al 4G e MElr Sl L 4ol

o O
Fdto] o] A o g omte A]d-ul o) &l 0 ¢ z)4)
shAl sl A bsl e bagrell Aluba] g

chapebs 2b Rgel Ak Gell w41

ol 4% glori of dobel Fa iy
s85 A% 7daket
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ks
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