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| NTERLEAVED W TH STRI NG SEARCH BACKGROUND OF THE LNVENTION 1 1. Field of
the Invention The invention relates to dictionary based data conpression

and deconpr esHAWA GDMARESSION XNDI DECOMBRESSION GYSTEM MEITHE IMMBDYMTEC DIGTIGNARY
conpr essi on artPDAIENGNEERSESNEB VHTHISTRRYKY ARG e updat ed. 2. Descri ption

of the Prior Art The Lenpel-Ziv (LZ) algorithmknown as LZ2 provides the

t heoretical basis for nunerous dictionary based data conpression and
deconpression systens in 10 wi despread usage. LZ2 is described in a paper
entitled "Conpression O Individual Sequences Via Vari abl e-Rate Codi ng" by
Jacob Ziv and Abraham Lenpel, published in the | EEE Transacti ons on

I nformation Theory, Vol. IT-24, NBACKGROUNR OF THE /ENVENTEON530-536. A

ubi qui tously 15 used da§ge§§EE%egggo;nggqtq§gonpression system known as
LZW adopt ed aslthe’st . m conpr essi on and,
deconpression, is describeB@henigventpancrelatesste0dibyivahely, basededata

Decenber 10, 1985.-bg¥¢08818hSanAcaBEHARRESE i3S i n
deconpressi on 20 n%th%%s used iﬁ theccﬂg and TIFEQ?ﬁg§gR%%§ %ﬁggtggﬁpeCt

standards. A variah? BReL ®3nperqiacrhpER tReUSSMPFEEEAPN4 2876 degempression
Storer, issued Extabetiddari@BOarkunplatedsanpl es of LZ dictionary based

conpressi on and degonpr i e L in US. Patent 25
4, 464, 650 by Eastn%h etgg ??? {8hBR Bhe P86 ? U S. Patent 4,814,746

by MIller et al., issued MBhehLegpelogdy LL8) Riagomt tBm1kApEal alsy L22ar k

07575 208 Al by Lehbar-afecpRe CEAReFILaY padRy €Bk' QhgBhBls BucRIMIYY
the above-cited syRtend d2he FAPRFedatancARfatrEPmBrerEeakPRs SYSESMSedn
charact er-by- char agi @ésptélld us¥§e?8/1404%s described in a paper entitled
PCT/ US97/'12943 "Compression Of Individual Sequences Via Variable-Rate
Coding" by Jacob Ziv and Abraham Lempel, published in
the IEEE Transactions on Information Theory, Vol. IT-24,
No. 5, September 1978, pages 530-536. A ubigquitously
15 used data compression and decompression system known
as L2ZW, adopted as the standard for V.42 bis modem
compression and decompression, is described in U.S. Patent
4,558,302 by Welch, issued December 10, 1985. LZW has
also been adopted as the compression and decompression

2p metheds used in the GIF and TIFF image communication
standards., A variant of LZ2 is described in U.S. Patent
4,876,541 by Storer, issued October 24, 1989. Further
examples of LZ dlctiocnary based compression and
decompression systems are described in U.S. Patent

75 4,464,650 by Eastman et al., issued August 7, 1984; U.S.
Patent 4,814,746 by Miller et al., issued March 21, 1989;
U.S. Patent 5,153,591 by Clark, issued October 6, 1992;
and European Patent Application Publication Number 0
573 208 A1 by Lempel et al., published December 8, 159%3.

30 In the above-cited systems, the input data
character stream 1s compared character-by-character with



-2- 1 character strings stored in a dictionary to effect a match therewith.

Typical Iy, Wheeospgdsact er-by-character conparison is continue@citsds 1598
| ongest match is determ ned. Based on the match, a conpressed code is 5

output and the dictionary is updat ed with oné or nore additional character

strings. In the Storer patent ('-541) the di ctronarJ)C/Qr;s updat ed by
concat enati nd al9 %ﬁaqqﬁirﬂﬁfﬁﬂﬁﬁ) WekdN A 4REEQramntte orfEeet nat ched

string with the mated GifednNges! Magmied 19t ite dHitSactdr INRIEndLa@EE N
characters in the current Ion est nat%fg%#j's]tsrrn erqaﬁre addea(f:tkgeit.he
dictionary after® l?ﬂ“bteiﬂ t IRk MatEghelStorer
Pat entftgi ts is dkert(ﬂmdm.t h@daédéd Rrefiheesna A, W didned Ité(??g'g’q[ qra@de Aot her
ype o ata L£0 e £S5 enot ed as
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effective in enct %h Q;Iﬁ%fr%na%r ng%gdghfgtr% b(sayg %areé{{:%ecirngor I}L ?ﬁ)stt}f
characters. For “@E‘a‘rﬁﬁr@ et ixeseforle e €unTandhdrangsiaty ma tiavey seouienge of
bl anks t hat Y % e H R dad vlodd e e st ik Hed scl?:ti%é' ! erh\Bl-E i§ é}lesre

effective |q e co ressron e .an i mage caqntal ns | ong
consecut i ve B @I a3 }éhr@%aﬂ‘ifé’e"stuél?‘%eﬁtn f‘tarf@hsfky* pﬁﬁltirrmﬁ of
a | and-sky i magarellaided chd:tulmwamcﬁiaﬂﬂhccaﬁﬁe&saiw A HRC OBH RS ONn

al gorithnms di SCH\%?:‘?:?\ ail:éov taerzﬁﬁ%t _es g‘l ef f gr::”tfr vteear)terr#mrq)lr%e%sr ng | ong

runs of a 30 repeating charac
AP updat e techniagu&hea Algdr Rrafunas (@fP)cowmiaézaséIqudexmt puts are reqU| red

to conpress a |ong | engthdeye e iGN Qs
systens is tradrtr%al |y overcro-rgeyp%y applyin tnﬁrge dJabtqa to run ﬁlsengjtch

encoder and ' A Svder Tt Encedins L(Zld?r)c-t i Sitgy based
system In suchrag m@uﬁiwrc@@ﬁmdsemtﬁ%p@mdﬂj drarddddZ et at the

character group run by providing a compressed code

indicating the character or character group and the length

of the run. RLE 1is thus effective in encoding long runs
20 of the same character or group of characters. For

example, RLE is effective in compressing a long sequence

of blanks that may be included at the beginning of a

data file. RLE is also effective in image compression

where an image contains a long run of consecutive pixels
25 having the same value, such as in the sky portion of -

a land-sky image. _

The LZ dictionary based compression and
decompression algorithms discussed above are not
especially effective in compressing long runs of a

30 repeating character or character group. Even utilizing
the AP update technique, a large number of compressed
code outputs are required to compress a long length run.

This deficiency of the dictionary based systems
is traditionally overcome by applying the data to a run

35 length encoder and applying the run length encoded data
to the L2 dictionary based system, In such an
architecture a run length encoder is utilized at the



1 front end of the dictionary based conpressor and a run |length decoder is
utilized at tWOBOIIt end of the dictionary based deconpr essorBCTH;EHT/13943
system suffers fromthe di sadvantages of incregsed equi pment, expense, 5
control overhead and processing tine. Another approach to-processing’

repeating char act @ ot erd of THOBEH 1odde PR LU a ARhp FRL 50D TBy2 Z%Zn]‘?g
A, published Cbtoaer 19, 1994, A_traqé;#ﬁ%%l LZ approach 1s uti i zed T 0
conpress the i nputt 83 dfsPLaer St dd e izt er@ ebnphressed
code strgam ghe Iaasiﬂitdr?g-yowamﬁd (ﬂlﬂﬁﬁnl ﬁﬁmdﬂ;.e B 65 Sd %%Q%ff gggre
nonitored to deterJdine.,i current en ted co essed code resulte
froma run. |f so,fgtoﬁ‘e & ?é%ran&%gp% qeéaid'f%rzﬁﬁsg{ FRTPRERE otk ReRFRIg

i ndi cates t hat % heongrols averhead ansl privesattmyittimg of the conpressed
codes is then re-enabled. Fromthe codes that are received, the
deconpressor "fills-in" the m ssing codes. SUMVARY OF THE | NVENTI ON 20

The invention is enbodied in a dict (RS STER| ssion and
deconpressi on system that fuen ey stdre 1PV I,he .ol ency. If a
string A exists in the dictionary, then the%§¥#¥¥%§:£&k.. ﬁgé%ﬂﬁg%kﬁfﬁﬁé

two conpressed cod@tdyFEAPEessdgR s degonnre ssdmm By stBnThat siveérmsnad
repeated char 46t ethe aweiveadellaibedde fAiRncyQ HALAGHSs f QURS, SUCh as

it oiontly on Chabi Ehe; lrEdahAEy s FRernaTE Aiass diieigdr idaiAnsioda
present 30 invent iontaostompyessedniceded siynbe lshe regrpddswsOnb Mijald ana{dk s
or Strings i s ent SREA"; AEOLEAS ctroARts WAL TA T O dus et A7 (L ATURH eved
and an out put conphnéssedosedeTs¢hpsRccterdsroupsnshchld s sTiomnyesnetiven iofagde
al gorithmis as fghkaws. vERGNtheMBameP@hlinal, Shn B Wraddidehasagfer C are
Found Tn the dict | angry o1 )onSthe "t k3 e® b othter . 1 N®
In the compression algorithm of the present
invention a string is entered into the compression
dictionary as each input character is read and matched.
20 conventionally, an update string or strings is entered
into the dictionary when a longest match is achieved
and an output compressed code symbol is determined.
The operation of the algorithm is as follows. Each time
a partial string W and character C are found in the
- 25 dictionary, a new string is entered into the dictionary
with C as an extension character on the string PW where
P was the string conveyed in the last transmitted output
compressed code symbol. Thus, as the string W is matched,
the string P is extended by the characters of W as they
30 are matched in the string searching process. This might
be referred to as "on-the-fly" dictionary updating where
the dictionary updating is immediate and interleaved
character-by-character with the string searching process.
Thus, as a character-~by-character match of the input
with the stored string W is effected, each matching

ta)
w

character is appended to the end of the growing string
PW. The update process ends when the input data
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- 3a - 1 dictionary with C as an extension character on the string PWwhere
P was the sigdamaggnveyed in the last transmtted output conpcasssd/1gsase
synbol. Thus, as the string Wis matched, the string P is extended by the
characters 5 of Was they are matched in tHé'%tTing searching process. This
m ght be refenre ely - ~hALCLELQN updating where the

di ctionary updat?%%P?gé?ﬁgeg%gge&%%ﬁh?%t%bgegééaeggaﬁgﬁgﬁg-ByEEhépﬁcter

Wi th the string dkaktemagyprocess. Thus, as a character-by-character 10

mat ch of the input with ghe, stpseghsig4NG kS€ , _each tchin
character is appended to tﬁ% end o? t%g gr§§}§8 é%??hggPﬁﬁgﬁﬁéggﬁdﬁfég
process ends whefhe herevibeusiatmatched sErdng3B, th@(res/ DdAdth encoding

PCT/ US97/ 12943 -4dvdn€ agb et 51 hed capdveh est [ .n.the
di ctionary. Wen t%e‘s???n W bei n ;s tcheggcg?ﬁé#ggg'md?ﬁééhgﬂ%¥£é$8ﬁ§Fy
mat ched string PN¢HECPRRE %%ﬁtﬂ?%&%% FRHg? 5CaBpEReasR eedersymboibbbati s

realized. Wen tid sugcetsgniied LOMKESEOEohpRESTLES kO PEESHEH S99E
synbol that is unrecqgglzed at tﬂ?%?eco ressor. The deconlgéessor uses an
t

unr ecogni zed cod& Pt 0TI TERHT n“LYRchT BRTEFH WPt RatHer tRnpyYRIBF Rt sm
di ctionary, the witesise basnplr @ns idn tdictionany | ytRe Sponesls s cs29848 es§Or

code, the unnegc 'zgg t kO coded string .and the nunber

of characters in the pr€€€§h2|§§%§%§%%dy§%¥Tﬁ§?siﬁfE$9%2§; PTHRREERITER=C

DRAW NGS code, the previously decoded string and the number of
characters in the previously decoded string.

BRIEP DESCRIPTION OF THE DRAWINGS
15 Pigure 1 is a schematic block diagram of a data
compression subsystem used in embodying the present
invention.
Figure 2 i3 a schematic block diagram of a data
decompression subsystem for recovering the compressed

20 code output of the compressor of Figure 1.

Figure 3a is a diagram illustrating a
represantational data structure for the nodes of the
saarchtrees of the dictionaries of Figures 1 and 2.

Figure 3b is a diagram illustrating a practical

25 data structure for the nodes of the searchtrees of the
dictionaries of Figures 1 and 2.

Figure 4 is a schematic node diagram illustrating
a ncde of the searchtrees of the dictionaries of rigures
1 and 2 in accordance with the data structure of Figure

30 3a.

Figure 4a is a schematic representation of a
partial searchtree illustrating data storage utilizing
the node of Figure 4.

Figure 5 is a schematic node diagram illustrating

35 a node of the searchtrees of the dictionaries of Figures
1 and 2 in accordance with the data structure of Figure
3b.



15 Figure 1 is a schematic block diagram of a data conpression
subsyst em usedVPH38#¥ddyi ng the present invention. Figure 2 is XCTHORMIIE
bl ock di agram of a data deconpressi on subsystemnmsfar recovering the
conpressed 20 code output of the conpressor of Figure 1. Figure 3a is a

diagramillustrating a reprdgereatsizonial alaichemd il Wepdfden e {9Fess0f t he
searchtrees of the _dictiqgnaries.of Figures and.2. Figure 3b is a diagram
illustiating a pra??irg:élaqz§e&§tc %ﬁereug*mézfli&g %Tbe rfb‘?fges W FHEUER AP c#kd ees
of the dictionari estofrifigguhes shmendtZinfgsywse Piguwra &chemati ¢ node
diagramillustrating a nod h ar.c 853 feqt | ctionaries of.
Figures 1 and 2 %n accorda%é_ vﬂtet% ?‘%’e adgogx St rllcj)c llf;rlg cg}a’ﬁ g’ﬂffeu%%‘%%%“g
Figure 4a is a sth&het ocperatiensnexscutrest by dve icumpemeasiitn esubsystem
illustrating data g0page Aat il isgl 3G e S Wqur K ehis a
schemati c node di agram gﬁ ust rgti n% %5 5’ %%S’éﬂof@t%e c?ggarrc gtsrq%;% icsﬂ’ t he
dictionaries of Fi 8GFesFdanggdwithn thec presend dinventiordat Shet rilciwirahaxt

Fi gure 3b. WO 98k0#d4%are 6 is predicated on a compression di tionary .
i a

PCT/ US97/ 12943 -5- Figure 5[err] 1s schemgti c representation of a par
searchtree utiliziﬁﬁlgﬁéiﬁﬁg tpi§§4e53n5 SherasfeamstFdngssi ri ngs as

Figure 4a. Figut® 6 is a conguge 7 de ahaontiddlusticat idhark e ReFALHIRNS
conpr ssi on i 1 accorAades A LAREn S SPUEEA TnJaiR (BTOCHRE YD G e
Figure 6 is predi cafefignre 2ofpredeiconmpdiessilagatyne wicmpaicsaed widde al |
singl e character sLLh@gStedlin accordahlc@UiA th POl Olnpld QY ghant, o
illustrating the operations executeé by the é@conﬁ$255|on su s?ﬁ%en1
of Figure 7 is predicated on a decompression dictionary
15 4initialized with all single character strings.

Figure 8 is a contrecl flow chart illustrating
the unrecognized code processing of Figures 7 and 10.

Figure 9 is a control flow chart similar to that
of FPigure 6 but predicated on a non-initialized

20 compression dictionary.

Pigure 10 is a control flow chart similar to
that of Figqure 7 but predicated on a non-initialized
decompression dictionary. The decompression flow chart
of Figure 10 decompresses the compressed code generated

25 in accordance with Figure 9.

Figures 1la-~11e are schematic representations
of partial searchtrees illustrating consacutive states
of the compression dictionary when compressing a typical
input data character stream.

30 Figures 12a~-12g are schematic representations
of partial searchtrees illustrating consecutive states
of the compression dictionary when the input data

character stream is a repeating character group.

35 DESCRIPTION CF THE PREFERRED EMBODIMENTS
Referring to Figure 1, a data compression

subsystem 10 is illustrated that compresses a stream



of Figure 2 for deconpressing the conpressed code generated in accordance
W th Fi gur ew®.98/limsf | ow chart of Figure 7 is predicated on apdgasspipasi on
dictionary 15 initialized with all single character strings. Figure 8 is a
control flow chart illustrating the unrecognifzed code processing of Figures
7 and 10. Figyre 9 is a control “flow chart simlar to that of Figure 6 but
predi cat ed on'a%forknBit ida e FNIXPRTHRHr 2LEFdNS reRl bedirat am glmputOlls a

control flow chamtsianidtred® dhatofedp@dtnd bothpPsSdifat % 8nal
non-initialized deconpression dictio ar%{ T%éhdeconpre33|on ow Chart of

Figure 10 decomffeXeLWIRI e ohpr et © el 4t &eF Stoming cohamaceeni t h
Fi gurﬁ 9. Fi gt;lresstrji[re;sr ]3-51 1ire5 Y dmeeri 02 S Che Nt hEmd P SEENT DS i@rﬁmg)fo,paﬂg, al
searchtrees i rafi C cutiv e t he, conpressi on dj ctionary
when conpr essi néseé?etatg/a&rl aliq?flt&? %’f%éécﬁ%?s:%fgegﬁ%aﬁe Fpove-citedri gyres
12[err]-12[ err] refersgsieemt i Chepharatter eisriigpatté adteesd cin rees
illustrating co ' t t PLESH O | ctionary. when the

i nput data char %{%ggHs%\%gﬁ%é&ag%pﬁ‘?ng c a?%c?e@a@?ﬁugt%%%ws we
DESCRI PTI ON OF PHReRRE=D FVRON SRAit-1RE ok 3 igoppol fedjwo® nter iotleed

081 0405 o PoddETstbIe It Wi ASE s IMIRMRA AT 3 T o

i nput dat a chgré@Fb@%ﬂﬂﬁ%ﬂ%??ﬂﬁﬂ?QﬁiQﬂ tHhe idgtianarnt’s 2ze racgs 9ved
correspondi ng caypreresk sl Signad svell atnowd Mdndex. A dictionary 13 for

storing character strin | Sy Igggn% y.& henory such as M or CAM 5
generally in the nannerg%‘eescdﬁtg% I'n fF}E“gr%b%‘vea-l TP TRSS 1¥he
character stringslasdmtaddy i aadarthivhlechiatmblasie sta usdde enimber manner
that is well undeystOharlid&PHfdd oF7 |and OFPLI &% ©7ed MALTd D hORges
stored at th$5Iocat|ons of the dictionary 13.

pointers. The node number 16 identifies the tree node

and the memory address 14, at which the node 15 is stored,
is utilized as the node number for convenience. The
character field 17 is utlilized to contain the data
character value of the node. Fields 18 contain pointers
that link the node 15 to related tree nodes such as

parent, children and sibling nodes in a well understcod

20

manner.
The compression subsystem 10 includes a search
and update control section 20 coupled to the dictionary
25 13 via a bi-directional data bus 21 and a bi-directional
control bus 22. The search and update control section
20 includes working registers denoted as a current
character register 23, a current match rasgister 24 and
a previous match register 25, The search and update
30 control section 20 further includes a code generator
26 for assigning compressed code values to character
strings stored in the dictionary 13. The code generator
26 may assign code numbers sequentially or pseudorandomly
such as by hashing. The assigned codes access the
35 Jocations of the dictionary 13 via the memory addresses
14, Thus, as is well understood, the addresses 14 (node
numbers 16) are utilized as the compressed codes for



10 The menory | ocations of the dictionary 13 are accessed by addresses 14
ina well knowOAHYF. The data structure of a searchtree node RGI/US97/12943
illustrated by a node 15 which includes a node punber 16, a character field
17 and fields 18 for rel ated node 15 pointers‘ he node nunber 16

Identifies the tre o] and th 4, at mhlch the node 15 is
stored, is ut||1ze§hg g?ﬁénﬂ8d3g33§§D}X g giﬁé PBACY. "Pre character field
17 is utilized to contain The daaaChhandcupdatelnen&&cﬁh@dwﬂﬁbnlﬁdﬂ

contain pointers 20, | bakeL e 08,194 Iat ¢e nodes sucias,]"]t‘&es
parent, children andﬁ@a%+ t? Eodeggﬂngg me#g 5e?§?55 §iRBfnEt thee

conpr essi on subsys@%m94@5$hemuﬂ%§5ﬁ5§ear&ﬁ &ndaQQQaﬂencenWﬁah a¢@t i on 20
coupl ed to the i cbpongtyora) 1§1é!bacﬁa9tsdb?e§%ggﬂéb gahaalys Bl 200 e r

bi - di recti onal qg éys 22. The search and ate con
i ncl udes wor ki ng g@b & 78GR HBRRed as a current character reglster 23, a
current match register 24-@@@ &o gyggygnngﬁgg ggghSQgr earch_and
update 30 control seqélon 3§ @% tgc udes g code ge%é?é EQE é gﬂaracter
assi gni ng conpr essetr to qu % Fhdt EResiRrPHEs étérébaIACthg stream
di ctionary 13. Tha'mlsrgbrmt attos Dfpuay? assu'gnecm@mya@sisiﬁgqeeag%glly
or pseudorandomy e I gned codes, access t he
| ocations of tHe dic |onary f§§§qgﬂg%%J%E%€$§ adarSRAERCHAT TRELstey P9
wel | understood, tWHet @&ldusssts to thedurtederchdfdcter neégiszed as ihe
conpr essed codes ff¥cordance i n i on 13. The
cordarice lyifie o?éfér:lgfoﬁé Ofgdbér%%g%ﬂ%%? ﬂ{’go??f"ﬁ

search and update contro] section udes cont
the operations of e WA AHTFIUFSRY ]KP|¢P%&E@¢ﬁam@@uhrihqthapﬁt

operational flow clatd chdrddrestfonnthd diaradBeRered Osberdegciged. The
conpr essi on subsy%k%mfgilgggLfys a character

The operation of the compression subsystem 10
is briefly as follows. Input data characters are
sequentially inserted into the current character register
23 and searched against the strings stored in the
dictionary 13 until the longest match therewith is
achieved. The current match register 24 is utilized
in this process. The node number 16 of the longest

20

matched string is provided as the compressed code at
the output 12. These searching operations are the same
as those described in the above-cited references. 1In
accordance with the invention, as the input data

25

characters match the characters of the stored dictionary
string being searched, the dictionary 13 is updated by
extending the longest string matched in the previous
iteration by the current input characters as they are
matched. The previous match register 25 is utilized

in this process. The previous matched string, so

30

extended, is available for matching as the input
characters continue to be fetched and matched. Thus,
update strings are immediately added to the dictionary

35
13 in an interleaved manner with respect to the

character-by~character string search.

REPLACED
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regi ster 30 that buffers the input data character streamreceived at the

i nput 11. Theoisgdisdual input data 10 characters are appliedpEiRi¥etR43
character register 30 via a bus 31 to the current character register 23 in

accordance with operations to be described.= The- search and update control
section 20 cortrols ach|r|ng gut data characters fromthe character
register 30 via a 15 conPPSPTF48935° FREUSBeraFilth sPnthauednprdesienwe

subsystem 10 i s bolEigyraSTtohlduaombﬁauhidﬁt%u%B?é%@heﬁﬁ §591§§%§%Q%'%||y
ed agai nst

inserted into th char terh g ter and search

strings stored |ﬁh%ﬁ %ﬁoﬁFﬁflgﬁ5r§ 33 ﬁEFFF P tpSn@ééEiﬁa@chnpﬁér@mtBh i s

achi eved. The custeeamnfitolm tkei sbmprédsed ubablaednamstbrgv@aeaea% thide q

node nunber 15 ofutfice! 09ogst Bt chgd-aLLLBA L3 RLOYLded as Lhe cqnpresse
SBREYSFen; 1S ahE

code at the output ese Searching operatr co5 é§9ﬂﬁmse
descri bed in theth®odecerprgssionrsnbsysten ddcuedanveswitbut heonpyreskian,

th t dat t h d.dict
as the inpul daldodbosaghels #BISR LRBuEnataher 5:80,00e Shored dhctionany

correspondi ng t FeFRVEFedi BEEing ehapresezs égtpntOUDUththheTharrent

i nput CharacterSd@éoﬁb?!sﬁi@nHQ&BQ?QteihQOpiﬁ&lﬁ&és”ﬁt8Pc£fgﬁ%£ﬁ 4§5th
utilized in i@ls roce d

§3 ﬂ ﬁ ﬁVloug gap string, so ex

avai l abl e fo h?ﬁﬁ etabi¥ {nplemente ErgAEoHFPﬁEE t oThe @bethedaand
mat ched. 35 Thus43 upslas ersttingd ane mpduﬁedtebycaﬂd&dnt@héhgaﬂéct|onary 13
in an interl eave cf .t har act gr - by: character ,string
sear ch. ANENDEDE%ﬁgé$9€£e€Q§g§§§§8§ 55 Qoﬁégiﬁeg ?n gge Xic fbnary 13

PCT/ US97/ 12943 1°f the compregsipmgsebs¥sfeme?Q.w &b eachi impdtrebrpeaseeto
Figure 1, a decosgd@spiOPesabsyst £ éﬂe'&le:UﬂraEEQ &D@héﬁ&%eﬁ { e

characters o{ t he rlglnal i nput data stream from the conpresse
signal' s prov Yed to contain the same data character strings stored

in the dictionary 13. The searchtree database structure

stored in the dictionary 43 is comprised of interlinked

nodes stored at the locations of the dictionary 43.

The memory locations of the dictionary 43 are accessed
20 by addresses 44 in a well-known manner.

The data structure of a searchtree node is
illustrated by a node 45 which, as described above with
respect to the node 15 of the dictionary 13, includes
a node number 46, a character field 47 and fialds 48

25 for related node pointers. As described above with
respect to the dictionary 13, the node number 45§
identifies the tree node and the memory address 44, at
which the node 45 is stored, is utilized as the ncde
numbar. The character field 47 is utilized to contain

30 the data character value of the node. Fields 48 contain
pointers that link the node 45 to related tree nodes
such as parent, children and sibling nodes as described
above.

The decompression subsystem 40 includes a recover

35 and update control section 50 coupled to the dictionary
43 via a bi-directional data bus 51 and a bi-directiocnal
control bus 52. The recover and update control section



5 output 12 of the conpression subsystem 10. Accordingly, the deconpression
subsyst em 40 MER&$94845 | nput conpressed code signals at an i nput PYTUSRYI2943
provi des the correspondi ng recovered string chaBaeters at an output 42. The
deconpressi on subsystem 40 includes a dictionary 43 that 10 is preferably
i npl ement ed by RAMSﬁe&nc}udeghyomhﬁﬂgmnﬂqﬂSthﬂs;dﬂnaﬁﬂdu&xi&H&htﬁﬁhmed to

contain the sane s ctionary 13

t he conpression su g&%’?&%ﬁiéﬂaks eaéch HfoﬁE ?or{r‘r&g?aesﬂkehn e 5% ré%e’r'?/%ﬁsﬁ?r
the input 41, the &ieti dMargFcoFdaqices Witdattdie tigvanttidm tthe somoveat aand
character strings Sbhehed icBniche 1disEdtanrA V50l 3nchhRs e At N rﬁeeec%ﬁ @8 Code

structure stored in the dictionary 43 iS co rlsed of Inte nodes
stored at the | 3caPF8ResSsinthEFL oz U & A tdiiid) frocatiaks with he
dictionary 43 are geepesedtd0Fiyuadd@asses 44 in a wel | -known manner. The

data structure of a search&&ge node i.s | us%#ﬂFﬁd by a _node 45 which, as
described above with respedt st § SR SFodd EHtEOlosacEiPn Tl urtder

a node nunber 46, dnehaBeast ar cbidel @e&xéramd)zf 158 Eord&sslgiing oMb e

poi nters. As descri h f e dictionary node
nunber 46 identifi egggh Qg&%swkgd§5§h %ﬁh ng' S d5PES ifiiﬁ \ﬁ%?ﬁf?qﬁfy
node 45 is stofléd, 48s ufThki zodeageniexratode Sﬁumbe'r 2sBignc lcadac nembfdred d 47
is utilized to con&ahﬁeﬁ@ﬂa&@yda&ap%fé%ra%%ta%o\ealw%u%fn B2e OSSR O A

contain pointers that link thé nod |atéd tree no

parent, children aﬁM5§PBIFH§Pﬁ6&P§ &§Yde§@ﬁ Fofeagereratior déc @gsiand mede

subsyst em 40 i ncl uelaﬁbargeea\m&z:iagameu@dﬁee PrRlelsel a%aChllQR B P UR! @t 4d3
the dictionary 43 51 and a bi-directional

|rect|on dat
control bus 52. Thé 588v8? 5n8e3553? T %ﬁaP%u L& FOBRT e s iy SubRuAT en
PCT/ US97/ 12943159- 10 .50Thecksdégnedr kiodg sr agiceisar £ heelaicad iassa curgant

.dictionary 43 via the memory addresses 44. Thus, as

~described above with respect to the compression subsystem
10, the addresses 44 (node numbers 46) are utilized as
the codes for the strings stored in the dictionary 43.

20 The recover and update control section 50 includes
control 57 for controlling the operations of the
decompression subsystem 40 in accordance with the
operational flow charts of Figures 7, 8 and 10 in a manner
to be described.

25 The decompression subsystem 40 includes a code
register 60 that buffers the compressed code signals
received at the input 41. The individual compressed
code signals are applied from the code register 60 via
a bus 61 to the current received code register 53 in

30 accordance with operations to be described. The recover
and update control section 50 controls acquiring
compressed code signals from the code register 60 via
a control bus 62.

The operation of the decompression subsysten

35 40 is briefly as follows. An input compressed code signal
inserted into the current received code register 53
accesses the corresponding string stored in the



recei ved code register 53 and a previous string register 54. In accordance
wi th the i nvaaldg@rosst he recover and update control section 50 pcRGhdddgso4an
unrecogni zed code 5 processing section 55 to explained in detail with
respect to Figure 8. The recover and update conttol section 50 further

i ncl udes a code r : ASSi gn egsed e values to
character stri nggﬁgﬁj’%&%ﬁﬁqtiglfﬁ%nqﬁ%ﬁ%gg%.§§he @g%ec%%’ﬁ%?g?ﬁf 86 may
assi gn ~code nunbdihe SEqUnE iaxe regoyrred|cizemomyracter agidyd hahasgthé&or
system conpati bi ld #ygy% kQQS n L1izing
t he sane process rlan "aef‘gﬁ ithm%ﬂ%ﬁé&é bt;?@et! %Zé%%%eogg%g?aﬁfé‘g %éc%‘ﬁ%rg
conpr essi on susb)sﬁ’tr@ﬁﬁgi‘s the searasremait bbiringckke srelntedcmodensobiitehe
dictionary 43-vi ag.he THRIMNSEAMYEP @fardetdr ' '
respect to the corrprtg,%(sji on subsystem 10, the‘rﬁ%??;%%?ﬁﬁiﬁg%ﬁ@ﬁ%ﬁ%ﬁég%)
are utilized as tife @é’ﬂ“rd?miil?e:%tql?‘?ﬁfs &l R FutRde 4R ct iTresy sicimp
The recover and uRdaivergorigedatienid Mrdhdicdatiesas i dsd¥bed
Wih the operati ORE SN -cined TR, Hhe SESloTars 4hoiervedntag
descri bed. 25 by exteﬁdambamhmrm?musubsﬁmmﬁéﬁimmsbﬁ st

regi ster 60 tilgat f qﬁﬂpr§§é§91 ' recej ved t he i nput
41. The indi vi dua%%%(%?ptfeéggfd code Si gnatf%dgﬁezé%%%ﬁl?sdeds“%t hgﬁb%o%rev ous
regi ster 60 via #WiSbBFad sier A richintiddgeddin ol 3 epfraxtess 53 in 30

accordance with operati ong hdstatiddd eshmpFes § &8 Wsde %Magﬁa@o&gésol
section 50 control cqui ring conpressed code, signals fromthe code
regi ster 60 via é’ogoﬁ"tar(ﬁ %Lﬁg’ré'f@pﬂfgjdb%rﬁxfjdhg ot EeRRe g e Aksllpnary
subsystem 35 40 48 huiildf Ibe amdelveiisin Aresgimie COSPESS SEshSaskes sbgnal
e L O Nyl (5 Witk g P S50 SR S character

group string. When the unrecognized compressed code

signal is received, the unrecognized code processing

55 is utilized to recover the string corresponding to

the unrecognized compressed code signal. In addition,

20 update strings ccrresponding to those that were stored

in the dictionary 13 of the compression subsystem 10
during this compression process are also stored in the
dictionary 43 of the decompression subsystem 40. Details
of the unrecognized code processing 55 will be explained
25 belog with respect to Figure B8,

Referring to Figure 3a, a representational data
structure for the nodes of the searchtrees of the
dictionaries 13 and 43 is illustrated. Since, in the
preferred embodiments of the invention, the same node

30 data structure is utilized in both the compression
subsystem 10 and the decompression subsystem 40, common
reference numerals from both PFPigures 1 and 2 are shown
in Figure 3a. The node number 16,46 and character field
17,47 were explained above., The related node pointer

35 fjelds 18,48 include a parent pointer field 66 and
children pointer fields 67. In a well-known manner,

the parent pointer field 66 contains the node number
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dictionary 43WO 2804845 addr esses 44. The characters of the stri RgTAISE7/12943
recovered fromcharacter field 47 as the recovgny process traces the nodes
of the string backward through the searchtree utilizing the rel ated node

pointers 5 48. The,gecpue aR38keh¥ @het g are 4 ovd ded.in the
appropriate order %.'[E ?ﬁé %ﬁ?%ﬁt’e 4%. These set Ir&?lrﬁg—ternéccgl\?grey 1(ICJI')J’[:i'e‘;rgat“’}t?)‘?*ustq’é e
the sahe as those dbsifrpadrPantRE ABBYESciEi’e gonsdine fdes nofee nlimttd mmnarfy

43 is updated by exhgndhDgatbg RHEE¥EOHE! ¥heeed¥eead SleNd soy£ach 10

character of the currently_recovered strggg. The previous stri'ng register
nPPegesd

54 is utilized in this protBsd. MARNGH, KE 5eds dad thedaxs gridie t hat

e ved 1 T oo O o O e e o huar Seatd tiftougn
i ved | sp ss subsys ssi ng
repeat ed characterEB? ﬁﬁﬁfﬁ%ﬁﬁggg?ﬁut°2}PVﬁg. %ﬁ&ﬁ fRE1dAPGC B¢niaz sprrent

c?nrresze? code signat,iSheech&nedterheampeeofgnhéethQdQearQ@@%@ RGed5 isd
utilized to recove ring ngicng_t.o unr ecogni.zed conpresse
code signal. In a *%?gﬂ$&2%°uﬁggéésgggigSSQESrFéESSnBPﬁﬁ gBtFﬁG§etPﬁat

were stored in thecdrrentnamguli3chbéranteceonpiéssi satshbsysues, 1@ hduchigd
this conpression pho&ESHeabfed! gzice.laswffdntnnaas gdhgt kﬂgagégaéésgf itsh%eﬁéeaézgd

deconpressi on subsystem 40. Det s of the unrecognize € Processi
will be expl ai ned 95thefbdy Btk +RBBECENRBAFEGEr NG lRaf ERFERG Lt BOBiegurse

3a, a representationabulitéfest EnNEt UAGeE Ohot hRat@dgScRE 18hRo88aEEAL 6a% Rk S
the dictionaries 13 and 43 is {Ilu rated.,.Since, in tggepreferred
t

t
enbodi ments of thetPRVERETTRE 1RRUEnReR3GESEe q¥Penst AFEYFS rutthe zed
in both the conprekshgestsubsyshtmny 19tahdgt hasdeeenpfesasionnsuhey Fiemiddary

common reference S o} t Lgur d [ €4S i.n _Fiqure
3[err]. The notfe 2ﬂ%§%€él%$ 6&%%% C a%ggtggegﬁgﬁdi%7?i§dmg§2@8§pfgp §3558d
above. The rel at ecco@ees ponat efoBsthi 2| Hanggshigmahchedestrpagent Apdiomward

field 66 and chil dfeR-pRi PhLSudh etrle SdaréRtAedebbykRQWALNMBNBELL LR@ePar ent
pointer field 66 ﬁ%ﬁéﬁégé égg £§¥§%E“g§fﬁter field 66 would contain a null
value.

20 In an equivalent manner, as is known, the forward
search can be performed by finding the next node to search
from a hashing function of the current node number and
the current input character. 1In such an embodiment,
the children pointer fields 67 would not be utilized.

25 The Welch patent ('302) discloses hash search embodiments
of the LZIW algorithm.

In a well-known manner, the data structure of

Figure 3a is also used by the decompression subsystem
40 in a backward search through the searchtree to racover
390 @ data character string corresponding to a compressed
code signal. The compressed code signal addresses the
ncde number 46 and the character value in the character
field 47 is stored. The node number in the parent pointer
field 66 is then utilized to access the parent node and
35 the character value therein is stored. The process is
continued until the root node is attained. Since the

characters are recovered by this process in reverse corder,
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parent nodewgfegloligyscur rent node 15,45 and the children point eerfisebhlsas7
contain the node nunbers of the children nodes of the current node 15, 45.

In a manner well appreciated in the art, t e '3 conpr essi on subsystem 10

effects a downward r t hr ough _t h chtree as follows. Wen residing
at a current hod&, m?ﬁﬁa@sﬁg;nag%xg?x \?Efl %eigf%rot -3 1O & ARPESPEIR %8dahi ned
to determne if appfébulreédnodepmit Ouds eirhd scurtridnitzddn et rev@ract athe | T a

mat ch occurs, thenghhtde0dade hecoEy Haedel dadeand Lie process is

repeated with the next T nput character-until a“curre tered
t hat does not hagbazacherdstasdadihat matches the current input character.

Wien this occyrs, the | oRgg$L (Rt GRicRAAStik RGeS fiaund i .t
dictionary 1513 and the node gﬁ%ber theﬁéof 'S Uus %gi%ﬁé%égﬁﬁfggggh code

signal for this Iéng&stnmhendgcompregsian Shgdienaayr df disr exgiended

searchtree bégi nasatoalowet. Nadaewteneal bl Dol oF0iaR! @hpkiyehd 56 1ugul d
contain a null val ue. ui val ent manner, as”~is known, the

2 In an e
forward search cafl B€°ngﬁgrﬁgdt5f FP% iﬁ%nfﬁ@tﬁEX@GnGJe5@oa§éaﬁéﬁ fos® a
hashi ng functi onnafibelre thereeft isodddedniter thed chiig deen @B niteRE 67 of

character. In su a [ n hil dren inter . fields 67 woul d not
be utilized. 185 %Eg &gﬁgﬁggéggn%xfkggf?'dig@ﬁbgggehggﬁbféap h *&f&FFent s

of the LZW al gor Pekng krtended ikndwiemiederdin the garenst podnies dfieflidgur e
3a is also used gy B?etﬂ%C%%B&9S&b%ﬁt&%h%yshﬁﬁl%@a&%c%eQaQQW%%do§eQ5%h

t hrough the searchtree to recover 30 ,a data character string correspondi ng
to a conpressed BEGEREAGRaCRATREESPBedis@TESTe 18 fhe chagreseas fillsddnode
nunber 46 and the7cbhar act of takuemptyt Necakdoacter field 47 is stored. The
parent node 38d 36 Lo oREPAEEARS, SPLE ORI h N & BEAFEdCatndRsRosereatare
for the nodes of the searchtrees of the dictionaries
13 and 43 is illustrated. This data structure and its
implementations in a compression and decompression system
are described in the Clark patent ('591). As explained
20 Wwith respect to Figure 3a, the data structure of Figure
3b may be utilized in both the compression dictionary
13 and the decompression dictionary 43 and thus common
reference numerals from both FPigures 1 and 2 are shown,
Again, the node number 16,46 and character field 17,47
25 are explained above. In the data structure of Figure
3b the related node pointer fields 18,48 comprise a parent
pointer field 70, a child pointer field 71 and a sibling
pointer field 72. The parent pointer field 70 is utilized
in the same manner as described above with respect to
39 the parent pointer field 66 of Figure 3a. The child
pointer field 71 and the sibling pointer field 72 replace
the children pointer fields 67 of Figure 3a. 1In the
data structure of Figure 3b a parent node uses its child
pointer field 71 to point to the node number of one of
35 its children nodes and the pointed to child node uses
its sibling pointer field 72 to point tc the node number
of one of its sibling nodes, The pointed to sibling



continued until the root node is attained. Since the characters are
recovered by WR88/M84tess in reverse order, WO 98/ 04045 PCT/USIT/12943
PCT/ US97/ 12943 1 a mechani sm such as a LIFO stagk_or an appropriately
configured output buffer is utilized to reverse the character order thereby

recovering the origiqul dateueharecderiesrsiling pointer Lidhhl P9 %&OESQnt
I n the conpression di ct@ai{%%w tﬁﬁ' n t%g deconpression dictionary 437I's
extended as fol | oWt 3 TREENER a1+ RI ek of LR ERpPEymRBBAEY 0RhEsPpioteded
bﬁ- Itge code gener aﬁ6d7)d‘ fﬁl W E S&wtghtm;md@f nHn‘g&geh?_ﬁﬁ@@éd&?ea@nERQati]g’leﬁﬂe
children pointers 0 t node bei xt en : e node nunber of the
node bei ng ext ended i% lf#lfgﬁ?‘i] Fh ?ﬁesgg}gﬂ? 58$ﬁ§er field 66 of the enpty
| ocation. The character val uowrfwdie ssdeclsi bs pépfoeched is thReenhfdeirn the
character field 17, 0or_ 47 of the e location., 15 Referring to
Figure 3b, a practies ric%%é %tfo%ectr%#%hf%?%?\ggnﬁaegi%‘f‘r? h%aSeﬁi‘EﬁPFegga f
the dictionaries thearprelence idf 1o rinipult dhasadben ssrseivckedntni tie

i npl enentations i rE551 Yy and Jacompressi t described in
the d ark patent ?g%ngﬂgs exﬁﬁgﬁned 20 mnth§?239§%€¥$o§%%g%$% §%?£?%%Sdata
structure of Fi guref F-THRT (REQRVSTY: kP iREHER FMedein obipe ananner diescohbed

13 and the dec 250 Ny I I th bR O Ao 1 Fe!S3 £ 08R@ N st &k n ‘
from both Figuﬁgg and 2 are shown.ééggzﬁz%éhe node nu#%gr %%Eﬁ% ggggéhélng

character field 17V PAFeRte RSN therfhildiandtalitofelibs
Fi gure 3b the rel atigd inpfle twitterndde| mimbdr 48f CONPr pHLamt Par ent opgbpt er

field 70, a child  ,pointer, field_7 siblin | nt field 72. The
parent pointer field |%§%§ﬂ i%é? in the %%%Egﬁgﬁ%%?egﬁs%é§%¥i%%da556983d
with respect to 30n Hheamsiar pf msgerndigigl deapicteyuwalBa. The child

poi nter field 7l and the i i PadiRisdidd g7 2ephermdbe £BALI[ERL1a

pointer fields ©7 of Figure 3a. In the data structure o | gure a parent

node uses its chi Rpinter field = 0) is extended by assigning the nexg
available code, as described above, designating the next
available empty location and inserting the node number
of this empty location into the child pointer field 71

20 ©of the node being extended. The parent pointer field
70 of this newly created child node is set to the node
number of the parent and the extension character value
is inserted into the character field of the newly created
child. 1If the node to be extended already has a child,

25 a new sibling node is created and inserted into the
sibling list by adjusting the sibling pointer fields
72 of the appropriate nodes of the sibling list. The
ncde number of the parent is inserted into the parent
pointer f£field 70 of the newly created sibling node.

30 Referring to Figures 4 and 4a, Figure 4
schematically illustrates a searchtrea node 80 in
accordance with the data structure of Figure 3a. The
address (node number), character value, parent node and
children nodes are as indicated by the legends. Figure

35 4a is a representation of a partial searchtree
illustrating data storage utilizing the arrangement of
node 80 of Figure 4. The partial searchtrae of Figure 4a



pointer field 71 to point to the node nunber of one of 35 its children
nodes and t hWORSi04845d to chil d node uses its sibling pointer frcalubs7z2oe
point to the node nunber of one of its sibling nodes. The pointed to

si bling WD 98/ 04045

PCT/ US97/ 12943 - 13 - ode ts 5| bl i pointer field 72 to

point to a fuﬂthéﬁ:ﬁqﬂﬂéﬁf?ﬁxﬁf]WQéﬁ% @F [é%rﬁﬁﬂ%#ﬁ%rt%ﬁl of

the children of a;qﬂrfgst arh),dezcarad:mrlal an.nsn t&hé ldﬂm&éﬁtp@{n@éplf{@lds

nodes. 5 a§e L}’ o& i n the rranner descr| bed
gure a, $ he

above with respect t PR RantRin + *}Ehpfmde
character is searfmmmn afhehilgdras mdﬁs rﬂg%r 8&3 l}HUi(\M,d wieile e Horpddent

pur poses of st e rdor { ed bove
W th respect t5:) (i;ne 3§%nlflﬁliﬂe%dd%li%%%ﬁ éeﬁt rb‘%

field of the chi "¢ldn@agh csmbain She inpde tnunber mftieanettemale t3ﬂ8.
parent. In order to faci Igé@:q-ig.ﬁ;arﬁumuztg’ge Sifld ng | I Ksi JEY e arr anged

in the order of azéendlng char acteer val ue. rlng represent ed
by a childl ess né Ly dldrustrates m)sqgfés&r@mgmdw %5simgni ng the

next avail abl e ca@or&ﬁr@@fﬂﬂmdﬂfﬁ)wa %ﬁxﬂ:’tﬁiﬁéﬂ%ﬁ ha qipd #yailmpl e
enpty Iocatlo %F&%%er the q% t hi npt Iocatlon Into
the child p0| F 7 ocFe ad"'eﬁ% ok A
pointer field 70 G@filtdhmdmewrgﬂ Gﬁ@tm graded armﬂeas ixﬁﬁtcatt@d h:qr nage nunber
of the parent anddJaga@xt enaigit« Al acd &f t&dﬁ‘l rbt Q ttg @

e d

character field of the newy "created chil I e no e to
al ready has a chiSe@redbrgendipidiiading %@qr@m cfnchaides Ot exf iFilgmatene

sibling list by a&djaagt iiRg cgﬂ@rglggd HE pmagsergﬁ | elds 942 Jofg tdhe appPpriate
nodes of the siblin |IlSt g?‘ node % the arent S |nserted into
the parent pdient EATF*&d SPGT IR R >;‘gé’rr($dt5€d s&%qsné:%@@m%@trings

Referring to Fi gaseshataid &dguFiegudae, 4 Thus, the child pointer field

71 {(Figure 3b) of the parent node 91 is set to the node
number of child node $2. The sibling pointer field 72
of the child node 92 is set to the node number of sibling

20 node 93 and the sibling pointer field 72 of the sibling
node 93 is set to the node number of the sibling node
94. The parent pointer field 70 of the children nodes
92, 93 and 94 are each set to the node number of the
parent node 91, '

25 In the detailed descriptions of Figures 6-10
to follow, the operations will be explained in terms
of the data structure of Pigure 3b, the corrasponding
node arrangement of Figure 5 and the corresponding
searchtree structure of Figure 5a., Codes will be

30 considered as assigned sequentially by the code generators
26 and 56 although it is appreciated that codes may be
assigned pseudcrandomly such as by hashing. In a hashing
embodiment, a node number code and a chnaracter are hashed
to determine a next following address. 1In such a hashing

35 embodiment the child and sibling pointers would not be
utilized. In the flow charts of Figures 6-10, however,
the operating blocks CODE = NEXT AVAILABLE CODE encompass



schematically illustrates a searchtree node 80 in accordance with the data
structure of PQWWOH, The address (node nunber), character vaPGEUSHAREH
node and children nodes are as indicated by thesl egends. Figure 35 4a is a
representation of a partial searchtree illustrating data storage utilizing
t he arrangenentq ofeiidtier 88 néxti gegeentiFhecpdet bzl aseakehhashed Jog@lre 4a
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i s conprised of né[est%i,s%%?eggi%%dcgﬁes?gﬁ%ﬁamgﬁg %Cngggegéﬁraiﬁﬁif ad.
Thus, the chil drercpetatienil chliocky vELiube Bareosppaténtaddge CRDEWAOIDE+1 .
contain the node nunbers Ll gt ene QOHes, 84, 683 Ll par ent
5 pointer field 66 of theoéifggéensnodes g%,gSg'aﬁgE§4§épfﬁgg§§h2%§ﬁfgpﬁe
t he node numbersoft@Figueresde and fejedrraptrolrfyovesharandissiédustrated
Figure 5 schemati coldwihd ! £19é ' 8 €21 BedC8pELAE €600 ' dgpcepw th
'é 3b. The 10 gddressninggeggu%83§§?8éhgpagpgr

the data structure of Figure
val ue, parent nodeEeaFFl RRSIePIHEE SFRPERYLnBAEtaPR 48 Sadesatedpreyfohs

| egends. Figure 5[®itd ¢SmpréePicReih attOOrahnsePithatnachebhiesn

utilizing the arr%ﬂgﬁnen% i fode 90 $f F#gure 5 Eng is conprised of nodes

91, 92, 93 and 94.“FHF9 % r15 afORREPRREP @3 oFORFRURLNE22BPEPRELRER sane

strings as thajpofciFouterd[sucl adhssate hwachihdspoontenttot! dxddutEbgure

3b) of the parent _C;w?hgl%ées{%@{oé]g t he node nunber of child node 92. The
€

sibling pointer fiel child node 92 is set to the node nunber of
sibling 20 node 93 and theThe bflow PRt PffFigurg26otst beedibatad andend3
is set to the nOd%dHéFE§ BntdecsibraPg Noden P h N Leld
70 of the children nodes %2,n93 and 94ﬁgre ea%hééggb?%gfﬁge%oggin%%%g;éof
the parent node 9Fhampcter stringsnhcA¢RPEfiBadlnesarPperbnilBf PFPYudes

6-10 to fol |l oW st ORIt DG and | 1hEt EXPlRAiN@dthe &E&EBoRAryhe3daten
structure of Fi gura%.l?)t)cift‘me Cé){rgffgo&jépgcter strings stored at respective
codes (node numbers). This operation is performed using
the code generator 26 which sequentially assigns the
node numbers for storing the single character strings.
20 In an ASCII implementation, the first 256 codes will
be assigned by the code generator 26 for storing the
256 single character strings. 1Initialization is effected
by setting the character field 17 of the initialized
memory locations to the character value of the respective
25 characters of the alphabet over which the compression
is occurring. The parent pointer field 70, child pointer
field 71 and sibling pointer field 72 of these initialized
locations are set to zero., It is appreciated that the
initialized locations provide the root nodes for stecring
3p strings in the dictionary 13 and thus, the parent pointer
fields 70 of these initializad locations will remain
at zero.
By these operations, the initial locations of
the dictionary 13 are set to contain the respective single
35 character strings. 1In an ASCII embodiment, the first
256 locationsg of the dictionary 13 contain the respective
256 single character strings. In the operations of the
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with continued reference 5 to Figgres an %@?kE“gbﬁPfﬁP gﬁ&&ﬁﬂﬁﬁtzis

i | 1ustrated show Ag>the “Qef8FPed Gpatai Bhocko 198 &hecpretibyst ha tsaar ch

and update controkgisteirod52@sseetstbozpesf,or grdat sion in
accordance with Engu£n¥ggtiog. C?ntrgl 27 is congigégggp3§360 & Res
appropriate 10 circurt ry 5aEh®hs 8§t BtB°RAcAREesthe cumtenk exagukicesr of the
operations. The fFeghstiar23of Figure 6 is predicated on the conpression

dictionary 13ginitializegewt hRgl e character strings. Accordingly, a
bl ock 100 provi dgg 15 for \g%eg%?lﬁjé %EH%RF%F i b Fﬁéedg@t fetermind with

all of the singl&*chafacrErest ragghedostding ceapecéhxeegogystggogﬁrrﬁnt
26 I C

nunbers). This opeapié®eri sspek§ onaedi 46i ec ener at or
" nod iHéigﬂa%?fngggﬁegg?ﬂﬁl%pBHQPﬁéﬁéﬁ

seqyentially asséggékéhg node nuIE ers fgr st \ _
strings. 20 In an T2 P EHERTHRT oRF OFpduF ey seuebbasotiessai Bbsbeibed
assi gned by the bodehegenkvatori 06d fratetentas, they 256 é&fgi§e§har act er
StrlDQS-_'”!iSal$5éEif!%éf%ffﬁ§§éfg,p% gettln thg character ffeld 17 pf
the initialized menory Tocations 10 the chalBRTEFFIaFEETent thetekspehei ve

current match register 24 contains the node number of

the current matched string. The child pointed to by

the child pointer field 71 of the current match node

is compared with the input character. If the input

20 character matches the child of the current node, then
the decision of block 104 is answered in the affirmative
and the YES path is taken. If the child node does not
match the current character, the sibling list pointed
to by the child node is inspected to determine if the

25 current character matches a sibling. If a match is found,
the YES path is taken. 1If, however, the current node
is childless or the current character does not match
any child of the current node, the NO path from the block
104 is taken.

30 If the current match is zero, the block 104 is
seeking a root ncde in the dictionary 13 having the
character value equal to the current character, ince
the dictionary 13 1is initialized with all single character
strings, the YES branch from the block 104 is

35 automatically taken,

When the YES branch from the block 104 is taken,
the compression processing of Figure 6 is at a point



25 characters of the al phabet over which the conpression is occ i ng, . T
parent pointer WO IRPWZ0, child pointer field 71 and sibling p0|%Fépﬂg?%$%?
72 of these initialized |ocations are set to.zero._ It is appreciated that

the initialized | ocations provide the root nodes for storing 30 strings in

the dictionary 43 aRdrehthe therpatenatRd Ricticadetldted bftHdeSErrent
initialized Iocatlo eratlons the 1nitial

er 94 t hese o
| ocati 6ns of the df ?F855F§ E‘?saggege oM d‘x’t &8 e Tienagat iVe andgike 35
character strings.searah A5€l b stibddi demnigert erfling twili0 Heo Gt , t he

dictionary 13 cont R&QQ\%)BS§%8§ ghl vguﬁ_gn%l Rl%ltch ar actd%rtesat ri ngs bllonckt he

operations of the
PCT/ US97/ 12943 5 1805 sobkbak tbe, neWecuewenti matakcdis ert @qudle to the

di ct 13 f.t o
an ASCLI | ol ement SFEan L Re A e ARy ot S AL A H YIS RUFBERET 266

and greater are cl€éhpracter. This lAta§¢§m§éRSh@ﬁ byheppuropeia tedyclupdat ing
register 24 is setthe gese AGMbak @nbtaekc&Q%ethmB%%%'9%%1@%%9“2&69'%%9%
i

25 is set to zero. At a block 103, the next input charact ["aced
the current charact®? FBEFERE,™38EN 4s n°n‘zer°AttQEbF8€KeEG4ma§C§e&E@haﬁﬁr
made to deternmyge 24 1beupaateﬂtwmathhd abaenguapegabenahedchy 1dhe oy rent

character is in th nary. te dictionary searching
procedure, such as ggﬁgéggrPB 67, ER ﬁgmaggbga tggchEFEPénegéraﬁéfrbe
utilized. 15 SpeC|ascéi$9uheeé|above; aIﬁohheecurwantematﬁhtﬁb zlelr® , C heent
match register 24 cg éﬁesmgéﬁhnpgsigemeewi tl%s%gﬁegatmﬁgeg %trlnﬁz%ber

The child pointed to % ointer field € curren
node i s conpared VP htBReSinghe EhﬁFéEFEF stripgethagumagghedathet eurrent

mat ches the chikd @ﬁafa@tsﬂrrermengdﬁgléhenakhetéechaaennq&bakoe&nlgé s
answered in the afflrnfﬁé algorithmically in a well-known manner, or can
be found by searching the initialized locations for the
current character value.
If the NO branch is taken from the block 104,
20 the current match concatenated by the current character
does not match a string stored in the dictionary 13.
The current match, that had been found in the dictionary,
provides the longest match with the input data character
stream, and the current character that was concatenated
25 with the current match in the block 104 "broke" the match.
At this point, a block 106 provides the compressed code
signal representative of the longest match. This code
of the longest match is found in the current match
register 24 and is the node number of the current match.
30 In a block 107 the contents of the current match
register 24 is transferred to the previous match register
25. Thus, the previous match register 25 now stores
the node number of the lccation representative of the
current longest match. The previous match register 25
35 is then utilized in updating the dictionary 13 in a manner
to be further discussed. |
After the current match is stored as the previous



and the YES path is taken. If the child node does not match the current
character, wesmsiohsing | i st pointed to by the child node is posmesiRd4s 0
determne if the 25 current character matches a sibling. If a match is
found, the YES path is taken. If, however,-ttfe €urrent node is childless or
the current character does not natch any child of the current node, the NO
path from the bmagikhiofhies cugrent Rparacter 19 fstdred @S drfte natxiedts zero,

the brock 104 i$,366KiiR0 2 1G24k RAE '“rﬁé‘eow&é""'r@ryt’#s[%?&t 28 £

character val ue equal to the current character. Since t eﬁ%}ﬁ% S
initialized wit&hg PedFRe £othiNSc & Stiqnapst Matoes mtarioty futoi i hing,

bl ock 104 is 35agutaentri¢altl wrt aleat Madtwer \6&66@{@%&8‘ ranEérbe %Ck 104
i s taken, the conppre h? proce%§|h%.of Héyt is_ at a polnt

98/ 04045 ng inpu racte hat %ﬂmmaqm. 1
where the curremh mabcbl@@kcananamméﬁmﬁdﬁug(hhewﬁﬁrﬁéﬁﬁWﬁHﬁﬂh hasy

found in the di ary. 13 a t e for till .l.gn rlng mAII be
conti nued. Acco?3|§§|5%tt%8 ggFr&%ﬁ% Gﬂ% JgéiFé&%¥$%9 ?ﬁi{

that the new curhemactretrc koot wﬁeequaalirtg) ttHee vepdivst ufgtcwrcﬁrﬁrémi ch
concat enat ed by chlgagubtent riiar Akehe Bl 16 AGGOTIYANd Ao 11y or )

appropriately updating the node nu e curren
When the cut@enPYmifBRCPNFodnzENS, mtaﬁ’é‘%urdreérﬁritﬁdcﬁhoé@ stidth mmqs

updat ed with theonQﬁle Bllﬁb(kr 10f5 thern@uxﬂd:dmdao(qreasasblﬂn% ade)addilonar
mat ched t he curre ghar ? 3 g ssegﬁi ove. |If the current naté% J
zero, the curreHP §t &P with the node nunmber of the

singl e character stri ngThleablm:kché@ mhey @lrtreamnia thyedjamac titdp L ek tdangl e
manner . orcan BeFothd Be laehing Rouits A AT aF |t e T
current chatsact eripgl get to the current character, as in block 110,
the current match can be set to zero and processing can
be returned to the input of the block 104. The result
of this alternative processing always leads to the YES
path of the block 104 because of the dictionary

20 initialization and thus to the block 105. It is
appreciated that the same result is achieved by the block
110, as shown, with fewer processing steps. This logic
is, however, used in the non-initialized compression
processing of Figure 9.

25 When the block 105 is reached, the current
character extension of the current match has been found
in the dicticnary and, in accordance with the invention,
the current character is utilized to extend the previous
match to provide an update string to be stored in the

30 dictionary 13. When, however, the block 105 is reached
after only the first input character has been received,
there will be no previous match and the dictionary 13
should not, at that point, be updated. Accordingly,

a decision block 111 determines if the previous match

35 is zero. This is accomplished by examining the previous
match register 25 which was initially set to zero at
bleck 102, If the previous match is zero, the YES path



If the NO branch is taken fromthe bl ock 104, 20 the current match

concat enat ed bY¥®4@43rrent character does not match a string StREBUSII2943e
dictionary 13. The current match, that had beenifjound in the dictionary,
provi des the | ongest match with the input data character stream and the

current character thattsRencgpeat enat edodk whhhby@gsgq%@e@%éﬁﬁﬁgﬁiébéﬁw

bl ock 104 "broke" the ch. t hi oint, a_bl ock 106 "provi

conpressed code sig“%?g€£5?és§hpﬁpi§880b19ﬁ§ ﬂgﬁgg reacoRd piitercdde ditrst
the | ongest match isnpotndhanatberchasebeensbebceegied!,etn2d paad iichd Q{%&qﬂe

nunber of the currggglfg%ghnoggzer an tbn @ bIo%gv 07 the contents of the

current match register | BOFT 2REPPPEA TS RePRFEy E5QD cRLesk ditdr wig.l

Thus, the previ dus bmtakergtet perférmotthet diesivhargodpdatahegr ief ad®@rdance

| ocati on representeuiﬁﬁeEﬁetgfeggﬁgegévgggggﬁt mat ch. The previous match
l'ized at'l

register 25 35 is then utilized In u ng the dictionary 13 in a manner

to be further discussed. AJ@%Fofﬁénﬁngeﬁﬁ Anbdncks 13Rer tHeasotike gpneviates

WO 98/ 04045 26 provides the next available co8&!/ / 3 avatdabit
match, the current character is stored_as the curreﬁt mat ¢ Zi*agébﬁgg%gffég

The bl ock 110, ther®d #ibePRsthecnedar RimPer eficthexnexbnavst labilehedpty
string utilizing aldtwodarstiocatDoh £HAraEbLLngl thBeup@Xte "BEE gt NEAR

Theref or e, the: our Fomi Lok ot cierer ooaors Tat TR phesFistatannber tbf 1 he
initialized single ®irgent eshavattendes hevoredt e theudiotibhergunBeat this
the manner descr i bed ahovr v th s coneer 15FhEd) daflatte MncBRiScntso”
|l eads into the di c3'GddPi 4%y | ogic to be described. The bl ock 110 nay
al ternatively Be inpl enent eghevid fotdge fof DWW 199 £ ggﬁig?gdog tggllows.
current match 15 bgyng set to Lhe culrept gharacter, as Tn Block 10, °'"
location accessed by the next available code of block
112 is set to the node number of the previous match found
in the previous match register 25. The character field
20 17 of this next empty location is set to the value of
the current character from the current character register
23. The previous match parent node is linked to this
newly created nocde as follows. The node number of the
previous match parent node is in the previous match
25 register 25, If the previous match parent node is
childless (child pointer field = 0), the next available
code from the block 112, which is the node number of
the newly created child, is inserted into the child
pointer field 71 of this previous match parent. If the
30 previous match parent already has children, this next
available code node number of the newly created node
is inserted into the sibling list of the children of
the previous match parent. This is done by adjusting
a sibling pointer field 72 of a sibling in the list to
35 accommodate the newly created sibling and to accordingly
insert an appropriate sibling node number into the sibling
pointer field 72 of the newly created sibling.



the current match can be set to zero and processing can be returned to the
I nput of thweddsmabssl04. The result of this alternative proceysrmgssaliymys

| eads to the YES path of the bl ock 104 becau of the dictionary 20
initialization and thus to the block 105. It 9s appreci ated that the sane

result is achi,eved by theg hl " %1Q, AL W VBl processing steps.
This logic is, however, g\slg&%igr% t he r%'rsl-l nitial Yﬂz%%%eorrpreespﬁeov QpW%g%%‘s‘?*ﬁg
of Figure 9. 25 register dfesa R HoACUUS s thaotmte mumbexurofrthe

character extensieRyQbulshs Fat@Rd Thd asatibd C‘:He? di&- digctionary
h aracter i's u

and, in accordance with the invention, the current c ilized to

extend the previ GHATRELEF &§ FedFrddesh Wildniresreathda dhee bdiagked T3 t he
30 dictionary sl3ThWens hewowplished HywdnsddR finyg raac MREL &b JE t he

first input character has been . receiy there wi'll be no previous match
and the di ctionai&eli?‘eé’ JurFerded shildenathling asiseserikasbmditiyly, a
deci sion bl ock 1tksgeictr rionehei blokk ANy Ao ) pHaviisugeatcHirediSter
acconpl i shed by am g p | h register 25 i ch was ]
initially set to?zée'r o%{lgb}’%?l? %S%Ib%l%fs itr%tet%& en\ﬂqﬁ@" \ﬁ]es cdey dasqr iped
pat h WO 98/ 0494%h respect to the block 112 and is providedPGl WH¥// 12943

- 19 - 1 is takepoheoMahiaeaklheclglll bypassing the dictionary updating.
When t he blogﬁklog isg%eacﬁég after the first input character has been

processed, the previous AECER kel ddetianaryr o iinge USOPEatfio fmedin t he

block 111 will 5phestaken tiobleckar Mm1taig 1di Cla Qais sWd g i1qc?aq_(‘sordance
with the present invention. cor |ng¥#, t a block 112, the code generator
e tﬁ‘@x

A
26 provides the REYETEFaitPafeEeEBRe CURFSN R dineutoFEaRaat aFe ime
node nunmber of theenextrrani khbiractet webd stieat i28nadrsy thecakis@n ifirutst ori ng

L, andaLe s DinaShchdd G5 chid s BARY Qe JLC1 s SRR 0y e
also entered from the YES path of block 111 to bypass
dictionary updating as previocusly discussed. If the
current character is the last character, the YES path
from the block 115 is taken to a block 116 where the

20 code of the current match is output. The compressed
code output provided pursuant to the block 116 is found
in the current match register 24. After outputting the
compressed code pursuant to the block 116, a block 117
is entered ending the processing.

.25 If, however, the current character in the current
character register 23 is not the last input character,
the NO branch is taken from the block 115 which returns
to the input of the block 103 by a path 118. Pursuant
to the block 103, the next input character is inserted

30 into the current character register 23 and the data
compression processing of Figure 6 is continued.

If it is desired to temporarily suspend
processing, the suspension is performed at a hold block
119 in the path 118.

35 It is appreciated from the foregoing, that blocks
103-105 control searching the dictionary 13 for the
longest matched string and that block 106 provides the



next avail able enpty | ocation accessed by this next available code. 15

The storage owdmdsekisl13 is achieved as foll ows. The parent poi PCEUS$VED4S
70 of the next available enpty | ocation accesseq hy the next avail abl e code
of block 112 is set to the node nunber of the previous match found in the

previous match §egksheF egéedTe@dshaﬁaphercbreédpaadlﬁgotot he NRXgedPiatch.
| ocation is set to the alue g@ theicur ent char er fron1% g current
characier registerT®® P %kp} BEIi At ﬂepigéﬁf 88 BsPPiike@ngs sthimatch
new y created nOdebéélﬁﬂlﬂ'@wsitH'hEhéOdEaﬂuﬁ‘bet ohatheapsew ehe RAlsA tRAr ent

node is in the preyvious match gg gn r éc Lt the reV|ous mat ch parent
node is childless %%h? % BB?%%%VSf Fate B3 Pﬁ@gnSXF Svail abl e code from
the block 112, ghich is tHEhaoUbouhabba7oandhe1Bemmy coaatred Qbab&;ngsthe

inserted into the t h r 0 ¢ch_par

t he-30 previous nﬁ%g%£9a$%£? ?¥readégﬁaéd§% %d?gﬁﬂ |s¥§ggﬁEé9glla§B§ code
node nunber of thetmgwbyockeh@éddﬁbﬂ@mise$ntbatedhencorrhatsibbuhgchashchér
the children of tfﬁ%éﬂéﬁé@&§sﬁaif$ @ﬁf@ﬁ&edTPhé bﬁrQQHE HXtéHJugﬁEng}%cks

sibling pointer field a sib accomfo
new y created siblihghhd ?%P%%E%FﬂF%gF91?nSEFFaﬁﬁeﬁpﬁiébrFb?epgﬁﬁnpnglMode

nunber into thegsigdtéWe®obtd tigftiede Y2 0h the ﬁ?%&sQrSQt Sgiﬁgblak‘ﬁgnded
WD 98/ 04045 [12943°- 20 -

A block 114 is uséﬂ“F%’d%ﬁ%ﬁ%??%%yﬁ?%§?5ﬁ§gnﬁfchm?%ﬂiéfﬁra? §6t3§lﬁévﬁélnt
to the node nunbennofatéhaxueWez&h&ychmtcbbdrsbasbg extentdkrd byrthe sukrent

character as described wt rfgp ;dib£9%§ &ﬁgf PrdhL rkénﬁ s5Ting

acconpl i shed by inserting created ¢C
sibling, as descrlmﬁkhgmm¢¢¢@%%e%$ Q@ the samekties, PahboaﬁhéhprEVﬁmmsus

mat ch registery@s 58¥uﬁ@rwawh@uap@éna§d;heh@egfogastya@ketﬁedgregaﬁelbed
W th respect to thf égéTtﬁéjg%aégficiégé?}dggmggessfng a repeating character
~or character group string is achieved. Such an input
string is compressed in two compressed code signals
irrespective of its length as will be further clarified
20 with respect to Figures 8 and 12.

Referring to Figure 7, with continued reference
to Figures 2 and 3b, a control flow chart is illustrated
depicting the operations executed by the recover and
update control sectich 50 for decompressing the compressed

25 code generated in accordance with Figure 6. Figure 7
is predicated on the decompression dictionary 43
initialized with all single character strings. Control
57 is considered as ceontaining appropriate circuitry,
such as state machines, to control execution of the

30 operations.

Pursuant to a bleck 130, the decompression
dictionary 43 is cleared and initialized. The operations
of the block 130 with respect to the dictionary 43 are
the same as those described above with respect to the

35 block 100 and compression dictionary 13.

At a block 131, the previcus string register

54 is cleared to zero and at a block 132 an input



10 code generator 26. After the dictionary updating is perforned pursuant
to bl ocks ¥MQ9d04045a decision block 115 is entered to deter p@fukszizba
current input character in the current character register 23 is the |ast

i nput 15 character in the input data streane2The bl ock 115 is also entered
fromthe YES path of block 111 to bypass dictionary updating as previously
di scussed. If t¢empressed ch@matSeinSSrthé liatb tharanteentt kec¥kESepat h
from the bl ock g&? % ja block 116 where the 20 code of the current
mat ch is out put %e C npressed code out put provided pursuant to the bl ock
116 is found in the curPeecessinh ¢@gtéﬂe¢szuithfaedeouspuntbmgckhe33

compr essed_code,gusugets 3 Cadberpl Ak 1#6en@ bhecknd 17015 s0hersd endi ng

t he processing. " “however, the curren arac St p8
current chaﬁ%ct%ﬂer%ﬁﬁ%ﬁ%# EEF?%V%@tC?ﬂ% ¥§§istﬁpu$3chasactecrrebpohblng

branch is takengé# t {ve (0, hggetu he bl ock
103 by a path %? iziisuaﬁ%eioi%%goﬁgggk4i03 ﬁ?§%£g% F%%ﬁ#lcg%?ggfg

i nserted 30 int R LR A SEE ?gr%BFE?%P°Q@i%ﬁdt@h@hﬂaﬁgrtenpreSS|on
processi ng of F&@n&fuéalso®®nt|mmedxcéﬁtiénlscd@ﬁsrﬁmeﬁotﬁsn@ﬁfaéhky

d | d_at hol d bl ock 119 th
pah 118, a5 raSestelf SRL RIS BEbh LR e hefetton encruR R bR

103- 105 coritl ol 2 seepedting ttlaxRctédnar ychsrioter hgrdwmgesst imat cheHest ri ng

and that bl ock 406; Oy QYiSeSH1 13YQ 984
PCT/ US97/ 12943 -21- 1 conpres‘gﬁk ode %utpégégg?r% gac%FSSi?% Fﬂ% | ongest

mat ch. The bIod%iqgiPQﬁiﬁrﬁﬁt?ﬁ#%@aﬁ%ﬁ ?%?r%ﬂﬁeﬂ?c¢ ve@dscodet2d BRgi Nni ng

vvntlh the char aCécﬁiréé’@taxwL@@ﬁbftﬁlﬁnm@f%Qﬂhéﬂ dPendf evhOUscSb 588 nat ching
cycl e.

dicti onary 13 |%%E€e?%é¥logtoﬁl$%m?ﬂ @%%%é%gon e?'lhupgf‘:é{]gngpg

15 location is cleared, the string corresponding to the
current received code is not in the dictionary.
Alternatively, in the sequential code assignment
embodiment, the decision of block 133 may be effected
by determining 1if the current received code is less than

20 or egual to the extant code of the code generator 56.
When the current received code is less than or equal
to the extant code of the code generator 56, a string
corresponding to the current received code is in the
dictionary 43. If, however, the current received code

25 1s greater than the extant code, the string corresponding
to the current received code is not yet in the dictionary
43,

If the current received code string is not in

the dictionary 43, the NO path from the block 133 is

30 taken to the block 55 for executing unrecognized code
processing. The details of unrecognized code processing
will be described with respect to Figure 8.

When the current received code has a corresponding

string in the dictionary 43, the YES path from the block

35 133 is taken to a block 134. at block 134, the characters
of the string corresponding to the current received code
are recovered by an appropriate known dicticnary look-up



the bl ock 104 determ nes that the current input character has successfully
ext ended t he GgbgBitys Mt ch, the blocks 112-114 concatenate thi gcghRoatias
with the previously 1o matched string that is in the process of being
extended. Thus, dictionary updating is immed &3% -and interl eaved on a
character-by-character basis with-the string search. It is appreciated that
when the curreht BEPFRE§SbdEnG-n¥edREd Paseat tihe 0fand igure fatdr aBldate patent

previous 15 stringrBehngrexl,eaded.. t AeparapRitler of i RUEIRIY aéﬂéﬂg%$éun
of efficiently congre33|n2 a repeating . character or character group string
i s achieved. Such?df PRBuiSsERENGINELc&Rptbes Sumben Rf ShAFasaRs ciduethe

signals irrespects¥eifl irbeokergbh ias bliotk he4f.ur ther ey isf ijad 20 wididn
respect to Flggres 8. and 12 Regerrlng EgPFg%%%%a7’ wi th continued
reference to FPguF8s'235nd 559C% d38er ofF dt iss ysed,&a ftap through
dep,ic cti Sg t he opethei aﬂahaxaeuéed b¥ the gaqur r&@@dmm qrpqmierd cﬁl&gphi on
50 for deconpress] t he _conpressed_25 _code nerated i n accordance wt
Figure 6. Figure %ggssﬁrggFEaggﬁ Sﬁafﬁ8%8§80%3r§§§iSﬁquﬁﬂeénéﬁf%£§ are
initialized with aitpatnhkgichdngcwéthsthenddrsCortamackér $hearaifder ed as

cont ai ni ng approp | Ity h chine traql
execution of the Pg%g%?25?8555 B&?gﬁa%?qtgggbgFggk?f OEHﬁééégﬁk*gzé%sion
dictionary 431Ps tlearbaras§ernPfi Ahezeurrens sgeedviednsodie shaimgck 130

with respect to the dictignaeyid3onr 81bkg Ia0E i3S 1hbA%GF LY RAL ARNEL

with respect to the 35 block,100 and congre55|oqtglct|onary 13. At a block
131, the previ ousi&t FPRgPFEYIORSr S551PT tPeBA¥A 1t £, &85 %and T8 Sa Bfisdck 5132
an i nput WO 98£6484bed by determining if the contents of the previous

recei ved code reqh S sPdsESTBREREC s 398 EBro T He bR Sl Bus kb ng
15 register 54 is zero, the YES path from the block 140
is taken to bypass dictionary updating. The function
of the block 140 is similar to that described above with
respect to the block 111 of Figure 6 and, therefore,
the YES path from the block 140 is taken only in response
20 to the first received input code.
when the previous string register 54 is not zero,
the NO path from the block 140 is taken and at a block
141 the next available code for the next empty location
of the dictionary 43 is provided by the code generator
25 56. At a block 142 the previous string concatenated
with the 10
the current received code is stored at this next empty

133

character of the string corresponding to

location. At a block 143 the previous string register
54 is updated to store the node number of the extended
30 previous string of block 142. The operations performed
in executing the blocks 141-143 are the same as those
described above with respect to the blocks 112-114 of
Figure 6. In Figure 7 the previous string register 54
is utilized, whereas in Figure 6 the previous match
35 register 25 is involved.
At a block 144, the index 1 is incremented by
one. The YES path from thé decision block 140 is also



where it is determined if the current received code in 5 the current

recei ved co Lst.er 53 has a corresponding string in the dictionary 43.
Nor mal | y, tﬁgoﬁﬁgﬁﬁénary 43 will contain a string correspondiﬁ&Tﬂ§9F 43
current received code. An exception occurs wign the current received code
resulted fromthe conpressor encountering 10 a repeating character or

character growp sppilied aEhand@ﬁbat0ﬁooblbkmch4%3%6=%H%Ef'%E?%iQ%ﬁgﬁﬁS%§ing
the dittionary 43 asing t he current rg ei yed .cqde as an address an
det er mi ni ng whet HBF25F REPCRAELREcREsBAOF/ St i'dar’y A deabvPrsiselasar ed. | f
the dictionary lpreotatsdy Hescrebedd, witeasdeciien HBABRRNiRY ot ¢ Jdie
current receivedigoggdgstnohﬁ%g &Qgedk%ti Rary Al tegnatively, in the
sequential code ASsigAnent eRBSArARAt It FESd&OE ot BRSHREERITST e be
ef fected by dBtevaineng+it tHWbeouthentndexeilvdd nodeeignalles® than 2pe or
equal to the extggt e;Qaf C g tQr 5 en _the current

Ap! paerles el chRencedenIBAREA! 9 so0n Yhen t

recei ved code is than or eq € extant UrRS PE@Eessing
generator 56, a 5¢rthg éopp&spénlihagblockhd 3dur r ®rbcesesdéngettheodghi hien t he

dictionary 43. |f3oBRUEY8H, ahBe14HLAEB! 156e8hEed,eRIGHeT 1 §-gLGat er than
the extant code, the string correspondlngeto the currenft " réceivéd code is

not yet in the dictionaryt4a8hipsmpRBeTyr FBRt Ny EhaTAc§essde fsthengursendat in
the dictionayy 48ecéheediCcpathstrangt Agebbatlbut33ni $hd0chakaptt g-3ae bl ock

55 for executing_ unpecogni zed de_processing, The details _of unrecognized
code processing ﬁ#IFESegggggr?EZda Btﬁﬁfegﬁggé°95 EPGaVET8d QhEhnEhéS

current recei vedesbendhdsby 8birefpbhei pyestinesgoifnthbecdiebhenaeyeddedt he
YES path fromthe.BLockr3Rql39rhe bakeaskong BoChelitochl Bliock 134, the

characters of the string respon ng f current recei ved c Lpges
recovered by an BpprepPRatErkRefniai ERroAgFpmpPseRsdpn divbiosag2043 as
PCT/ US97/ 12948 -&Be-stored by the blocks 112-114 of Figure 6 in the

compression dictionary 13. The strings stored pursuant
to the blocks 141-143 in the decompression dictionary
43 are stored at the same respective addresses as the
strings stored pursuant to the blocks 112-114 in the

20 compression dictionary 13.

Wwhen the index i éttains the value n+1, the YES
path from the block 145 is taken to a block 146. At
block 146 the current received code string replaces the
previous string in preparation for processing the next

25 input code. This is achieved by inserting the contents
of the current received code register 53 into the previous
string register 54, The unreccognized code processing
55 exits as an input into block 146.

If the current received code just processed is

30 not the last input code, a decision block 147 returns
processing to the input of block 132 via the NO path
of block 147, Processing returns to the block 132 via
a path 148 to initiate processing the next input
compressed'code. If it is desired to temporarily suspend

j5 processing, the suspension is performed at a hold block
149 in the path 148. The hold block 149 in the
decompressor corresponds to the hold block 119 in the



1 process (e.g. Wlch patent ([err]302) Figure 5 or dark patent ('591)
Figure 5). A pHP&a¥®B40d5f n is provided at a block 135 and is set EBGHAISITR%he
nunber of characters in the string recovered_iBgbl ock 134. An index i is
set equal 5 to 1 at a block 136. The index i is used to step through the n
characters of the ggﬁbggsggggvered in the block 134 so that the characters
of the recovered strihg are output beginning with the first character
thereof. Accordingly, a bl 6€k 287tBRoVilaEE 41 roltSuctrFgnthae erpiivad code

character of the cuygrent ngeei YBgutodeads!,rithe vAsIeaitsi ¢l adle QLS 147
included to determne if the prgéh ui§§trln s equal to zero. This test is
e

ef fected by deterntfi hg%eR EReP 5P tRETSPEFROREOSESSARI-egi ster 54
are zero. If the previous strisgapbreegatedr £xém theeforehbe n¥ESHAR RHa oM

the block 140 is taken,to,byp LGt | ry._updating. The function of the
. block 140 is sinilgﬁgfggt%g¥ %ééc??gegggggég e h°Pg§H£c$hFocﬁﬁ§aﬁ§ﬁﬂ§ 111
of Figure 6 and, tbfreheretrihe ¥yesrpaprhnfilom thetheockriéfiti sekakerdodode,
in response 20 to [ yedshn reviousg.,string
register 54 is not&gg%%,E?%egﬁéﬁﬁétﬁ4frgﬁ?tEQQEFSSES%489?§QP§é§H gﬁd%gt a
bl ock 141 the nextst9aingbfaecpuevienst Recasrrednptyingcextendefl biye the

dictionary 43 js pﬁ@&fﬁﬁésbaftEsecederesaeea&ebe25a5§tréhg@ bl ock 142 the
previ ous string concatenated with the ith character of _thé string

corresponding to the curreRBEFEELPFelOcHyTUFE 8rorf@laat st REsthextinamsognized
location. At a bl oekdd4prbbespinyi bEsaser LhJuseghtbdl SAti & BRpdakedsbQ

oper ati ons perf or nedi nBRSRuET b TRE BR3Bksteatieaaher aPRPERRERSS Eonose
descri bed above witd despetbedp vhiélbbeckscrementedohnogiagor s.6. AknaFbdock 7
the previous stri egiste | LLi zed | | he
previ ous natch1%5n?%gfg$§% %55$%£§ﬁ§%$éeé? E?$ngﬁg§ﬁh§4§?g?ﬁ§ ?ﬁgex I is
i ncrement ed by onesedpeexed. pathef PERYiRRSd8EFingnhapoBkchanarsegssgince

this was the current received code string in the previous
string recovery cycle. The block 161 is implemented
by accessing the dictionary 43 with the contents of the
20 previous string register 54 utilizing the known dictiocnary
string recovery process as discussed above with respect
to the block 134.
At a block 162, the code generator 56 provides
the next available code for the next empty dictionary
25 location. At a block 163, the previous string extended
by the ith character of the previous string is stored
at this next empty location. At a block 164, the previous
string is replaced by the extended previcus string of
block 163 by updating the previous string register 54
30 to store the node number of this extended previous string.
The dictionary updating operations of blocks 162-164
are similar to those described above with respect to
blocks 141-143., As previously explained, the
implementation of the dictionary updating of blocks 141~
35 143 had been described in detail with respect to blocks
112-114 of Pigure 6. In the processing of the blocks
162-164, the previous string reglster 54 is utilized.



WO 98/ 04045 PCT/ US97/ 12943 - 24 - 1
applied at swobpspwess to bl ock 144 50 that the dictionary updat@pussasssng
of bl ocks 141-143 is bypassed as previously ggscribed. At a deci sion bl ock
145 a test is nade to determne if the indéx has attai ned the 5 val ue

[err]1. When fhe index i,[lS_not- | nje , the NO path is taken from
bl ock 145 mhith returns %#o%egg?ggysg %Egc#ngé%'o gﬁé“bﬁﬁcﬂa§37F°

Processi ng throuddterming otkstiig7codd ¢ubrenstlyspronidededyushil cbga+l. In

this manner, th t &g s; of CHLY i ved code string are
output in the cg?gggﬁgééﬁeféa%gtﬁégﬁ}ogﬁ gg% égﬁggﬁg 5?%9?855 FSQSVgPed
string i s extende®ebjusFenbireaelyedscede segifbetubBent Ifetrevegdtgade
string. The pgocesss ngf ofhd Neolb Ogésetdtotdds Sﬁgéteﬁce& B?%@%ggﬁtziﬁzgigsﬂet he

deconpr essi on dié%lOnary 43 as 15" are _stored
Figure 6 in the ¥onphesSperent creepiygd 180d9hetRer N geath of dmptihe UBDbCk O

the bl ocks 141- 1985 i Dis t 18k &€ COPE ESF6ER dést‘bﬂgf‘éi/n‘l@h@rfn&é:?rfd'at t he
sane respective addresses as the strhggs stored pursuant t0 the bfocks

112-114 in the 2PTORPFRERY JFPY#Le i DY yOR8: VREPCEFRIAGdERen Loopsnbatke

B?luﬁ [err]ﬁ, theo\EﬁbpﬂmﬁuﬁrmmnEEFcblDek &é5sf5réa$&$F&§b@hpl@5gagé6. At
ock 146 t C | LN epl aces the_previous string in
preparation f%rL%ﬁ%%é%%?ﬁ§&¥ﬁgt%%x$k§%£#n%%%ec%geghﬁﬁ?%§$59%5ﬁ¥%§%ﬁ B§
inserting the cRA%MES Hie (¢urrent crecetbved veodeode register 53 into the

previous string registerymnén ﬂf@b#”f@@oﬂﬂéfégtégdéhgéq&%gséﬁgagg §x'ts as
oces

an input into block 146. |f the current _recelived code just p ®is 30
not the last inff BRSO RRIPITIHPH| DB ki 499%2t UFPste ocwEsenty receheed

i nput of bl ock Jéﬁﬂaﬁfht&ﬁhP%%#E&ﬁtOfebéﬂﬁédJégdeF¥Q§§§§é£9§§§tHﬁQSYE§ the
code: 17 11 15 FBNT kFon Casoteft || PEERCTeRas £F L ALot T 6he oEpons on
is performed at s appiétated €han winen phid BUSck TheS hidii dhoek 9489 in the
code 1s equal to the current received code, the string
corresponding to this unrecognized current received code
is now stored in the decompression dictionary 43.

20 At the block 167 the characters of the string
corresponding to the current received code are recovered
and each character is output beginning with the first
character. The block 167 is implemented by accessing
the dictionary 43 with the contents of the current

25 received code register 53 and utilizing the known
dictlonary string recovery procedures discussed above
with respect to the block 134.

It is appreciated from the foregoing that by
the processing of the blocks 160-167, the string

30 corresponding to the unrecognized compressed input code
is constructed, stored in the decompression dictionary
43 and the characters thereof recovered for outputting.

It 1s further appreciated that when the compressor of
Figure 6 generates and stores the strings associated

35 with an unrecognized code, the compressor stores n strings
beyond the string corresponding to the transmitted code.
This will be further clarified with respect to Figure 12.



deconpressor corresponds to the hold block 119 in the WO 98/ 04045

PCT/ US97/ 12943ve 982045 1 conpressor. |f, at the block 147, the cRCTRISP7/12943
received code is the last input code, the YES path fromthe bl ock 147 is
taken to block 150 to terninate processing. 5 27 = It is appreciated

fromthe foregoing that the blocks 134 and 137 recover and output the
characters of tHe Y8 RFLSTHEINPbfh NP FIFRPRIFTIN FRcePIebreeleandnFtere
the bl dcks 141- 143 tpedad & - id{dH iihady &3l Iywst oring the previous
recovered string extended t he ]]gﬂi)refixes of_the rren1t %ecovered
string. Referring to Fi gur& B9l LTHCTIH® i A RPIEd L3 dEheFerEsthag
55 are illustratedindexa iblice kK nkfemdrieed miudalio is Isetoresiual Blockset and; 73

for reasons to he I i | Oy I : a_bl ock, 15
161, the n charatt ?S‘?Cléfég’t%%e t\gqrée\ﬂ%gcsés rléﬂg a?sejlcggeaggjovgsr%ﬁsbﬁfher?ﬁ%?/?bhge”'
stri-ng has n char afrecessiing thdns preraeds do relodcel Zedvvaxkeatsttheg i n
the previous string.r C hen | S | enen b .
accessing the dict %gré(r;n%\ﬁ?fyvﬂ %i% ﬁ?ec conétHeLﬁlgtas( %‘fm‘i‘ﬁ Zgﬁper af%%nge%%% ir?‘lg"s

regi ster 54 utilizithgn Fes&eswindiz dHEIPS RYARK réto v \deremetne asf n

di scussed above W tily @8RACkd Gddit. blicln 43 .ncdd vl Aok 16340 il
generator 56 provides the next avail ahle cq for the next enpty dictlonary
25 |ocation. A'0a BSodie%ess From %Y%%qﬁfé‘ 51?7% RS ddie bYrrbe 9f Hehe
character of the pbdvickug 7.ri Mhdrs tteopatamtetidy T rettia RPithd cetuOof At

a block 164, the preyiou tri ' ; Q:E‘c% t ende revi ous
string of bl ock 16§%\é)9 'u%&%’t iur?g t o?r{%“ra‘!(@ag\?laous és)%éégr%ges?gégqqgsee’gi 4 %"b%%be sttt e
t he node nunber of palths odxtdveddd qakeVii7®us string. The dictionary updating

operations of blocks 162-164% ahe H18d 1% HHPa ALSAHdahabove th
respect to blocks 141-143. As previously expl ained, the
15 incremented modulo n to facilitate providing the
"appropriate character values for the strings stored
-pursuant to blocks 163 and 172, The value of n used
is that provided by block 135 (Figure 7) and prior to
decrementing in block 174. The character values are
20 those of the n characters of the previous string recovered
pursuant to block 161 and as indexed by i. The n
characters of the previous string recovered pursuant
to block 161 form an n character prefix for the strings
constructed and stored pursuant to blccks 163 and 172.
25 The processing of Figure 8 functions for any
type of code assignment procsss used by the code
generators 26 and 56 including sequential or pseudorandom
code assignment such as by hashing. When the code
assignment process is sequential, the logic of Figure
30 8 can be simplified as follows.
For segquential code assignment, the test of the
block 165 becomes "Code = Current Received Code + n".
The blocks 170~175 are eliminated and the unrecognized
code processing exits from block 167.
35 It is appreciated from the foregoing that block
167 recovers the characters of the string corresponding
to the unrecognized received code and that blocks 163



I npl ementation of the dictionary updating of blocks 141- 35 143 had been

described i L Wwth respect to blocks 112-114 of Figure
processing‘quﬁhgh%Iocks 162- 164, the previous string registgng§BW§B§3

utilized. WO 98/ 04045 - 28 -
PCT/ US97/ 12943 - 26_- At a decision block 165, a test is nmade to determ ne
i f the code tur®edty2pEboracihBySpRe €584 ngendrattdre S@dompemssidro t he

current receivedigedenhiyt B8 aYr aeat skeeedved Qe JoRYrlsdl 028 qilds iiJle
extant 5 code of _th cogﬁsgenera%or 56 has not attai§g§§itu§€%aF&éﬁ%ﬁjﬁﬁﬁ¥

current recei vetcB8Ben RePBatRs FEAFRRESE 3k chegaicteralgapuro sdrhlnack

166 wherein theotodes dsi 8ik80EE8ENRBAVEOGILE FeldyedRe +oPF] | g then
update 10 strings

| oops back tf t he i nput o% blgck %62 éo store ag ti onal

until the extant code of°tREFEBHe GeRaPRFSr I86 WdbRarentiaued: refereass ved
code. Wien bl ocko1BSgindscat eadt Bh;, aheoattralt flese chhrthe fcade agarar at or
56 is equal to : t.regei | e current received code
register 53, th%agﬁégiéﬁ%afh ??o%ggﬁgggﬁoég %gg PEALS eﬁnsoquBFGCEOPG¥PIIt
i s appreciated $@&ationeAltBe BBotR PE5fPNEi dates coheresdeons iaquakcradahnke
current receiveg; eRdene! DAvahthod £0"12300RIALAALO LRLE A 35090 zEd
current received code Is_now stored in the deconpression di Cti ﬁary 43. 20
At the bl ock® 167°ratdeRafatEcFInbRrinhBISRPPRgPEdALEspéRGMAGTYG Shehcur r ent

recei ved code ass sestwenachendspach ebatesleexetudbRUbebednNBpRG Wbt e
first character Thglblocﬁ 167 %s %nglengnéed bg gcc sging the dictionary
43 with the cont@fit§t8Y FRATEPFeRtIBES, dcdF, BaeRiGatrEyPEt & 53 and
utilizing the kmomninittiadhaeg soOmpngssidonvdigtpvaaegunas dracghsedoabhove
with respect to 1 LSwaRPr 86| dof t he foreqoing.that by
t he processing %éb?ﬁgig?ggkgéigégﬁééF ?Eeﬁgbg%§9938gggrPeg%aﬁaggﬁrtésthe
unr ecogni zetb coppresntaredpfiercbhe first time, a zero code is transmitted

followed by transmission of the character in uncompressed
form. The zero code provides an indication to the
decompressor that such a character has been transmitted
by the compressor. The character that is encountered
20 for the first time is stored in the compressor dictionary
13 to function as a stored single character string or
root node with respect to subsequent encounters of the
character. Except for the accommodation of the characters
encountered for the first time, the flow chart of Figure
25 9 functions in the same manner as that of Figure 6.
At a block 180 the dictionary 13 is cleared.
Dictionary clearing may be performed by setting fields
17 and 70-72 of Figure 3b to zero.
The flow chart of Figure 9 includes blocks 181-187
30 and 190-194. These blocks are the same as blocks 101,
103-107 and 112-117, respectively, of Figure 6. The
explanations given above with respect to these blocks
cof Figure 6 apply to the corresponding blocks of Figure
9 except as follows.
35 In block 183, when the current match is zero,
a search in the dictionary 13 is effected to determine
if the single character string has already been entered



I's constructed, stored in the deconpression dictionary 43 and the
characters t hé¥e@s/40dgovered for outputting. It is further apprecratsediidat
when the conpressor of Figure 6 generates and_s%gres the strings associ ated
35 with an unrecogni zed code, the conpressor stores n strings beyond the

string correspondi to g ' 0 [ L] rther
clarified with ?es[%g‘w t%ﬂgi%llﬂl%%gfda%\éj%?%gdz%&é' _P’? tHE BShane

PCT/ US97/ 12943 - 2FharBCHRTr mrigddrsiify atreddy dbworipe edbotivmacppstheceEand
store these n stringsH Sram ft3ld ol AFEssd %%&Fﬁi{égﬁ%i%%kgygath

whereat the index i 1s increnented npdul o n by one.
duplicate the procdsSsitifkedt biidcRdore- 1, whemddhe ersremt gnatshnyst heno,

proceeds to a blsockhk/¢usieimamaltith RadRNRiay zuig%(kgaéggﬁnﬁgtﬁy RQenoJQe
paranmeter nis thenu%gfted a deci sion,block 175 to determ ne |¥ nis
equal to zero. |f RAYOSFoL e, &9l £INT3RLIF BP9k ned@rthabnvanenatobed

175 back to the infut tole ledX @3 .17 AddMEOALIE PANAE! e dbaitt 3k HSefbe

val ue of zero, the #%E%fQ%Qiéed code‘%%gﬁg sing, exits, on the YE§§£§%§ of

the block 175 In tHET odds Teé 55§ 134 FTHSEFLIrnen: ok &,
nmodul o n to facili tthee qedey iagishgnirtes tap priddr iseel re halrtace tuari tial siesed pris he
strings stored,pur t hl ) luey 0f,. n used js that
provi ded by bl (1)(B:k %kg%( Erogu?gq%&%alﬁ?gf{%‘rﬁh%m -el;g"(ra'e\r%'n ieanigcrijhmb?z(-)%kiiﬁgmns
The character val ud¥ear¥aidabdgs&ost stes Ing fdidiiay | ofthdr arevenesuntered

string recovered punsgaat ih@ukl.ocktll andAndtEE @GOk He BT 111 in
characters of the %reV|ous string recovered pursuant to block 161 forman n

character prefix f6rIURE &t FPAGs P¥BASEES ¢ SFtdagy prdateng tbs matks
163 and 172. 25 requiredhénpragesa 99 OfThiisy Fol 1SWisuEdadye f Oin adly: d ype

o Code, asst anpENt BROGESE 4339 chBRAIRAIPIHA AN 2L il gt no
is a character that i1s encountered for the first time
providing a previous match for the next iteration as
will be described below.

Additionally, the block 185 corresponds with

20 the block 106 of Figure 6. In the block 185, as in block
106, the compressed output code is found in the current
match register 24. In the block 185, however, when the
current match 1s zero, this zero code is output indicating
that the current input character is a character that

25 has been encountered for the first time.

The flcw chart of Figure 9 includes a decision
block 155 that determines i1f the contents of the current
match register 24 is equal to zero. If the current match
is not zero, the NC path from the block 195 is taken

30 to the block 1886 whereat the contents of the current
match register 24 1s transferred to the previous match
register 25 as described above with respect to
corresponding block 107 of Figure 6. At a block 196,
the current match registar 24 is set to zero and

35 processing transfers to the input of the block 183.
The block 185 sets up the dictionary updating for the
next string parsing operation and the block 1896 causes



code assignnment such as by hashing. Wien the code assignnent process is
sequenti al , {,88ghpqic of Figure 30 8 can be sinplified as f.ol peywsoF@b43
sequenti al code assignnment, the test of the block 165 becones "Code [err]
Current Received Code + n". The bl ocks 170-4d7% are elim nated and the
unrecogni zed code processing exits from bl ock 167. 35 It is
appr eci at ed f fomthee rfeprtegdinigia seadstiocie 185G ¥recoittr st idechdraate er $n of

the string corre ' t Yoo e Tol! { ved code and that bl ocks
163 WD 98/ 040}!@‘%”@&%&& Hatdt %&e&ér’ecﬁ' PCT/ US97/ 12943 -

28 - 1 and 172 store the HakthestfEh@ath frem dhonpredsi 5 disttdomy 43 as
are stored in theDHEYESHIOMaHH |18 FYuald w%w%ﬁ&p&% eg@%{t@g}er or
1 respec (0]

character groyp string occurs as di scussed above w I gure 6.

5 RePer Athd oo MEFRE FhafiadFeoMeTErT & iar deen Ragowtdrahd

3b, a control flcyrchid MAfrstettained omais! iOnsa R RS VEEUEhs Whdlfter

search and update control_secfion sQ .as.to rformdata conpression In
accordance with tife R o%tii'%cq I%iqlfstsi’r]eﬂ% ”{CD%HH%I"“Z“P‘-}"S He &AET derlared

as cotn_t ai ni Pgt ﬁpmmre%}m macﬁc?rﬁtiittt}%s @%f&i?mﬁemg&ﬂ&%nﬂgﬁéﬁgﬂﬁr,
execution o e QY a'so'aﬁxtd: e fJ Quehardaof 4 oure 9 is "1%336 icated on a
e 5 nott BTfig Ry the

non-initialized conpression lonary 1 h the
enbodi nent of! OFi e Faodeersa disoussesd dhpvies erfdounthedraerk f200 t hehd inestt

time, a zero codeya lgARSWddeed § Yl AMRL Db MES B %ﬁrg{tgte character

in unconpressed form The zero code provides “an indication to |
deconpr essor t hat! iR G & e th &V Hidab e BmREY tlrFaiiahel ke dMig essor .
The character thalidtleecuntiar edt2@ fallode2d1 ; Hhd idEdntStaHehddbt he

oo node with radpahe ta e manate Rt M T i e Bida
for the accorhfodatexdn exfptivhd cstadriant ers angterdwfarteathestfrirsg tdate, the
flow chart of Fi . The function of the block 201 is accomplished
by storing the character from the current character
register 23 into the character field 17 of this next
empty location. The parent pointer field 70, child
20 pointer field 71 and sibling pointer field 72 will all
have been previously zeroed at the block 180.
At a block 202, the previous match register 25
is set to the root node created in the block 201 for
the purpose of dictionary updating in the next string
25 parsing operation. This is achieved by inserting into
the previous match register 25, the node number of this
recot node newly created at block 201. This node number
will be the code just provided at block 200.
A decision block 203 is included to determine
30 4if the character in the current character register 23
is the last input character., If not, the NO path from
the block 203 is taken to the input of the block 182
to acquire the next data character signal from the input
stream. If, however, the current character tested at
35 the block 203 is the last input character, the YES path
from the block 203 is taken to the block 194 to terminate
the processing.



25 9 functions in the same manner as that of Figure 6. At a block 180 the
dictionary 1l3wvossedoesared. Dictionary clearing may be perfor nedPOY/USeT/1294%)
fields 17 and 70-72 of Figure 3b to zero. The gyom/chart of Figure 9
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bl ocks 101, 103-107 and 112:-117,.1. Lysl f Figyre 6. .The

expl anations given above w rf¥é§%§§¥g§%t¥§eggo IBgﬁsg8feﬁPéﬁﬁet§a§pﬁﬂ§cké
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10 this non-hwaitiall enho 'qﬁn; dictiona | ocation re_avail abl e
for storing stri né@tgé%tq'hee%aa%lg‘ encoun Aetf e‘!ég‘lsgn"‘"?h%l)(ﬁ2 n%h?“.‘a'f?ﬁi gnaFSS not ed
that the bl ock llPreviRiuprs-mnchaaisipngeayehe, dikichnehyraptati g is not

required in Figurepd [ Sdoldmnsdecausegidteths, 15 non-initialized

embodi ment, the first input character is a character that is encountered
for the first time providiTh £IRUEA olBE nat & 1H70 (24 kXt ¢eRERPI ONPEating

will be described thel @actAdtdrwma |dh ddeoiddake 1808 oENEsDRRESEYOAD 20
the DlLock 100781 TRl afhel'S 4 B ping® APl BEK 2082 h° e
character has successfully extended the current match,
the blocks 187, 190 and 191 concatenate this character
with the previously matched string that is in the process
of belng extended. The blocks 195, 197 and 200-202
20  control the management of characters that are encountered
for the first time. The block 202 provides such a
character as a previous match for potential extending
in the next string matching cycle. It is appreciated
from the logic of Figure 9 that if several such first
25  encountered characters are received sequentially, only
the last of these characters will be extended in the
next string matching cycle.
Referriné to Figure 10, with continued reference
to Pigures 2 and 3b, a control flow chart depicting the
30 operations executed by the recover and update control
section 50 for decompressing the compressed code generated
in accordance with Figure 9 is illustrated. The flow
chart of Pigure 10 is predicated on a non-initialized
decompression dictionary. Control 57 is considered as
35 containing appropriate circuitry, such as state machines,
to control execution of the operations.
At a block 210, the decompression dictionary 43



mat ch register 24. In the block 185, however, when the current match is

zero, this e is output indicating that the current ter
g | AR

is a character 25 has been encountered for the first tinme

chart of Figure 9 includes a decision block 305 that determnes if the
contents of the current match register 24 is equal to zero. If the current
mat ch is not 1zeis, clieared dax e oranner Hesok 1105 iabdwkant t30 tesgdrer bl ock

186 wher eat the.coRteNtS M tmﬁ, Q}frrgqrggtuf’gadgch rﬁﬂisStetLhezA' | S dgansferred to
t

the previous match register 25 as descr]be ‘above Wi SSCIPRY
correspondi ng brRaskipTALHt 45 dur €lparmd a‘-fbli&ﬁatﬂ%llt)he:rwrsaem mreRtrodY

register 24 is gat +ih@ Z281Q 13 1 _EeSTHGd r.S 4 t he
bl ock 183. The bl ock 186 sets Jﬁﬁthe drctrona;§ghpdﬁtf%ﬁfgéigaﬁéy¥ﬁggg

string parsi g 8feFaB&® dnd the bl ock 196 causes WD 98/ 04045

PCT/ US97/ 12943 - 30 - 1Thtehepwattmars.r e rFRARE oY RaG meddnbAdia iiar act er
I n the current Earac If t he .YES path fr m t he bl ock 195 is

re er
taken, the curr 2 Y ez:I lTte 10T e the REMeh A dheises Rey farmed
current charactby tbgi @tee:ron@%erasstdmeérlcenmanteroaj Efi@rurtéa fdscadptt iWiRh

e e che%g hlt% ?ng ra%&‘?(’:ﬁ:h% Q‘H),ta I I’Set§l en Ot i ql?lé'-%%l.ﬁb?zgfﬁme

out put the zero va curren thi's
character, tl9at f\;&a'zb,'to@tiptﬁ ast dlscusiseck abgve weid hp meegeert oo tFhenu® Aar o

code as drscusse@ ggg&e 1Rt 3 3Rk %Dq,ajya A 153l 8160
provi ded by the g% ét ila"|26 |r:d| Al €='t}”rstl)é}lnext a:%?u I égr dzehl Sdtnd

| ocation in the? pegitorm, fwmetdpnse s mack@rkﬁ n the
current charact&s regrzstten 23 fi1s- 1870l AB A ffs Flizyyiexty erﬂ&g&péd&aﬁél@n as a

singl e characte gl t node e nctr of t he ck 01 |s
rI‘h%orr"errgr"L% aqi‘":’q1 o chrrreesr?t Qh%r gt er

acconplished by"s t'er fromt
23 into thetahaﬁéét—ér37f.| él4d —I?’r70famd‘|l1§0n®ft Pigure 7 apply to the

corresponding blocks of Figure 10.
A block corresponding to the block 140 of Figure

7 is not utilized in Figure 10, BAs previously described,
the block 140 bypasses dictionary updating when the

20 previous string register 54 is zero. This occurs in
response to the first received input code in the
initialized embocdiment of Figure 7. In the
non-initialized embodiment of Figure 10, the first
received input code is for a character encountered for

25 the first time, thereby providing a previous string for
updating in subsequent cycles as will be described.

The processing of the blocks 217, 220 and 221

stores the same strings in the decompression dictiocnary
43 as are stored by the blocks 187, 190 and 191 of Figure

30 9 in the compression dictionary 13. The strings stored
pursuant to the blocks 217, 220 and 221 in the
decompression dictionary 43 are stored at the same
respective addresses as the strings stored pursuant to
the blocks 187, 190 and 191 in the compression dictionary

35 13. Furthermore, when the unrecognized code processing
of block 55 (Figure 8) i3 performed in the context of
Figure 10, the blocks 163 and 172 of Figure 8 store the



enpty location. The parent pointer field 70, child 20 pointer field 71 and
sibling pointawobsiedoss 72 will all have been previously zeroed apct/iusoii2oak
180. At a block 202, the previous match register 25 is set to the root node
created in the block 201 for the purpose of di@d8ienary updating in the next
string 25 parsing operation. This'is achieved by inserting into the
previous match Tr egianerspeingheimotleendfbenpoesshps ddotinndeyndd wnsceat ed

t block 201. Thi {ggga e bl ock 200.
2 dec?gl on bl ockI ;03 'S |nncl ud%\c/iut”{(;pgg?ge?%nCQ%BJilH?EfRreQéLaESCt &P & %%tpﬁ’é

current character FRAFaFERT 2 | @haFRCEA5T IFARAL SERARECPerurEf wabh, relspel®
path from the bl 0%2@3&|§péﬁé<@fbﬁ%fh@hén@§ﬁlp93553§ QEOE'E%&?& 0 vaU' re

t he next data character naI %% n%ihe { 8ut stream owever,
current charact®r teSted A bt bektBB3 ichhé"?ag? FﬁﬁBPnéﬁaWécber
tpchZsEgl ggt h f romttkte mlmk 123)33 of Figere! D, hehel @64c2 98t ionk 5 TLBA 8pL0E

PCT/ US97/ 12943 - 84“ ‘Ee?%e%‘pprr%c"r%? REPFH ] 3R c2PBE B gEP nEhe hatoskodk2
182- 184 contr ol searmépmgnihe rispeonaty HBefperbheetongest coabchgdestring

and that block 18 ess u correspondi to the
| ongest match. 5 %fpécg%/dg{ %@ﬁo@{)r%vg%a gﬁeg ég%éc%?ii %ﬁ?ﬁﬁ?LFﬁa
precedes trandfi ssion Wie Ligtak deine ncountcompréssothe Ttris sppeecTheed,

bl ock 196 begins t,sear Chddd whdleXdrdoagest r@é&@h@y hg,gurrent
mat ch regi ster 24. Thus, t he search 1)‘(;;1; t he ne?< estgﬁ%%ﬁ(g%% ?F\g

with the charact erthhRUTERe F 3R RS ERLH YThi ih%°5 %|6%§°s¥¥n%§ ﬁh%éhlng
cycle, which char agitarat for N4 haamdlié@nin s eS¢ £rbr@UEBISF 2Bgudher bl gelss
186, 187, 190 and 19é%co tral éﬁiatl ng the dictionary 13 in accordance with
t he |nvent|on 15".\&1 eclﬁiob ‘183 deternmines that the current input

At the block 211, an input compressed code signal

is inserted into the current received code register 53.
A decision block 230 tests the contents of the current
received code register 53 to determine 1if the current
received code is zero. If the current received code

20 is not zero, the NO path from the block 230 is taken
as an input to the block 212 where processing proceeds
as previously described.

If, however, the current received code is zero,

a character that was encountered for the first time by

25 the compressor of Figure 9 is expected. Accordingly,
this character 1is input at a bleck 231. The current
received code register 53 may be utilized to temporarily
hold this character. At a block 232, the code generator
56 provides the next available code corresponding to

30 the next empty location of the decompression dictionary
43, At a block 233 the input character is stored at
this next empty location as a single character root node.
This is accomplished at block 233 in the manner described
above with respect to the block 201 of Pigure 9. Thus,

35 the decompression subsystem 40 stores the same single
character strings in the decompression dictionary 43,
and at the same addresses, as the compression system 10



character has successfully extended the current match, the bl ocks 187, 190

and 191 congaf this character with the previously match ' hat
is in the proé%ggagf bei ng extended. The bl ocks 195, 197 and%gggkgygﬂg%

control the nmanagenment of characters that area4encountered for the first
time. The bl ock 202 provides such a character as a previous match for
pot enti al exténdshgres thethextompriesgimmt dhiictidoonciye 3l tini £happreci at ed

fromthe | ogic OROﬁLgHgEigl&Q%?i%ﬁF§8K§%ﬁ§ g%cgiéggﬁt 25 encount ered

characters are recei ved seque the I oP‘these characters
wi Il be extended in the Abxa bilprkglddtchinggcbpriacteRetreceiived atFitgier e 10,

with continued r n t 9F} a |l .ow.chart
depicting the SOSgggﬁa??gngsesgggggdggyagﬁggﬁé?ogggggggehﬁ a@gaggﬁprgpe
section 50 foP dEEERPEESS AateneusBusr efsthecdgsonppresapsdand dbeorndgute

with Figure 9 isqhthupbealeda dkethkovombaeksel .Fi g4ig &Qy'%epgggb gﬁg@hgg
a non-initialize decgng&gi3|og glctbonarx. C?ntrol 57 1s”consi-dered as
cont ai ni ng appr op¥i SBEP BBt F)LssGRATASTEFaf EORathrnEYrTERtc sRCRSIVed
execution of thecoferatghaserAt3avhkeoek tA20chhbactegowasesempd rairgiiivonary
43 WO 98/ 0404 PCT/ US97/ 12943 -

32 - 11is clearegtpﬁeéhe manner descri bed above with respect to the bl ock
180 of Figuré09. Thus, tAt debdapked3benttecpavaarye43ni $schedr ¢d iohe.

| dentical ly the game,genasLrasehle dheEhoUaty ehdofhrLBBANRN: Bl 3ized
enbodi mrent 5 of Figure 9. The operations perforned by the conpr ession
flow chart of Fi §hPe 2pdajd BSEhBresRESEE /1t BB L1FerrOLALED 2Ly thige Lnput of

deconpression fl enecBanprebsbrgutRefeB¥CaphetatingesReahrbe oRI2@ANg t he
characters encountered for the to Lkrgt E%ne as disgu%sed bove wth
ng NE gafe GRES25Po YR

respect to Fi gur 8CBPTREEEPAFR § PREF olRduss fox1 Ehe17 and
220- 226 whi chSpenfioeapghiézednecflenproorssasgt A8 bhatksould be performed

in the next decompressor cycle.
At a block 236, the previous string register
54 is set to the root node created in the block 233 for
the purpose of dictionary updating in the next string
20 recovery cycle. This is achieved by inserting the node
number of this root node newly created at the block 233
into the previous string register 54. This node number
will be the code just provided at bleock 232. It will
be appreciated from the logic of Figure 10 that if several
25 characters, each encountered for the first time, are
received sequentially, only the last such character will
be extended in the next string recovery cycle in a manner
similar to that described with respect to Figure 9.
The output of the block 236 provides an input
30 to the block 225 to continue the processing as described
above.
Referring to Figures 11a-11e, consecutive states
of the compression dictionary 13, when compressing a
typical input data stream, are illustrated., The
35 dictionary states are schematically represented by partial
searchtrees., As indicated, the input stream being
compressed is “abcfghx". The commas illustrated,



55, 132-137, 141-147 and 150 of Figure 7, respectively. The descriptions

gi ven above wwoipsnestsect to bl ocks 55, 15 132-137, 141-147 and pr30USY7/12943
Figure 7 apply to the correspondi ng bl ocks of E%gure 10. A bl ock
corresponding to the block 140 of Figure 7 iS§ t utilized in Figure 10. As

previously descrih Kk y 2 di ¢tionary updati en the
20 previ ous strﬁnggg%ﬁ%ggggkgﬁ ?éégggoggiﬁgggécg%FsV?ﬁnggpgﬁ'egF%pﬁﬁbthe
first teceived inpimpeboetraamnhe Vnderarprédgenbddeates bheFicgutrent ilnputhe
non-initialized enbpdiaepsrOf FLOURR; dQ+tebhenT} eceLved,i.nput .code is
for a character encountered foré25 t he f?rstntF%é?:%hg?ébquFogg AgRRTY
previous string fof3ubtbtiablynssepeeqtieft sEytngs aabel'| nde"dgbdr.i bgd. The

processi ng of the P oeks P14, +RL0sepdns2t35L0r t a tpi iy .t he
deconpr essi on ICtiJ%EF 43 as arz st%%ed?by tﬁgsnggESH§§§1ﬁ%gg§§gda 91 of
Figure 30 9 in thetQ%ﬁ¥¥%%§$BnmﬂFEP?%néF?lﬁg.aﬂﬁetBFrFQQQ efol'sbicfuisuantput

to the blocks 217,a220ndi¢atd@d by sNcadPEANPLEsSi PRedbetiggaryLA8 fLE
stored at the sang regggctiv addr esses e strings stofed pursuanf to

as_th
the blocks 187, 190"$Her9%3’ i e?%epiﬁﬁﬁ?e€§?%ntﬁ?c%P Rar§s3bndicated by
Furt hernore, when & helxtuwak ogommadZ€bde processing of bl ock 55 (Figure 8)

Is perfornmed in the contex L.gur 0, e cks_163 and 172 of, .kigure
8 store the 98/04045fn9515ﬁ9¥ ?1&, tﬁg nQ&Q knpu cgaracter £

PCT/ US97/ 12943 - 3®tchesapie siitsfscharattedeetnphesstonngi Lfgblany 43 as
are stored in the GIELESH Oy detd OR&E V243, Whel 58@&&9&@&69%9??]‘&?1‘9” or
e

character group string occurs wth respegt to the operation o '
conpressor of Fi giyVéntipn, the stxipgiraboly trapgmibited 23other peepbaus
with the bl ock 13%mipfégse® doddhin deEpui®ti DS Pi Vertah@¥e Wit Bheespect

Fecelved code ThattHRALHRA Thoct bt L HTTCRETATRL 2D THECH WSS encount er ed
In Figure 11c, the next input character "g"
matches the second character of the stored string "fgh"
and the previous extended string "abcf" is now extended
by the matching input character "g". Similarly, in Figure
20 114 the input character "h" matches the third character
of the string "fgh" and is appended to the growing
previous string to now form the string "abcfgh'.
In Figure 11e, the next input character "x" breaks
the match of the string "fgh" and the code of the longest
25 match "fgh"™ is output as indicated by an arrow 244.
The string "fgh" has been parsed from the input as
indicated by a virtual comma 245.
It is appreciated from Figures 11la-11e that the
stored string "abc" has been extended by all of the
30 prefixes of the matched string "fgh" and that the
dictionary updating is immediate and intarleaved with
the matching of each of the characters of the current
matched string. Thus, in Figure 11b the string "abcf"
was avallable for matching in the next iteration. 1In
3s Figure 11c the string "abcfg" was available for matching
in the next iteration and in Figure 114 the string
"abcfgh" was avallable for matching in the nex* iteration.



10 for the first time by the conpressor. It is appreciated, however, that
when processyasgidgashes the bl ock 212, the current received GREQu¥I7iheg30L
be zero since this situation is handled in an éher branch of Figure 10 now

to be described. 15 At the bl ock 2‘11 an i nput corrpressed code
signal is inserted into the. Qur t cgl ved code, reqi ster decj si on
bl ock 230 test's the contréﬂt fl’ut‘%hr{:é'l clﬁrréé)n e?’e%%?‘%/eﬁgoc%cfe‘gr terasdig o

determine if the thatr &he rd@wmpe:@-"(ﬁm Tereivras tHe tdcmsmruteme rcﬁﬁm:\@ﬂsed
code 20 i s not Z%‘Iﬁ: utth%éﬂgsp%tot} fuguant Qpﬂcpl 0%230 en a p\ﬂf' I’HDAJ'[ to
re

t he bl ock 212 mhere processing proceeds as p I ously d%scrlﬁé
however, the cur 8t tadei vé&d Ies@d vied z il %Qﬁi@m@r t\italtlm the

encountered fqr irle dviersla st H'™ & e Y £ S re
expect ed. ACCgl‘dl nglé,e this charn%c‘t&?r is ipput at 4 231 Ih‘sescpu e

recei ved code redPstdf PFeydpUsd YuGaGe s e FarpRnmsad Iﬁﬁdﬁ)l da IManstruct

character. At a bhaclstd¥a tthfée seedei e T PV eS¢ it
avai | abl e code cgr%gaﬁondlng to 30 the next enpty | ocatlonﬁgiéﬁ?&n Flgures
{25

deconpressi on di ®y 43. At a block 233 the input character is stored
at this next enpty | ocat iRefexs imgsitng/Fd gpharsactaa- 2ot tdenanbs iirS which

acconpl i shed t Qh%cén&%?i'a'le g%d{rﬁ_q{%cmdqﬁ bove vmuteD Egsrg@qe%ts@tse%ttge

bl ock 201 of ' |gure onpression SUBSYst
sane singl e char 88t &hesprieseati i nvea tdaromuassisiam adimt dreargt v 3n cantd rat

the sane addr ess@gvadtalgee 160 MRMRTHIteA tb! €Al U1 s culQ 3B/HA045
PCT/ US97/ 12943 - 34 - tgEfores in the conpreSS|oniﬁ%n|onar$’%§ Fhe

non-initialized Qﬁﬁ&&@ﬁeﬁPWﬂ“qﬁ%ﬁMQQWPr%ﬁsﬁﬁtﬁ(ﬁﬂ?%&ﬁ@“Qlﬁ?ﬁﬂ%ﬂﬁﬂneﬂr
received at the khaglacZat igroayt puin tit rﬂadmtc’ﬁmpz@ﬁﬁdst&!&y S@fpveaen the 5

recovered data outpu f th Q r t he input, data r celved at
t he ConpresséP agﬁgfsﬁe%§2§§dﬂiéﬁ§?§ &%Kthe run. 1;E'igure %

are schematic representations of partial searchtrees
illustrating consecutive states of the compression
dictionary 13 when the input data character stream is
a repeating character group. The input data stream is
20 1llustrated as "abababax™. In this sample input it is
noted that the repeating character group run terminates
with a fragment of the character group. The operations
described below are also applicable to termination of
the run by the complete character group. As in Figures
25 1la-11e, the virtual commas represent string parsing
and the underscoring represents the current input
character.
In Figure 12a, the compression dictionary 13
is storing the string "ab" which is matched by the first
3p two input characters. Thus, the code of "ab" is output
as indicated by an arrow 250. The parsing of the string
"ab" from the input is indicated by a virtual comma 251.
~ In Figure 12b, the current input character "a"
matches the first character of the stored string "ab",
35 as indicated by an arrow 252, Since the code for "ab"
was transmitted as the previous compressed code, the
matching character "a" is appended to the string "ab"



by outputting this character fromthe current received code register 53

where the chawasbgdsoes tenporarily stored. 10 At a bl Péjf’gg?;l”kﬂe
paranmeter n is set to one. If this character, mhlch was encountere or the

first tinme and just processed, should repeat at?’ the i nput of the
conpressor, thereb encﬁ t| n% an - unreco %gg ressed code, n=1 is the
appropri ate val ue For 1 %P%cognl %s%?ﬂ@rSESEHQtdWG@R@Hbey
perfornmed in the ﬁ@(tnqje(ﬁﬁqrﬁsime (g/t:rrmgA‘taIaa'blonch%ant}bg pECYi oW
string register 544 S8t he root node created in the block 233 for the
pur pose of dlctlonary up at| g in the next string 20 recovery cycle. This

i s achi eved by inserting tie @ endmsor Qhetmﬂstrb@&uhodhanemtyrcrsated at

the bl ock 233 int h 0 unber,, ,
be-the code | USt e B B A G Tl obotnd ol 8 ol Tom rabe’

| ogi ¢ of Figure 1@"Grarrqorsdngiyl, ﬁ‘%rﬁ%ﬁé}%rsab%écts esctoemded ebly f bhighe

first time, are reseinsteraquaniisy Ibhe WYinprids i &St SUS LS ehoW |
extended in the next strin g& €3ry cy%bgﬁrn a nanner S|n1¥?$af§ %%w séores
described with reg'b"@cts':tr& g@ré WHRVHELake foxmaBshpravi des an
i nput 30 to the bl ock 225 Thd scariguaned e mmmsama&&@%&&%ﬁn@b%@
Referring to F| ur er., ] cuti v t at s of the conpression
dictionary 13, e%%ci%‘?#)rgst]&n#g tiysplic(ia etrﬁ% %aﬁ eed?ﬁx%r%hree input
illustrated. The 8badiacttiessaip Figugesaredsdifnt maid,y ﬂremﬁﬁﬁfﬁ em2dythe

partial searchtreggrifiy |ngg,|a(5§tueg,s tsr&%\%ga)my‘%q@abﬁ a[tecsﬁsfrgg,i S

"abcf ghx". The commas Il lustrate
PCT/ US97/ 12943 - 35 Figureénidsefienstainad ahabahy iSar'setqnerd Lerd aank hbable

the input stream fbrdentednngy and aat ¢9dudie oure euHe | Y £ hB BL Bl 2 AS
i ndi cated in Flgurg 1I err an%hgvgki %&naé%r matching.

It is appreciated that as this repeating sequence
continues, the input character matching and stored string
extending is performed on the same branch of the tree
and would continue until a character is received that

20 would break the match. As this is cccurring, the code
generator 26 (Figure 1) is continucusly providing new
codes so as to store the strings at the newly created
nodes. Up to this point, the decompressor is unaware
of the activities, as illustrated in Figures 12b-12%£,

25 occurring at the compressor. The last information
received by the decompressor was the ocutput code of the
string "ab" as described with respect to Figure 12a.

In Figure 12g, the input character "x" breaks
the match since the string "ababax™ is not found in the

30 compressor dictionary 13. Accordingly, the code of the
longest match "ababa" is output as indicated by an arrow
254. This string has, accordingly, been parsed from
the input as indicated by a virtual comma 255. It is
appreciated from Figqure 12g that two additional strings

35 have been stored in the compressor dictionary 13 beyond
the longest matched string, These strings are represented
by nodes 256 and 2537.



13 initially stores the strings "abc" and "fgh". In 5 Figure 11[err] the
string "abc, j Just been matched as the | ongest matched str'gﬂh} e
code of " abc‘dﬁk“l%?“gtét put as indicated by an arrow 240. The st r]Ji ng ég%%:Qt"‘gh
therefore, been parsed fromthe input as i idiated by a virtual comma 241.
10 Iln Figure 1 he; pe | hargcter "f" matches the first
char act er of ?he stringl??%%" ég %%dégggéﬁgggegngﬁ?Wo 3uses| 23cééfdance
with the inventigratthke srepertingccharaghem gredpastbrgpra¥hbE? was
conpressed code ddinfiail&a 1if effd  cbde X rﬁB??Q - haracter °f° as
i ndi cated by an arﬁgw 243, _1n Figu?e iligrr , t%é %gg%égﬁﬁétgghﬁ?EEFcheg"
mat ches the secdHMe¥atacde? @Adidhedst ofbdlst funther gappoediahedpthytous
extended strigig {mhede +&spaort eyt Ladleds bhé heodBt Ghbng Qput,chapacter "g".
Simlarly, in Figure 20 ép1 err chgracﬁgéugh"gﬁatgﬁgsg F8 third

the in
character of th Titied ¢ dgr%“%$gg%ﬁeﬁ°¥oath@n@¢§mrug bhari ous

string to now farmdsersted pprnppcted codd® Siabses Libei 4] HEX L+ |
character "x" brgaks .t he_ natch %@ t he itring "f,gh§ aﬁgiéh%t%ggeggfﬁF%gggéd
y

| ongest 25 mat P fyi® FLORARIIACRs i hbithi 2Py BRatrfley pareatrhegstring
"fgh" has been pamseshds et theffagnentsof neheat €pedying ek Hakt 60NGRoR 5.b
It is apprecjat r ' 3 e the stored sirjng "abc"
has been exﬁeﬁd%%y%fa'%ﬁeé%ﬂ%%ee%eéé%)[?l{g#ee Rt cHi% SPPP ’E)Lafgh"

"

and that the di @5YHary2Ripdating is i mediate and interleaved with the

mat chi ng of each of the ghafaci®sSe@fatd® £:6H ri S, in
Figure | 1b the st rtiﬁn&" ab lgdgava'alabl e foregn%? gﬁﬁ%@ﬁﬁ hééﬂ%%xg}bg

£
iteration. In 3%Y r?P%éi%#é%cq stB i FAPuESCH Y Rasreferende entmeral
mat ching in the ZEkiwillens |oirersyhizdd gut etid [ @8 ¢dmphes$bf | Hgncabefgh”

was avail ablg. f lng in the next iterafion, VO 98/ 04045
PCT/U897/125%§fﬂéﬁ?ﬁﬁ%%sékf 4 4 not yét étoring the string "ababa”.

The unrecognized code processing of Figure 8 constructs
and stores the string "ababa", as well as the prefixes
thereof shown in Figures 12b and 12c¢. The unrecognized
code processing furthermore constructs and stores the

20 additional extended strings designated by reference
numerals 256 and 257 in Figure 12g,

In Figure 8 the processing of blocks 160-167
constructs, stores and outputs the string "ababa®
corresponding to the unrscognized compressed code

25 indicated by the arrow 254. The processing of blocks
170-175 constructs and stores the additional strings
256 and 257.

In the example of Figures 12a-12g, the previous

string used in the unrecognized code processing is the
30 string "ab" which was already stored in the decompressor

dictionary when the decompressor performed the string

recovery cycle corresponding to Figure 12a. In Figure

8, the parameter n is 2 and the index i is incremented

modulo 2 thereby sequentially and repeatedly providing
35 the characters "ab" for the blocks 163 and 172 so as

to construct the strings illustrated in Figure 12b-12f.

It is further appreciated from the foregoing
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1 ' It is further appreciated fromFigures 11[err]-11[err] that the
deconpressor rneoesmeast he consecutive conpressed out put codes f @CT/ERYe/129%and
"fgh". Wien the output code for "fgh" is receivad, -t he deconpressor
utilizes the 5 recovered string "fgh" and the string "abc", corresponding
to the previously ridvet vietie compeeageiizeddecdeopconessioy andssirarat o fnd

strings described blarst eghbRobEYHERS : s e : fenring to
Fi gures 12a-12g, tﬁ&gﬁannef ?ﬁéwﬂ?%hogo thg ?%%%gggtgﬁéth?%tg§%§%§g€gg
di ctionary updati nFRRTREEeHIOT HeePFRELRE FRIERFFER BFBWPdEYNaisukeravigated

encodi ng advant age by slemasitcitty dvadhseassed BPO¥EnniAE BLESSRH input
I nventi on conpresses a repeating,character OEF%HSEaCter group run in two

conpressed code 3yfHHE295* I 2yar bt 85 B "eHe Ater vikB Rufirapmgntest
12[err]-12[err] arecisehendtischepiesent gtoepsodf apaepbats A§aERALRERST group
Il lustrating Conse§35£%$%5t Hgstﬁg %ﬁﬁ?f%ggrﬁggggn d%géégggr¥ﬁé31ﬁgen the

| nput data charact tT'ea are C ter ; Tidput data
streamis 20 ill ustildiwstzeste dbmtrabmaxtionnby htsesabtphetenpuy tharscheketx”
that the repeating ghar r r o 1t h fragpent of .th
character group. The oﬁgﬁgﬁﬁgﬁsggggﬁgﬁ%%g g%?@&ﬁ%%£$élggt%pﬁl?%38?8“?00%
term nation of the ¥hfh IRPeHelRDHTRHR. chbR aCigurer b2p. tie runFegdsewilh

11[err]-11[err], thae/ifidipherPONTES sEPERSCPEpELE LAY ?%;ézﬁn@asnd tRAen the
underscoring represents the current input character. I'n Figure 12a, the

P,
conpr essi on di cti orEFRPAEINE THWE PR heeTR+RMEL S apt thnt e FemphetRedrpyp
the first 30 two i'yB!t, cites ajerepridteisopéliet LONS ofe " 8baal SyoubppEcdited

i ndi cated by an arrQw 25Q. The parsing of the,string "ab" fromthe input is
i ndi cated by a Vi rtfﬁ:eﬁm cstg‘rﬁwﬁr%‘%"iinv% g%?sécﬁjz {J?’F\g‘ current input
character "a" met ches the fltsis drprrciated fhemsthbe efosegoigg” b4t 8heas

Previ olis conpr 6ssed Rode T e T e Char ap Brorar s | CATSILL LR BRpblfey
string "ab" for the strings stored in the dictionaries 13 and 43

in that the prefixes of the stored strings also exist

in the dictionaries.

20 The above embodiments compress a stream of input
data character signals. The input data characters can
be over any size alphabet having any corresponding
character bit size, For example, the data characters
can be textual, such as ASCII characters, over an

25 alphabet, such as the 256 character ASCII alphabet of
eight~-bit characters. The input data can also be binary
characters over the two character binary alphabet 1 and
0 having a one-bit sized character. This type of alphabet
occurs, for example, in bit mapped images. It is

30 appreciated that textual data can alsc be compressed
over the two character alphabet of the underlying binary
data.

The above embodiments were described in terms
of searching for the longest match. It is appreciated

35 that the immediate and interleaved updating process of
the present invention can also be used in systems that
match strings that are not necessarily the longest.
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1 as indicated by an arrow 253. The conpression dictionary }perR6m$39a8 €S

t he string““ﬁﬁg“mﬁhich can be utilized for matching. In Figure 12[err], the
next input character "b" 5 matches the secondocharacter of the stored
string "aba" and, accordingly,.the string "aba" is extended by this
character. Thus, the conptessi appdectirordr yhi8 nhe sbervesdelerdibeidng "abab”
which is avail abl e fgr nagchi?g Thi, s seguence of in?ut char acter, mat chi ng
and 10 string exe®RARLGERES| PEUSPPalBYSPEFOFhB2ReRE LRPAETERESE difar acter s
in Figures 12[ errirdchee;] fiFhwareinsbfgureeldd hheombinagibabaiha’r et .

d d ilable_f i J I { " P
Stored and avai | AbFEZPSP RAFEREocolRghEAYE’ pbecrbafidi bl nbiehEheed .
15 is stored @ndfarapkabbemiog khechMrrgoubt degcappedctanctiionst. adnt lai s
String extondi ngeoECHRFPoRBgalAlnE )P UPPEBREARLE! nTBERREREAUEEY I T

string extending rsp orne ranc tree and 'woul d
continue until aptharavmed wWithegeriegd rradily denkuabedakromethetch. As

this is OCCUffi”gbobaedaeé%isaaekabercaﬁreghgaa9 bk LE1§RERNUOUS]Y
provi di ng new codes so as to store the strlngs at the _newl y created nodes.

Up to this point, the deNBipPc§S8r in¥entiRRr Bagf PERE dEEFVilPREs 1ngd ts
!liustrated i FbgéféﬁréaﬁeﬁﬁbdiﬁineecU&timg aﬁ bbeuaeswseasarfhxﬁetm@st

i nformation reéeceive t econpressaqr s _the outpu t strin
"ab" as describel® Fh¥Fé§§egFVFo ﬁFSuPSeﬁgngrrPQ?ﬁ E%gégg%fg S ,r?ﬁgeg
i nput character tranbpéalksimiletienchndi fbett kbaggesngayabgbarde srifdiinf ound
in the 30 conpre r _dictionaty ) BWNGh %t mlah 0 ¢l est
mat ch "ababa" isﬁggtggkgg%gi%gigé%e8é%§gggaa?}é®ﬂ%5%}g$%?§ EF?P%Qiﬁgg,
accordi ngly, beefirpar $d¢ trom skePenpif #P1irdd o4t &by nyeftdaFalincdiffa
255. It is appregi-gh@erf hePekicgure 12g that two additional strings 35 have

been stored in the conpressor dictionary 13 beyond the | ongest matched
string. These strings are represented

20

25

30

35



by nodes 256 and 257. - 38 -1 Thus, it is appreciated from
Fi gures 12a- 1®¢ dglvaddst he repeating character group string "abalmCT/Uses/12943
conpressed in two code synbols as indicated by reference nunerals 250 and
254. It is further appreciated that 5 if the repeating run r
group "ab" had been continued beyond Figure 12f for a | onger THIS SHEAR HAS BEEN
illustrated, only two code symbols would stilCLBZMSti|ized flor thREPLACE

——————ra————

conpression. It js seen, t | at._a fragnent of—the
repeating character§broup!E?Eé&géé){%?%&gg %gﬁ??%ggst%Qfe?ﬁyﬁgFéséPgtﬁe
conpl ete group "ab"stzdeam sofpirtricharadtem shgnadseyotogat karerheodut put
code indicated in Fi ed&f n ; wi |l be unrecognized
at the deconpressofk%#%%% t he fgidégg rggégggég%ﬁ%?§§et storing the string
"ababa". The unrecogni zed cHRragedeeanfhgfor Ftouirg8stohsysucfsdand stores
the string "ababa",.1as-aeddr asi dEL P efd XgSgd hgr i fPoN i D FLY 12b
and 12c. The unrecébnized 8Bde‘%roce%sing fir?ﬁe?ﬁ%%ggcons{g%césgéﬁg E%BP%%
t he 20 additional(9&%9ﬁﬁﬂf%ﬂrQW&E?YkEhgnated by reference nunerals 256 and

257 in Figure 12g. In Fi gurgesdhd opraseash 1klg 0fa bl 06KSe 4B Os 4672 62NShAHSEBer
stores and outputs the string "ababa" corrgsponding to the_ unrecogni zed
conpressed code 25%%%ﬂ§§ﬁe§fﬂﬁ?q9ﬁf ?cﬁ?§§4§tﬁ$ pFActRET ngtored) 8Eréngs
170- 175 constructs tanthestfmmes & ohatkd tenray -chatagse 2 Ha et hdrevdthhentil
exanpl e of Fi gutrdés a2 reerchEe]z%{iq{éEci]ém%tgﬁxsp{§vé &1% rﬂélgg used in the

unrecogni zed co pr ocessi ng 1's tT1 ng Whi €h was al ready stored
in the deconpressor dicti omeanspfar tHroetnpridse oroders bymell aheostateg
recovery cycle corraspondi N9 4o dd et dedd- md ¥tk 987 85 8o L PFoPREANELES BrliSam
2 and the index i is incremented nodul o 2 thereby sequentially and

repeat edl y providiﬂf compressed code signals,

means for entering into said storage means,

15 interleaved with said character-by-character match,
extended strings comprising a previously matched string
corresponding to a last provided code signal extended
by each data character signal, in turn, as each data
character signal is matched, and

20 means for assigning respective code signals to
said extended strings.

2. The apparatus of Claim 1 wherein said means for
entering is operative to enter one of said extended

25 strings into said storage means as each said data
character signal is matched and before a next data
character signal is matched.

3. The apparatus of Claim 2 wherein said
30 preadetermined match comprises the longest match between
said stream of data character signals and said stored
strings,
said means for providing being operative for
providing the code signal associated with said longest
15 match so as to provide said stream of compressed code

signals.
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35 the characters "ab" for the blocks 163 and 172 so as to construct the
strings ill in Figure 12b-12f. It is further appreci he
f or egoi ng PRl 90 g6 0doas PERRISHTESM
PCT/ US97/ 12943 - 39 - 1 that the unrecogni zed4gode processing constructs
and recovers the appropriate strings when the repeating character or
repeating charlactésr grouptheimpsaratusnafedlbymainvsanechi sgighapaairatugr
by runmni ng out of_j a h termnate.with a fragnent
of the nulti-char°d¥§¥@%$oﬁ€ %?S%Sé%%%%tgﬁégg g?ésfgin%rSﬁﬁlﬁﬁn GPSRRCRiVRe
conpl ete group. Faongest Itatdivedistutngat beingnieberoineéd thesaignat ching
character "x" an L | tegt ) i it ragnent _of 10 the
repeating grou.(%$1 |%E%%é]é%?%%§'r%nggﬁggﬁ&ﬁgﬂcp%eg??géﬁ% ¥ *aPr§ViPHE
repeating grodg "e¥rlehen the repeating group run termnates with the
conpl ete group "ab", the éEKHCHEé@&@hQPﬁrﬁéteﬂéda§€r£§§d$£¥n§pﬂé@?h356d

15 It 1s a te

from the above-gi ven descri ptjons. pr eci romthe
foregoing that the VG -RERAEIHRECYS bR ebithgspidstagbsproeideds crdar spenay

for the strings sﬁéxﬁgiﬂfb¢fuhaﬁgﬁigﬁwdi§5e¢§o@gdc¢§1ép that the prefixes
of the stored strings also exist_in the dictjonarjes. 20 The above
enbodi nents conpress a st?i&é;%§a¥?ﬁﬁﬁrﬁg¥égéﬂﬁ?§i?§rm%Fﬁha?g?uTﬁéngnbﬁt
data charact ' cenidecwumsnanyysleevihtphaded basvhgualy satcReposdrigg
character bit si r : t a e n textual . such
as ASCI| charact étsesj:f ver-an L2§ b%P%%gﬁe%&gué%eétséﬁﬁ‘geg‘igggcﬁg?éé?e?uﬁgﬁ I
al phabet of eightsS®#d eurrent «¢%cleahe input data can al so be binary

characters over the two character binary al phabet 1 and O having a one-bit
si zed character. _This type of aJPhabet for exanple, in bit mapped

ccurs,
images. It is 30 Jppreci att IPRATIERE A ﬁgf%mcén“%$§%i%e5%bﬁpWE§§édf°r

15 searching and said means for entering are operative so
* that when a partial string W and a data character signal
- C are matched, cne of said extended strings is entered
into said storage means with said data character signal
C as an extension character of a string PW where P is

20 said previously matched string and W is in the process
of being matched in said current cycle.

6. The apparatus of Claim 4 wherein said means for
searching is operative for determining when said longest
25 match has been achieved by determining when a data
character signal fails to match during said
character-by~character match,
said means for searching includes means for
beginning a next string matching cycle with said data
30 character signal that failed tc match.

7. The apparatus of Claim 1 further including means

for initializing said storage means with all single
character strings with respective codes associated

o

THIS SHEET HAS BEEN

This Sheet Has Been Replaced
REPLACED

AR




over the two character al phabet of the underlying binary data. The above
enbodi nents wewosdasssr i bed in terns of searching for the | ongestcrraiozhaodst
is appreciated 35 that the imediate and i nterl eaved updating process of
the present invention can also be used in systdms +that match strings that
are not necessarily the Iongest. - WD 98/ 04045

PCT/ US97/ 12943 1 4%-- 1  The apppratysygfy &diddied dhwnthere idsoed g cri bed

enbodihents of the inventiagafBy fbe buRipeRANRd d Bt MR cdF WBSEa1
software or a conbi nati on tgsr of . gis%retg §ircuLt conponents nmay Tteadily
ngofhé Va

be inpl enented 5 fBRCBBPFEF t55E FdTE i drcannnesRed |fomn

sof tware enbodi nenfolappiagr aat éndicagpbac eha® Sudh AJERATEEN ddr tddidinal
readily generatgd fromthe abgpve;described flow charts, may be utilized.
Wil e the inven iohshgglﬁgeﬂu§8§EVi588 inits 10 preferred enbodiments, it
is to be understood that theansr dsrwenteriage shadn dazad ciagawdeds Afgnal

description rather_than ;ML at | h changes be made within
t he purvi ew of thee%%%%%géﬁgérg%%sh§gtggngdg%gFtﬁﬁgofFggﬁtﬁ§Qﬁ%ﬁ?sﬂﬁﬁﬁ§
and spirit of the asvansinglenchasackepr sddngaspects. 20 25 30 35 -41-

CLAI M5 1. Dat a conpression apparatus (10) for conpressing a stream of

data characters (11) into a stream of conpressed codes (12), CHARACTERI ZED
by 10 9. The apparatus of Claim 8 wherein said indication

comprises a zero code.

10. The apparatus of Claim 4 wherein said strings
are stored in said storage means in a linked tree
15 structure and said stream of data character signals
includes a repeating character string comprised of a
repeating character,
said apparatus being operative for compressing
sald repeating character string in two compressed code
20 signals irrespective of the length thereof.

1. The apparatus of Claim 10 wherein
said previcusly matched string comprises said
repeating character,

25 said means for searching is operative to match
said repeating character string on a path through said
tree, and

said means for entering is operative to anter
said extended strings on said path,

30 thereby compressing said repeating character
string in two compressed code signals irrespective of
the length thereof.
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storage neans (13) for storing strings of data 5 characters, each said
string havi g eg/g4a5 (16) associated therewith, nmeans (103- 1%1,/{,@'7/12943
searching said stream of data characters by conparing said streamto said
stored strings to performa character-by-charag er match 10 therewith unti
a predeterm ned match is determ-ned, neans (106) for outputting the code

associ ated with sagd predeher appatatalscl STlasnd 6 NHAHAS 31 %Eﬁ%&l%f
conpr €ssed codes, _nean @%&7 112a%1§k far entering ext ended strings
the o] [

OTERe 18n A “of “SERT e Mea N Fed s & ilngk ek trgee

into said storage?ffans,
interleaved with sheuctucei agdoBatide sttaean e datter thafratdied signals

char act er - by- char tch i.d.ext trings conpri.sing the

previ ously natchegﬁéﬁpF%g %pFF gsgﬁﬁéngﬂﬁggfﬁgriggpuguﬁ ﬁPédqﬁﬂﬂgié%¥%nded

3y 20 eachddaLé chfracgspﬁgtmnguchprastgacHr@ama character is ga;ched t .
uring said character-by- a st.ring being entere

for each said data charac%e?angkghgggggrFﬁgggéggggggﬁggtgPFb 9@@5@%@9@ﬁ

mat ch, the enteri A§ldf remedtirgesbagasterngsoupt etrdagedn2fwni chmpessed

mat ching of said dagha shahasteigrabpeakdveharagher 1Ry s¢ha Leatch
continuing until said prgdeterninedpnatch i's deterninggg gﬁggﬁggﬁs (112)
for assigning respective codes to said extended strings. 30 2. The

apparatus of ©bai m31 wher @he aapdratassofocladmeni2nghege@gperati ve to enter

one of said extended stri i i? tor ans ,as each said data
character is matched and E§?8r§5§V§§g 1 aFg%%ﬁﬁggEFEFn@SCPEPﬁzﬁeﬁe&?id
41a - 1 3. Kheeappasapbsréﬁteragﬁpgpmherein sai d predetermnm ned match
comprises the |ongest matghBehyaRs #8rdsshieAThg 193b3.UR136! 805 ndtdynsal d
stored strings,
g said repeating character group string on a path through
15 said tree, and
said means for entering is operative to enter
said extended strings on said path,
thereby compressing said repeating character
group string in two compressed code signals irrespective

20 of the length thereof,

25
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said neans for outputting being operative for 5 outputting the code

associ at ed w ™o sgi#a844 ongest match so as to provide sai d streanrPof/US97/12943
conpressed codes. 10 20 25 30 35 AMENDED SHEET_ 4¢-_42 1 4. The
apparatus of Claim 3 wherein said apparatus operates in successive string

mat chi ng cycl es, ; resgecti ve phengesledmied o r&r&%élﬁwgfé’xetgéaéﬂf?nigna.
sai d successive cycles, a current cycle fol|low ng a previous cycle, “said
previ olsly matched StFead P& fempseSfad rdmisd Prahs arewided by ta datal

| ast provided code bgihpgeRigY dedddhsidiedd vy QVidduS 4y A€ a3 d:fharac%er :
character-by-character match occurring in 10 said current cycle wth said

previ ously matched §LPPAShesAdde2PERFEFIS) WPATR o fnf Fadnirering said

during said currentseyeh®. of. data cﬁm&aauﬁywaﬂ#héﬁs<3ﬁ8dﬂ§£ﬂﬁkgé%éhﬁaﬁﬁ
means for 15 searching_and gald neaH% fQqQr enterlgg are operative so that

when a partial strifg™#F&Rges G268 & ar COMFASE%r e nat ched, one of
said extended strings is ensépedgenmeana doxt Gtagd ne T iWgd SRidhwiat a

character signal C a n ensgi har er__qf, a,string PWwhere P.is 20

sai d previously natEﬁ@%aggé%ngi ﬁgl igggh Fﬁgdp SESES %PW&Q?u?rﬁHQﬁmiquFl
said current cycle.a8sociatedhgheppad&hys of Caim4 wherein said means for
searching is opggative for ggggﬁnkg%ngcwgggigglgathgggkﬁ thﬁﬁﬁgﬁn- been

achi eved by determ ning when a data character “sign uring
sai d charact er - by- cRBFReREr FRAEdHed compressed code sigmadr |fp s gl qrsming

for searching inclugestpeagsAten said storage means corresponding to said
current received compressed code signal so as to recover
the data character signals thereof,

15 means for entering into said storage means,
extended strings comprising a previously recovered string
corresponding to a previously received compressed code
signal extended by each data character signal, in turn,
of said recovered string corresponding to said current

20 received compressed code signal,

means for assigning respective code signals to
said extended strings,

further means for entering into said storage
means, further extended strings in response to receiving

25 an unrecognized compressed code signal, said further
extended strings comprising said previously recovered
string corresponding to said previously received
compressed code signal extended by each data character
signal, in turn, of said previously recovered string,

30 sequentially and repeatedly, until a string corresponding
to said unrecognized compressed code signal is entered,

means for assigning respective code signals to
said further extended strings, and
means for providing the data character signals
35 of said string corresponding to said unrecognized

compressed code signal so as to recover said data

HIS SHEET HAS BEEN
en Replaced R EPLACED
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begi nning a next string matching cycle wth said data 30 character signal

that fail edwoosmpgh. [err]) 7. The apparatus of Claim JPf.f'J:‘}{JQ:}ﬁrzs:
i ncluding means[err] for initializing said storage neans with all sinigle

character strings with respective codes asseciddt ed 35 therew th. - 43--
18. The apparatus of Claim 1 further including neans for outputting a
data character 'si bhal encBlifit 8PeArRERSt RE Flladm {lidnwhiemednc sapike €ued Hedl M

folloﬁﬁng an i ndigaidhontbhabnsdeh dat apebak €l Si i.s .bein ;
out put, and neans for enteri%g sa? datapchargg%efozi%ﬁgFrgﬁgo&ﬁﬁgr%&ﬂQN
the first tinme intt°%a78 BedRdge2Adhhicnalacxtagledchirdoger compiriginkd 9.

The apparatus of £ adns8ryhgr ebpredbenindiyCab OBk r de.. 10
The appar at us of C]$Jn14rmh@r inrsaFdnstr?BgE g?éasFg?gsséﬁggéﬁdggﬁgFgégé%
neans in a |inRed? %eSE%n%frEEFEP%raﬁatea 8dsbreshrofatiat ahakiacseresignals

i ncl udes a repeatéfigsabdrpréefosslyngecoupreacdtoing, r eReaLERY EH@&QCEer’
sai d apparatus bej erative.fo ressing saiq repeating character
string in two coﬁ%&ggggdégo%% %r?é?fgggnf r?fgngEgp§EF40§5o#thé“Féﬁgﬁh
t hereof . 11. Ithiee apphd as tierage Chaans 10sathér rimbeai Be PreVequshytBBEgREd
string conprises $ahet € | , said neans for
searching is Q erativeftﬁgﬁ%%gﬁ gg?%§§%géa?% aa%ﬁa?a%Pﬁ}sg??iﬁagan a path
t hr ough said_f exﬁr%NkE%%}ﬂ reePeered eRFERgmng is operative to enter said
extended strings an said Redfls B9 assigning! Psggéé{ £OOPLESS DY -5l d oo
cod ferr] Bec FvEof

repeating character, string. |1, 1Yo, SOIPLERSSE. F05C e

16. The apparatus of Claim 15 wherein said apparatus
15 operates in successive string recovery cycles, respective
strings being recovered in said successive cycles, a
current cycle following a previous cycle,
said previously recovered string being recovered
in said previous cycle with said previously received
20 compressed code signal being received in said previous
cycle,
sald current received compressed code signal
being received during said current cycle, and
said means for entering being operative for
25 entering said extended strings into said storage means
during said current cycle,.

17. The app&ratus of Claim 16 wherein said
unrecognized compressed code signal is received during

30 said current cycle,

said further means for entering being operative

for entering said further extended strings and said
additional extended strings into said storage means during
said current cycle. |

35
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the |l ength thereof. - 44 - 1 12. The apparatus of Caim4 wherein
said strings yap9gsdered in said storage neans in a |linked treePETMSET A3
and said stream of data character[err] includesim +epeating character group
string conprised 5 of a repeating character group, said apparatus being
operative for conpissing §3Eda@m@ﬁﬂﬁug]qﬂuﬁk&ﬂmrTgriumtwéfiﬂgciadgmg means

conpressed codes|e I | f ereof. .10 3., The
apparatus of d ai WF%% whé$§?§&%§¥§ %Fg$?§ﬁg %%QP5¥%§WKF£%n§fP§E§ sai d
repeati ng char act echgraggers sitd imgsns iftdy Q&&Hﬁﬂﬂnup|cndqxﬂéﬂéaeiiﬁedatch
sai d repeating chaggglgf1@houp string on a path through 15 said tree, and

said nmeans for entering is operative to enter said extended strings on said
pat h, thereby cénpre55|ng sai d repeating character group string in two

conpressed code [egr] irresBeabbY@a2dsobst @Aﬁnguh»;h%%%q{ d3s‘5tr am 4°°
1 .14. Dat a decqnpr essi on gppar.at us 4Q) for receiving a Stieam o

conpr essed codes (2%) cpPBYPEEEInFOFCdSLS Aesdadese gpsiadia/character eam
of data char aCterSm@ﬁhd aapahabwr@aereat ife@nf qrom%@%%r lag i?réiﬂcaséf&?%

g data characters ?‘ frgn}: gtrggm Oi aggresiaﬁ coci_es CHARACTER
y storage means (#3778 8 8rF §refr-Fhgs ot ArgcFeceivagh sai d
string having &0code (46) aasdcdatedchheretietrhsignal in uncompressed form
corresponding to a data character signal encountered
for the first time by said data compressor in said stream
of data character signals,
said apparatus further including,
15 means for entering said data character signal
received in uncompressed form into saild storage means
as a single character string, and
means for outputting said data character signal
received in uncompressed form,
20
20, The apparatus of Claim 19 wherein said indication
comprilises a zero code.

21, The apparatus of Claim 17 wherein

25 said stream of data character signals includes
a repeating character string comprised of a repeating
character, said data compressor being operative for
compressing said repeating character string into two
consecutive compressed code signals, and

30 sald strings are stored in said storage means
in a linked tree structure,
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10 means (132-137, 144, 145) for accessing said storage neans with-

a current reggioyehsgonpressed code for recovering a string frpg*&@&ﬁngﬁ
storage neans corresponding to said current received conpressed code SO as

to recover the data characters thereof, 15 ~ 48 -  neans (140-146) for

entering into paig,storage, neans, _extended . strin conprising the

previ ously recove?%ﬂ striﬁ%ec%P %gﬁgﬁaiﬁg anfﬂeggrggﬁ58§Py recei ved
conpressed code extended bgyidaphedédastharaceéved rompiressel Toidd sagRwar ed
string correspondi i ng &2 ceiyed ¢ ressed code,. means
(141) for assigni%g %gﬁégtgvgy%%geéftgaggigcégggﬁgé esFPPH§§§5F€rFﬁae
means (160-166) fokgealerang sald varecogniagd ceapsesbedt hedeexstignaad

strings (163) 3n d&wponses 22 LacsRachy! 841aNHALEERUNLzed gonpLessed cade,

said further extended strings conprising said previously re Saanile
correspondi ng to ¥ PFevi ously recei ved conpressed code extended by each

data character, in turn, 9$iéab9e9£8N§P¥Sf¥c6689¥8rggrgﬁéi98m8§gggggggghly

and 30 repeatedly, untll a strlng corresponding to sal nrecogni ze
conpressed code i<°REARIRY, hatdsteicdndierldssrghnagcpespepondéngoties to

Sﬁi d furtheg 57ex]EeErmlx_azg shrecgsnized cempsesded) cb_eg BLgMAd E_Smbg@sgét daid g
characters | N C (0] | to sal unrecogni ze conpr esse
DBt CLig S EALFEP TP s

code so as to recover: - 46 - 15. The
apparatus of Caim 14 wheszid suévdiduslherecevasefiostenhgr iBgstoregepati ve

for entering intqagggghséggggghngggé,t@ggit%ggal extended strings

conprising said string correspondi ng o sai unrecognized conpressed 5 code
[err] further extended b§2ifieneaR% tParerteringrapdosasdi fuptheroushps

recovered string fdf dntdringtite operdeivel tsai dnaddihboah aexhepdad

Strings are qulergd L0l 531, SL0TA00 JERRS, 37 o RUPSL, DEhg augT Lo the

on said path.

23. The apparatus of Claim 17 wherein
said stream of data character signals includes
20 a repeating character group string comprised of a
repeating character group, said data compressor being
operative for compressing said repeating character group
string into two consecutive compressed code signals,
and
25 said strings are stored in said storage means
in a linked tree structure.
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nunber of data character signals conprising said 10 previously recovered
string, [errWoesiewe4s or assi gni ng respective code[err] to sai dPEHYSITEAH
extended strings. 16. The appar at us of Clah 15 wherei n said apparat us
15 operates in successive string recovery cycles, respective strings being
recovered in saad ggCCESSi¥QeCX§E§?atﬁscé@r%ﬂ%iﬁy%beQ%?Hé¥M ng a previous
cycle, said previofisty recoVéred string being recovered in said previous
cycle with said previousl ysatdeprverip@sdynpessdsdd coapressiedeiadr reicmakd
in said previous cygl Ld_c t egeiwe d j I i ng
recei ved during sa émgﬁﬁggétac§%%g? g%dggéﬁdgﬁggggEggﬁgeSﬁﬁgiﬁ§%§§iﬁ§ga
operative for 25 esmtenahg safdsakfenocacsoniligd icompresgisedscodsyes anmls
during said cur %enéoﬁéﬂge 1. secondN8raBRHALLR 5@k LT MR S SR
unrecogni zed conpressed code [errr] is received during 30 sard current
cycle, said furthesl@Bah8rfor entering being operative for entering said

further extended strings agdsgapgedddublgnakoovesaded st nNdonipHibexidh
storage neans during said current ¢ 18. he appar at us_ of

cle. 35 -47-
O aim 14 further iﬁepaatﬁ@gneaﬁgaFe¥ri HFPRR ARAn§adsi §LELBRaGeTRESRONA ity
all single charactes shii@ngirvtbinieefcebnpecssdds cageoeighad daipeuidds 5

19 e R oL LY HUEREL: 8, 8! peamp compr sssed cotes
indication that such a dat aatfaprevépupéyr Fecoveeedgstedegvéd, stored on
a path through said tree, and
salid means for entering and said further means
for entering are operative for entering said further
15 extended strings and said additional extended strings

on saild path.
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10 said data character [err] in unconpressed form corresponding to
a data charwetsfosagssgnal encountered for the first time by sapgrAfib®izess
conpressor in said stream of data character signal , said apparatus further
i ncluding, 15 means for entering saixP data character [err]
received in uncorrpressed forminto said storage neans as a single character
string, and mdang>for ouPﬁG@tﬁﬁ@Qﬂﬁq?%ﬁﬂQ¥<ﬁﬂﬂ%ﬁﬁ%ﬂs[iqw]reqnx#xnmglm

unconpressed for gx r38m2@f datéT@%dﬁﬂéﬂéﬁl#iéﬂaﬁgf¥ﬂ8ﬁ“%‘@¥¥ S@id
i ndi cation conprises a zero code. The appar at us of a| m 17 wherein

25 sai dCOMPESHSEL FaE8 éljrgr“éétser AL S4g udes a repeating

character string COWDFI Sﬁl@a@zfs F JrepRAd iINg i AW Htreuit & Hdldh KUy &FSOr
bei ng operatiye for §S|ng sai d repeating character string into two

consecutive ¢ rrpF@Q?e& Perr] , and 30 said strings are
stored in said storage nsansaige acanskebrt seREingiGtifgs of dha 1 22

The apparatus of | 1 re| sali vii pusly, recei ved conpressed caode
[err] conprises 5913???'5%&\/@ %dn%ea%h? %é‘dooe‘%#é’sgsg‘& %

sai d unrecogni zedseonpaesdedthm@@i[t@r.r] 5 ccnprises a second of sai d
consecutive conpressed codgahgr rfljrsglc@egrsq\ﬁlgo%sdi)e 5}%%‘5?{ eqne%tnrl NG GONpri ses

sai d repeatlng character and said string corres 6] sal unrecognlzed
conpressed cole SrFRgRtcERFLLYES §&W@rf@5@@p Qkaﬂﬂﬁhuﬁqn retqavey, irsai d

previously recovgrgdrghyi @Qohxs saliQr et gl Rdldhd WYL A iy &8 ANg said

means for entering and said further nmeans for entering are operatlv or
entering sai d fufFBRERDNES FELLENVEE] COMPFRFS e FoES FigIdlt iSha&s &8 arrayer

strings the data character signals thereof,
means for entering into said storage means,

15 extended strings comprising a previously recovered string
corresponding to a previously received compressed code
signal extended by each data character signal, in turn,
of said recovered string corresponding to said current
received compressed code signal,

20 further means for entering into said storage
means, further extended strings in response to receiving
an unrecognized compressed code signal,

means for assigning respective code signals to
saild extended strings and to said further extended

25 strings,

said further means for entering being operative
for generating said further extended strings in accordance
with saild previously recovered string, the number of
data character signals comprising said previously

30 recovered string, said unrecognized compressed code signal
and said code signals beling assigned to said further
extanded strings, one of said further extended strings
being a string corresponding to said unrecognized
compressed code signal, and

35 means for providing the data character signals
of said string corresponding to said unrecognized

compressed code signal so as to recover said data
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on said path. 23. The apparatus of Caim 17 wherein said stream of data
char act er s[ er WO Pa3ih4sdes 20 a repeati ng character group string BOWUSIBERE430f
a repeating character group, said data conpressor being operative for
conpressing said repeating character group. strihy +nto two consecutive
conpressed code[err], and 25 ; said strings are stog Lo.said
storage neans in‘a AR te s kgraks ure. 30 35 - 49 - 1| 2KIS SHEET HAS BEEN
apparafus of C aim 23 wherein said previously received conpfessedRgagrp
[err] conmprises a first of said consecutive conpressed code

unr ecogni zed conpreffed code® [FA%] TPRRFHIF LR e blednto bf comPessAsacat Steean

conpressed codes [elgf gl dHHSust YSi@r@é)l@r?ﬁltcSté'QQrQQHpéfseémﬁ‘?bgsed

repeati ng character up and said string, corresponding to said
unr ecogni zed con% §g iﬂuﬂ°%ﬁﬁ&é&%%s 10 sai d repeating character

group string, said prEVIOuﬁsmdrﬂngmﬁﬁxhﬁﬁsldtldét&téﬁéib@@eﬂ 9a&hat Br 9Hah
said tree, and said eans faor enterln Xﬁ%ﬂgirther nmeans for entering

are operative for efte 3ﬁf5§ﬂﬁfﬁknﬁﬁl F 3R <2 arndeapdonal
addi ti onal extendedas&mcn;taﬁ1bhnnhwtnﬁk 20 25 30 35

searching said stream of data character signals
0 by comparing said stream to said stored strings to perform
a character-by-character match therewith until a

predetermined match is determined,
providing the code signal assoctated with said
predetermined match so as to provide said stream of
15 compressed code signals,
entering into said storage means, interleaved
with said character-by-character match, extended strings
comprising a previously matched string corresponding
to a last provided code signal extended by each data
20 character signal, in turn, as each data character signal
is matched, and
assigning respective code signals to said extended
strings. '

25 27. The method of Claim 2§ wherein said entering
step includes entering one of said extended strings into
said storage means as each said data character signal
is matched and before a next data character signal is
matched.

30
28. The method of Claim 27 wherein said predetermined
match comprises the longest match between said stream
of data character signals and said stored strings,

said providing step comprises providing the code

35 signal associated with said longest match so as to provide

sald stream of compressed code signals,
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- 50 - 1 25. The apparatus of claim 14 wherein said further means for

entering isvapedgbhyve for generating said further extended Stl;(.;f}g§97h'3943
accordance wth said previously recovered string, the nunber at a

characters 5 conprising said preV|oust recoveéred string, said unrecogni zed

conpressed code and said codes b si.gned _to said further extended
strings, one o} sé&fd furtRBP @?FEH@ F}ggﬁszﬁel%§§¥¥ﬂr§4ﬁ?(ﬂﬁqhgﬁmmdlng

to said unrecognlapdraeaﬁr@asedceedeivaostaia@ MatchindPlkyclds, resphddla

corpyesel on e Nog (L0 €. Bk oEORRL S8k 0.2 ol (g St er

strings of data chacaesemselnyeﬂesaga Bumrans C¥3Ile Q@Mldﬁmdbsargﬂgyﬂﬁugr@
a code (16) as 00|at d theremnth searching (103-105) said stream of data
characters by o § (104) sald streamto said stored strings to perform
a character-by- character satdhpresiowstly matcheﬁOsarpm@deb&w@lmaidnﬁmm i's

det er m ned, OUtpuihl Qiélpgévagﬁscggglas%QEhagsgd“ﬁ%. r%vqg%gpt?; rgignal

match so as to provi e sa tream conpresse enteri
112-114) extendedbgtngnggovﬁ@édlgnsaﬂédsﬁspaQQUﬁesmslenhe entry of said

extended strings being Inbsﬁ.heaua@a%bb-bbecﬁa&%t'&& fila tlche odaha Ll agf er s
of said character-bg@character ﬁgglaaéﬁten ed strings conprisi'ng the

previously naf 8hed? rFHﬁrEBFrﬁgﬁ ﬁdV ePF&§@°§§@§Uﬂ?§§h@@dété%m§hded

by 20 each data chaiagt extehfetluby, sasdeaabhdahgackanzaiter $idMaQhediring
during said charactgr-bxrrggga ggienatch

30. The method of Claim 29 wherein said searching
15 and saild entering steps are performed so that when a
partial string W and a data character signal C are
matched, one of said extended strings is entared into
said storage means with said data character signal C
as an extension character of a string PW where P is said
20 previously matched string and W is in the process of
being matched in said current cycle.

31. The method of Claim 29 wherein sald searching
step includes determining when saild longest match has
25 been achieved by determining when a data character signal
fails to match during said character-by-character match,
sald searching step including beginning a next
string matching cycle with said data character signal
that failed to match,

30
32. The method of Claim 26 further including
initializing said storage means with all single character
strings with respective codes associated therewith.

35

mesE ) I i

" REPLACTE:




one extended string being entered for each said data character matched

during said cQiay@ids6ds- by-character match, the entering of said mxesdadyas
strings interleaved 25 with the matching of said data characters of said

character-by-character match continuing until sd&3 predeterm ned match is
determ ned, and assigning (112) respective codes to said extended strings.
30 27. The nmet hdd.of C &hm 2ethedr @ifn Faiidh ekft dhimthest éma nod ides
enterihg one of said extendgdeshikRgs ANt S S age AL ai
data character is matched ang Eeforegééhext dat a cqgracter |§:§h€§ﬁ§k§§%g
- 5la - 1 28. foRethet Aogssf témg M rngeaRsassed dosmedstldrow dtegl amt ch

conprises the | ongeshaieheloRetwaeN s&dhd oS da8AMfa it £ rg’#% erSs 3 pai d
stored strings, said outputting step conprises oufbutting%?he ]'8§%e g
associated wi th Sai 8uFBH§esBNfatch so as to provi de said stream of

conpressed codes. 10 15 20 2a+3@i3g saiagdata_éﬂg%a%ﬁ%ﬁpgi%%a ABAfhtered
es,

wherein said nethod operates. in successive string matching cycl; .
respective | ongest RAFchB8 SiFShgliBe AGtQesais sE@rages FednFuasessisiagle
cycles, a current cysheatekkowrp@nag.previous 5 cycle, said previously
mat ched string being matched

10 34. The method of Claim 33 wherein said indication

comprises a zero code.

35. The method of Claim 29 wherein said storing step
comprises storing said strings in said storage means
15 in a linked tree structure,
said stream of data character signals including
a repeating character string comprised of a repeating
character,
said method compressing said repeating character
20 string in two compressed code signals irrespective of
the length thereof.

36, The method of Claim 35 wherein
said previously matched string comprises said
25 repeating character,
said searching step includes matching said
repeating character string on a path through said tree,
and
said entering step includes entering said
30 extended strings on said path,
thereaby compressing said repeating character
string in two compressed code signals irrespective of
the length thereof.
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in said previous cycle with said | ast provided code[err] being provided in"
sai d previ oyg dg said character-by-character match occur&gﬁgj9aq%g3sald
current cycle mnt sald previ ously nat ched strlng bei ng extended by said

each data character signal during said current4cycle 30. The net hod of

Claim 29 wherein said searchln% 15 an |d e erlng steps are perfornmed so
that when a paftiaf -stri ng™® BREN2948EaCdRdMa e pdain cadde skatdne, star

of sai"d extended §&ﬁp99§ebsseatﬁh@dsaﬂﬁos&@ﬁ@g&tQhﬁ%%i@ﬁ%@%ﬂﬂdé1ﬁéﬁﬂ&data
character signal C as Zn ext ensi on hargpter of a string PWwhere P is said

20 previously nat&Re® $LPKRE SRE2WPFESUFRUERe process of being matched in

said current cycle. 31. saidhetpeahodfofia€haicha?zdcteer @ignadigl isRAnL
step includes determnin

d | h 25 ,bee hi d
det er ni ni ng when & Hﬁ?ﬁagﬁﬁsaEPE%gg 8%2 %%%PISEanﬁgEEWPEGFF ng i

char act er - by- char aepeatimycbhasactesegrolpag step including beginning a

next string matching cycl it i hagten ;g nal at failed.to
mat ch. 30 32. The netﬁggﬁoﬁegﬁggnggégf%?%ﬁ Fﬁéﬁ eﬁﬁa%[@ﬁ'f aracter
initializing sai dgsbopagérisgndnuwtwl gbrpresged chdeastignadis ilngespadtive

respective codes S a Rergui-bie 35 - 53-1 33 The net hod
of Claim 26 furthg? ?§%|E§QHE out uttlng a data character signal

encountered fdP the first tine in unconpressed formfollow ng an indication

that such a data gharact epnsi geaholds olfeicn@aim Qut plereamd entering said data

character [err] encountered,for th? first tlﬁ% |nt iaid st or gge neans, as a
singl e character string. said previously mat ng comprises said

repeating character group,
sald searching step includes matching said
15 repeating character group string on a path through said
tree, and
said entering step includes entering said
extended strings on said path,
thereby compressing said repeating character
20 group string in two compressed code signals irrespective
of the length thereof.

25
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10 34. The nethod of C aim 33 wherein said indication conprises a zero
code. 35. w0 beo40%t hod of Claim 29 wherein said storing stepp&piRs"Ses
storing said strings in said storage neans 15 in a linked tree structure,
said stream of data character [err] includirg5& ~epeating character string
conprised of a repeating character, said nethod conpressing said repeating
character 20 stfln@9+n tmoAc®apae@sedmpgessﬁenrhethoﬂsﬁe&tmetaﬁvﬂdyiéfﬁuﬁéhm

t her eof . 36. e i.d ,previously matched
string conprises sald 59€%%%%?F%85§L§? ??g% bggﬁ dgga%gh né ol THARFEE

mat ching sai d repe@@§PRnehee ateer SEFeag of dapathhahaough sagdaﬂmeesawad
sai.d entering stepmmdidades-SnLLh§0ss2hds8Pagt! 8@d89t§.t Fh29s 21 saled g

t her eby conpregflgg said repeating character string rn two CoOnpres
[err] irrespect Am t$lig eﬁﬁ?ﬁfﬁr@? eppmpressed EOds7Signal$heCl¢mplrd.($mi;

Cl ai m 29 wherein said storifgrsd§Ps €OIRGE SE8 §B€£'@Ha§§%‘g §t§&89§1 nygai d
storage neans in a linked tree structure, _said streamo 8

characteres[err] iSRAARABGISATS r FRER | %@iéhﬁFﬁéPErthéBﬁ stﬁcdg ségpailsed
of a repeating chasdcfagedWhesa ket hod conpressing said repeating
character group string in two co ressg$ codes err%ﬁlrres ective of the

|l ength thereof. 10 38. AR DotL bf THAFATS 7 RARS e htRBaR dSBFESRSUS| v
mat ched strlngCbommheixad%namnmﬁﬁﬁadr@p@hasagnel fobupecovering a string

from said storage means corresponding to said current
received compressed code signal so as to recover the
data character signals thereof,

entering into said storage means, extended strings

—

w

comprising a previously recovered string corresponding
to a previously received compressed code signal extended
by each data character signal, in turn, of said recovered
string corresponding to said current received compressed
code signal,
20 assigning respective code signals to -zaid extended
strings,
further entering into said storage means, further
extended strings in response to receiving an unreccgnized
compressed code signal, said further extended strings
25 comprising said previously recovered string corresponding
to said previously received compressed code signal
extended by each data character signal, in turn, of said
previously recovered string, sequentially and repeatedly,
until a string corresponding to said unrecognized
30  compressed code signal is entered,
assigning respective code signals to said further
extended strings, and
providing the data character signals of said
string corresponding to said unrecognized compressed

35 code signal so as to recover said data character signals.
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sai d searching step includes matching said 15 repeating character group

string on qygqgmﬂkgrough said tree, and said entering step i E&Hg95n243
entering said extended strings on said path, thereby conpressing sal

repeating character 20 group string |n t wo coﬁﬁressed codes [err]
i rrespective of the length thereof 39. A dat a
deconpr essi on hethod (Fi gire ®§thed Péc@ﬂé#ﬁg3§ §bﬁ§&ﬁﬂoﬁaddnﬁme§$ed codes

(132) “provided byem:éiaiRgCOtRpCEROLUBEEPEASEYENEO 1ALl LG
characters, said %ﬁghod@?ecoverlnggéa strean1gfldata a?h%%gggé% mﬁf@?y

from sai d stream?fdtbhpratseyted SﬁfﬁﬁﬁﬁTERFEEésbyg-SgﬁdrsﬁQIQSrlngs of

data characters |¢bﬁf@§ﬁ@@dﬂﬁg%o(§31d eAebcoghd zahr baﬂg‘i‘@‘%j%% %oﬁ%délgﬁﬁl

ted th th 132-137, 1
ot orage means i HFEEREF rentepded: §E0ERs BHLesEhAEatb T of LEBedbePrngaAd
string from sai d steviboesheanscoveredpshrding,t Onsauénguchenl kegam¥ed
ntering (140- 14t | Sra SFEELFERb CeRELAICITLERIRES aFF: tersptnipng the

entering (140-146 R0 sal Oorage neans
previously recoveﬁ%kﬂs$¢¢m@9%om¢@8®on§$h@ nembée petngoaghylr eeetvednumber

conpressed code ex¢ eqnged @yafggpegag ﬁgggagéﬁésiggﬂérggéggggggéd égcovered

string corresponding to salrd current fecelve gi gni ng
(141) respectiVe &erR%eTeA saFBie%t ended strings, further entering (160-166)

into said storage neans, és@iéwinQX£e§§eat§&élasae(éﬁéhaig essegﬂae to 25
receiving an unre (ggg%égd ngé $ % odfﬂ sald furthér extended strings
conprising said pt P r %

41, The method of Claim 40 wherein said method
15 operates in successive string recovery cycles, respective
strings being recovered in said successive cycles, a
current cycle following a previous cycle,
said previously recovered string being recovered
in said previous cycle with said previously received
20 compressed code signal being received in said previous
cycle,
said current received compressed code signal
being received during said current cycle, and
said entering step comprises entering said
25 extended strings into said storage means during said
current cycle.

42. The method of Claim 41 wherein said unreccgnized
compressed code signal is received during said current
30 cycle,

said further entering step including entering
said further extended strings and said additional extended
strings into said storage means during said current cycle.

35 43, The method of Claim 39 further including
initializing said storage means with all single character
strings with respective codes assoclated therewith.
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string corresponding to said previously received conpressed code extended
by each data ehapsedoes, in turn, of said previously recovered sSPCIU$97/12943
sequentially and 30 repeatedly, until a string corresponding to said

unr ecogni zed conpressed code is entered, assignixig<162) respective codes
to said further extended strings, "and providing g;67) the data characters
of said string 3% céfrespondhagneshedi gfufr iz et erEipr Ssxlel st o fis

to recover said dat@a,pBacackar 8oli8r ignal40 inclube® G GhddAtBB%1gnal
wherein said further entering step |nclu§§i entering into said storage
|

means, additional ekReWBEATBERFARS EBAPr fOLAQWIRT &t Aindd @l dort ety
sai d unrecogni zed conpaesseHacadeekesinalfl Uit evingXireRdaddy, t he data

characters [err] _of said previqugly_recovered string, i.n turn, unti
nunber of said additi onal eﬁ?éﬁd§a¥§tFﬁﬁ§§°§F€ éﬁ@@géd1FnP89§mﬂf%ﬁ%ﬁé;ﬁ9rm
means, sai d nunber betngspgudingotdbhe dakibechafradaiexr clighadt encdurtered
conprising said preyiou egover LN err] _assigni respective
code [err] to said¥35d€#¥o%ngéxEgﬂgeggsgéﬁﬁggétklF prefﬁ%ﬁégﬁuﬁ? Stream
Cl ai m 40 wherein sabfl dethodhdbaoperaségnadssuccessi ve string recovery
cycles, respective strings QSE&ngEBB&fEGchggs%5@1%%&%%%5iVe cycles, a

e, _sai

current cycle followi ng a previous cycle, revi ously recovered string
bei ng recovered!Pn sai d prefnbasiegcPaidi 8ptaachagrskesusignade sierad vas

conpressed code si gpal uhebRPre 8§68V edrinn 1ol sRRAVis®YT agKC Bansiad GUIFBRtle
recei ved conpressed code err%egflng rsﬁelved during said current cycle,
s

and said entering stRPFREAPF BRr efPflg said 25 extended strings into
said storage neans during sautpettiegt saydl datd?characthe sRgnad afecdiaiad

41 wherein said unrecognlzgdressed form.
15
45, The method of Claim 44 wherein said indication
comprises a zero code.

46. The method of Claim 42 wherein

20 said stream of data character signals includes
a repeating character string comprised of a repeating
character, said data compressor compressing said repeating
character string into two consecutive compressed code
signals, and

25 said storing step comprises storing said strings
in said storage means in a linked tree structure,
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conpressed code [err] is received during said current 30 cycle, said

further enkﬁ%%%%gﬁeﬂ)including entering said further extenqﬁgnﬁg&ﬁ@gé and

said additio ended strings into said storage neans during Sali

current cycle. 35 43. The met hod of Cl-aigs 39 further including
initializingsaid storage neans with all single character strings with
respective colles4dssoci arke tmeehed f. Clailn M. whereithe net hod of O aim 39
wheretn said stream of c e [er, ' es a data character rrj
i n unconpressed forn1fo|% an §§%i%%%ﬁ8§fﬁgé%%%ﬁu%ﬂﬂﬁF%fs ef?éﬁn%&ﬁ%%f
[err] is being recmprédessa first ofsgiadddatcmserartdsteercdmyrdssed code
unconpressed for Khes di t @%@%'Qﬂﬂg rd engounter for
the first tine bgkgg%é%dggg €§%€r§§§§r inISaldqg%éiﬂéﬁgﬁé(ﬁﬁef §§9n§9

char act er s[ er P] , compd igeshad segendeofi saliddidppsermtive compmyssad nepdai d
data character [g&gha&ggeived in unconpressed forminto said storage neans

as a single character strin%, and outputting said data character [err]
recei ved in unconpressedSedfnPreyigysly repqyessds¢rdmaccamamsemeraich

sai d indication ¢epREL3IQYy @haeaeterdandBaid stHiRgRINGGRfodd BN
wherein 20 m qf data characters[err] .includes a

said stre
repeating char acE&tdsPAFRGO8E sEFTEEeESESH &G LGP iss shid
conpressor cdfpreependy ing dhaepedirngtetiaggct er string into two consecutive

conpressed codes , and 23,4 :evio%%ﬁ% Qi rises storing said
strings in said storage Feansin a i nked tree é%i§%¥§$%Pis St 'aY
a path through said tree, and
said entering and said further entering steps
include entering said further extended strings and said

15 additional extended strings on said path.

48. The method of Claim 42 wherein
said stream of data character signals includes
a repeating character group string comprised of a
20 repeating character group, said data compressor
compressing said repeating character group string into
two consecutive compressed code signals, and |
said storing step comprises storing said strings
in said storage means in a linked tree structure.
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1 47. The nethod of C aim46 wherein said previously received
conpressed coW® B conprises a first of said consecutive coifpf/EEYEG43
codes [err] and said unrecogni zed conpressed cgde [err] 5 conprises a
second of said consecutive conpressed codes sai’d previ ously recovered
string conprises said repeating character _and said string corresponding to
sai d unrecognide %%npressgﬁecgﬁﬁg?grP E&ﬁﬁpiégs”§§FGIPO repeating

character string, said preyapdspyeveeaetyedeskived comprese@drtidd fynal
t hrough said tree, and ﬁaid ente i

riﬁg gnd ﬁ id furthgr enterin s&gﬁs
include entering sSPTPFIFERe? £xFBhdRE SRFHINGSTSREUSAVE TR™RIGSSSSh4ode
extended strings ofiigmallspahd. s48d unrefbgnieeldodoabresaied ¢2d¢heriejrnisaid

stream of data gharactersferr]._i d Lap i.n aracter _group, strjng
conpri sed of a ()?%%@5%?%3 %hﬁ?gé#érggr%ﬁés §§58938§2V80ﬁ8P8§§8P4% code
conpressing said repgaslsg character group string into two consecutive
conpressed codes[err], and Ld ] t 1S ri id stri.ngs
in said storage neans in asg?%k%gé?éégg%?rgg?%?g?E§5§§6§§§ QQQEEQS%ﬁwgﬁgQ*
- 59 - 1 49. repdabingthbaratteragnryd andr srhdsstdipgevoogelsponding

recei ved conpressed, codes| ghfbc6QRPEEACE oRpERESEAOE SR 168030 CHD ses
conpressed codes [err| and sald Unrecogni zed conpressed code [err] 5

conprises a setBnosaidsEeReRbIRSCHRATRCEBRPPESERISES4BE [err], said

previously recovered stringag@nptésesusdydreepearedgsebangcier s¢oawd aid
said string correspond g, {0, 380405 °Eegy, 2gdacorPr essed code ferr]

sald entering and said further entering steps
include entering said further extended strings and said
15 additional extended strings on sald path.
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10 said repeating character group string, said previously recovered string’
i s stored owcees@abds t hrough said tree, and said entering and pgainthobpddyfer
entering steps include entering said further extended strings and said 15
addi ti onal extended strings on said path. 26 2% 30 35 - 60 - 1 50.

The nethod of claim39 wherein said further entering step includes
generating sai d fB&Peher eht datied dscompge sisri cac certthant € ot thhe sk HP VA ously

recovered string, o SaHUB?eHaQB.gﬁEQa%Q%Eagﬁgﬁﬁg%P f%%iéﬁ sai%h%g.said

previ ously recovered string, said unrecogni?z
codes bei ng assi gaedpresseddcbdet Bégnetsendethpstirsiimgs, one of said further

e ol Lonl® 5509 5, PhERagige SeiRoten LS VAU s gnans,
: storing strings of data character signals in
storage means, each said string having a code signal
associated therewith, '
accessing said storage means with a current
received compressed code signal for recovering a string
10 from said storage means corresponding to said current
received compressed code signal so as to recover the
data character signals thereof,
entering into said storage means, extended strings
comprising a previously recovered string corresponding
15 to a previously received compressed code signal extended
by each data character signal, in turn, of said recovered
string corresponding to said current received compressed
code signal, '
further entering into said storage means, further
20 extended strings in response to receiving an unrecognized
comprassed code signal,
assigning respective code signals to said extended
strings and to said further extended strings,
said further entering step includes generating
- 25 said further extended strings in accordance with said
previously recovered string, the number of data character
signals comprising said previously recovered string,
said unrecognized compressed code signal and said code
signals being assigned to said further extended strings,
30 one of sailid further extended strings being a string
corresponding to said unrecognized compressed code signal,
and
providing the data character signals of said
string corresponding to saild unrecognized compressed
35 code signal so as to recover said data character signals.
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