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ABSTRACT

In this paper, we propose the high efficiency data compression capable of error control using
block-sorting, move to front(MTF) and arithmetic code with variable length in to fixed out. First,
the substring which is parsed into length N is shifted one by one symbol. The cyclic shifted rows
are sorted in lexicographical order. Second, the MTF technique is applied to get the reference of
locality in the sorted substring. Then the preprocessed sequence is coded using VF(variable to
fixed) arithmetic code which can be limited the error propagation in one codeword. The key point
is how to split the fixed length codeword in proportion to symbol probabilities in VF arithmetic
code. We develop the new VF arithmetic coding that split completely the codeword set for arbi-
trary source alphabet. In addition 1o, an extended representation of symbo!l probability is designed
by using recursive Gray conversion. The performance of proposed method is compared with other
well-known source coding methods with respect to entropy, compression ratio and coding times.
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BGC 0" 24928 0011 0" 276 0110 0" 252 1100 075348 0110 0" 34716 (2)
0°6232 3 0" 69 6 0°63 C 071337 6 078679
163 % | (3
0°6232 3000 0" 64 0060 0" 60  00CO 0" 1336 6000 0" 8676 ;
BGC |076232 1100 0764 0011 0" 60 0011 071336 1100 0" 8676| (4)
01558 C 0" 16 3 0" 15 3 0°3% C 02169
1634 1 (5)
071556 00CO0 0712 0003 0000 0°8 0003 0000 07328 0000 O 2168
BGC [071556 0011 012 0001 1000 0°8 0001l 1000 0°3'3 0011 Q" 2168 (6)
0°389 3 000 1 8 00 1 8 0" 82 3 0542
163 } (7)
0" 388 0300 0180 0180 0°8 0300 0540
BGC |0738 0110 0101 0101 0°80 0110 0°540| (8)
0" 97 6 5 5 0" 20 6 07135
163 i €)]
0" 96 0655 0000 0716 6000 0132
BGC | 079 0100 1000 0°16 1100 07132 (10)
0" 24 4 8 0" 4 C 0" 33
1634 ! (11)
0" 24 4800 00C0 0" 32
BGC | 0724 1010 0011 0732 | (12)
0" 6 A 3 0" 8
1634 l (13)
074  00A3 0000 074
BGC | 074 0010 1000 074 | (14)
0 2 8 0
1634 i (15)
0280
BGC | o101 (16)
1634 5 an |

* 0‘m2m7_H$] 0, BGC : Binary to Gray Code

(A8 2) EMo4S H|E b& 1Y
(Fig. 2) Bit compression process



oH8). iid 3Bdel thate] TAY olF e W
(ols}, KES #4)¢ #¥sto] 13} njzaz 3
Bdd Hestg. KES 248 4 =2569 ASC

I JHAGANN 7139 EAHAGRY wa} 1/02
2 BAE 2TA G tdtd zao] HEE
&o] 1674+ FHL vrE 3o gas, KES
AL o] AL 1T syt A|ks)
Wrale KES wajo) og) 449 1634
ol sl 1o ¥ HJ%—’F%H%HI =8
2 o2 FeYe] Fe, 74 7159 Ex)
e [ 71E =256+ 713]HA vER
°F, 713 '¢(99) thdl ‘@’(97)7) YdEHEE=
71 opd, 99x256+97=25,441¥H% w|EY}
lo] 5|1, 1%7 god (o] gt & &

YEAE X="cxaby”o]l g EZAHAR vEE=
(2% 2)9} Zo] &9}

(28 2)9] AL A" 27 Adgd o
3ty BGC(Binary to Gray Code)2 ®H§3s =
H7F @A(2)o]H, THe 1674 HEo] oA
(3)olth, BA(3)N A Oc] obd & 12, 09
#e 002 3l BGC #HEg I Ho| wi
(H)ojd, th] 4BIEH BojM 16W42 FHE
A37E dA(5)olth o] HE Ao wES
B3t whziet @A (17)0) =@ 162% 571
A "o} HEHo g s]dsjor & @i“ 1634

Fll’

ol r2 A0 . M

H#H9 DAAA 00] old FES HE GA=Z
2] ‘ECEE AYY Aotk wakd, 13 whe
X PYu Aol 65536BES EPAR BE:=

5,28, AS 48(C,6556,318183,C33C,36C6 ;2] 1041)

E3= ¢=5d FE 104¥|EE o]Rdd o
22 oo}, A tE2H AR r528/%348
(C6556318183C33C36C6,2] A5 50 & BCD
¥ [0101]¢] GBC(Gray to Binary Code)
(0110]& F&ct. [0110]914 0& 4xt2]e] 16
U 28 (0000]ez Az, 19 o8 g2
¥ ABAM 2o &3 29 88 F&2gd).

, [0110]°] [0000 0010 1000 0000]e2 Al
etk o] e GBC ¥ <& [0000 0011
0000 0000]e] =3, thA] 0& 4z}a)e] 1674
B¥oz, 12 d&d HHAMH M2 ¢ F
E3td AAHoz PEsYPEE HFTHoz o
Al(1)¢] 655368 E7} 235 "},

VFE L2900 28t OBF0 IS8 RE HOIE 95 685

Eoz Jyrize] 2o #I JHE
id e e As (¥ 3(a))s) 2o] 371x9
Hel2 JYehfs 99, 14 nf23z PH Yo
Ae Hd £ 59 Fx 2HIF Aol A
Mg ztol7t EAsle g (2% 3(b))e} Zo] 4
7HA 9] HHZ Urol 2¥2FE FEIC. o
2hAf, Hth 42,180,816(2%+24+27) @ 2,105,
416(22 +214+25+ 2% 717 2] 2¥34+E FHEY
F domg e FE ) thatd Z22E) 7
dloleol = & + Ut

4¥]E X

gulE : Lo | 7hit (1~128) |

15
16¥1= : [ 10| 14bit (129~16,512) }

23 a

24v|E : | 11] 22bit (16,513~4,210,816) |

(a) 1..d FE Y

1)

aulE [ 0] 3bit (1~8) |

7 0

gule 1 | 10] 6bit (9~72) !

15 0

164 £ : |11 13bit (73~8,246) B

23 0

: |111] 21bit (8,265~2,105,416) ]

24WE

(b) 12} vl2z= Hu g

(08 3) S8l 2ol Ha
(Fig. 3) Coding format of symbol occurrence

5. d5Hot W &

YA P37 VFACe g Algk w49 A%
& A7) sdeked ARE Agaoldel g
4EAYEE AT 94 dloleE T.C.Bell
el o =A% “Calgary Compression Corpus
(11" 7h3d okt 49 7709 dlolgE 9o
g2 AAsAt &g YAl Yy &
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g o|o W pR Jelliglc). =7, AEH oA
2 UNIX ¢z ~Hlo] [ Axil-220 . 50MHz micro
SPARC : 59.1 MIPS] AtellA Cadej(GNU GCC
Ver 2.6.3)2 Fd3lgr.

5.1 Hrig dEZTQ dln

g dHAE X cFE" AL L
MTFe] o3 A4 M, 2=l1 BYE ¥ MTF
38 AE R B¥ 3t BAE deEhE dE
29§ NH(X)=H(X)/loggmZ 7735t
(R 2)0l Jerdch 4714, H(X)= AE X9

i et2aZ PR Y JEZI [T}
AAE Xoll e NH(X)oh E84Ed A<

Lol NH(L)Z

A3t gtelch olHE Lid B

BHeoz UFEHAEL Wl &4 7159 Aol ¥
HAg B EHPEE Ay = E 9y
A 7] dgEojr}y. 1L}, 13 njz3x=

neoz g3sd Y Y73 JdEZI:

ZE Agd dzle EFAFE & + Aok 53,

2ol A 63 ule}l Zo] AD Lol oM NH,

(L)l vlal NH (L) BHzke]l 33.2% &€&

o] NHy(X)ol td NH(X)9 Zi& 207%

Bt 37] i BHAYE aAE ¢ F U

o} £33 Lid FEYeE Ha g AL, de

Ad Xo] NH(X) Bt #3338 & MTFE 3

3 ALY Rel NH(R)©o) 306% Lo 271

Hol1 9t} whd, MTFR & Ald Mo i3

NH,(M)& NH(X)o vl3 F7tsts Aol

A2

ol 10 o

(R 2) sl dEZHQ dHlw
{Table 2) Comparison of normalized entropy

NH=[H/logm]
data [byte] | NH(X) | NH(L) | NH(R) | NH(X) | NH(L) | NH(R) | NH(M)
bib [11,261] 0.650 0.650 0.285 0.420 0.284 0.256 0.701
book! (768,771] 0.565 0.565 0.354 | 0.448 0.373 0.316 0.618
geo [102,400] 0.705 0.706 0.668 | 0533 0.482 0.526 0.685
obj2 [246,814] 0.782 0.782 0.344 0.484 0.322 0.304 0.769
paperl [53,161] 0.622 0.622 0.335 0.455 0.341 0.310 0.653
progc [39,611] 0.649 0.649 0.336 0.450 0.335 0.308 0.687
trans [93,695] 0.691 0.691 0.203 0.419 0.201 0.191 0.685
avg. [202,245.3] 0.666 0.666 0.360 0.459 0.334 0.316 0.685

(H 3) #AI Xoll it VFY MER59 AT

(Table 3) Compression ratio for original sequence X

[ o=output/input ]
Lid HEY 12} vj22x AR Y
data [byte] | AB-coding BAC VFAC AB-coding BAC VFAC
BCM FQ GQ FQ GQ BMC FQ GQ FQ GQ

bib [111,261] 702 .695 | .689 | .675 | .673 .486 506 | 504 | 478 | 475
bookl [768,771] .606 .614 | 608 | .588 | .585 .488 516 | 514 | 481 | 479
geo {102,400] 799 ‘| 779 | 763 | .750 | .746 .752 .785 | .741 | 729 | .727
obj2 [246,814] 870 | .867 | .853 | .825 | .822 609 .650 | 598 | 599 | .598
paperl[53,161] 673 .678 | .669 | .650 | .646 540 564 | 564 | 530 | .527
progc [39,611] .709 .700 | .700 | .678 | .676 .554 580 | 577 | .544 | 543
trans [93,695] 754 .746 | 735 | .720 | .718 499 524 | 520 | 491 | .489
avg. [202,245.3] 730 726 | 720 | .698 | .695 .561 589 | .534 | 550 | .548




SN VFE METS0 2F 2FM0 7158 R U0iH 2E 687

A7) wE oA FERY 2HE TAL AY
77 MTFREe 2 #3533 E oo se] Hro
52 VFY MET o IRE N M2SE
L RAY 7I5& e VFACY A%& H7t
&7 #4sted 7]&o] Alt" AB-coding[2]
BAC[3]3} wlagdh. A, 3712 F53t 4

o) gt& gL iid HEHAL A, AB_codingdl
v)s) ¢ 3~3.5%, BAC Huie= oF 2.5~2.8%
gAEdn, 12 vt232 e do) dsiHE &
7t ¢F 1.1~1.3%, 2.6~3.9% A=A}t =%,
BACe] 7¢ GQ¥Az FQE4 o] zholrt 2
o vs) AAFT VFACIIAM = A T8 <=
&g FAFE ¢ F Ak

£ dde YJEAE X iid 3RY ¥ 1% 0} AEsees (F 4)o vebd vlep Ze] iLid
23x APdd thstd He&¥ch AB-coding 2 13} nfzaz FRAY A VFACY FQ
& 7)292(BCM : Basic Coding Method)dl] €] Bralo] T}E HHAlo] HlE WE HIULEE 4§
3 253}, BAC® VFACE 2zt GQe FQH & 4 ok GQEAL J)E o i W
Ao 9%t B33y AFE F HIALEE (H Aoz Hal&Erl =¥ 9, FQBAe &
37 (F Dl FASHET B5L olgstez H@ 10u8] ol n&sigch

(F 3)dl4 HE us} o] A|Lsts VFAC AB-coding ¥ VFAC? FQW4 e iid 384

rx e 1>
o o

(E 4) ¥AY Xol chst VFY L850 ARE
{Table 3) Compression of processing time

=] : sec.
1 iid Aee 17 stz zz AR
' data [byte] |AB-coding BAC VFAC [AB-coding BAC VFAC
’ BCM FQ | GQ | FQ | GQ | BCM FQ | GQ | FQ | GQ
bib 3.0 8.0 459 3.0 30.9 100.0 5.3 31.6 4.6 25.6
book1 174 58.1 | 3385 | 17.7 | 228.8 78.2 32.4 | 290.2 | 26.2 | 233.7
geo 4.3 18.6 | 132.0 4.5 90.7 30.9 8.9 | 108.6 | 10.0 88.4
obj2 10.5 44.8 | 3189 | 11.1 | 216.7 64.6 19.5 | 213.9 | 18.3 | 1985
paperl 14 44 26.6 14 18.2 18.2 2.6 12.5 2.2 5.4
progc 1.2 3.3 18.5 1.1 12.6 44 2.2 14.5 1.8 11.8
trans 2.8 7.9 45.9 2.8 31.6 9.8 4.8 32.2 4.2 26.3
. avg. 5.8 20.7 11323 5.9 89.9 30.9 10.8 | 100.5 9.6 84.2
(H 5) AlY Xeof SN A Rl Cis &g vin
(Table 5) Compression ratio for each sequence .
[ o=output/input]
VFAC GQ overhead(byte)
data Lid AR 12} vf2zm= ALY Lid AR 12} nfzzx Hu g
X R X R X R X R
bib 672 .306 .455 275 155 151 2,277 2,042
book! .686 .380 475 .350 170 172 2,830 2,584
geo 742 716 .588 .582 387 385 14,257 20,689
obj2 .820 372 543 335 451 357 13,550 14,024
paperl .644 .359 .486 332 144 144 2,160 1,838
progc 672 .358 487 .330 145 149 2,245 2,019
trans 716 223 459 .209 178 158 2,878 1,937
avg. .693 .388 499 345 232.9 216.6 5,742.4 6,447.6




588 BIREHTXME|EE =RA| M23 M55 (958}

of W8 13 slzaz Yuge) HesEs z
2 97 5uf, 290 HE Woixu} 1 9je] Rus
£ 1% mzax gude) 497 1~29 XE
9§ me HsEz AYdn.

5.3 HEE Aldol cHet A&E

tEe dae APFAIE Xof #¥€3E ¥
MTF® A¥ RO s VFAC 2339 45
e PR cjiol v Hrieoh F FR
ol st AF Rell i3 Zzte] ¢2gL A
d Xl ¥ tE&ol vis| HF 305% ¥ 15.
4% FAEHAJCH TNEEL B 9T 2y
o iid JRYY % AYE Xol vis) Al
R& <} 16.3 byte Z2A% ¥hd, 13} nj2ax A
B AL oF 705.2 byte 27434t Lid R
Bo A¢ HI=E 4 dolEHe 0.12%,
01%2 =& v &L x=&Aw, 13 sj2zx
HEde] HASE= 2.8%, 3.2%2 iid FR Y
vl& Fristgich. webA, bib 9 booklz ol
Holee] Zo|7t A& 2w =9 &L Yo}
A}, FE dolHo disiMe gEHeo TS
A3 w2z B Yo g FVHE 5 ¢l
© AgzHe] Ao

gEoz Y2E Hojg gEYPoez gy o4
Hi e gap[9]9F LHa[10]e] Az} 12} u}
23% YR ol distd BE¥E F MTFe A
2ol 9% HE Rl VFACY R 353& FH&d
Ae(endle 38 ¥3)& vusigct

(B 6) 48 REZEIY &&E Hm
(Table 6) Comparison of compression ratio with utilities

[ o=output/input ]

data gzip | LHz | VFAC GQ
bib 315 .366 .293
book1 407 441 .353
geo .668 .670 .784
obj2 .330 .344 .392
paperl .349 371 367
progc .335 .353 .381
trans 202 241 230
avg. 372 .398 400

(R 6)8 AAZHEH 288l =2 vjgo] 2t
bibv} bookle] dHle|eo] a4 = VFACe =
3317} $78 AT, geos} obj2e} o] evjd=
o ulge) 2 dolele AE Edo] Az W
Ag o £ 9t 2, Agksli: VFACRZ
© 459 JleRat olvzl A2 AtolA A3}
£ 2 /E A Byl APAZ 5 7] g

71E9 t& FEHE}E g8 $80] 7R

BE, nl23z w4 AT F/MA &
&9 & e F78 4 A, g E 2
< A% e¥I=x FrbEe] AhuksEE dlold
Eo TEEA &3 HEZ 340 oE
AH3-2te] Adee] g =,

22, VFACY VFY Ate s 2 A48 %
dele gzipe Aeg ¥4 wlzstct (29
4)ol viehd wie} o] AAA Xol ohs VFH
A8 % AB-coding ¥ BACe)| s]s] VFACY
é o] +43l9, YAd XB E¥HY 2 MTF
AHe)s A AD Rell dig ArabAle) o}
2 A3 B4 o4 £ Aok =g bib
2 book12+ o] o7k 71 dlo]ele) s A
4 felE gapel ®s] VFACS AFo] ¢
ahadet. 2ev, AAlshe] FE dlojelq) 328 E
%99 3 dlo]E] geoell WisjA MTF7} ¥
Hgge & A

“Jl)l.L

[mAB_COONGON) EBAC GA0) MINFAC GQX) EIVFAC GG(R) Ogte |

Compression rabo

bib  bookl  geo

00j2  paperi progc trans
Oata fie

(1% 4) g&F v
(Fig. 4) Comparison of Compression ratio
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VFY Adesfscs hSag] Hold Aer
o 2 {FARE BEYLE AYANR F e
EYF3E AR Aol JIEY HolH
S TleS AEHE AT d5EF HEE
o BN AdFH govt, HT ALV o}
Yzt A3 7lsE FAC 233 A7) F
714 ¥z BAe]l AFHAZ ot oY 27
£ FF41717] A% 7HhEAe] iFd W A
Aol 294 Hejo] Aefzol st nEde
ot 58], Lid BE L i mdHA e 7
&9 VFY Aeis§ o232 YRYes &
Aol M AL sET VFAC AL A
kbt olwl, FAH F33E ST Y75
g5 FPYo 24 o] WE WHEH Fa
o e A =¥, EEE T4
717) 98 By P MTF7|4& AgA0es
W 7IE AL FEREY dET d5EE ¢
detolony, 2 /A 7EE e E HE &
4ol 7.

b A g st F-a el 383l oA A
2y Bue ARE HAsts 4 AlF odEe
ARARD o2y &, s F 2 F7A A 7
& e $80] FF9 FHA o

g2
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