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L - ,...,.V .._1...‘ N _.1 __...,__.__-‘__.;7_._. e em - » 2
: S ta saxd set where §° comprises a concatentation af a
DATA COMPRESSION l\ﬂII'HOD .. previous string match aad said current string matchs

mgumganldcnufcrktosmngs advancing the inpot
- This a.pplscmou isa cou(munucm of oar carlier xpplx- ‘position to a next character in said stream; outputing an
~ ‘cation Ser. No. 499,943, fided on J'um: 1, 1983 noW 3 identifier m to indicate a match; and repeating the above
- ‘abandoncd. R v - steps for a next string.

- . The forcgomg aad other cbjccix, features and advan-
CK HNI) lHE[NVENII N .
BA GRO OF o O _tages of the invention will be apparent from the more
1. Field af the Invention . R - pacticular dcscnptxou of the preferred cmbodlmc.nts of

= 'The present invéamtica relates o data proccssmg 10 the mvcnuou, a3 filustrated in the accompznymg draw-
: rncthods and mare partxculaﬂy to mcthods for comprcs- mg_ ) 4

' -'_sxon of data tba:transm,lsslonorstomgc

- 2. Diescription of the Priar Art - : Sl BRIEF DESCRD?TION OFTHE DRAWING
. oo Inthcpnofartthcrc are many “data ocunprmsmg ,j FIGI fl
; ods.Thcf ace e n:prd.cnt:m.vcof is x_owch‘nrtofal’norﬁrtmcthodfordam :
thcpncran. : FIG. 2 i1 a flow chart of a data compression method

.. . An article cntxﬂcd “Comprtmon o_f Indxvuiunl Sc-
qucuccs‘aaVnublcRn.tcCodmg" byZivmd Lcmpcl ]
., publishied ia’ the TEEE Trinsactions "ol Infocmation . -
- Theocy, IT-24 pp 530-536,. isclosesa basic zlgcmthm 20
o which the preséat inveatioa is an fimptovemicat. The - ‘:Z‘:pmo“ m“h"d according o the present inven-
dvanta f - to
’ i:;m[ ur:mcl;cm:,mﬁv:;uga and{d;:p vant 'gdtt:il FiG.4isa ﬂow chnrt of a second-comipotent of i
L i the, Desiription of 1 Preferved - Embgdiment of the 7 datzx Nm?m mcﬁmd nocordmg to the pracut m—
* - Preseat liveation.. The prior art discusséd above docs 5. veation.

" ponent thereaf.

(R

“dot teach n6c suggcst thc prcscntmvcntlouﬂs duclosod FIG Sisa ﬂowchart of 2 thxrd compoucut ofa datm i
- g d clai cdh ) oo . comprcssmm mcthod accordmg to the prcscnt inven-
. . i Lt .' Cetiont.TT .

SUMMARY OFTHE INVENTION .. - In the dmwmg, like clcmmts are dcsxgn:ucd with

I’hcrcforc. it's an ob]cct of thc pn:scnt mvcntmn @ 30 ﬂm{lzf reference numbesd,. and: identical clements i -
. wmpr&dntaforsmmgcmtmnsmhslogbyamdhod dxﬁ'dcntspcaﬂqcnbodxmcnisucdwgnzbcdbyldmﬂ—
- mcludmg a charwcr utmsxon lmpmvuncnt, 4 sirxng ml NfchﬂCC lmmba'& o N
extension improvément; and a6, LRU’ “algdrithpn ‘im-> - - DESCRIPTION OF P )

pmvcrncul to cnha.ncc transmisgon cfﬁcxcucy and to” _— IMENTS THE INVE o
B roducc lu:u: oosts m rcmotc tcrmnml Jam coxmmmxca—»ii ) EMBOD OF NHON :

) ‘txons systems. - SLe T Thc Prior Art Comprcsmou Methods of L:mpcl and

. It is adother objcct of thc prcscnt. mvcnuon to ¢ com- .. CL v .
press data foc .'.toragc or traosmission by i method fn- - Lcmpcl and ch [ 0) pmposc two rc].:ltz:d methods”

-+ cluding the stcps ofr mmalmng asct ofstrmgs to cansist 1.
! Aofusequcuccx;dctcrmmmgalougmtsfxmgSofthcsctm
which matcius a cun:cdt §tnn3; gcncmung an 1dcnuf cx

for data compressica which are based on the theory of -
- lgorithmic: complexity, rather than moce tradmonz.l :
- ‘probability based approachs. The sccond, simpler, ..

. cleatly, and proditeds nusfacwryoomprasmonmost-. -
datd. 'However, " the ‘method hai some shortcommgs,

-- which are remedied by thcpmq:t taveaticn. In"the |
. 'follqvnng dxscussxcn. the term encoder is- usod for the .
- cotipressiqa. peogram, and detoder far thc imverse op-
__axtmn.'l'thlegoﬂdxmxsshownhFlGL N

_'It:mnbc thaught of as a general model for tompres-, -

‘Itsyczam(hdcbjcctot'thc racnthmtwuto‘
. ccmtrol data teansimission bctwccs ahost computmgjﬁ change in lock-step, sa that bits nced mot be uséd to
¢ b

iEe TE Loyl “are caly added. to the dictionaty after the decoder
. A'-’C""‘ﬁng!Y. 2 data ression: md'u:rmmal com- o would have seed them, and it uses the exact same stmr.-‘.
© .-mitpications ocuimi m:hn;g zccordmg td. the' grcscut . cgy for tdding them to the dzctzouary as the eacoder.
chutxou mcludcs thc steps of: uutxahzmg a sct of 60 . LZ records probable eveats and does not waste space
<. strings ta consist of 1 sequendes; dctcrmxmng a 10n$cst‘ . with information ‘about mpmbahlc events. If one -
- rtnng S of the set'which matchies 2 cum:nf stm:lg: gen- “wanted tg hxv:: 4 Huffmaa code comptﬁsmg all paics of
crating an idenfifier I for S; transitting I 0 a utilization - clmractcrx. one would need 64k pieces of information.
dcvxcc; tctmg dxctxoxmry far dn coopty :lot, dclctmg 1 AAnd oue would anly bave information about diagram
1éast Pecentfy used | strmg from ‘dictionary if n6 empty 65 frequency. (An a-gram is a string of n chacacters). With -
slot js found to creats an émpty slot; assigning a slot the abdve method if there is a 100-gram’ which'is mare
T identifier j '} ta saxdcmpty skot found or created from the ) common than 2 smglc 1cm:r, the systcm vnll “Imm
_ :bovc steps “of te wstmg zmd dclctmg; addmg a'uévfstxmg that IOO-gmm ﬁrxt_ : .

L.

zwordmg t0'the present invention mcludmg cach com- | - .

FIG<3tsaﬂ0v‘r'chart0fs.ﬁmcomponmtofadam -

. m&hodmnbclmp(cmmtcd stesightfocwardly aad effi-" :- -

B [txsadapuvc.‘lhns,itmworkou;mdcth.ybf‘._. A
* differ¢nt file types and still get scceptable pecformance. -

.2 " sion, Both the edcoder 2nd the decodcr maintain.a dic< L
tionary ofmmgs, and at cvcry’pomt thoscdmuonanc;

tmnsnnthcd.lcuouaxy 'Ihxslspossiblcbcmuscstungs S
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' .3 =
It may wll be mote unpomm to store mformzﬂcm. '
. that strings of 80 blanks long (lines) accur often than
that the lctter “z” sppéars with some given frequency.
Lines’ ofhlankswﬂbcmorc mpomutﬁum the letter 2’
" if they occurmore oﬁcn, and this is prcczscly ‘the case 5
whcn LZ stores mformznon oa thcm. I e .
Anothcr featurt is that there.is 2’ good rcprc:.cntaﬂou
- for the dictionary. Itis possible ta keep a-fixed number |
- ofblts foc éach dictianary catry, no matter how long the
stnn.g ofcharm:tas mprcscﬂtcd by thxt du:uouary cntryv L

— m ﬁmt problcm thh thc abovc mcthod is that psrt‘
o cf the output coasists of uncompn:sod symbols from
" the mput While this is of little consequence asymptoti- |
. L cally, it is ofsigmﬂcmtmnscqucn.cc fot practical data,
LS For cmuplc, if a file lpartitioned iato 20,000 sequeaces,

© .. thy the'above algonthm, avec ong:«thlrd of thc Qutput' -
wdlconsxstoftmoompmmcdchamctcm. R L

The schxtion pmposad hcn: xvoxd: trmsxmtung my
: uncomprcsxcd data;-Thé entire output coiisists of 2 ic—
: ":qucucc of ldc.uufymg ‘numbery. The prescat ‘{aveation’
wﬂl be dascn'bcd wuh reference toFIG&l, 3,4, mdS
: R.cfcmng now to° FIG.. 2, the mcthod awordmg' m :LS
S e thc present invention’ will be dcccribod. ]
T - The ficst step of the present invention xmmhza thc :
S ‘1 dxcuonarytocontxmallsmngsoflcngﬂx'l.wtcndof
ST initializing. the dictionary to contsin the' empty sting. '
s T "Thus,amztchisalways fouud.’l‘hcdwnnna:ymmtbclo
_____ tcdbyuddmgthcm'mgs ‘concaténated with -
. the figst- c'iumcta:ufthc fiext string Whu:h s matched: -
" This new strmguaddcd nftcrthc xicxt matchfmsbecxt
foand. .- -
. cht,mstcpz.‘ ocasmnglsalwa !
kmgﬁt string;- §, 8 found in the dicticnary wfuch
tmatchies the cugrent string in thc data strc:un from, thc .
C cumorforward. S
] Another assumptlon mdc by Lcmpcl zmd Zx is that
‘the dxcuona:y can ‘grow 1o .-an- infinite sizé.. This is 40
) ~clearly: gof: prwucul. The mcthod mcommcndcd by,
o Lanyd and Zivis'to lock the mput, ‘intg thésé seg-

- mienits whosé dx‘cﬁﬁui"_zﬂcs Just fll up & available spacs, -

* - more advanfagcnustoreﬁfwc individus] stkings m.the 45
’ dxcﬁouzry Swp3oftﬁcptcscntmcdnoddxsczxdssmngs

) V& Besa T soitie sense least recently used: (Sec -
G 4FA “‘“’“"’&ﬁn&ﬂas“tudd"xf'{txsmztchcd ot
4 prefix
rcfggwcmuntwﬂﬁdchmgmthqucuonzry ' Thé 50
cfc("“qountoﬂihmgﬂ.uﬁﬁ':’iﬁmbq‘&f&ﬁig?

“tic dictiohiary which are'of #heform S| T, Gc T[S, fa
série T (S || S is cotiited twice),: Amongthoscstnngs

rith ‘Teférence comt O) the oncvﬁ!.oacmfmcc count” .
ha.s&ccu()thclougutmthc “1east recently used.”

_-mtuxilumtsofthcﬁ]cbcmgcq _'fmscrLInEng‘lx:h
1" this Would miean }hat mast eatries il the dictionaty -

* 7 wauld be words. or e¥ven phram How:vcr. the'method
e ~ ysed to build up lafgec units rust ga thrdugh t transiticns 60,
AR > which are not waits. So, anc might hive the a unit com-’
R poscd of ore Ward, plus the ficst balf of another word.

. It i5'less likely to have the last part of that woed in the ..
] dxctxouary, than thc wholc word. Moreover, if pieces of
wards arc stored i thie dictiondry, they may wake the
o dlctxona:y bigger than it'should be. For cxzmplc if thiree |
Lo - fourths of the dictionary has strings iwhich are never, oc
) mrclyuscdthcntwo:mbttswdlbcuscdmdxcmns'.

., comipressing’ “eact Block indcpcndcnﬂy Howeyer it1s ..

'ofnmmh.'fhco(hcrdcﬁmnon.mdﬂaa .

.'53’
Intcmcscuscthcdxcﬁouuysﬁouldbcﬁncdmththc

4
mission of cach btc so that these useless extries can be
referred to. Furtbermory, it takes a long time to adapt to
long strings. All thesc problems can be climinated- o¢
amecliorated by adding Inta the dictionary entries which
are the concatenation of twa matches rather, than the

coacatenation of the first match and thc ﬁrst chnracn:r .

of the second match.

Combining the three couccpts, a powerful- cncodcr is

achieved whose émbodiment is discussed next.

. The. major difficultics in obtaining a practical xmp“lc- -
” _mentdtion arc in finding a good data structure for the
" dictionary of strings. This structurcsbould be snmll. yc: -

allow rapid scacches.
. First will be described a- -data stmcturc sufﬂcxcut for

“all the cncodmgs savé the last prescuted. The size forall -

»A'tﬁac structures is propactional to the number ofstrmgs

in the dlctxou:uy, 1nd docs not dcpcnd oa thc size of the

:stnngs.

{n the ﬁrst cncodmgs allstnm S, mdu: dn:nonary ’

Cwith P bcmg in thcd1ct10nxry. oc'S is one character
fong. Thus the dictionary resembles 2 treé. The roat of

."_arc gither- que chatacter longer thnnapmﬁx. P, of 8.

"thctmclsthccmp(ytmng Eachnodc(cxccptforthc '
roqt) is the child. of the node represeating the string -

labeling: the node with. the Tast symbol Qmitted. In the -

-encoding algonthm the recognition is-accomplished by
“first recognizing a pecfix and then secing ifithasa child
_ which matches the néxt chacacter. Let n be a node with

pzrmt, P, Cbcmg the last chacacter of the strmg corre-

‘spording to.n (the character ‘which i5 not in the'string .

correspouding to P). A hash table, which may be n:nplc—

:mcntcd hy otic'of anumber of hash fonctions, such 45 is

. shown in “Univcrsal Classes of Hash Functions” J.

- Lawyence Caitet-and Mack N. Wégman; Joumal of -
Computer and Systcm Scicaces Vol 18 No 2 ‘Apdl 79,
K 11 143154, indéxed by the paic (B, CJ returns n if theoe
is such a child. Hashing techniques are well knowan to -~
*_those skilled in the art and need not be set focth indetail
hercin. Thus, given a node, onc can quickly. tell if there

is a longer match. The decoding algorithm works simi-

- larfy, but instead of a hash tablc a s:mplc pomtcr fromn :
WP suffices. R
Thc'!@st recently, used cu.codmg prsam; fittle prob— :
lem. The uly. thing worth noting isthat holes cannatbe ™" -
left in the dictionacy. Thus the string ‘abc’ camnot stay
mthcdn:t}ouarywhcndxcsumg‘ah'isthmwnoumThc'

simplest strategy is ta only place strings on the LRU list

-ngd,utastructumsmmtbcmmn(mncd.Oncstrudmx: g
3 &aﬁcd:thc discriminator tree, ;md is used to raptdly .

succinctly represcats all. strmgs. Each string ts repre-
;cntcd‘by a node. A nodc is ctthcx a character, or two
pomtcrs to ather nodes. Thas ‘ane concatenation of two

'.whcnﬂlcyaxclavcso(thctrec.‘l‘hns,ancw:mn&ar_‘- A
ane whose dzildrcn havcbccudclcwdbccomccandl—j_‘--_.;_‘;_ - :

the abov::mcuou.nrymd i3 similar to. aprcﬁxtrec.'l‘h: :‘-‘ .
athcrdmstmd:nrcﬂeallai mcpaxrfcrstmdxtallm -
oue 0 clfodse between the candidates, The pair forest

“strings in ‘the dictionary can be’ rcprcscutcd by a node
© which’ polnu to both. All nodes in the forest are placed
in an array, ¢ the ith clement of wtnch pomm to Lhc ith .
" sting in the dictioaary. -

- The discriminatar trec maiitains the propc.ﬁy that -

the’ parent, P, of anode, g, carresponds to a prefix of the.

strmg represented by o However the prefix may be

more dmu otc chamcu:r shorrx:r Marcaver, not all N




aodes in the trec necessarily oorrmpond to strmgs mthc
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)

—corntinued

‘dictionary; thcy way be prcﬁxm of su'mgs n thc dlcuo-
nary.
. All striags mthcdxcuomry vdncllnn: not prcﬁm of
other strings in the dictionary oontspcndmlcavcsm 3
_thé discriminator téce. All other stiings in the dictionacy
; _'axca]soplaccdmthct:ccasmmnlnodc.[methc
T ':prcﬁxoftwoormorcstrmgs,s:subjl/and&subﬂ/
e wfuch are in the dictiomcy xad 'S-is the longest such
g,thcnznoch oorrcspoudmthSumthct:cc, 100
cvmfotsnotmthcdxcuonnry Sinée we cammgt store
: i_Scfﬁcncudy,wcsmccmnxpomtcrmaﬂmrS:mb./U
; ) orS:ub./l/mthcpmforcst.Fromthu ormanonlx o
- ﬁposablcmrccrmtcs SRS
.l Wi(hczdlnqdcustomdthclaxgthofthcstxmgthax 15
LT xtmnn:ha.A}ushtxbic,uahovc,lﬂowsusmﬁndthc .
.-.;"_appmpmtcchildfmmupamt. o, if wearé rylng to -
"mntcha.strmgwhlchtsalcafm—d:ctmc.mrtatthc
*-rodt, and hash thé fisst character to find thic next node. -

-

:+ ard hence'the charactey béyond it Hash the nodeand
'--t!mxchamctccmobmlnthcncxt 'I‘Jmpmocssm
* repeated to find ¥ candidate ‘mach A problem afises if: -
' -, the candidate mitch dos'not match the fext on'a chat- - .
: uc{crwhxchwasuotuscdmthchzshmgpmccs. -

P At this poat the real ‘match in the dictionary. must.
- athcrbcthcsmngfoundbythcducnmmatormorz <

7 - prefix of it. The pair forest &5 used fo find the longeSts, “r‘ -
prcﬁxofthccmdidm‘.cmzmhthztmawhcs thctcxt
being comprcsscd.Asth::pmgocscu,thcdmmml—

natoc-tree 15, $éaaned to fidd the longmt stiing -in.the - __

'dlctxqﬂarywhxcﬁ oorrd.ponds tot!us prcﬁx. Tﬁﬂtstﬂng' .
LoLn . is the correct match, g g -

D Itshotﬂdbcpomtcdout,thztmdicsmngcxtcnﬂonr‘ .
: - Au]gonthm the possxbdxty arises, that ‘wiien adding 2 %5 o

string to the dxscnmmnnr trcc, thz.t itis alrcady thcrc." ’

- In that case'no chnngcs should bc mmdc w0 thc dxscrum -

nn.tor tree.”, <o

. The mcthod pmposed. hcrcm cant zlso bc uscd. ta -

produoc a probabihty distribution for the next character

- im a string of cha:mtcrs (or bit ina. stnng ofbtts) This .-

-7 “may be. usefulin’ appﬁmﬁous involidilg: recoguizing °
< .odatal Forcxmplércpu@lsmnnﬁsc:n iftcn tell thit a;

" particular. cha'ncth is cither.an “o™.of an “!1” How{

. cver they may {nvcidlfﬁcufty duunguuhing bdwccu

* them. In suchi a Gise, if the. pmhability i verg Jaw.of an .
f‘h‘ffolfowmg,thccurrcut string of ¢ dmractas. the scan-

'ncc tmght decide that. thc uatnhthtcr is.an “n'&An-

i ds i

__'-sxcm wethiod cad Be' ised ta’ umh_c . ptedlctxou. Fm‘
. exampld, sed Thémas, M, Cavec “Um,\mi'sa.l szhﬁng o
. Schemes dnd thé Compfmty Mcasu:a of Kolmagaroy &5

" afid Chaitin® b technical réport nd., 12, Oct. 14 1974

* Dept. of, Stznstxz, Staufofd Umvcnrty )

- The fallowing program listing, s&t forth tthLI o

-nguagc cmqu1cs all steps af, the present idvention,
The program ‘may be rin on an 1BM 370 Modd 3081 0
.scties numframc oomputmg sysu:m. . o

. 1&0(00(1&1:1&(1}; .

. dd A fred GiaQlY ¢ e Co .65
dcldicdughﬁxcdhh(lt)- : N o
dicthighe=1"g; )

S t}dlco«updiﬁ(ﬂ:d]ahxgmdL -
DU e leffxedblaQDs L

1 dgtr fixed bia(31),
- 1 len fixed bin(31),
2 nexy fixed bl 1),
2 peev. fixed ba(31),’
2 father fined bin(31)

- ddl i fizxed bin(31) /toop index™f; -

4cl cunar fixed bia(3 () faiy(1)
ded b fixed bin(31) hais(256%
del togthmtc Fxed bin(i) -
dcl Indexmatch fized binQ).
ol frodident fxed bin(Il; | -

.‘ddrcmzmngﬁxedhn(}l); s

- det (length satete uaspec,as ﬂﬂmpty,-ddr)bnﬂw:
- dduu&muy(ﬁmdhm(‘}l),ﬁxaibu(]l)): :
.t avedl fixed bn@0k s
‘dds.i_pumc)ﬁxcdb(n(llk L

calf Raltialize;

e . :
do wihile (carsac <= lcngdl (smng));

metinsnodcfmdthclcugthofthcsumgxtmakha.lﬂ__

cod step 1/

_1-'tludcxm(d§

Ou!putttu‘dauifymg numhccfors.usingubnx."!
X'madm&-gcl avaifable_ slof; - .
/‘mnmbq“ﬁcldcw(xfm numbcro(lbcﬁc:slat‘/

* Gall delete_ref(lefifficcldent)); © °

| call delete _refeight(frecident);

ld\(frwdcx() —b__primc; .
‘right(frocideut}=x .

. lcm(fmcdcnt)—hn(s)ﬂm(s_lvm): -

.. a1 fixed bl 1)

ailocate compdic(:

T Cursac=={;

46 i=1 to dicthigh;
lel@=a; ..

) n.ght(‘)-d)- 2
. ‘mﬂ-‘ﬂs

--dol-:ltoZSG; . » .

cRaxt(Q=—1; .
feay=t; - .
da i=237 to-dicthigh;

. ~: ucxx(')asu-L

: ‘milnlﬂ-

Imaschproc(aode,

o ded (nodepod) fxed bin(
.-t o fixed BEON; .,::~ A

. -ddcdm(ﬂbsed(nddx(cc}}; o
~__k’n>dc<—156thda; '__.

.."-_m( :—.-0; : . A‘-AF

poskunm(bh(m mivq

- gc=aode -l y -
. wtnru(m‘mt(cv4 I)Mmmm:

- ondg
‘-ifm:icb(}cﬁ.(nodc),poc)tbcnxctm

mm(mmdn(ngkt(nodc).pmﬂm(bﬁ(wdc}))):

“<nd atch;

bump :pmcﬂ:
del(Ti, Dfixed Ba(3L);

i i~=4Q thea ceturn;
if dex(®) <0 ther dog

s ncxf(()=°@‘(ﬂ_—‘{',- -

aidy |
’” temave from O mfc:mcc Gst '/
L= next(l;

" t=peo(iy
. oprev(=1

Lo el
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: dccodmg [ at said utﬂu_:mou device to rccovc:r said

- . string S. .

: ““‘O‘_L " 2. A method for data comprmcm of mdividual se-

Zd‘d‘ rtfqmc('): qmorstrmgsofchmc!crsmadamsucamm
del @, Dfized. wan; S 5 “prising the steps of:

. mxuaﬁmgasdofstrmgsmtoadxcuonxryconﬂstmg R

ofnmngsadxthhanxdcnﬁﬁcrzndmcludmgaﬂ .
possible strin g:oflcugthL O

.. sciting a curreat imput posmoa at the bcgummg of

: m': saxddatnstrmm, :
. ‘determmining the lougest string S n the dx:uounry
which matches the current string of characters of

tflcdztxstrcanlsta:tlngatthcwrrcutmputpoa ’

T rfx—dxhcnmtxmx;

-,ts B ﬁndmgchcldmuﬁcrlfors

- unnsnnmngltolutﬂxzwoudcwiwc; R )
dccodxng[:tsaxduﬁhmﬂﬂndmocmtcmvcrsmd_'a.
< ing S - ‘
-:zddmgnncwmngs‘msmddxcuomrywhacsl_~
. oomgrb&sacow:atmaﬂouofaprcmssxxmg :
- _match and said current string match; i
'~gcucmtmgandassxgnmgmidcuuﬁcrl‘mstrmg5‘ L

Lcrmsmd stn:a.m followmg thccurrcnxmatchcd< .
: st:mg; and :
E tq:cmng the above dctcnmmng. ﬁnding, transmlt—
- ting, décoding, adding, generating ‘and assigning,.
andadvancmgstcpsforancnsumgumﬂthcdm .
* . stredm to be compresied is exhaysted, - ’ :
lAmcﬂmdaooordmgtoclmml.fnnhctcompnsxqg .-
4 (hC‘S(Cp Qf'
R dclc-tmg alcast rcocntly used string from said dlctxa—
B uarytocrcatcancmptyslotfocsandnCWs&mgS' .
A fnocmpty slatis found whcn modxfymg sznd dm— -
35 .. tovary. :
: [ 4, A method for cn:atmg a dynaxmc dxcuonzry of
. ﬁxcd size to be used in achicving data compression ‘of
individual sequences ar strings of symbols m a data . -
A xtrcam,compnsmgthcstcps of: ..
. 40 - initializing a sct of strings to oom:,stofnsoqucnccs of -

Thus.w tcﬂmmmuonhnsbccndcscnbcd‘,;;lth o :ymbolsmcludmgallpomblcstnngoflcugthl’,

- pefercnce’to- prcfctmd cinbodiments thereal; it will be- - . providing -a dictiouary of fixed sizc In starage coa-

‘lmddstood,bythoac @cdmthcmd_mtvmus - tzggmgsaadimuahmd:ctofszxmgsachwhan
'ch:lng;s.}ntbﬂnlpdﬂ‘mﬂs'myvbé,ﬁudﬁ" 'thoutdc‘- o identifier; | =
yirting from the scop  nveatidie e - dctamnnngalongcstsmngSOfthcsctwhch\

- u:ungmddicuatm‘yofﬁxcdazcmﬁoagccoutm—

e S
Al pos length |
- posmou beginniag 0
s:ud dita s(rca;n hnd :q:caung' tkchllo«idﬁgﬁcpq

ed is cxhansicd; 55

‘slot;nd

foxdamfyanchaxchndstnngstomdthm.

; :;. 5. A method for data campression. of individual ‘se-

mngﬁ‘omthccurrcutmputpoato quammud.atastmam,oomprmngd\cstcpaoﬂmmal—

gcucranngmﬁcuuﬁcr[forsoonswtmgofmmcod‘ ’ mnga:ctofsmngswoomsto{ukequcaca;dctdmmw
-ing”of the fudex assocmted v.nth smd Ioug:stGO mgaloug&MngSofthcsctwmchm:clmncurmt

matchcd stnng S il L stnng: gencrating an xdcxmﬁcr Ifoc§ transmifting I to
advancmg thé carréat [npq.t posmon to unmcdmtdy . a utifization device; testing 2 dictionary ia storage con-
aftcrsmdwrrmtsmngmthcdmmm. L tauungsmdsctofmmgsfcrmcmptyslctddcnnga

modxfymg “said dictiogacy based an the prcccdmg - least reccndy used string from said dictionary if no
‘longest matchied stiing S, the unmodntcly succeed- 63, ‘empty slot is found to create an empty slot assigning

= mgsymbolsmthc next string. in the data, stréam, - slot identifier j msaxicmptyslotfoundorcmmdfmm
" and the sequence of- prcvmusly matchod strings; - thé above steps of testing and deleting; adding 2 mew
t ‘uixhzztmndmcc;nnd i smngS‘tosazdsctwhcrcS'compmcsawnmtxcn )

“advancing thé carréat input pasition to a next charac-- .- *

matdlaacurrmt:mngofthcdmmcamtobc

:b&mdwtofmngsformunptyslottomm; R

assxgmngnslotxdcutxﬁcrjtonxdmptyslccfoundar s
mtcd&omthcstVcstcpsofMgmddckmlg -



of a prcvmux strmg mntch md s.zxd cm—rmt S
match; assigning an xdcut(ﬁcr k to stnug S5 advancmg .
the taput posxuon toa ncxt ch.zmctcr in sxud stream;
.outputlmg an identifier m t0 mdxcatca match, znd e
" - peating the abave steps | for 2 next striag. ‘<, '.'.
. i 6. Amethod accordmg ta claim L whcrcm said
"t fying step camprises the'steps of: &
.o zddmg anew {tring S’ to-said sct, whcrc S‘ mmpmcs
a codcateaation of a prcmus smng mz!ch and s:ud
current String untch, and - ;
asixgmng an idéatifier. T to saxd String S' ’

odi- -

S ‘fymg step comprises the-dteps OF o 2
T B nddmgxncwstnngs‘wsmdsct.whcrcs‘\compmcs
i - nooncatquﬂonofmdcucccntsﬁingmmhandm 15
- muwdm@ymmdmgsymbolmsuddmmam; :
. .'assxgumgm dmﬂﬁcrl'msmdsfqngS'
&Amcmodnccordmgtodaxml.fqrthd
_thc step’ofs. " T .
tmungadxcﬂauzryo(ﬁxcdnz:mmmgcoqummng
smdsctofsmngsformcmpty:lotto store sud
-ucwsmngS' 2 : :

9, Amcthod acoordmg toc!mms fuxthcxco pnﬂng
the'step oft ™ 4%+ k - ) 2.5
dclctmgalcnst rcccudyuscdstrmgfromsax dxcuo- )

" means for sciting 1currcnf.mput
" nmgaf said data stresm;

moeans for dctcrmmmg the 10ﬂg<st string S )
dxcmmary wlnch mntchcs a cux:rcut stnng in thc .

o L e . ; ,
s ’ mﬂforgmgmldmtxﬁcrlfo_rsconsstmgof
Cy T e #n encoding ofthc mdcxmocm&:dmth.wdloﬂ-.

mqm: ‘fof. ttpatcdly wtxvzung wd ning
" geaciating,” advancing,” mo&fymg.transmltﬁn&
-;anddocodmgmmnsunulthcda ktramtabq

means comprisesst L7 ) AN
mmnsfor:ddmgancwstnngS‘towdsd.wth"

T " “assigning an identifier T to steing S,
I ll.Asysmasmdamlﬂ wh«cm xaxdmodlfymg 65
~ . .7 - means comprises:
" 'means foc adding ancw stnngS’tosaxdsct,whcrcS’
compmcs a conca:cnauan of szud Gurreat smng

1o

7. A method aciording to claim llwhcrtmsxud modk o

ag. -
220

. nnrymcrcatcm‘cmpty ‘slat, if no” anﬁty'_otls c

11, Azystﬂnforcrcumgadynammd‘mnyof:_.
" “fixed.sizc to be used I achicving data compressioa of - ..
"mdmdunlscquamcsormmgsofsymbolsmndzm‘f’vw
55 strnm,oompmng:
mcansfotmmzlmngusctofsmngslooonastofn»- o
.'*sequmcaohymboh mcludmg nllpossiblcdxmgﬁ. .

comprises a éoncatenation of 2 previoss sring -
mtchandwdcurrmstnngmamh,andmnsfor -

10 :
m:m:h and an muncdxatcly succeeding symbol m
said data stream; and o
means for assigning an ideatifier I' to string s, .
13. Asystcmaecordngmdznnlﬂ ﬁrrrimrcompns—

3 xng* :
. “means for stocing a dlctlormry of ﬁ.xcd size contammg
" . said sct of stringsy and - :

-meass for testing said dictignary foracncmptyslottu -
- store said new string S’ :
14 Asystcmnccordmgtacimml} fxmhcrcompus—'

ing:
means for ddcung a lecast n:cmt[y ased stnng from
T s:xddicﬂonmytocrc:icancmptyslot,xfnompty -

slot is found. - . )
15. A system for data oomprcssnon of mdwxdunl s&

qucncc. orsmngofcharac&:smadztnstm oom—
- prising:

mansforxmunhnngnsctofsmngs idto Adachounry: .

eousxstmgofnstrmgseachmﬂxmxdcnnﬁcrmd ;

" including ll possible strings of leagth 17 .

means forsctﬁngacuu:ntmputpostdmnttbcbcgm—

nmgofszxddamstrcam, .

: mcan:x for deterinining the longest sting S u1 thc

‘dictionary which -matches the'-current stnng of -
. chatacters of the, dm:.trcsmstamngatfhc currcnt i

input

. position; |
mmmforﬁndmgthcxdmtlﬁcrIforS, -

-‘mmmfortramnntmxglmaunhmﬂondcwcc; ol
Amnsfordcoodmgla&smduﬂhmnoadcvwcm .

recover said strng S5

el _‘:Am@nsfocaddmgancthnngS'msuddxctJ.onary

whccS’oompnxcsa.ccncnb:nsﬂonn[gndmr:cnt-
strmgmztchmdxtlmstomofaprcmussmng :

ma.tchmdanlmmcdmtcly suoccodmg chnmctcrm o
smddatxstrmm, .

s ‘meéans for gcncranng_and assxgmngau xdcrmﬁcr 1' to

strmg s,

. means. for advancmg the' currcnt mput pos:uon toa

next chacactér in said stream followmg the currcnt -
“matched stong; .

. meaus for rcp&tcdly ‘actuating said dctcmnmng,
“finding, transmitting, decoding, adding, generating -

?._ and;ssxgmng.andad‘mnaugmanstoopcmtcon@‘f’
" Iancnstrmgunﬁlthcdammmmtobcmmprcssai -

. if exhadsted.

lﬁ.Asystonma;dmgtoclaunls furthcrcompm- i
et ;:mg:' : ;
LR mamfotddcungxlastmdyuscdstrmgfmm_ﬂ-
L 'ulddbdmarymmtcmunptyﬂocfursaxdn:w".g
. sring §, imanptyslotxsfoundwhcuuddmg

ncwmmgtosaiddicuonzry <

‘of length I; -

mcw.sfocdctcmnnmg nlougcststmigSofthcsct.': s

- which matched 2 current atnng of the datn stream

" to be compressed; . )

means foc ftoring a dxcuotmry of ﬁ.xcd size contwung
said intiafized set of strings cach with aa identifier;-

‘mcans “for testing said dJctlouzry for an cmpty slot w0

. stoce a pew. matched sting; .

means foc deleting a least recently used stnng ffom
said dictiouary, if a0 empty slot is found, to create
an cmpty slct; :md
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I T m:mns fcr assigning a slot rdcnuﬁcr 3 to smd cmp(‘)’ .‘5 mc:ms for dclctmg a feast recenty tsed string Erom
) o . slot found ot created followmg thc opcmnon of . - said dxctmnzry if no cmpty siot is found, to create
’ said festing and- deleting means 10 ldcszy anew, - 2n-cmpty slat;

max.chcd strmg stored thc(’cux. * means foc mgmng slot ldcntlﬂctj 0 sud cmpty slot

iy . 5.
" 18. A systein fordata oouxprcssxon of mdxyldua sc— \ m

'Equmcqorstxmg;mldm:trcam,wmpnsmg: Coe T ‘ o
m forun a.sctof p.m o[n f mcnmforadé:ngzncwsmggsgfrx;smdsctu\:h:rcs A
T s6quences;: o : ~match and said carrent string miatch; -
: _;‘_’jrm“"-"f"‘ dmm&‘mﬁtms -thc‘d 10 ,' mansformgnmganxdcntxfcrktosmdstrmgs :
= -7 .. which matches a curfcat string 10, be compressed; means for udvancmgthcmput posmou to a.ncxt chnrﬁ
‘-mansibrgmmﬁngmlquﬁ:rIfo( ‘;_mmmdm

means for outpumng an xdcuuﬁcr ‘m’ta mdu::m: 2’
ng .o match, and -

18,7 Vmcatis‘for Tepeatedly acmntmg md Ecm:gomg mcans
-:fornnc:dstrmg

s - nimnsfortramttmg[tozunlmﬁcndcwcc;

_ found or crmtcd by said - r.cstmg and deleting




