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1 - CACHE- BASED COVPRESSI ON DECOVMPRESSI ON

FI ELD 'OF THE | NVENTI ON This invention rel ates H%QWérﬁbdé and
apparatus for data conpression and deconpression, and nore e Py
particularly, to 5 such nethods and apparajus with synchronously operatlng
cache menori es. BACKGROUND OF THE | NVENTI ON

The goal of data conpresstRCHESBASED cCOMPRESSION/DECOMPRESSIONt $ *r equi red
to represent data or an inmage. The prior art 10 is replete w many

nmet hods for data conpression. Those nethods whi ch provi de the highest

| evel s of data conpression ENFEOpSt conpl ex data

processi ng equi prent Th@n@dlﬁ'ilggeEﬂnréiﬂ‘f’eént@)ﬁ'%ﬁéc?sn an@%@%fa'f%ttti&%d)%

whi ch offer | onwer | evels of data conpressi on ten oper at
15 enploy Ieggtéoﬁﬁmﬁieﬁﬁﬁaﬁaﬁﬁd 4?F2Rﬁﬁﬁ%§1°@kmﬁnﬁuﬂ9§@(ﬂan§hﬁwl@rly, to

conpr essi 08 NetbRUméShiaECaha SESH AN S W SYHHE RHIULLEN ofpera%i%be%che
conpl exi ty and tlne of execution versus desiréd | evel
conpr essi on. oriles. The published prior art contains a nunber of 20

t echni ques of data conpression nmethods. "Coding of Two- Tone
BACKGROUND OF THE INVENTION

The goal of data compression is to reduce the number

of bits required to represent data or an image. The prior art

10 is replete with many methods for data compression. Those

methods which provide the highest levels of data compression

generally require the most complex data processing equipment

and are often slow in execution. Those methods which offer

lower levels of data compression often operate faster and

15 employ less complex hardware. In general, the choice of a data

compression method is made based upon a compromise between
system complexity and time of execution versus desired level
of data compression.
The published prior art contains a number of
20 techniques of data compression methods. "Coding of Two-Tone
Images", Hwang, IEEE Transactions on Communications, Vol.
COM-25, No. 11, November, 1977, pp. 1406-1424, is a review
paper that describes a number of techniques for efficient
coding of both alphanumeric data and image data. Both single
25 dimension (run length) and two dimension coding (e.g. per
block of pixel data) are considered. Hunter et al. in
"International Digital Facsimile Coding Standards",
Proceedings of the IEEE, Vol. 68, No. 7, July, 1980, pp.
854—-867 describe various algorithms wused in facsimile
30 transmission (generally one-dimension coding techniques). They
also describe twodimension coding schemes wherein conditions
of a subsequent coding line are encoded in dependence upon
conditions in a previous reference line.
In a paper entitled "An Extremely Fast Ziv-Lempel
35 Data Compression Algorithm" by Williams, Proceedings of the
IEEE Data Compression Conference, April, 1991, pp. 362-371,
a fast implementation of the Lempel-Ziv (LZ) compression



| mages"”, Hwang, | EEE Transacti ons on Conmuni cations, Vol. COMt 25, No.
11, "Novenber, 1977, pp. 1406-1424, is a review paper that describes a
nunber of techniques for efficient codi ng of both al phanuneric data and
i mge data. Both single 25 dinmension (rumlength) and two di nension coding
(e.g. per bl ock of pixel data) are considered. Hunter et al. in
"I'nternati onallgoRighimlis dEaesipeliethatashpibys @ lds-known I @ee®didngds

f the |EEE, Vol . 6 .7, Jdul 1980, . 854-867 descri be vari ous
ol gori thos LTERT mathest adrstiiichs e clinnny OB aRTs SRELBUROAL GREh
codi ng t echntieesecelivdyng andltsmarasicrtd ey tvedk sremsd otrangdmigss chaaes in
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In a papeb ent dattad staingxtfiosundl inFade Bictliomsety -35 Dat a Conpression

Al gorithni by WIlians r dighgs of jjhe LEEE Baba i CAIRL TS
Conference, April, 199¥F%%§ﬁ§§65?3§%, ih aA?ggtgiongneﬁtatigh osagﬁéFor
Lenpel - Zi v (EZYS@GPGFe§§Qﬁimile": Proceedings of the IEEE, Vol. 68, o.

al gorithmisi1de®Gr ppedsthagienpheysrite Melaldalptawe Liretikadve algbdknm
met hod constructs a dictionary of data strings a&l O'HHHE% it he regeivin
and transm tf"F‘r’r&i‘ndcfesa%ﬁ'Pdl? ah@nFPEPEGEEIoNn °F agleé)e ctPonfEtch
found betoeefiutthienpredhict iste i metlaedl of encoding of half-tone picture
images is described by Stoffel in "Half-tone Pictorial
Encoding", SPIE Applications of Digital Image Processing, Vol.
19,1977, pp. 56-63. Stoffel’s algorithm divides an image into
blocks and tries to predict the current block from the
15 previous block. The final coded image consists of prediction
errors and block values.
In "Compression of Black-White Images with
Arithmetic Coding" by Langdon, Jr. et al., IEEE Transactions
on Communications, Vol. COM-29, No. 6, June, 1981, pp.
20 858-867, there is described an arithmetic coding method
wherein a pixel by pixel probability is estimated based upon
the pixel’s context (i.e., surrounding pixels). The arithmetic
code of Langdon, Jr. et al. avoids multiplication operations
inherent in some earlier arithmetic codes. The Langdon, Jr.
25 et al. compression technique is soon to be an international
standard for coding of bi-level image data as indicated by
Hampel et al., "Technical Features of the JBIG Standard for
Progressive Bi-Level Image Compression", Signal Processing:
Image Communication Journal, Vol. 4, No. 2 (1992), pp.
30 103-111.
Bentley et al. in "A Locally Adaptive Data
Compression Scheme", Communications of the ACM, April 8, 1986,
Vol. 29, No. 4, pp. 320-330 and "Technical Correspondence',
Communications of the ACM, September 1987, Vol. 30, No. 9, pp.
35 792, 793 describe methods for compression of textual data
using a self-organizing sequential search technique. In
specific, frequently accessed words are near the top of a
search sequence so they are encountered early 1in the

compression action.



5 a data string found in the dictionary. Usubuchi et al. in

" Adaptive Predictive Coding For Newspaper Facsimle", Proceedi ngs of
the | EEE, Vol. 68, No. 1980, pp. 807-813, describe an adaptive,
predictive al gorithm which is applied {o conpression of half-tone inmage

data. A 10 further predictive nethod of encoding of half-tone picture

i mages is described byrRbofdh@ltdn d éé%zflﬁéaﬂ%ﬁgérm%} et aEnCQQ' %g'im%h?-' E
Appllcatlons of Ex%?tal Inage Processi.ng, e@g
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the current bpeekflicamiiyhe al Taurmeyiniso} oeith Theadt neecentded uafage (LRU)
consists of prediction . err.ors bl ock .val ues.

" Conpr essi Onﬁagggegﬁg(‘gk 2Fni é’l r?% gch%/\n?%cne t Jr'%%n%’i‘ f%lal Of" abﬁlSt
Langdon, 3r. ot nahbersEEETReaddatt usnsrderedn1@ommn'scarecnstlymto Cens29,
No. 6, June, réééi&tl?p u§$d85§a§ﬁ7 therg%éﬁ,degﬁ{é b%d @Qlﬁ &&OQ' ng

nmet hod wher el n a“pi xel by plxe ‘prob ty 1s estlnate base upon
the pixel's engpurtetede. itsisr sendived freml the TAehgr Likketnd pla@@dea(af

Langdon, Jr.¢gb @bp 8¥OkHs Eﬁbhbphggét'QEthéﬁétkgeé of tRBeLEALekNHEQRE
earlier arithnetic codes. conpressi on techni que

is soon to bémaveAndoMRit-i orfala Worgtaﬁd&P&°P6Fe€6§iM?%ﬂhtﬁSI@QEIanﬁ&é
data as iodieatrd byst, thmele alaglt reczﬁﬁmyl @@éd Regiwe eis elndved) B-om

St andard (0" cne cRLAY ERohuEShobel S IS SHTILEN O ROy,
103-111. Beh'elregublia&tibns "X Ilnd:&lrleystAdamhwéiIBdldainclude
o s o SOUERECon PRI RRL (Uil A bgchclonkiORaranald apd?,
ACM Sept enbepfltwgre wsu}s@ramong" ﬁall@trﬂzld?@rsdd@masbé? n¥aKsbaltor
conpressign @bnhhexyybydaga sons, 1989; Conference Paper, "CPU Cache
Memories", A.J. Smith, California University, Berkeley, CA,
USA, Performance Evaluation Review, Vol: 17 Iss: 1, p. 219,
May 1989; Journal Paper, "Caching in on Memory Systems", B.
Glass, BYTE, Vol: 14 Iss: 3, p- 281-5, March, 1989; and
20 "Cache and Memory Hierarchy Design: A Performance-Directed
Approach", San Mateo, California, Morgan Kaufman, 1990, by
Steven A. Przybylski.
The tables shown in Fig. 1, illustrate a sequence
of actions in such a cache. Table 20 illustrates a four
25 position cache wherein a most recently used value resides at
the "top" of the cache and a least recently used value resides
at the "bottom" of the cache, with other values residing in
intermediate positions. Cache representations 22, 24 and 26
illustrate successive states of cache 20. Cache state 22 is
30 the initial state of cache 20 and shows it storing four
decimal values, with decimal value 10 being the most recently
used value. Cache state 24 is the state ,of cache 20 after a
value of 6 is encountered. Since the value 6 was already in
cache 20, it is moved to the top of the cache and the values
35 10 and 5 are pushed down. Cache state 26 occurs after a value
of 25 is encountered. Since that value is not in cache 20, the
value 1is inserted at the top of cache 20 and the least
recently used value (8) is removed and the other values pushed
down.



using a self-organi zing sequential search technique. In specific,

frequently accessed words are near the top of a search sequence so they
are encountered early in the conpressi on action.

3 The system described by Bgntley et al. is simlar to a
cache nmenory in a central processing unit nmenory system Speci fically,
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10 the value is not in the cache, then a special code word is
output by the encoder along with the value, per se.
Compression is achieved because in general, the cache position
can be transmitted with less bits than the value itself. The
decoder interprets received code words and reconstructs the

15 original data stream. The decoder further "adapts" its cache
in the same way as the encoder, so as to remain synchronous
therewith.

The procedure employed to assure synchronism of
caches in both encoder and decoder mechanisms is illustrated

20 in Figs. 2 and 3. Fig. 2 illustrates the encoding procedure
and Fig. 3 illustrates the decoding procedure. Referring to
Fig. 2, an uncompressed data value (e.g. a byte) is accessed
(box 30), and it is then determined whether that uncompressed
data value matches a value in the compression cache (decision

25 box 32). If yes, the position code indicating the position of
the matching value in the cache is outputted (box 34), and the
cache 1is adapted (box 36) by moving, if necessary, the
matching cache value up to the top of the cache and
accordingly rearranging remaining values. The procedure then

30 recycles to the next uncompressed data value.

If no cache match is found for a received data
value, a "not found" code word is issued (box 38), and the
actual data value is also outputted (box 40). The received
data value is then inserted in the top of the cache and the

35 remainder of the cache is "adapted" by pushing down the
remaining values and eliminating the 1least recently used
value.

Upon decompression (Fig. 3), a compressed code word
is accessed (box 44) and it is determined whether it contains



May 1989; Journal Paper, "Caching in on Menory Systens", B. 3 ass,
BYTE, Vol: 14 Iss: 3, p. 281-5, March, 1989; and 20 "Cache and Menory

Hi erarchy Design: A Performance-Directed Approach", San Mat eo,

Cal i fornia, Mrgan Kaufnman, 1990, by Steeven A Przybyl ski . _

The tables shown in Fig. 1, illustrate a sequence of actions in such a
cache. Table £0pb£i’d§bﬁat:©&eawf:@ar (&éclm%r{ 'tfzﬁc aphe phefed n @n?‘)&écoder
recently used va?ue rg 53 %51 . op! of the caghe and a

recently usedValGe'Pe¥fd aEﬂPQ%k L%%t%%nPuBPuFﬁé cdERE, 48 rard hepe
val ues resi dicache is adaptesdnbgi mbemgsth?wﬁt%&%w dc}?nh@%{m{a ¥ gﬁpZQbé%M
and 26 1 trat u i st s of cache : che state S

the initial é%§§e6€f€%§0§88§% gﬁgxsﬁégB it storing four deci mal val ues,
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t he value is inserte ‘gaa% t he to of cache 20 and . the | east recently
used value (8) is renov %datﬁéc PRBRSEY GOUPFESALAN PreGRdure such as
4 10 that described above is efficient, the management of a least

recently used cache is often computationally complex. Each
time the cache is "adapted", a large number of values need to
be rearranged. Such rearrangement, as it occurs many times
during a compression sequence, can occupy substantial

15 processing time and renders the compression procedure
considerably less efficient.

It is therefore an object of this invention to
render a cache based compression procedure more efficient
through the use of improved cache management techniques.

20 It is still another object of this invention to
provide an improved compression/decompression procedure that
employs cache-based prediction techniques.

It is yet another object of this invention to
provide a cache-~based compression/decompression procedure that

25 1is particularly adapted to image processing and makes use of

data content in the vicinity of a value to be compressed.

SUMMARY OF THE INVENTION

An apparatus and method for compressing bilevel data

includes a first cache memory having a plurality of assigned

30 1levels of usage, a first usage level assigned to most
recently used data segments and a second level assigned to a
plurality of less recently used data segments. A processor
determines if a received data segment is found in the cache
memory and, if not, it assigns the received data segment to

35 the cache memory’s first level in place of a previous data
segment stored therein. The previous data segment is assigned

to a position in the second level in place of a less recently
used data segment. The less recently used data segment that



Encodi ng,and decodi ng processes enployed for data conpressi on and

deconpressi on mani pul ate conpressed code words and cache adaptation
so as to assure cache state synchroni zation in both encoder and
decoder nechani sns. Cache 5 synchronizatign assures | ossless data

handl i ng. As shown in Fig. 1, the state of cache 20 is "adapted" as

each new val ues dispglsacertdsntépedn by & psdudo+sandoratythodt he machiowid an
encoder, then jis.Gac Siqt ' rtied in t Qr 0, 0
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illustrates the | NQ..Anocedur an [ ' strates the decoding
procedure. Re é:roﬁzfyf]ag'%[eoqup{h Iﬁeogn&e%t éir?ru vgeodr:rpa%%adslg%#%%’ta value (e.g. a
byte) isl&ccessed MWex 139enting enbracesea drtarifanshitieheamplmting
unconpr essed gai ghe | i ds- GUPrEssL PR, caghe
(deci sion 25 hc‘)ax (g%@ ﬁ\!?’l"gg% tﬁlg ES?F%‘?%%SXOS’Q ndll cating tﬁlg pogi}&t iaolns%f
the mat chi ng SRRAF@ Y& %t heTPXAFES saoudphitt ckeEBEXeB4) STRHAYERE thecgatais
adapt ed (box d3Joript<¥aMidi). tkEhAEEE§§aldesdPfbed HEMLHH NY CRACRE1 YRl UHED
to the top of, the cache d accordin I%/.rearran i ng .remai ni_.ng val ues.
The procedur ¢ YVREH 13 r%‘gg'ﬁ‘?ﬁgsté t‘ﬁ%mkh‘brg‘? 1R o S a309) feceliver
15 employing the data compression/decompression technology
described herein.

DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates prior art adaptation of a least
recently used cache in a data encoding systen.

20 Fig. 2 is a flow diagram illustrating a prior art
process for encoding of data segments through the use of a
least recently used cache store.

Fig. 3 is a flow diagram illustrating a prior art
process for decoding of data segments through the use of a

25 least recently used cache store.

Fig. 4 1is a block diagram of a system adapted to
carry out the invention hereof.

Fig. 5 1is a schematic representation of cache
states, 1illustrating a process for encoding data using a

30 layered least recently used cache.

Fig. 6 is a diagram which illustrates a context data
segment that is employed as an address of a specific one of
a plurality of least recently used cache memories.

Fig. 6a is a diagram of an alternative arrangement

35 of context data segments.

Fig. 7 is a flow diagram illustrating a compression
encoding procedure for data segments, the procedure employing

context dependent least recently used cache stores.



If no cache match is found for a received data val ue, a "not found" code
word 'is issued (box 38), and the actual data value is also outputted
(box 40). The received data value is then inserted in the top of the
cache and the 35 renmi nder of the cache is  adapted” by pushing down the
remai ni ng val ues and elininating the | east recently used val ue.

Upon deconpression (Figp;3), @Pé@géCQd%éwgwgressf%n@ﬁﬁﬁ§§éﬁhf@ofoé4)

and it is determ ned whether |t contal
5 a posid¢eepdéndedadad f(hfefcufsa%nb%;z gppodefl \l&s aqqRFANRGRIeVith the
cache val ue at1éiagingshhi 8 Fsgouyputted (box 48) and the cache is

adapt ed by noving the out utted ache value up to of the cache
(box 50). 5 1B by dadnetzetes R cannm e tanes [Ehab age Gsed

position 5 todsrueide thaldata tahse recentd¢ usedcceashedmandgemiemntt.t ed

(box 52) and it is also |aseragd |nto trm%lggﬁ1 %§F+£e iffu%tr%aseg t@ﬁe

remai nder of the cache |s adapted e a cac
conpr essi on prorpdeseisnchpasce@urehafodesindbrdchbogache epéhagementt haén

managenent of @céP&‘éﬁce WEECEEE' ¥aHﬁSdSEa§'§§ Eﬁof&ﬁt &n %Q%Ubat'ona' ly
conpl ex. Each e cache 1I's ap ed”, arge nu of val ues
need to qu 11 is flow diagram illustrating a
10 decompression procedure for decoding data segments encoded in
accordance with the flow diagram of Fig. 10.
Fig. 12 illustrates a look-up table that indicates
whether a byte is stored in cache.
Fig. 13 illustrates an encoder cache arrangement
15 having a flag associated with each storage position that
indicates a defined or undefined status for the storaqge
position.
DETAILED DESCRIPTION OF THE INVENTION
Hereafter, the invention will be described in the
20 context of a host processor communicating with a printer, with
encoding being carried out on bytes (8 bits per byte) of
transmitted data. It is to be realized, however, that the
procedure and system hereafter to be described apply to a
variety of systems that communicate data and employ
25 compression/decompression procedures for transmission
bandwidth economies and memory savings.
In Fig. 4, a host processor 60 includes a host
central processing unit (CPU) 62, a read only memory (ROM) 64
and a random access memory (RAM) 66. Each of the aforesaid
30 modules is interconnected by a bus 68, with input/output
communications being handled by I/0 module 70. ROM 64 includes
encoding procedures that perform data compression operations
under control of host CPU 62, prior to transmitting data via
I/0 module 70 over a transmission line. RAM 66 contains a
35 plurality of cache memories that are structured in a least
recently used (LRU) fashion to enable data compression to be
achieved.
Data transmitted from I/0 module 70 is received in
a printer 72 through I/0 module 73. Printer 72 comprises a CPU



be rearranged. Such rearrangenent, as it occurs many tines during a
conpr essi on sequence, can occupy substantial 15 processing tinme and

renders the conpression procedure considerably less efficient.
It is therefore an object of this inventiongto render a cache based
conpression procedure nore efficient t hrough the use of inproved cache

management teghni quesnt20engine 76, | iRAM Sid | lagnotRek obbect wRfichhi are

i nvention to . provi de an i nproved conpressi on/ deconpressi on procedure
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cache nenory having a p.ura?lty of "assigned 3 evel s of usage, a first
usage | evel arsrga¥gdtyia FhHQtmodule eberfiq padedoaRrsssegnancs thed gtorsednd

| evel assignedotoygdage iB! i@l gy of less recently used data segnents. A
processor determnes if a received data_ segnent i.s found in the cach

menory and, if not, it A8si @RP%ehe IREEFIRRA dat 3CSRYALRE t FB5 PYHRF calh
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LD oL e BEECENEPLE SEOTR LS, AR ggye AP Eu AR ISP 11 HiBue
recently usedidathesegsentetcdmatly used and data at the bottom of the cache
is the least recently used. Management of such a cache can be
computationally complex because each time the cache is revised

15 ("adapted"), a large number of values need to be rearranged.

In Fig. 5, a modified form of a LRU cache is
illustrated that reduces computational complexity. Cache 90
is organized as a layered, LRU cache wherein topmost layer 91
is the most recently used data byte and the layers 92-94

20 comprise a "single" 1layer that includes the three least
recently used data bytes. It is to be understood that cache
90 is shown as only having four entries and two layers for
ease of description purposes only. It is possible to have any
number of layers and entries per layer.

25 Choosing which value to remove from a particular
layer of cache 90 can be accomplished pseudo~randomly while
still maintaining synchronism between the encoding and
decoding mechanisms. For example, a round robin count approach
can be utilized wherein bytes to be removed from the least

30 recently used layer are selected upon the basis of a
sequential count of entries 92-94. In this manner, a larger
cache can be maintained with less processing overhead and
still be almost effective as an LRU cache.

Cache state representations 95, 96 and 97 show the

35 state of cache 90 at three different times, i.e., A, B and C.
At time A, cache state 95 is as illustrated. At time B, it is
assumed that a byte of value 2 is encountered and is placed
in most recently used layer 91. Since a byte of value 2 was

already in the second level of the cache, the value 78 in the

4



6 I's displaced is chosen by a pseudo-random net hod. A not-found

indication is then transmtted to a receiving station al ong with the
identity of the received data segnent. The receiving station contains

i dentical cache structures and updates its 5 caches in response to

recei ved code words and data segnents. A further aspect of the
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descri bed her%Fﬁmth LRG 172 In 2R Dﬁgéﬁlp??é%n%ﬁ $§E BRARVREYT 1tten
Fig. 1 illustwathsthei valaetthdapras i displaced éastthe valaee®d | iused vadake

in a data enc Silng system 20 Fig. 2 is a flow diagram
Il lustrating a prior art process for encoding of data segnments through
the use of a | east Fheemsxt uttwecach@lgiooren the LRU layer requires

10 replacement, it will be position 94 that will be displaced and
then position 92, position 93 etc. As a result, the layering
of cache 90 enables less movement of cache values during
adaptation. Structurally, the position to be replaced in the
LRU layer may be determined by the position of a pointer that

15 1is updated, as the round robin count is incremented.

Additional performance gains may be achieved by
employing context to select from among a number of independent
caches in which to emplace a newly received byte. A printer
is generally supplied with a bit map memory that comprises a

20 raster image of pixels, each pixel represented by a binary bit
value. Each raster scan row is divided into a series of 8 bit
bytes. Surrounding pixels which are spatially positioned so
as to have been previously decoded are used as the context for
deciding which cache is to be used to store a most recently

25 used byte. Bit values from surrounding pixels are combined to
form a number, enabling a context value (or index) to be
derived which specifies which cache should be used. This
action improves data compression by allowing each cache to
better adapt itself specifically for each context.

30 In the diagram shown in Fig. 6, the eight numbered
pixels from a raster scan line (pixels 100) form the context
value for the eight shaded pixels on the next raster scan to
be coded (pixels 102). Hereafter, pixels 100 will be termed
the context byte and pixels 102 will be termed the current

35 byte. The philosophy of a context dependent cache arrangement
is based upon the fact that images are often vertically
related (e.g. vertical lines in a chart arrangement) and by
employing a context byte as a cache address, it is likely that
a current byte will encounter, in the most recently used entry



Fig. 3is aflowdiagramillustrating a prior art process for decodi ng
of data‘'segnents through the use of a 25 | east recently used cache store.

Fig. 4 is a block diagramof a system adapted to carry out the
i nventi on hereof. Fig. 5 is aoschematic representation of
cache states, illustrating a process for encoding data using a 30

| ayered | east ineasard | gyddsedsedchmche, an identida'lg détas kyth agr dimemabyh
Llustrates aqfoRhikk Qggfid chsagnpgtutﬁsht' FuptReoy ety M AR TRt 2

SpECIfIC one O ast recent y use cach nenori e
Fig. 6ais a Hhagﬁam<ﬁventk9qkﬂr@amtexexbﬁhgeWéAﬂ:ﬁ?nﬂ %%ﬁtéﬁﬁléapﬁ the

segnent s. ensuing aEs8rigtiond T{OWid agbanys! |&&§&é§ét8§da 00D %
encodi ng procedure for data segnents t he procedure enp ¥|nge ln&oq}ext
encion.

dependent Peaphypdcant Fglatéancatns axergshin the SCOPe o

Fig. 8Inl kustiapeemandaeednr egsaotopteseddepdndent cache
decodlng dat a that has beg enc?sed I n gfcordance W t ram
g

of Fig. 7.  Structure, 95 e q%&F%%CﬁEQS%Bﬁgéa}ﬁgFg g %
5 to provide sfndrtesf ad eastipresssinin Adacserbrssiomypnagsndnte. For instance,

if an eight bit byte is to be employed, 256 caches may be
10 created at the outset, each cache having a plurality of
possible entries. If memory is more important than cache
complexity, then not all of the caches need be created at the
outset, and caches can be created only when needed.
As shown in Fig. 7, once a new data byte is
15 encountered that is to be transmitted (decision box 104), a
specific cache is addressed having an address of the context
byte which is vertically aligned on an immediately previous
scan row of the pixel image (box 106). (As indicated above,
it is 1likely that the most recently used entry in the
20 addressed cache will be identical to the uncompressed byte
value). The byte value is then matched with the values in the
addressed cache (decision box 108) and if a match is found,
a code word indicating the position of the matching value in
the addressed cache is outputted (box 110). The cache is then
25 adapted by moving, if necessary, the matching value up to the
most recently used entry in the addressed cache (box 112) and
the procedure recycles.
If no match is found in the addressed cache
(decision box 108), a "not found" code word is outputted (box
30 114) and the actual byte value is transmitted (box 116). The
non-matching byte value is inserted in the addressed cache and
the cache is adapted (box 118) so as to move the displaced
byte into a lower level of the cache and to displace a byte
already in that lower level, etc. The procedure then recycles.
35 In Fig. 8, a decompression procedure is shown that
is responsive to data compressed by the procedure shown in
Fig. 7. A received compressed code word is accessed (box 120)
and a cache is addressed, based upon the context value of the

already decoded context byte in the scan row immediately above



Fig. 10 is a flow diagramillustrating the conpressi on procedure for

I ndi'rect cache nmanagenent in accordance with the cache stores shown in
Fig. 9. Fig. 11 is a flow diagramillustrating a 10
deconpressi on procedure for decodi ng data segnents encoded in

accordance with the flow diagramof Fig. I0. Fig. 12
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In Fig. 4, a hES processor es a ho proces I ng unit
(CPU) 62, a rmmqnﬂgse@nbrm(mqrﬁdbOXalrﬂﬁ)aa%deﬁnm&t gfenoiiAY ey

66. Each i0f 4 af QL egal qs30crfa}gum§e éean&ﬁesowect@dp byfathus aaﬁaréfggéa

| nput/out put conmuni cat | on ern dl ed by I/0 nodul e 70.
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under controlyrdydmasd i B2no PflotEhd® ﬁé@é\ﬁmdtdmadaéaavamablézo nmodul e
70 over a transn155|on |ine. RAM 66 contalns a 35 pluralit
mermories that are struct@r SFFRTY /| edsCUrTee ehPly A ('AI%(L]J) ?gg?ﬁ’%n R%

enabl e data ey EsEd A tD dazhe whose address is the value of the context

15 byte immediately above the current byte. The current byte

becomes a context byte when the next scan row is accessed. If

the context byte value is already an address of a cache, a new

cache does not need to be created. If the context byte value

is new, a new cache is established with the context byte as

20 its address. If all caches were established at initialization,

no new caches are required, as one cache for each possible
context byte value already exists.

In the above discussion, the notion of a context

value was introduced. In that discussion the context value

25 consisted of the value of the data segment from the raster

scan line immediately above the current line. That context

value was used as the cache address. The context value can

also be formed from a combination of previously decoded data

segments. The advantage is that more context can sometimes

30 provide a better means of selecting the best performing cache

to code the current data segment. One specific implementation

of this concept uses not only the data segment directly above

the current data segment but a piece of the data segment

immediately above and to the left of the current data segment,

35 as shown in .Fig. 6a. One way to combine these two data

segments into a context value is to append two bits from the

data segment above and to the left to the data segment above.

In Fig. 6a the byte labeled "A" is the current data segment.

The bytes labeled "B" and "C" are the data segments which are



achi eved. Data transmtted fromI/O nodule 70 is received in
a printér 72 through 1/O nodule 73. Printer 72 conprises a CPU

8 74, print engine 76, RAM 78 and ROM 80, which are i nt er connect ed
by a bus 82. RAM 78 serves as tenporary stoyzage for incom ng data
received through 1/0 nodule 73 and al so I ncl udes cache nenories that

ﬁre i dentical (dedt tdCtAyren t né heonéee@gh&%@mrm& (Hﬁﬁtﬁé%dvhmungaﬁﬁ ba
ost processor cont ai ns code proc t enabl e

Conpr bseed datFEReratet &y PASERTES SRR LS o (1 he? e oipEbsSRaRants Brkn
stored fcwbisﬁge tir&4dh 78. of data segmentAs,ammarabuhgnnemhtam;aidlug
to prior art g{ gﬁﬂﬁ@ Q% e nmenori es contained in RAMs 66 and 78
are structure as L ca Wherein data at the top of the cache

is the nost5recently usekn aﬁaméat%f%nem:ﬂe bt ticen destimabdgcheo reduse hthe
| east recently dlwexi\@yn%&e@c%d% &&eogeféggeoﬁ%&@eduregcamhatéﬁﬁ@ﬁéa

conpl ex because each ti'me the cache 1s reVised apted"), a lar
nunber of val R PFE¥ddigadhe PeEe rcmg:el@x encoding procepﬁrp, gInglrscﬁD%ﬁcf'lF%d

formof a LRUgatd@endnt endblaistd e idiatos etmé:efe@éumcj Fprodédure to be
fggprrl)gi(l Itz.‘lt.yer Cha?nsg erred I‘c:so Otlgeargnzc%%l%sg apzl'oaéleec{ re. L'Buuls?agpaens eezr' eJ.s made
10 possible due to the fact that in the case of an LRU cache, so
long as a newly received data byte is found already stored in
the cache, values in the cache do not change but are just
rearranged. The only time a set of values in an LRU cache
changes is when no match is found between a new data byte and
15 bytes already stored in the cache. In indirect cache
management, an encoder of added complexity is employed so that
the decoder does not have to perform the value rearrangements
necessary to maintain an LRU cache.

Referring to Fig.9, a pair of cache memories 120 and
20 122 are shown that enable an encoding procedure to maintain
two lists of numbers i.e., a pointer list in cache 120 and a
byte value list in cache 122. The pointer list comprises
pointers or indices to entries in the value list. When a match
is found between a newly received byte and a byte already
25 stored in the byte value list in cache 122, pointers in the
pointer list in cache 120 are rearranged in an LRU manner. The
values in the value list do not require rearrangement because
no new value has entered the cache and no old value has been
removed. Upon finding a match (between a new byte and a byte
30 already stored in cache 122), the encoder emits the
corresponding pointer value (i.e., indicates the value entry

in cache 122 that corresponds to the received byte).
If a match is not found in cache 122, the value list
and pointer list must be modified. The least recently used
35 value in the value 1list in cache 122 is removed. This is
accomplished by placing the current byte value in the value
list position in cache 122 pointed to by the least recently

used pointer in cache 120.



I's the nost recently used data byte and the | ayers 92-94 20 conprise a

"single" layer that includes the three | east recently used data bytes.
It is to be understood that cache 90 is shown as only having four
entries and two | ayers for ease of desgri ption purposes only. It is
possi ble to have any nunber of layers and entries per |ayer. 25

Choosi ng whi cifheal, uthkopoénbeesf i nreacparisc drar updatbdy‘BdS ﬁéfl:@ﬁfh&l&o nea
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sequent ial count of entri es
be mai nt ai ﬁedtWthPés%tﬁhd&%sﬁw%véMe&nay thes4¢wabéo>enmlue and

effective as eRelLpYiggeReto the value 1is€agherstate 1%e%e%%nt1%b%§dgim96
and 97 shom/tg state of cache 90 at three different times )
and C. ﬁﬁe Rcogdgrle state 95 is as illustrated. At time B, it is

assuned that a byte of ma;l iie howneire quRrf elgedpenﬁlteﬁ Dig€athtridd 1ﬁiﬁﬁhche
oo o oY LR LS e PRt uedd T S Geace
9 10 recently used (LRU) sequence. Thus, irrespective of the
position of the byte value in the value list in cache 122, it
is known from the position of a pointer in the pointer list
what the most recently used byte value is in the value list
and all succeeding usage levels for remaining stored byte
15 wvalues.
In the decoder, only a value list is maintained, not
a pointer list. When a code word (e.g.a. pointer value) is
decoded, the value from the pointed-to position in the value
list is outputted. If a "not found" code word is received, a
20 pointer and the value are derived from the input stream and
the value is placed in the value list in the decoder at the
pointed-to position.
Referring to Fig. 10, the procedure for indirect
cache management encoding (compression) will be described.
25 When a new data value is encountered (box 130), it is
determined whether that value matches a value already stored
in cache 122 containing the value list (box 132). If yes, a
pointer value is outputted from the pointer 1list that
identifies where in the value list the matching value resides
30 (box 134). Next, the pointers in the pointer list are adapted
so as to properly indicate the most recently used byte value
in the value list.
If no cache value match is found (decision box 132),
a "not found" code word is outputted (box 138) accompanied by
35 the "not found" data value (box 140). In addition, a pointer
value is outputted that points to the least recently used
value in the value list. The new data value is then inserted
in the least recently used value position in the value list
and the value previously stored therein is removed. The



first level swaps positions with it, thereby causing 78 to be pl aced in

position 94 (as shown in cache state 96). At tine C, it is assuned that
a byte of value 89 is encountered. Since this value is not in the
cache, it is inserted into nost 5 recent{y used layer 91 and a

pseudor andom y derived position fromthe LRU layer (in this case
position 93) @ﬁo@a@mwitmeﬁ recydiéd theowed e thatnyes dhephpeedsby dhea
val ue 89 (i. ¥alue 2) . The next time a value in the LRU
| ayer reqwre‘é ko Feplacenment, it will be position 94 that will be

di spl aced and t hen bnsFiq;onlEZ tippsiecahi D3 eiex:omrass'eeu) tprobedure
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to be used to store nost rec ues fro
sur roundi ng ﬂb@l@hﬁ aé(ifrﬁ?’ﬁQYed'—l'it%‘e is fléﬁﬁfiﬁdﬁdnﬁépx éﬁﬁbl-l'ﬁbeapé%‘h%‘é%{e
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line (pixels él'é)m 1r];é)tt{?>r§ heincogtrger to gain benefits inherent in both
techniques.

The system as described above has been indicated as
encoding data in 8 bit bytes. If the data exhibits a different

20 periodicity, i.e. 6 bits, 10 bits, etc., as in some dithered
image data, the data can be broken up into units of bit length
which match the image data periodicity.

An aspect of the above algorithms is that in order
to determine if a wvalue 1is in a cache, the value must be

25 compared against every stored value in the cache. This
comparison procedure may be avoided by maintaining a look-up
table which contains a flag as to whether or not a particular
value is in the cache (see table 170 in FIG 12). Look-up table
170 must contain every possible value. The procedure still

30 requires that if the value is present in the cache that its
position must be determined in the cache.

As stated above, caches in both an encoder and
decoder must be in the same initial state to ensure that they
are synchronized during compression and decompression actions.

35 This initialization can be eliminated in the decoder at the
expense of some added complexity in the encoder. The encoder
can associate a flag with every cache entry (such as shown in
cache 180 in FIG 13). This flag will indicate whether or not
that cache entry has an undefined or defined value. A defined

2



val ue for the eight shaded pixels on the next raster scan to be coded
(pixels 102). Hereafter, pixels 100 will be terned the context byte and
pi xel s 102 will be termed the current 35 byte. The philosophy of a context
dependent cache arrangenent i s based upén the fact that inmges are
often verticall . related (e.g. vertical lines in a chart arrangenent)
and by enﬁPXV?nbs aafé;%mhe@telbytteeaeasheaeh‘érnonﬁm%sems ian leidtaial thaa

a current bytpyvel hagieourtd  thed TRE8gEDBL inGCPHILds R d Yencoder can
10 in the gddressed cachg-:[c> an identical data byte - thereby

enabl i ng rapi B*&RcBHF fig "RVEfod® MAtdherd cachte dath rﬁﬂe‘ﬁ%ﬁ’f‘Y Whlc‘?\hhﬁé an
"vertical" coahdzfihgtecaiche baﬂuethehbaﬂe&oﬁbrtPeed noﬁnﬁﬁum&aﬁﬁﬁQﬂkﬂ#ion
it isto bg u toQd.th t her hysical re i onshi re within
scope of the ?g%éé 98 1£13112" H8Ver ugﬁnaPhgn'ﬁBfg ﬁ%ﬁ??oﬁagFea EoRfextt
dependent cachell negerubeunestaubtedchesdmapobbycthate@cad@rlnltlallzed at

the ~ start of a conp@ﬁésEemisegﬂgpgﬁégggacacg&séyéee Fehe! BBLERETun of

if an eight bit byte is_to es na
t he out set, %%%h1636ﬁ51ﬁ§vWH§haapﬁﬁQﬂ jaRersd Caqkﬁﬁﬂlﬂ% ghrstedayefr has
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caches nee be Céea ed at the outset, and caches can be created onl
blt sequences) are assigned as follows:

when needt
1 = first layer prediction correct
000 = second layer prediction #1 correct
001 = second layer prediction #2 correct
010 = second layer prediction #3 correct
15 011 = correction value is needed

The cache starts out in the following condition:

1st 2nd layer 2nd layer 2nd layer
layer - #1 - #2 #3
20 O 255 255 255

Random replacement in the second level of the cache
is performed via a simple round robin approach. A variable
"repl index" is defined and initially set to 1. It determines

25 which of the 2nd level cache entries will be replaced when a
replacement 1is required. After a replacement is performed,
"repl_index" is incremented. If "repl index" reaches a value
of four, it is reset to one.

The data stream to be coded consists of a sequence

30 of bytes.

The following table traces the coding sequence. The

cache state is shown after the current input value is

processed.

r'?



As shown in Fig. 7,
transmtted (decision box 104),

address of the context

a

once a new data byte is 15

encount ered t hat
specific cache is addressed having an

is to be

byte which is vertically aligned on an

i mredi ately previous scan row of the pexel inmage (box 106). (As
i ndi cat ed above, it is likely that the nost recently used entry in the
20 addressed cache will be identical to the unconpressed byte val ue).

The byte value is then matched with the values in the
(decision box 108) and if a match is found,
position of the matching vaIue in

addr essed cache

a code word indicating the
the addressed cache is outputted (box

110). The ¢ Srekars
value up to nost recentlycusedmentry in the addreeﬁedaaadhe (box
112) and rocedure recycles. I f no| gatal @,ls found in
t he address Ye ectsStoti—bex—168) “rot—Found’ code word is
outputted ( 14t T4er an@hdtthner/act U3l Logrt#@ v éth Leen 8 ransm tted (box 116).
The non- ng byte jalue is ijnserted ip the addrfessed cache and
the cache i et—{box—+i8—so—as—to+roverthe—dtsptaced byte—that-o—a
| ower | evel £l®ache pAd to dispPace a byte al r ey & P11004¢" i ower
| evel , etc. roceduref then recyicl es. 35 |meghgmggng
deconpr essi Cedure ik shown that i S| responsi vie lnmat;a conpr.e ( g
by the proc Khown i n Fig. [7. A recejved conpreS8eymcofR-Wbrd Ww")
accessed (bgx 120) . and,a cache | 5.addresjsgd, based nt ext
val ue of thj 7 Bt eady d&coded cqnﬁgxt bytbgln t he scgﬁpg%dﬁﬁ%%g | ACEl y
above the cache is adapted;
repl_num = repl_num + 1 (now=3)
5 100 100 0 17 0 "001" is output;
the cache is adapted
100 | 100 0 17 0 "1" is output
9 9 0 17 100 "011" & "00001001" is cutput;
the cache is adapted;
repl_num = repl_num + 1 (now=4);
repl_num =1
It should be understood that the foregoing description is only
illustrative of the invention. Various alternatives and
10 modifications can be devised by those skilled in the art

without departing from the invention. Accordingly, the present
invention 1is intended to embrace all such alternatives,
modifications and variances which fall within the scope of the

appended claims.



(box 122). If the conpressed code word is a position code word

(deéls 124), the val ue appearing at the indicated position in

t he ad m m utputted (box 126) and the cache is then
adapted} [l y rearranging the amtries 5 therein to enable the
nost recently usedsbyte to be placed at the top of the cache (box 128).
If it is determned that the recei ved d@LAIMS not a position code word
(deci sion box 124), a received byte val ue i s accessed from nmenory (box

130) and is outputted. That new 10 byte value is then_inserted into the
top of the addréssed An caPRATrakHSt h§°€acrféffﬂs°%ﬁigpt e#atBox CEIRF eSTHEN,
procedure coh@ed@ligg until no further received data is avail abl e.

In summary, a cuyrrent byte wi | irected to a cache ose
ndress | 3 the SAFSE GTATHE BERPER Te3hthy | Sedfal 8Py oL AEEETr Py
byte. The cuﬂ.eeatlsbytae firsthe=nine sl evaebexigisd ecohanmbbae nexenstgnusew i S

accessed h t ext e vaIu .S _al.r res f ach a
new cacheagoe %ﬁ%%rrl%ée béét%’dcrseaa &.eviaefl 1%%%%8%% C{t% B el%‘va % Q%
new, a new caeke recesttd |1§t$@ddnittah8telmecm$t,ext byte as 20 its addr ess.

IT all caches wapanest@ et déﬁé#ﬁﬁﬂfﬁﬁ'ffha recQ?vQ@“ﬁQ@thégﬁ%ﬁt

reqU|red as one cache for eac possi b context byte value alr
exi st s. is found i sEH@ 5&6\% FREHEs HEFRT Y MRSt i (39 /66 )a 3d¢ht & B

val ue was i nhggdgﬁaekg s ildh e cdliVeUS WA ISeRmedrt! @ swdldue i2et aenadist ged of
the value of the data se%ﬁt fromthe raster LaceSt I|ne|rrrred|ate|y
above the cuPfeft Fﬁ& O5HPEY; means 1n place ol a pr ous

received data segment assigned to said first level, and
assigning said previously received data segment to a position
in said second level in place of a less recently used data
segment, said less recently used data segment chosen by a
pseudo~-random method from among  less recently used data
segnments assigned to said second level;

means (62,38) for transmitting to a receiving means a "not
found" indication and said received data segment in
uncompressed form; and

means (62,34) responsive to a determination that a received
data segment is found in said first cache memory means for
causing said transmitting means to transmit to said receiving
means a position code indicating where in said first cache
memory means said received data segment is assigned, said
position code comprising a compressed form of said received
data segment.

2. The apparatus as recited in Claim 1, including a
receiving means said receiving mneans including means for
deconmpressing compressed form data comprising:

second cache memory means (20,78) having a plurality o £
levels, a first said level assigned to a most recently used
data segment, a second said level assigned to a plurality of
less recently used data segments; and

means (74) for performing said pseudo-random method so as
to maintain data segments in conjunction with said second
cache memory means so that data assigned thereto is maintained
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5. The apparatus as recited in any one of the preceding
claims, wherein said means for determining (62,32) includes
a look-up table (170) including a position for each possible
value of a data segment and an associated flag to indicate
whether the associated data segment value is present in said
first cache memory means.

6. In a system for compressing a raster scan
representation of bi-level data through a use of multiple
cache stores, each cache store for storing a plurality of data
segments from said raster scan representation in a hierarchy
of usage, a method comprising the steps of:

a. assigning a cache context identifier (100) to each of
a plurality of cache stores, each cache context identifier
having a value related to a data segment in one scan row of
said raster scan representation;

b. accessing (104,106) current data segments contained in
a next scan row from said one scan row, each said current data
segment positionally aligned with a context data segment in
said one scan row;

c. comparing (108) each said current data segment with data
segments contained in a cache store having an assigned cache
identifier equal in value to a positionally aligned context
data segment; |

d. transmitting (110) a position identifier of a data
segment within a cache store if said current data segment is
found in a said cache store, or a "not found" indicator (114)
and said current data segment (116) 1if said current data
segment is not found in said cache store; and
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identifier value in a decompressed preceding scan row, and
determining from contents of said selected cache store at a
position therein indicated by said position identifier, an
identity of a data segment assigned to said position.

8. The method as recited in Claim 7, wherein each said
cache store (180) comprises a plurality of storage positions,
arranged to store data segments in a most recently used to
least recently used order, each storage position having an
associated flag value indicating whether the position has a
defined value data segment or an undefined value data segment
stored therein, said comparing step (c) ignoring any storage
position having a flag value indicating an undefined &alue
data segment.

9. In a system for compressing a stream of data segments
through a use of multiple cache stores, each cache store for
storing a plurality of data segments from said stream in a
hierarchy of usage, a method comprising the steps of:

a. assigning a cache context identifier (B,C) to each of
a plurality of cache stores, each cache context identifier
related in value to a context data segment previously
encountered in said data stream:

b. accessing (104,106) a current data segment having a
predetermined temporal relationship with a context data
segment;



Then, the pointers in cache 120 are updated to reflect the new
orderiﬂ'}‘!ﬁmym ﬂ'] he 122. The newy entered current val ue S
poi nt Lﬁﬂﬂ recently used position in cache 120. In this
case, the encoder Sentts a special code worzbsignalling 5 that no match was

found, followed by the actual byte value and the pointer to the val ue
list where it i sct ocbmpandagt gdqd)n saidt h:ardeo@deia)ta segment with Adats

shown in Fi gy e‘j%mizét%n{éﬁﬂe&“ﬂ i%scééh& by %éf@ﬂ&‘i‘ %g'c}?e

nost recentl ast recent use % sequen
i rrespective ¥lenpifier gyl iidh V@ﬂ%@"biﬁflé gantexrndghe %ﬂ%énfiv sPutpif

cache 122, itpo caé&mféﬁﬁﬁshefzmlélﬁhd)fas% it efadie t @Ol Pi&F,

list mhat t he recentl used e, val ue va list
bnd al | sueott R RS | St nd catoR Vmgsa%r%ﬁ%tbdﬁsltegftags.

In the decoder, @nl yran\smhmelhlgst(1lsorraant;m§wtch,omot1dentﬁm nser al i @dta

Whe d t I h I f th
DT L R
coae wor S BsTam E a [

| nput streamand o %f@ﬁjﬁalt% B'e%%ﬁlt' et B8 4P LhBlahfat DEGHERPIRL
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not found in sald cache store;

e. causing the current data segment to become a new context
data segment for a succeeding current data segment; and

f. assigning to a new cache store, said new context data
segment value if no other cache store has that context data
segment value assigned and repeating steps (b-f) until no
further data segments remain to be processed.

10. The method as recited in Claim 9, further comprising
the decompression steps of:

g. establishing a plurality of cache stores, each cache
store having an assigned context identifier related in value
to a data segment value previously encountered in said data
stream; and

h. decompressing (122,124,126,130) a received position
identifier by selecting a cache store based upon a context
identifier value assigned to said cache store, and determining
from contents of said selected cache store at a position
therein indicated by said position identifier, an identity of
a data segment assigned to said position.

11. The method as recited in Claim 9 or 10, wherein each
sald cache store (170) comprises a plurality of storage
positions, arranged to store data segments in a most recently
used to least recently used order, each storage position
having an associated flag value indicating whether the
position has a defined value data segment or an undefined
value data segment stored therein, said comparing step {(c)
ignoring any storage position having a flag value indicating
an undefined value data segment.

12. In a system for compressing a raster scan
representation of bi-level data through a use of multiple
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i's shown and corgEnEESedying CORStdttk a4 (s MBS SEXb £0%) contained in
a next scan row from a first scan row, each said current data
segment positionally aligned with a context data segment in
said first scan row;

c. comparing (108) each said current data segment with data
segments contained in a cache store having an assigned cache
identifier equal in value to a positionally aligned context
data segment;

d. transmitting (110) a position identifier of a data
segment found in a said cache store, or a “not found"
indicator (114) and said current data segment (116) if said
current data segment is not found in said cache store; and

e. causing current data segments contained in said next
scan row to become context data segments for a succeeding scan
row of data segments; and

f. repeating steps (b-f) until no further scan rows remain
to be processed.

13. The method as recited in Claim 12, further comprising
the decompression steps of:

g. establishing a plurality of cache stores, each cache
store having an assigned context identifier equal to a
possible value of a data segment; and

h. decompressing (120,122,124,126,130) a received position
identifier by selecting a cache store based upon a context
identifier value in a decompressed preceding scan row, and
determining from contents of said selected cache store, an
identity of a data segment assigned to a position indicated
by said position identifiers.

14. The method as recited in Claim 12 or 13, wherein said
system includes a look-up table (170) including positions for
each possible value of a data segment and an associated flag
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initializati dhmagthe elsariafated tiplcheadmddrorms t lmach cache store for
storing a plurality of data segments from said stream in a
hierarchy of usage, a method comprising the steps of:

a. assigning a cache context identifier to each of a
plurality of caches, said plurality equal in number to
possible values of said data segments, each cache context
identifier equal in value to a possible value of a data
segment;

b. accessing a current data segment {104,106) having a
predetermined temporal relationship with a context data
segment;

c. comparing (108) said current data segment with data
segments contained in a cache store having an assigned cache
identifier equal in value to the context data segment;

d. transmitting (110) a position identifier of a data
segment found in a said cache store, or a "not found”
indicator (114) and said current data segment (116) if said
current data segment is not found in said cache store; and

e. causing the current data segment to become a new context
data segment for a succeeding current data segment; and

f. repeating steps (b-f) until no further data segments
remain to be processed.

17. The method as recited in Claim 16, further comprising
the decompression steps of:
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18. The method as recited in Claim 16 or 17, wherein said
system includes a look up table (170) including positions for
each possible value of a data segment and an associated flag
to indicate whether the associated data segment value is
present in a cache store, said comparing step (c) initially
examining said look-up table to determine if a data segment
value is contained in said cache store.

19. The method as recited in Claim 16 or 17, wherein each
said cache store (180) comprises a plurality of storage
positions arranged to store data segments in a most recently
used to least recently used order, each storage position
having an associated flag wvalue indicating whether the
position has a defined value data segment or an undefined
value data segment stored therein, said comparing step (c)
ignoring any storage position having a flag value indicating
an undefined value data segment.

20. Am aapparatus for efficient data
compression/decompression comprising:

first cache memory means (122) for storing a plurality of
data segments in a plurality of memory positions, each
position having a position identifier;

second cache memory means (120) having a plurality of
levels, a first said level including a position identifier for
a most recently used data segment, said position identifier
identifying where in said first cache memory means is stored
said most recently used data segment and remaining levels
including position identifiers that identify storage positions
in said first cache memory means wherein are stored for less
recently used data segments;

means (62,132) for determining if a received data segment
is found in said first cache memory means (122) and if found,
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consi sts of (f%‘aél%?fedé)& cgﬁyérg_s The follow ng table
traces the codi ng seguence cache state is shown after the current
i nput value is 21. JRteddehen as recited in Claim 20, wherein, if said
determining means does not find said received data segment in
said first cache memory means, a "not found" indication (138},
a pointer value (142) indicating a position in said first
cache memory means storing a least recently used data segment
and said received data segment (140) are transmitted to said
receiving means.
22. The apparatus as recited in Claim 21, further
comprising:
means (62,144) for storing the "not found" received data
segment in a position in said first cache memory means (122)
in place of a least recently used data segment and for
updating said second cache memory means to indicate said
position in said first cache memory means that stores said
"not found", received data segment, as being a most recently
used data segment, and adapting remaining position identifiers
in said second cache memory means accordingly.
23. The apparatus as recited in Claim 22, wherein said
receiving means comprises:
receiving cache memory means (122) for storing a plurality
of data segments in synchronism with data segments stored in
said first cache memory means; and
means (62,152,154,156,158,160) responsive to a received
position identifier for accessing a corresponding position in
said receiving cache memory means and a data segment stored
therein.
24. An apparatus for efficient data compression,
comprising:
first cache memory means (20,66) having a plurality of
levels for storing recently used data segments in accordance
with a predetermined sequence; and
look-up table means (170) containing every possible data
value and a flag associated with each data wvalue, said flag
indicating whether or not its associated data value is stored
in said cache memory, and if it is, determining the position

i



16 Cache State

%Iﬂ'p i“u!HwLIII“JIIMSIMIILe et 1st Layer 2nd Layer #1 3rd

Layer #2 4th Layer #3 100 2500 0 0

0 "011" & "01100100" is output; ,
the cache isofddfeflata value in said cache memory, outputting the data

repl _num = r eRlitiéstote@NOMWEAdid positioh/, and ddapting saf cache memory,100

"011" &.".00010001" i.s .out put: . ) ]
?he cache isaﬁﬁal eaald assoc?ated datapvalue is not stored in said cache

repl _num = r eglmoryp dutplitddmd) sail datal@dlue, liMkerting daid data value

0 . "001% | t X . . .
t he cache islgﬂggggdégcgg *%gﬁfﬁy adgﬁﬁ}ng said %Pche memory, aqﬁ7flagglng
0 saig' dagautvaiiue in said) look-up table meams. 17
100 "QEL" &n" 0000000 s | S B¥Eicient data decompression of

t he cache is adapted, o
repl _num = r EPPPreFHes forMowabp, comprising:

repl _num=1 receiving means (74,44) for receiving transmitted data
including a position code or, alternatively a '"not found"
indication and a data segment in uncompressed form;
means (74,46) for determining if received data is a
position code or a '"not found" indication and a data segment
in uncompressed form;
a cache memory means (20,78) having a plurality of levels,
a first said level assigned to a most recently used data
segment, a second said level assigned to a plurality of less
recently used data segments;
means (74,46) responsive to receipt of a "not found"
indication and a data segment in uncompressed form for
assigning said received data segment to said first level in
said first cache memory means in place of a previously
received data segment assigned to said first 1level, and
assigning said previously received data segment to a position
in said second level in place of a less recently used data
segment, said less recently used data segment chosen by a
pseudo-random method from among 1less recently used data
segments assigned to said second level; and
means (74,48) responsive to a determination that a
received data is a position code for causing said receiving
means to output the data segment in said first cache memory
means where said position code indicates, said position code
comprising a compressed form of said received data segment.
26. In a system for decompressing a raster scan
representation of bi-level data through a use of multiple
cache stores, each cache store for storing a plurality of data
segments from said raster scan representation in a hierarchy
of usage, a method comprising the steps of:

17



It should be understood that the foregoing description is only

illrﬂulnuﬂqﬁu [ I nvention. Various alternatives and 10 nodifications
can EI ﬂ”ose skilled in the art wi t hout departing fromthe
i nveriti &bn.* Actorsdi ngly, the present 2énvention is intended to enbrace

all such alternatives, nodi fi cati ons and vari ances which fall within
t he scope of theestablialpm@e@lglrailmy of cachg Btores, each cache store

CLAI M5 Having An 2BR2GALHScohfbxteilibRiceRl erddA ate ISP Dle to a
data segment value in a first scan row of said raster scan
representation; and

decompressing (106,108,110,114,116) a received position
identifier by selecting a cache store based upon a context
identifier wvalue in a decompressed preceding scan row, and
determining from contents of said selected cache store at a
position therein indicated by said position identifier, an
identity of a data segment assigned to said position.

27. In a system for decompressing a stream of data segments
through a use of multiple cache stores, each cache store for
storing a plurality of data segments from said stream in a
hierarchy of usage, a method comprising the steps of:

establishing a plurality of cache stores, each cache store
having an assigned context identifier related in value to a
data segment value previously encountered in said data strean;
and

decompressing (122,124,126,130) a received position
identifier by selecting a cache store based upon a context
identifier value assigned to said cache store, and determining
from contents of said selected cache store at a position
therein indicated by said position identifier, an identity of

a data segment assigned to said position.

-
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second said | evel assigned to a ‘m'urm'rrg‘o
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| ess“recently used data segnents; and means (74) for performng said
pseudo-random net hod so as to nmaintain data segnents in conjunction with
sai d second cache nenory nmeans so that data assigned thereto is

mai nt ai ned 18 in synchronismwth data segnents in said first
cache nenory neans. 3. The apparatus as recited in aim1l or 2,
wherein said first cache nenory neans (20, 66) conprises nore than two

assi gned | evels. 4. _The apparatus . as-recitedsin-any one—of—the
precedi ng| el ai wRey ein sai d pseudo- ranﬂonlnethod sequegges a count
t hrough d -nt. assigned to a aving a plurality of less
recently { obi n count the;ﬁgﬁ, a data segnent
to be rep sai d_coupt 5. The
appar at us GﬁTrlﬁEiXtTed i JdousPY T ein daid
means for ERESSRE upr[t_ggl e (170) incl Jding a
posi ti on [fePDEaMOBES 54 ~ N o eded 1|l ag
to indica : present in said
first cache nemgs
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6. ° In a system for conpressing a raster scan representation of

bi -1 evel data through a use of nultiple cache stores, each cache store for
storing a plurality of data segnments from said raster scan representation
in a hierarchy of usage, a nethod conprising the steps of: a. assigning
a cache context identifier (100) to each of a plurality of cache stores,
each cache context identifier having a value related to a data segnent in

one scan row of said raster scan representation b. acg ! 4,106)
current data segnents contained in a next scan rom1fron1{¢|d 0 N row,
each said;uurent dat a segnentuafsitionally aligned with|{a con ﬁta
segnent in\said one scan row, conparing (108) eachjgad W t| data
segrment witlh data segnents contained in a cacga store hayilng,a gned
cache idengjrie UQEIO a position y allgnej cont tla
segnent ; d. a position |dent|f|er D gnent
w thin al céche chh:ent data seg Is fouhd i cache
store, oro "@o ator (114) and s d current | data { tt (116)
if said cuffent is not found in Said cache ptore; ||
19 <
[ ) <
_ T -
Te
o
\ o (o]
M ~
ofl o | ™| 8| @
< ®
N
34 e )
o - -
o l
{ o
— © o
~ L2
o
<iR|2 o |w
® T
\ I o{
')
<t
5 o & o
AN ]
w0 1:[
o B
THIS SHEET HAS BEEN O
REPLACED ~ ’
5 &
odq
Q< | @ L

90 —— USAGE.
_ ("
\.

This Sheet Has Been Replaced

AN




e. causing current data segments contained in said next scan row to becone
context data segnents for a succeeding scan row of data segnents; and

f. assigning to a new cache store, a new context segnent value if no other
cache store has that context segnent val ue assigned and repeating steps
(b-f) until no further scan rows remain to be processed. 7. The net hod
as recited in Caimé6, further conprising the deconpression steps of: g.
establishing a plurality of cache stores, each ¢ache store having an
assigned context identifier related in value to a data segnent value in a
first scan row of said raster scan representation; and h. deconpressing
(106, 108, 110, 114,116) a received position identifier by selecting a cache
store based upon a context identifier value in a deconpressed precedi ng
scan row, and determ ning fromcontents of said selected cache store at a
position therein indicated by said position identifier, an identity of a
data segnent assigned to said position. 8. The nethod as recited in

G aim7, [wkerein jeach said cache store (180) conprises a plurality of

st orage posi , arranged to store data segnents in a nost recently jused
to | east {recent usego@rder, each storage position having an associ ated
flag val ye indi cat™g whet her the p05|t|on has a def 3% d val ue data s gnent
or an ung f ' aid conparing step (c)

i gnori ng 1 ndi cating an undef | ned
val ue dat sing a stream of dat
segnent s each cache store for

e
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storing a plurality of data segnments fromsaid streamin a hierarchy of
usage, a nmethod conprising the steps of: a. assigning a cache context
identifier (B,C) to each of a plurality of cache stores, each cache context
identifier related in value to a context data segnment previously

encountered in said data stream b. accessing (104, 106) a current data
segnent having a predeterm ned tenporal relationship with a context data
segnent ; 20 c. conparing (108)“said current data segment

with data segnents contained in a cache store having an assi gned cache
I denti f In value to the context data segnent, but 1T no cache
store exi ?%6ai d assi gned cach'(az%' dentifier, establishing a cache
store wth sal agheé identifier; Transmitting (110) a position

identif|ler of a a segment within ?ycache store if said current datja
segnent | geTf quEdTi N %Hf ] ound" i ndi cator (214)
and sai gCoMpPrRESSED a S i4E g ‘ segnent is not found in
sai d capBeDE WORD . pgnent to becone a jnew

context{ data seg

segnent; and

/126
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f. 'dssigning to a new cache store, said new context data segnent value if
no ot her cache store has that context data segnent val ue assi gned and
repeating steps (b-f) until no further data segnents renmain to be

processed. 10. The method as recited in CQaim9, further conprising the
deconpressi on steps of: g. establishing a plurality of cache stores,

each cache store having an assigned context identifier related in value to
a data segnent val ue previously encountered in said data stream and h.

deconpressing (122,124,126, 130) a received position identifier by selecting
a cache store based upon a context identifier value assigned to said cache
store, and determning fromcontents of said sel ected cache store at a
position therein indicated by said position identifier, an identity of a
data segnent assigned to said position. 11. The method as recited in
Claim9 or 10, wherein each said cache store (170) conprlses a plurality of
st or age, podBQ ons, arranged to store da e e ceerf used
to | eas ecent lly used order, each stor e p05|t|on haV|ng an aSSOCIated
flag vaj ue indi gating whet her t he fss;] f?gn has a defined val ue data sggnent
or an updefi ned™al ue data segnpht stQred therein, %ﬁd conparing steg (c)

i gnoring any storage_position aNYgg Vv fijned
val ue dii%{rs I%lﬁg%ggsys em |DQITPUTMALEME nigiSB  rdstler

scan re%%ﬁ??&’iﬂﬁéﬁE@f ZL el Nﬁiﬁ'éHt hr gl g™ ROINTER OODE | WORD
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21
from sai
conpri si

of a plurality of caches,

“tache stores,

each cache store for storing a plurality of data segnents
d raster scan representation in a hierarchy of usage, a nethod

ng the steps of: a. assigning a cache context identifier to each
said plurality equal in nunber to possible val ues

of said data segnents, each cache context identifier equal in value to a
possi bl e_val ue of-—a-data-segrent; b j B
(104, 106)>sont aijned_in next scan row ma first scan row, each saig
current {dat a~segme C’p03|t|onally aN_gh with a context data segnment {n
said firlst scan vgWw, c. conpari ng W\108) each said cu "59 dat a sengnt
w t h datla seg&gn seQnt ai ned iz AYed e-~bavi-hg—&n ghed e
i dent i fildiE i n_vaNye to/a PGNTEMaNy IOtg'ﬁEUTcoVAbME i a sed %t;
d. tran<{$§ 20  OfPQINBER sBGS8TIONound fn a
sai d cad , a "not foynd" A ndi gat or *tidy—amrre—saro-ctorTe dat a
segnent {(116) if _#aid current da ent is not found in said cache
store; 4and causi ng current Yatd segnents contained in said next scan
row to Qecorfe cdntext data segnent YN@r a succeeding scan row of data
segnent 3 and f. repeating stepy (b-f) until no further scan rows renain
to be processed. GET & OUTPUT DATA
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13. Jhe nmethod as recited in Caim12, further conprising the deconpression
steps of: g. establishing a plurality of cache stores, each cache store
havi ng an assigned context identifier equal to a possible value of a data
segnent; and h. deconpressing (120, 12227124, 126,130) a received position
identifier by selecting a cache store based upon a context identifier value
I n a deconpressed precedi ng scan row, EBSER&@Ernining fron1contents of said

sel ected caclie ghpheatdld |g§§t|f¥ o%o%pq%ggf§%gqﬁﬂﬁ gg LA tion

i ndi cated by said position entl lers as recite
Claim12 or f_IB-'S%EP§Pﬁ FERPEY s{ 2P FAL| Hawdng |a>oklubaﬂ-a517e0(fmgs1qned

i ncludi ng pog&éms;»ﬁ UsRACHaPPSsE Bl Esyge Uil &s@db&eﬁeﬁ%ﬁés@%@é}xtly
associ ated f to i ndi cate whet her

the assod at‘b%gﬁﬁaat%esger%‘?ﬁm?l%laﬁ’éi assﬁFéggngeVﬁl aﬁﬁt’:ﬁﬁegtB?ea Rixplity
conparing step (IBss nitdadrtlyexaiod ndata dskgnkntip.t ahl epi'@céiﬁé@fm 2y f a

dat a segnent\@gfﬁzﬁéscggtgmgggehgeaabd cac% h%r§s foué%_ ggﬁégogéasa

recited in alm erern eac Sal ache store
plurality ofmenarngé2pesioli carsd ar iéngert t oibt aissiduisa thegneeceiveda datst

recently segment to the cache memory’s first level in place of a
10 previous data segment stored therein. The previous data
segment is assigned to a position in the second level in place

of a less recently used data segment. The less recently used
data segment that is displaced is chosen by a pseudo-random
method. A "not-found" indication (38,62) is then transmitted

15 to a receiving station along with the identity of the received
data segment. The receiving station (72) contains identical
cache structures and updates its caches in response to
received code words and data segments. A further version of

the invention emplaces data segments into cache memories in

20 accordance with the context in which the data segments are
found, the cache memories being assigned in accordance with

context derived addresses.
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used to | east

recently used order,

each storage position having an

associ ated flag val ue indicating whether the position has a defined val ue

data segnent or an undefined val ue data segnent stored therein,
ignoring any storage position having a fla

conparing step (c) SitdostitheaSE%'ﬁt'
) e

indi cating an undefined value data segment

sai d

. 7 .
conpressing a stream of data segnents thréugh a use of nultiple cache

stores,

streamin alhi S-a0e

assi gni ng a|M@sfie cont ekt
plurality epRECENTUYumbpr
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beconme a new context data segnent for a succeeding current data segnent;
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repeating steps (b-f) untiF:Ec;fu t her datafsegﬂents remain totﬁe
e urther conprising the

17. The nethod as reci
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23 g. establishing a plurality of cache stores, each cache store having
an assigned context identifier value equal to a possible value of a data
segnent; and h. deconpressing (120, 122, 124, 126,130) a received position
identifier by selecting a cache store based upon a context identifier value
and determning fromcontents of said sehpsted SHesétuse sheet af Jel¥nt999 of
a data segnent assigned to a p05|t|on i ndi cated by said position

i dentifiers 18. n—Cl3g

aya ans a¥a¥a .0 an B a VVaVa Q -

systeminc
val ue of a
associ at ed
step (c) i

utkes a ljoolg4p table (170) I ncl ggi ng positions f(};geach possi
dat a~segnment and an associénNed/Tl ag to indicate fhet her the
data sewgnt value is présentin a cache store/ said conparin

e

y

1|t|aII ex.u ni ng sai g/l ook-upNape to determne if a data

segnent va| Gl
recited in
plurality p

recently u

ai nedli n_sa gpgahenst e | oulpuTheasmeod as
%gﬁﬁ@g 20 17, 20hBRei CODEWGRD /T h/ALIUE e (180) conpr | ses
g Q€1 tions alNanged tg/Store DSt
sed to | g2 recently ussd ordgf, each swnrage posi tion havi ng

an
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val ue data segnment stored therein, said conparing step (c) ignoring any
storage position having a flag value indicating an undefined val ue data

seghent . '20. Am aappar at us for ef ficient dat a
conpr essi on/ deconpr essi on conpri si ng: first cache nmenpry neans (122) for
storing a plurality of data segnents in a plurapyhsfitate ahedlyOpbdy iz,
each position having a position identi3/@r; second cache nenory mneans
(120) having a plurality of levels, a first said |evel inclugi Ltion
identifier for a nost recently used data segnent, said posif{l \er
i dentifyingowhere in said first giﬁhe menory neans is store
recently used\data segnent and r I ning | evels including pp!
identifiers_that idepnti storage positions in sgikd first c
means wher gi nffare |storpd f S ecent |y used a segnen
(62,132) faor (deterim ni i1 a ge ed data segment is foun st
cache nenony neanﬁ 12 | fj f*@end,
24 transm'uing(l )| tw fefeifvi ng neans said pusition ide m
sai d second c@ache jmenofy ans ft hat i ndi cates tqﬁ_position 5 1
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recei ved data segnent. 21. The systemas recited in Caim 20, wherein,

if said determ ning neans does not find said received data segnent in said
first cache nenory neans, a "not found" indication (138), a pointer val ue
(142) indicating a position in said first cache _nenory neans storing a

| east recently used data segnent and said recei vEBsHEita sheghef J('b(48?9§re
transnitted to said receiving neans. 22. The apparatus as recited in
Claim 21, further conprising: nmeans (62,144) for storing the "not found"
recei ved data segnent in a position in gapd first cache menory neans (122)
in place of a |least recently used data segnent and for updating said second
cache nenory neans to indicate said position in said first cache nenory
means that stores said "not found", received data segnent, as being a nost
recently used data segnent, and adapting remaining position identifiers in
sai d second cache nmenory neans accordingly. 23. The apparatus as
recited in Claim?2 i I Vi i : i
cache neno ans [(122) for storing a plurality of data segnents in
synchroni sfn wi ddta segnents stored in said first cache nenory neans; |and
means (62, 152, 154 6, L3%84160) responsive to a recei veh position identif|ier
for accessfng a corr 0° cache nenory ngans
and a dat a|GEFNNAEX TSt or t her ¢ ppat’atus  for efficignt
data conp[UNCOMPRESSRD s 3 [ : means (20, 66) having a
plurality (PATAV¥AEUESr

i ng

or i ng segnents i n accordande
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with a predeterm ned sequence; and | ook-up table neans (170) contai ning
every possible data value and a flag associated with each data val ue, said
flag indicating whether or not its associated data value is stored in said
cache nenory, and if it is, determning the position
25 of the data value in said cache nenory, out Substingtetsteeedat@ Jubt 1896
stored in said position, and adapting58aid cache nenory, and if said
associated data value is not stored in said cache nmenory, outputting said
data value, inserting said data value in said cache nenory, adapting said
gging said data value in said | ook-up table neans.
25. An apparatu or] efdpci ent data deconpyggsi on of conpressed form data
| Si o} Vi receiving transmtted data
i ncl udi ng a} position Tk [ y a "not found" indication and a
§r determining if

segnent in uﬁ@@gbﬂﬁ o aRansd (20, 78) having a
plurality df |evels, first said |l evell assigned to a nost recently used

data 124 .
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segnent, a second said |evel assigned to a plurality of |ess recently used
data segnents; - neans (74,46) responsive to receipt of a "not found"

i ndication and a data segnent in unconpressed formfor assigning said

recei ved data segnment to said first level in said first cache nenory neans
in place of a previously received data segnent &swbistihae sheesai iy $896

I evel , and assigning said previously received data segment to a position in
said second | evel in place of a | ess r99ent|y used data segnent, said |ess
recently used data segnent chosen by a’pseudo-random net hod from anong | ess
recently used data segnents assigned to said second |evel; and means
(74,48) responsive to a determ nation that a received data is a position
code for causing said receiving neans to output the data segnent in said
first cache nmenory neans where said position code indicates, said position

code conprlmluééiconpressed formof said received data segnment. 26. In
a systemfq P ESST T  a Taster—scanm—representatt+ori—of—hbi—tevel—data

t hrough a | ti pl e cache stores eaﬁﬂacache store for storing a
plurality ¢ 1 i er scan repres%Ptation in a

hi erarchy ¢f usage, Qe steps of//I
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ABSTRACT

CACHE-BASED COMPRESSION/DECOMPRESSION

An apparatus (&0) for compressing bilevel data includes a
first cache memory (20,66) having a plurality of assigned
levels of usage, a first usage level assigned to most recently
used data segments and a secand level assigned to a plurality
of less recently used data segments. A processor (62)
determines if a received data segment is found in the cache
memory (20,66) .and, if not, it assigns the received data
segment to the cache memory’s first level in place of a-
previous data segment stored therein. The previous data
segment is assigned to a position in the second level in place
of a less recently used data segment. The less recently used
data segment that is displaced is chosen by a pseudo-randonm
method. A "not-found" indication (38,62) is then transmitted
to a receiving station along with the identity of the received
data segment. The receiving station (72) contains identical
cache structures and updates its caches in response to
received code words and data segments. A further version of
the invention emplaces data segments into cache memories in
accordance with the context in which the data segments are

found, the cache menories bemq assigned in accordance with
context derived addresses.

(Figure 4)



