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' 1. Technical Field

The presenﬁ invention relates to a method and

-apparatus for compress;ng data in general and in particular

to a method and apparatus for performing adaptive data com-
pression. Still more particularly, the present invention
relates to a method and a;;paratus for improving data compres-
sion efficiency of Lempel-Ziv 1 variants.

3. Description of the Prior Art
i
The well-known Lempel-Ziv coding scheme was first
suggested by J. Ziv and A. Lempel in "A Universal Algorithm
for Sequential Data Compression," IEEE Trans. Inform. Theory,

. vol. IT-23, no. 3, pp.337-343, 1977. The classical implemen-

tation which utilized a variant of the original Ziv-Lempel
coding scheme was first suggested by J. Storer and T. Symans-
ki in "Data Compression via Textual Substitution," J. ACM,
vol. 29, no. 4, pp 928-951, 1982, and was subsequently imple-

Trans. Comm., vol. COM-34, no. 12, 1986}, who called his
implementation of this coding scheme LZSS.

The LZSS scheme permits the output of a Lempel-Ziv
compressor to be an arbitrary mixture of code symbols called
LITERAL_ POINTERs and COPY_POINTERs. The LITERAL_ POINTER
contains one single embedded data symbol, and the
COPY_POINTER contains two elements, namely, a SYMBOL_COUNT
and a DISPLACEMENT {or OFFSET).
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_The wel | -known Lenpel - Zi v coding scheme was first suggested by J. Ziv and
A, . Lenpel in "A Universal Algorithmfor Sequential Data Conpression, "

| EEE Trans. Inform Theory, vol. IT-23, no. 3, pp.337-343, 1977. The
classical inplenen- tation which utilized a variant of the original

Zi v- Lenpel coding schene was first suggested by J. Storer and T. Symans- Ki
in "Data Conpression via Textual Substitution, " J. ACM Vol. 29, no. 4,
pp 928-951, 1982, and was subsequently inple- nmented by T. Bell (see
"Better OPM L Text Conpression,” |IEEE Trans. Comnm, vol. COwW 34, no. 12,
1986), who called his inplenentation of this coding schenme LZSS.

The LZSS schene per t he_output_of a  Lenpel-Ziv conpressor to be an

m t
arbitrary mxture oFaﬁngIgWEOWE%&SLPmsMTE%P?ﬁde’EICPY
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DI SPLACEMENT. (.or FSET) ,
and is also cozued back to the current location of a history-

buffer for update. COPY_POINTERs are processed by extracting
and-decoding the SYMBOL_COUNT and the DISPLACEMENT value.
Then, some number of symbols, as specified by the

f SYMBOL_COUNT value, are copied from the history-buffer of the.

' decompressor. These symbols are copied -sequentially, ome

symbol at a time, starting from a history-buffer location
specified by the DISPLACEMENT value. As each symbol is
copied to the output of the decompressor, it is also copied
back to the history-buffer for update, in the same way as for
a LITERAL POINTER. '

1 As in wmost implementations of this kind of Lempel-
Ziv 1 var._i.ant (to distinguish it from a dictionary-based
scheme known as Lempel-Ziv 2, also proposed by Lempel and
Ziv), LZSS utilizes a variable-length SYMBOL COUNT coding

" scheme because shorter count values tend to be much more
frequent thar} longer ones. Also, LZSS utilizes a single flag
bit to distinguish between encoded LITERAL_ POINTERs and the
COPY_POINTERS. B

In recent years, there is an adaptive compression
algorithm known as Adaptive Lossless Data Compression (ALDC)
that is widely utilized for general purpose data compression
within computers and associated peripheral devices.  ALDC,
also a Lempel-Ziv 1 variant, is described in full detail in
"QIC Development Standard QIC-154," Rev. A, 10 Mar 94, Quar-
ter-Inch Cartridge Drive Standards, Inc. This document, also
available via internet at "http://www.qic.org," is incorpo-
rated herein by reference. ”



Each«LITERAL PO NTER is processed by sinply ex- tracting the enbedded data
symbol with a deconpressor. The extracted data synbol is then output. from
t.he deconpressor, and is al so copied back to the current |ocation of a

hi story- buffer for update. COPY_PO NTERs are processed by extracting and
decodi ng the SYMBOLCOUNT and the DI SPLACEMENT val ue. Then, sonme nunber of
synbol s, as specified by the SYMBOL COBNT val ue, are copied fromthe

hi story-buffer of the deconpressor. These synbols are copied sequentially,
one synbol at a time, starting froma history-buffer |ocation specified by
t he DI SPLACEMENT val ue. As each synbol is copied to the output of the
deconpressor, it is also copied back to the history-buffer for update, in

the sane way as forig: AlpdRAcdddtdteRincompressible 4&ta N(dMSinput

I mpl enent th”ﬁt?L. th| k| ncfio Hit%\%geggr%l\%rl @g& 5'1"%"91 Sy rlgw sh it
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St andar d Qnoe;gqns:.qmg\pf Abouy N@r 5§/ for)ADC because each incoming
random data byte value (of 8 bits) must be encoded as a
‘LITERAL POINTER, which for ALDC is a single ®"0" bit followed
by 8 literal data bits. Thus,. ALDC expands each 8 incoming
- data bits to 9 data bits for any data having no matching
string found in the history-buffer. |

i The present disclosure describes an improved method
and apparatus for performing adaptive data compressions
without utilizing any flag bits, such that the compression
ratio may be better than those that require a flag bit for
distinguishing a LITERAL _POINTER and a COPY_POINTER, such as
LZSS agnd- ALDC, as described above.

-



ter-tnch Cartridge Drive Standards, Inc. This docunent, also available via

internet at "http://ww.qic.org,"” is incorpo- rated herein by reference.
3 I f ALDC encounters inconpressible data (an input data
stream of random bytes, for exanple), the output will largely consist of

LI TERAL_PO NTERs, and it is not likely the incom ng randomdata bytes wl|
contain any extensive repeats of the prlecedi ng data sequences al ready
stored in a history- buffer. As in the LZSS coding schene, ALDC utilizes a
single flag bit at the start of a LI TERAL_PO NTER and a COPY_PO NTER f or
di stingui shing them fromeach other. This will result in an expansion of
about 12.5% for ALDC because each incom ng random data byte value (of 8

bits) nust be encoded-as a sohkRAr &9 MNE-RNveENTTONfOr ALDC is a single "0"
bit followed by 8 literal data bits. Thus, ALDC expands each 8 incom ng

data bits to 9 data bits for_any data having, no matching string found in
the history-buffer.In view of the foregoing, it is therefore an object

of the present invention to provide an improved method and
apparatus for compressing data.

It is another object of the present invention to
1 provide an improved method and apparatus for performing
adaptive data compression.
It is yet another object of the present invention
to provide an improved method and apparatus for enhancing
data compression efficiency of Lempel-Ziv 1 variants.

In accordance with a method and apparatus of the
present invention, an initial part of an input data stream of '
source symbols is encoded as a LITERAL POINTER by a compres-
sor. A LITERAL_ POINTER includes at least one data byte from
the data stream. A subsequent part of the input data stream
is encoded as a COPY_POINTER. The COPY_POINTER includes a
count and a displacement pointing to a history-buffer within
the compressor. -All succgeeding data bytes from the input
data stream are encoded ‘as LITERAL_ POINTERs and COPY_ POINTERs
in an alternating fashion, such that an encoded output se-
quence output by the compréssor includes a string of pointers
alternating between LITERAL_ POINTERs and COPY_POINTERsS. As
such, a flag bit is not required to distinguish between a
LITERAL,_POINTER and a COPY_POINTER as in the prior art.

All objects, features, and advantages of the pres-
ent invention will become apparent in the following detailed
written description. -



The present disclosure describes an inproved nethod and apparatus for

~ perform ng adaptive data conpressions without utilizing any flag bits, such
t.hat the conpression ratio nay be better than those that require a flag bi t
for distinguishing a LITERAL _PO NTER and a COPY PO NTER, such as LZSS and

ALDC, as descri bed above. -4-
SUWWARY OF THE | NVENTI ON InSview of the foregoing, it is
therefore an object of the present invention to provide an inproved nethod
and apparatus for conpressing data. It is another object of the

present invention to provide an inproved nethod and apparatus for -
perform ng .
< BRIEF DESCRIPTION OF THE DRAWINGS

The invention itself, as well as a preferred mode
of use, further objects, and advantages thereof, will best be
understood by reference to the following detailed description
of an illustrative embodiment when read in conjunction with
the accompanying drawings, wherein:

Figure la is a block dlagram of a compressor unit
in which a preferred embodiment of the present invention may
be incorporated;

Figure 1b is a block diagram of a data decompressor
unit in which a preferred embodiment of the present invention
may be incorporated;

Figure 2 is a high-level pseudo-code of a fixed
length LITERAIL,_COUNT encoding scheme in accordance with a
preferred embodiment of the present invention; and

_ Figure 3 is a high-level pseudo-code of a variable
length LITERAL_COUNT encoding scheme in accordance with a
preferred embodiment of the present invention.



adapt¥ ve data conpression. It is yet another object of the
“present invention to provide an inproved nethod and apparatus for enhancing
data conpression efficiency of Lenpel-Ziv 1 variants. In
accordance with a nmethod and apparatus of the present invention, an initial
part of an input data stream of source synbols is encoded as a

LI TERALPO NTER by a conpres- sor. A LI-EERALPO NTER i ncl udes at | east one
data byte fromthe data stream A subsequent part of the input data stream
i s encoded as a COPY PO NTER. The COPY PO NTER includes a count and a

di spl acenent pointing to a history-buffer within the conpressor. -All
succeedi ng data bytes fromthe input data strean1are encoded as

LI TERALPO NTERs aggeq ﬁfﬁ%ﬁg%%fb@rbiau ?ﬁﬁ?ﬁﬂﬂﬁ =il ugﬂm.fuch t hat an

encoded out put se- quence output by the conpressor es a string of
pointers alternating between LI TERALPO NTERs and COPY_PO NTERs. As such, a
flag bit is not reqUheeprésent sinventiich meyvibenmplenthBad PREMIER and a

CoPY_ PO SMQ%E ?:Smbgeégﬁr PLh® ad - [decompressor. Alde 9 GRESraf& WypS: and

advant age the  pres-_ent invention econe apparent 1n the follow ng
det ai | ed \}V',I}otspeﬁkagggﬁl j»ihe art that the present 1nvent:.on may be

implemented in either hardware or software.

! . I. ENCODER AND DECODER

Referring now to the drawings and in particular to
Figure la, there is depicted a block diagram of a data com-
pressor unit in which a preferred embodiment of the present
invention may be incorporated. As shown, compressor unit 10
is coupled to a controller 11 and a random-access memoxry
(RAM) or content-addressable memory (CAM) 12. All data
structures associated with the compression algorithm, such as
a history-buffer, are maintained within RAM/CAM 12. BAs such, i
the optimal size of RAM/CAM 12 largely depends on the size of
the history-buffer. During operation, an ﬁncompressed data
stream is first received by compressor unit 10 from a data
source 13. After data-encoding, compressed data stream is
then transmitted to a data sink 14.

Compressor unit 10 processes the uncompressed data
stream one data byte at a time. Each processed data byte is
also sequentially copied into a history-buffer, displacing
the oldest data byte if the history-buffer is already full.
Thus, a sequential copy of the most recent portion of the
uncompressed data stream is always available in the history-
buffer.

The compression process includes an examination of
the incoming data stream to <identify any sequence or string
of data bytes that already exist.within the history-buffer.
If an identical string of data bytes is available within the



BRI ER DESCRI PTI ON OF THE DRAW NGS The invention itself, as well
‘as a preferred node of use, further objects, and advantages thereof, wll
best be understood by reference to the followi ng detailed description of an
illustrative enbodi ment when read in conjunction with the acconpanyi ng
drawi ngs, wherein: Figure la is a block diagramof a conpressor
unit in which a preferred enbodi nent of-7the present invention may be

i ncor por at ed; Figure Ib is a block diagramof a data
deconpressor unit in which a preferred enbodi nent of the present invention
may be incorporated, Figure 2 is a high-level pseudo-code of a
fixed length LI TERAL _COUNT encodi ng schene in accordance with a preferred

enmbodi ment 3fstlhg-BLEBER! LRVENAt¥Him String of data bytes can be
encoded as a two-element COPY_POINTER, containing a byte
symbol count and a displacement (or offset) within the histo-
ry-buffer. Thus, when the string of data bytes can be encod-
ed by a COPY_POINTER in fewer bits of information than nor-
mally required, compression is achieved. However, if an

) _ incoming data byte sequence does not match any place within

I~ 7 the history-buffer, this incoming data byte sequence will be~

encoded as a LITERAL that explicitly represents it.

Referring now to Figure 1b, there iz depicted a
block diagram of a data decompressor unit in which a pre-
ferred embodiment of the present invention may be incorporat-
ed. As shown, decompressor unit 15 is coupled to a control-
ler 16 and a RAM/CAM . 17. Similar to RAM/CAM 12, all data
structures for decompressor unit 15 are maintained within
RAM/CAM 17 . During operation, a compressed data stream is
first received by decompressor unit 15 from data source 19.
After data-decoding, an uncompressed data stream will then be
transmitted from decompressor unit 15 to a data sink 18.

On the-other hand, a COEY;POINTER is processed by
first decoding the specified byte count and the .displacement
of the COPY POINTER. Subsequently, this string of data byte
values is read, one byte at a time, from the -history-buffer
within decompressor unit 15. Each data byte value is then
copied into the history-buffer and output as a deched data
byte, before the next data byte value is accessed. Once the
entire string of data bytes has been processed in this man-
ner, the history-buffer within decompressor unit 15 will be
identical to the history-buffer within compressor unit 10.

II. ENCODING SCHEME . .
The present invention differs from many Lempel-Ziv



Figure 3 is a hi gh-1evel pseudo-code of a variable |ength LI TERAL_COUNT
encodi ng schene in accordance with a preferred enbodi nent of the pr esent

i Avent i on. 6 DETAI LED
DESCRI PTI ON OF A PREFERRED ENMBODI MENT The present invention may
be inplenmented within a data conpressor and data deconpressor. It is
understood by those skilled in the art-¢hat the present invention may be

i npl emented in either hardware or software. | . ENCODER AND DECODER
Referring now to the drawings and in particular to Figure la, there is
depicted a bl oek diagram of a data com pressor unlt in which a preferred
enbodi nent of the present

1 variants mainly in the encoding scheme utilized to repre-
sent LITERALs and COPY_POINTERS. An improved coding scheme
in accordance with a preferred embodiment of the present
invention is described as follows:

(1) Encoded output from a compressor unit always begins with
_ '~ a LITERAL POINTER. This is then followed by an alter-
I nating sequence of COPY POIN‘I‘ERs and LITERAL POINTERS.
For example, <LITERAL POINTER> <COPY__POINTER>_ <LI_'£[‘ER-
AL _POINTER> <COPY_POINTER> ... <LITERALPOINTER>
<COPY_POINTER> <LITERAL POINTER> <COPY_POINTER>.

(2) A LITERAL_ POINTER includes a LITERAL COUNT field fol-
lowed by a corresponding number of: LITERAL DATA symbols
{(usually in bytes), as follows:

<LITERAL POINTER> = [<LITERAL COUNT> <LITERAL DATA>]

(3) A LITERAL_COUNT field has three allowed values—0, 1, and
2. These three values determine the number of LITER-
AL DATA symbols that follow. The encoding format of
LITERAL- COUNT field is given in Table I.

(4) A LITERAL COUNT value of 0 denotes a NULL_LITERAL, and
there is no following LITERAL DATA symbol (Table I, row

’ 1). This is utilized to separate two comsecutive

COPY_POINTERs, so there is no conflict with Rule (1)
above. '

-{5) A LITERAL_COUNT value of 1 denotes one LITERAL DATA sym-
"bol followed by a COPY_POINTER (Table I, row 2).

(6) A LITERAL COUNT value of 2 denotes two LITERAL DATA
symbols followed by another LITERAL POINTER {Table I,



i nvention may be incorporated. As shown, conpressor unit 10 is coupled to a
controller 11 and a random access nenory (RAM or content-addressable
menory (CAM 12. Al data structures associated with the conpression
al gorithm such as a history-buffer, are maintained within RAM CAM 12. As
such, the optimal size of RAM CAM 12 | argely depends on the size of the
hi story-buffer. During operation, an unsonpressed data streamis first
recei ved by conpressor unit 10 froma data source 13. After data-encoding,
conpressed data streamis then transmtted to a data sink 14.
Conmpressor unit 10 processes the unconpressed data stream one data byte at
~a tine. Each processed data byte Is also sequentially copied into a

hi st ory- buffer, Ia.ci e‘{ﬂ ffer is
al ready full. S sélqr%éirl %ee%grgﬁé‘?rfg‘ykﬁlfé LAE ety (8L o1 L
unconpr essed da?lao‘éﬂ-r eamis aI vvays avai labl e in the hi story buffer
The conpression process includes an exam nation of the |ncom ng data stream

to identi f W ?ygsl?ﬁ. h‘gii (igg\fsgﬁl st within
t he hlstory %u%e an i eﬁ%‘[cggestrlngo bytes is-avalTable .
within the MENT field, encoded exactly as in ALDC, utlln.zz.ng the

same reserved Control Word and End Marker values, but

! ' without the overhead of a preceding flag bit.

<COPY_PIR>
“ 10 1 <LITERAL DATA> <COPY_PTR>
H 11 2 <LITERAE, DATA> <LITERAL DATA> <LITERAL PTR>
' Table X '

Note that the encoding scheme under a preferred
embodiment of the present invention does not require a flag
bit to distinguish a LITERAL POINTER from a COPY_POINTER, as
in prior art Lempel-Ziv 1 variants. In addition, this spe-
cific encoding scheme also requires minimal buffering within
the compressor unit; e.g. on the order of two symbols (in
bytes) .

The above encoding scheme as described employs a
variable length encoding scheme, the LITERAL_COUNT can be
either one or two bits, providing a range of values 0 through
2. Also, the SYMBOL_ COUNT within the COPY_POINTER may vary
in size from 2 to 12 bits, and can represent a range of 286
values in total. The last 16 consecutive code values in the
range, all 12-bit numbers, may be reserved for control usage.
Hence, there are 270 length codes available, which allow
encoding of the matching string lengths from 2 through 271



hi stary-buffer, this matching string of data bytes can be encoded as a
“two-el emrent COPYPO NTER, containing a byte synmbol count and a di spl acenent
(or offset) within the histo- ry-buffer. Thus, when the string of data
bytes can be encod- ed by a COPY_ PO NTER in fewer bits of information than
nor- mally required, conpression is achieved. However, if an incom ng data
‘byt e sequence does not match any place-wi-thin the history-buffer, this

i ncom ng data byte sequence will be encoded as a LI TERAL that explicitly
represents it. Referring now to Figure 1b, there is depicted a
bl ock diagram of a data deconpressor unit in which a pre- ferred enbodi nent
of the present invention nmay be incorporat- ed. As shown, deconpressor unit
15 is coupl 0 a -: | er_ . n J-Q%lgl Lymigar, CAM
12, all datb?ég%r'uc‘?ﬁu}?gﬁs&t%r?nlcécsoln%%r%sg retﬁ\ﬂ't 5 gr%ln%ﬂgfr?eﬂc?&vmt in

RAM CAM 17 @8 SQF¥RBOBBEFRR i on, a conpressed data streamis first received
by deconpressor unit 15 from data source 19. After data-decodi ng, an

- unconpressed data styeam h . ',&rfgg Lo HLES unit 15
to a data sink 18. b éior{'@%iiteﬁgl}%%ﬁ%?%an ;) {'g CO% NTERaI %ﬁ: .

processed e BEIE JeE AR RPAFREiFeci PREY 1B YEBENPEATRE 4 3% spl acenerit

of the COPYskehSibfR oXdds aditdiid \thet histsty-+buffel, detartiyice from the

zero address location. This location, or displacement value,

must reset to zero each time the entire history-buffer is

filled, and the update location is not utilized for either

initiating or continuing string matching operations.

I1Y. IMPLEMENTATIONS

With reference now to Figure 2, there is illustrat-
ed a high-level pseudo-code of a fixed length LITERAL COUNT
encoding scheme in accordance with a preferred embodiment of
the predent invention. In this implementation, for example,
a two-bit counter L_CTR and three eight-bit L DATA[] buffers
are utilized. For processing a LITERAL DATA symbol, if L_CTR
value is equal to 3, then output' 11," output data byte from
L DATA[0], output data byte from I, DATA{1l], output data byte
from L DATA[2], store the LITERAL DATA byte to L DATA[0], and
set L CTR equal to 1. However, if the L CTR value is not
equal to 3, then save the byte in L DATA indexed by L CTR,
and increment I. CTR value by 1.

' For encoding a COPY_POINTER any previously saved
LITERAL DATA bytes must first be encoded and output. If L_CTR
value is equal to 3, then output "11" and go to step (3). If
I. CTR value is equal to 2, then output "10" and go to step
{3). If L_CTR value is equal to 1, then output "01" and go
to step (3). If L_CTR value is 0, then output "00" and go to
step {4). 1In step (3), output data byte from L_DATA[0]; if
L CTR > 1, then output data byte from L _DATA[1]; if L CTR >
2, then output data byte from L DATA[2]; output "00" and go



values is read, one byte at a time, fromthe history-buffer within
“deconpressor unit 15. Each data byte value is then copied into the

hi story-buffer and output as a decoded data byte, before the next data byte
value is accessed. Once the entire string of data bytes has been processed
in this man- ner, the history-buffer within deconpressor unit 15 wll be

i dentical to the history-buffer wthinmonpressor unit 10. 1. ENCODI NG
SCHEME The present invention differs from many Lenpel -Ziv

1 variants mainly in the encoding schene utilized to repre- sent LITERALS
and COPY PO NTERS. An inproved coding schenme in accordance with a preferred
enbodi nent of the present invention is described as foll ows: (1) Encoded

out put fr o St TN4gSSOlinUBtbpal( Ry SsdE Qi RFRVELH; then encode and
output the COPY_POINTER. _

Referring now to Figure 3, there is illustrated a
high-level pseudo-code of a variable length LITERAL_ COUNT
endoding scheme in accordance with a preferred embodiment of
the present invention. In this implementation, for example,
a two-bit counter L CTR and two eight-bit L DATA[] buffers
are utilized. For encoding a LITERAL DATA, if L CTR value is
equal to 2, then output "11l," output data byte from
L DATA{0], output data byte from L DATA[l], store
LITERAL DATA to L DATA[0]l, and set L CTR equal to 1. Howev-
er, if the L_CTR value is not equal to 2, then save data byte

* in L_DATA indexed by I_CTR, and increment L CTR value by 1.

’ For encoding a COPY_POINTER any previously saved i
LITERAL DATA bytes must first be encoded and output. If L_CTR
value is equal to 2, then output "11" and go to step (3). If
L_CTR value is equal to 1, then output "1l0" and go to step
(3. If L_CTR value is equal to 0, then output "0" and go to
step {(4). In step (3), output data byte from L _DATA[0]; if
L CTR > 1, then output data byte from L DATA[1]; output "0~
and go to step {(4). In step (4), set L CTR = 0; then encode
and output the COPY_ POINTER.

As has been described, the present invention pro-
vides an improved method and apparatus for performing adap-
tive data compression within a compressor unit. Under the
present invention, data bytes from an input data stream are
encoded as LITERAL_ POINTERs and COPY_POINTERs in an alternat-
ing order. As a result, the output sequence from the com-
pressor unit includes a string of pointers alternating be-
tween LITERAL_POINTERs and COPY POINTERs, with a
LITERAL POINTER at the start. A LITERAL POINTER may now



a LI FERALPO NTER. This is then fol | owed by an alter- nati ng sequence of

" COPY_PO NTERs and LI TERAL_PO NTERs. For exanpl e, <LITERAL_PO NTER>
<€OPY_POA NTER> <LI TER- AL_PO NTER> <COPY_PO NTER> ... <LI TERAL_PO NTER>
<COPY_PA NTER> "<LI TERAL_PQO NTER> <COPY_PQO NTER>. (2) A LI TERAL_PO NTER
I ncludes a LI TERAL_COUNT field fol - | owed by a correspondi ng nunber of:
LI TERAL_DATA synbol s (usually in byies), as follows:
<LI TERAL_PO NTER> = [<LI| TERAL_COUNT> <LI| TERAL_DATA>] (3) A LI TERAL_COUNT
field has three allowed val ues-0, 1, and 2. These three val ues
determ ne the nunber of LITER- - ALDATA synbol s that follow The encoding
format of LI TERAL_COUNT field is given in Table I. (4) A LITERAL

COUNT val f TERA | owi
L| TERA\IiaD R%glg gsﬂj'rg%fg ‘y“élh‘l“lbe o, f'[T]%’al dé‘j‘q:gte %?Fé%dg%o og epg\rMa'[] e two
consecut i Pels, P ) by FRLIERRALL CPENT s (hec Sarimun a) lowed ealug

above. ©%) thé Ltmcéwﬁrvﬂ used td fepetitivedy bodditendl /héym

bol" follo %Y T e %), ( T

val ue of ﬁﬁﬂ%ﬁo} €s P% ERAL %A%%B’ bg nécf'%g fSP Q’c%i% IF

LI TERAL PErFR¥LRY (¥arg esequence of LITERAL | A‘I‘A symbols. In a dlt:.on, a
two-bit fixed length or one/two bit variable length encoding

scheme may be utilized to encode a LITERAL_COUNT within a
LITERAL_ POINTER. ST '

—2.

It is also important to note that although the
present invention has been described in the context of a
hardware compressor,' those skilled in the art will appreciate
that the mechanisms of the present invention can be imple-
"mented in software and be distributed as a program product in
a variety of forms, and that the present invention applies
equally regardless of the particular type of signal bearing
media utilized to actually carry out the distribution.
Examples of signal bearing media include but are not limited
to recordable type media such as floppy disks or CD ROMs, and
transmission type media such as analog or digital communi- '
cations links.

While the invention has been particularly shown and
described with reference to a preferred embodiment, it will

* be understood by those skilled in the art that various chang-

es in form and detail may be made therein without departing
from the spirit and scope of the invention.



rom13§ —efteoded as described in Rules (2) through (5) above. (7) A

des a SYMBOLCOUNT and a DI SPLACE- MENT field, encoded
exactlymm ”M””' zing the same reserved Control Wrd and End
Mar ker va t hout the overhead of a preceding flag bit.
Code Val ue foll owed by 0
<COPY_PTR> 1 <6} TERAL _DATA> <COPY_PTR> 11

2 <LI TERAL _ DATA> <Ll TERAL_DATA> <LI| TERAL_PTR>

What is claimed is:

1. A method for encoding an input data stream of source
syuibols to produce an output sequence of pointers by utiliz-
ing a history-buffer w:.thin a data compressor, said method
comprising the’ steps of:

encoding an initial part of said input data stream
as a LITERAL_POINTER, wherein said LITERAL POINTER
includes at least one data byte from said data stream;

encoding a subsequent part of said input data
stream as a COPY_POINTER, wherein said COPY_POINTER
includes a count field and a displacement pointing to
said history-buffer; and

encoding succeeding data bytes from said input data
stream as LITERAL_ POINTERs and COPY_ POINTERs in an
alternating order, such that said output sequence from
'said data cempressor includes a .string of pointers
alternating between LITERAL POINTERs and COPY_POINTERSs.



Tabl e | Not e that the encodi ng schene under a preferred

" enbodi nent__of the present- i nvention does not require a flag bit to
dikstingui sh a NTER froma COPY PO NTER, as in prior art

Lenpel - w “ m@mﬁﬂ n addition, this spe- cific encoding scheme al so
requi r et H Ing wthin the Gonpressor unit, e.g. on the order of
two synbols (in bytes). The above encodi ng schene as descri bed
enpl oys a variable | ength encodi ng schene, the LI TERAL COUNT can be either
one or two bits, providing a range of values O through 2. Also, the
SYMBGL_COUNT wi thin the COPYPO NTER nmay vary in size fram2 to 12 bits, and
can represent a range of 286 values in total. The |last 16 consecutive code
val ues in 2he Thegmethod forbercodingran inpyt ateestread ¢Hrsewree ol usage.
Hence, thedynle 4é8ob&085Nt606e8imVE) [Whidhein Vi ich 1alTERXE, epondierg of the

mat chi ng Sitr{c;ln elseg.ngéEﬁfwrPfgfd %z;howed by a corresponding
'~ number of LITERAL_DATA symbols.

3. The method for encoding an input data stream of source
" symbols according to Claim 2, wherein said LITERAL COUNT is
of fixed length.

i

4. 'i‘he method for encodiné an input data stream of source
symbols according to Claim 2, wherein said LITERAL COUNT is
‘two bits.

i

5. The method for encoding an input data stream of source
symbols according to Claim 2, wherein said LITERAL_COUNT is
of variable length.

6. The method for encoding an input data stream of source
symbols according to Claim 2, wherein said LITERAL_COUNT is
one bit or two bits. .

7. The method for encoding an input data stream of source
symbols according to Claim 1, wherein said count field is of
variable length.

8. The method for encoding an input data stream of source
symbols according to Claim 7, wherein said count field is 2
to 12 bits,



_bytes. Any matechi-ng-single byte strings will not be encoded as COPY

PO l\rrm" In addition, the history-buffer nust be cleared at
the s mm" m |on. Data is always stored in an ascendi ng order

wi thi n"t he hi steor - fer, starting fromthe zero address | ocation. This
| ocation, or di spl acenent value, nust reset to zero each tine the entire
history-buffer is filled, and the updat® |ocation is not utilized for
either initiating or continuing string matchi ng operations. L1l

| MPLEMENTATI ONS Wth reference nowto Figure 2, there is
illustrat- -ed a high-level pseudo-code of a fixed |Iength LI TERALCOUNT
encodi ng schene in accordance with a preferred enbodi nent of the present
invention.9. | nX ldiagai aphpressati bor dmyoddxgnim einputt dathi steeamtef. L_CTR
and three ghghs r [

LI TERAL DATA synbglﬁb Bh%géh’%%g&?s@g%ual éé%jagﬁ o2 pB%&%ﬁ Bg,%
out put dat$FiEdee ni‘ts'[’ﬁ”mt@} fexn pRidy ﬁatﬁﬂ“@qexsaﬁncmq}ngout put
data byte fromlL DATA[ 2], store the LI TERAL DATA byte to L DATA[ 0], and set

LCTR equal to 1. Hopg als hen save
the byte in L DATA I n%ﬁt;xedé’ % é{@%éﬁ%g?a\édkyﬁg%éeln&% g#R’LaiﬁQ

For encodi ng a%etpystre N‘TEF?a%yL sfperein said

LITERAL POINTER includes at least one data byte from

said data stream;

; .

means for encoding a subsequent part of said input
data stream as a COPY POINTER, wherein said COPY_POINTER
includes a count field and a displacement pointing to
said history-buffer; and

means for encoding succeeding data bytes from said
input data stream as LITERAL POINTERs and COPY_POINTERs
in an alternating order, such that said output sequence
from said data compressor includes a string of pointers
alternating between LITERAL_POINTERs and COPY_POINTERSs.



LI TERAL_DATA bytes nust first be encoded and output. If LCTR value is equal
“to 3, then output "11" and go to step (3). |If L_CIR value is equal to 2,

t.hen out put " 10" to step (3). If LCTR value is equal to 1, then
out put " B p (3). If L CIR value ig ;JF and
go to st m Bﬂ““i g“gﬂk(S) out put data byte fr MB%%SO#EN

1, then out put ‘dat a byte from LDATA[1j%*-if LCTR a byte
fromL DATA[ 2]; output "00". and go to step (4) In step
(4), set L_CTR = 0; then encode and out put the COPYPO NTER.

Referring now to Figure 3, there is illustrated a high-1level pseudo-cade of

a variable length LI TERAL COUNT encodi ng schene in accordance with a ,
preferred eobodrmrua&f doiprRisesen actbyéitig @d. Clain e s wheredmesasdi on, for

5;(;31|nlplzgd lt—'or enco 1'Ng " a ﬁ%ﬁggﬁwwt?ﬂ%wﬁ&’gyﬁ{'s e

corresponding number of LITERAL DATA symbo

' J_.l.'_ The data compreséor according to Claim 10, wherein said
LITERAL COUNT is of fixed length. - '

12. The data compressor accdrding ‘ to.Claim 10, wherein said
LITERAL_COUNT is two bits.

13. The data compressor according to Claim 10, wherein said
LITERAL COUNT is of wvariable length.

i §

14. The data compressor according to Claim 10, wherein said
LITERAL_COUNT is one bit or two bits.

15. The data compressor accordlng to Claim 9, wherein said
count field is of var:.able length "

16. The data compressor according to Claim 15, wherein said
count field is 2 to 12 bits.

This Sheet Has Been Reﬂlaced

LA



_equaI:--PGQT—t—he,n_auLpuJ_"ll," out put data byte fromL DATA[ 0], output data

byte fyf, . . Store LI TERAL DATA to L_DATAI 0], and set L_CTR equal
te 1. Jm t,!!'e LCTR val ue is not equal to 2, then save data bhyte
in L_ c ! CTR, and increnment LCTR val ue by 1. For

encodi ng a COPY PO NTER any previously saved LI TERAL DATA bytes nust first
be encoded and output. If LCTR value is'equal to 2, then output "11" and go
to step (3). If L CTRvalue is equal to 1, then output "10" and go to step
(3). If LCTR value is equal to 0, then output "0" and go to step (4) . In
step (3), output data byte fromL_DATA[O]; if L_CTR > 1, then output data .
byte fromL _DATA [1]; output "0" and go to step (4). In step (4), set L CIR
= 0;. then ¥¥hcodepaadramt poftwimee GRFROGNENEER encoding an imuthatadzeen

descri bed, deb@all 82 CRbut oY SHMBOLE'EY prliSe Ah LERROY SSediRpind And
apparatus for, pertorm ng,a ap- tive data conpression Wihn a conpressor
unit . Undelpqlﬂgeﬁﬁe%n‘ﬂ Heng & higtozynbhykien: r said progran dwfswsmecam ar e
encoded as priodiaRAl catpididisg and COPYPO NTERs in an alternat- ing order. As
a result, the output sequence fromthe com pressor unit includes a string
of pointers alternating be- tween LI TERAL_PQO NTERs and COPY PO NTERs, with

a LI TERALPO NTER at P¥RE%AW gode) neapsRipp@nepdfngegn nitial part of
. said input data stream as a LITERAL POINTER, wherein

] R said LITERAL_POINTER includés at least one data byte
from said data stream; : '

program code means for encoding a subsequent part
of said inpuj: data stream as a COPY_POINTER, wherein
said COPY_POINTER includes a count field and a displace-
ment pointing to said history-buffer;. and

program code means for encoding wsucceeding data
bytes from said input data stream as LITERAL POINTERs
and COPY_POINTERs in an alternating order, such that
said output sequence from said data compressor includes
a string of pointers alternating between
LITERAL. POINTERs and COPY_POINTERs.

-



A J

=12 & contai n none; or some number of literal data bytes or sym bols,

is used To repetltluﬁb ncatenate as many LI TERAL POLN]

necessary m‘m
I n addi tlum hxed | ength or

schene may *be’ utili zed to encode a LI TE g
It is also inmportant to note that although the present |nvent| on has been

described in the context of a hardware conpressor, those skilled in the art
will appreciate that the mechanisms of the present invention can be inple-
mented in software and be distributed as a program product in a variety of
forms, and18hatTheh@yegasansoftwanei prodyy iassording |to Bgdmdhdss of the

parti cul ar whafsi i fsSi0 RATERAY POINTRA| fndlhidelsz 0Lt TRRA! WUy €aely out the

o°r ecor deEPE-RRL HER SorseRoebarrd BAE fe L R e¥hBeRL 1 Ll o

type nmedi a such as anal-og -or digital connunl cations |inks.

19." The program software product according to c1aiit1 18,
where:.n said LITERAL COUNT is of fixed length.

- 20. The preéz‘ém'-sdféwere product ‘according to Claim 18,
wherein said LITERAL_COUNT is of variable length.

This Sheet Has
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MhiLé the invention has been particularly shown and described with
reference to a preferred enbodinment, it will be understood by those skilled
isn the art that various chang- es in formand detail may be made therein

wi t hout departing fromthe spirit and scope of the invention.

- 13- What is clainmed is: . A nmethod for encoding an input data
stream of source synbols to produce an ﬁ#tpUt sequence of pointers by
utiliz- ing a history-buffer within a data conpressor, said nethod

conprising the steps of:
METHOD AND APPARATUS FOR PERFORMING ADAPTIVE DATA

- COMPRESSIONS

ABSTRACT

A method for encoding an input data stream of source symbols to produce an
output sequence of pointers is disclosed. An initial part of the input data stream is
encoded as a LITERAL POINTER by a compressor(10). A LITERAL POINTER
includes at least one data byte from the data stream. A subsequent part of the input data
stream is encoded as COPY_POINTER. The COPY_POINTER includes a count and a
displacement pointing to a history-buffer within the compressor (10).” All succeeding
data bytes from the input data stream are encoded as LITERAL POINTERs and
COPY_POINTER:s in an alternating fashion, such that an encoded output sequence
output by the compressor (10) includes a string of pointers alternating between
LITERAL_POINTERs and COPY_POINTERs.
Fig. 1a
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"encoding an initial part of~said input data stream as a LI TERAL

PO NTER, wherein said LI TERAL_PO NTER i ncludes at [east one data byte
fromsaid data stream encodi ng a subsequent part of said input
dat a stream as a COPY PO NTER, wherein said COPY PO NTER i ncl udes a
count field and a displacement pointifigdgo said history-buffer; and
encodi ng succeedi ng data bytes fromsaid i nput data stream as

LI TERAL_PO NTERs and COPY_PO NTERs in an alternating order, such that
sai d out put sequence from sai d data conpressor includes a string of

poi nters al ternating between LI TERAL_PO NTERs and COPY_PO NTERs.

2. The nethod for encoding an input data stream of source synbol s
according to Claim1l, wherein said LI TERAL_ PO NTER

14

DATA
SINK

Ty. 1a

COMPRESSED
DATA

o
~
b |
o« o
[T} o
- o =
- (7, ] <<
o w = o
[o'a4 ﬂ:z S r
- a> =
= = <<
o o o
Ao o
iy |
wi
w
17
oY
|
8. <
=l
SO
O
=
o
2
-~

DATA
SOURCE




2

- includes a LITERAL_COUNT field foll owed by a correspondi ng nunber of

LI TERAL DATA synbol s. 3. The nethod for encoding an i nput data stream
of source synbols according to Claim2, wherein said LI TERAL_COUNT is of
fixed | ength. 4. The nethod for encoding an input data stream of source
synbol s according to Caim 2, mhereuads-id LI TERAL _COUNT is two bits.

5. The nethod for encodi ng an i nput a stream of source synbols
according to Claim?2, wherein said LI TERALCOUNT is of variable |ength.

6. The nethod for encoding an input data stream of source synbols
according to Claim?2, wherein said LI TERALCOUNT is one bit or tw bits.

7. The nethod for encoding an input data stream of source synbol s
according to Claim1l, wherein said count field is of variable |Iength.

19
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neans for

data stream as a LI TERAL
| east one data byte

means for encodi ng a subsequent part

rising:

u?O

LI TERAL PO NTER i ncl udes at

wherein said count field is 2 to 12 bits. .

A data conpressor for encoding an input data stream of.

source synbols to produce an out put sequence of pointers by utilizing a

part of said inp

sai d data conpressor
wherein said

9.

The nethod for encoding. an input data stream of source synbol s
15 -

.

encoding an initial

according to Caim?7,
PO NTER,

8.
hi story-buffer,
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e

*includes a count field and a di splacenent pointing to said

hi story-buffer; and - means for encodi ng succeedi ng data bytes
fromsaid i nput data stream as LI TERALPO NTERs and COPYPO NTERs in
“an alternating order, such that said o%put sequence fromsaid data
conpressor includes a string of poi # al ternating between

LI TERAL_PO NTERs and COPY_PO NTERs. -16- 10. The data
conpressor according to Caim9, wherein said LI TERALPO NTER i ncl udes a
LI TERAL COUNT field followed by a correspondi ng nunber of LI TERAL DATA

synbol s. 11. The data conpressor according to Caim 10, wherein said
LI TERAL COUNT is of fixed |ength. -
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12. The data conpressor according to C aim 10, eiln said LI TERAL COUNT

s two bits. 13. The data conpressor acco REF]%@EMQ, | it wherein
sai d LI TERAL COUNT is of variable |Iength. e rfu. tqnpr essor
according to Cl aim 10, wherein said LI TERAL zlnf ohe b| t {or] two bits.
15. The data conpressor according to Claim9, er ei éurt fieldis
of variable |ength. 16. The data conpresso cordi na tO J gi m 15,

wherein said count field is 2 to 12 bits.
. 1

METHOD AND APPARATUS FOR PERFORMING ADAPTIVE
DATA ¢ SSION

BA_CKGROUND OF THE INVENTION
1. Technical Field

The presenf: invention relates to a method and
-apparatus for compressing data in general, and in particular
to a method and apparafus for performing adaptive data com-
pression. Still more particularly, the present invention
relates to a method and aﬁéaratus for improving data compres-
sion efficiency of Lempel-Ziv 1 variants. '

2. Description of the Prior Art
i H

The well-known Lempel-Ziv coding scheme was first
suggested by J. 2Ziv and A. Lempel in ®A Universal Algorithm
for Sequential Data Compression,™ IEEE Trans. Inform. Theory,
vol. IT-23, no. 3, pp.337-343, 1977. The classical implemen-
tation which utilized a wvariant of the original Ziwv-Lempel
coding scheme was first suggested by J. Storer and T. Symans-
ki in "Data Compression via Textual Substitution,* J. ACM,
vol. 29, no. 4, pp 928-951, 1982, and was subsequently imple-

" mented by T. Bell (see "Better OPM/L Text Compression," IEEE -
Trans. Comm., vol. COM-34, no. 12, 1986), who called his
in}plementation of this coding scheme LZSS.

The LZSS scheme permits the output of a Lempel-Ziv
compressor to be an arbitrary mixture of code symbols called
LITERAL POINTERs and COPY_POINTERs. The LITERAL POINTER
contains one single embedded data symbol, and the
COPY_POINTER contains two elements, namely, a SYMBOL_COUNT
and a DISPLACEMENT (or OFFSET).



17. A program software product for encoding an input data stream of source

synbol s to _produce an output sequence of poin A
hi stombuffer sai d program sof tware product ef ENTSHEEF

pr ogr mﬂl'“ﬂ&m ML encoding an initial paft fof "said {nput data
NTER, wherein 16 sai d LI TERAEPQPPIER | ncl udes at

strea
| east One‘data yte ‘fromsaid data stream pr gt am code
nmeans for encoding a subsequent part of sgi a~fmMput dafa strgamas a
COPY_PA NTER, wherein sai d COPY_PO NTER ircl udes _a count fi¢ld and a

di spl ace- ment pointing to said history-buffer; and pr ogram
code neans for encodi ng succeedi ng data byt es from sai d i nput data

st ream asl®4 TERE dRORNTERDressoRnAcTORIBOENTERRLR P awhgrednnaaidg order,

such t hatITEREQIFbINMERUE ne2GEEECE LITMASACOURAL F AFAISREal By aldes a

f ' L L, PO NTE Y
PO AT LT’ SARLL" S EBEL, paan bl 7O NS et 7

. J_.l.'. The data compresécr according to Claim 10, wherein said
LITERAL COUNT is of fixed length. -

12. The data compressor according to Claim 10, wherein said
LITERAL COUNT is two bits.

.13. The data compressor according to Claim 10, wherein said
LITERAL_ COUNT is of variable length.

14. The data compressor according to Claim 10, wherein said
LITERAL COUNT is one bit or two bits.

15. The data compressor accord:.ng to Claim 9, wherein said
count field is of variable length i

16. The data compressor according to Claim 15, wherein said
count field is 2 to 12 bits.



- 18- 18. _The pr.ogram sof tware product accor di ng to d ai m 17, wherein
sai d LI'TERAL_ PO NTER i rmudes a LI TERAL_CQU ) S ) W QMY ]

! ,l
porrespmﬁ\mﬂ!ﬁﬁnl | TERAL_DATA synbol S igLdv2] Migaibly am sof t war e
pr oduct m 18, wherein said [l TERAL CQJNT Is pf fixed
length. * . "The program sof t ware pgaduct ac,orgigr&g %93 i 18, wherein
said LI TERAL_CClJI\ﬂ' Is of variable |ength. ‘

Iy

18. The program scoftware product according to Claim 17,
wherein said LITERAL POINTER includes a LITERAL_COUNT field
followed by a corresponding number of LITERAL DATA symbols.

19." The program software product according to Claim 18,
wherein said LITERAL COUNT is of fixed length.

- 20. The program software product according to Claim 18,
wherein said LITERAL_COUNT is of variable length.

£




