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adaptive data com pression. Still nore particularly, the present invention
relates to a nmethod and apparatus for engoding Lenpel-Ziv 1 variants.

METHOD AND APPARATUS FOR ENCODING LEMPEL-ZIV 1 VARIANTS

BACKGROUND OF THE INVENTION
1. Technical Field

The present invention relates to a method and
apparatus'for compressing 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 apparatus for encoding Lempel-Ziv 1
variants. ' '

2. Description of the Priox Art

The volume of digital data utilized to represent
information in computers and workstatibns, as well as the
speed with which these data must be compressed and decom-
pressed in the course of storage or transmission has moti-
vated significant interest in technologies related to data
compression. A data compression algorithm that has proven to
be quite popular was first described in an article entitled
"A Universal Algorithm for Sequential Data Compression" by J.
Ziv and A. Lempel, as appeared in IEEE Transactions on Infor-
mation Theory, vol. IT-23, no. 3, pp. 337-343, 1977. This
data compression algorithm is generally referred to as the
LZ_1 algorithm. The original LZ_1 algorithm has since been
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t he course of storage or transm ssion has noti- vated significant
in technol ogies related to data conpression.
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matter of which is incorporated by reference herein.

Other examples of Lempel-Ziv 1 variants include
Adaptive Lossless -Data Compression (ALDC) that is widely
utilized for general purpose data compression within comput-
ers and associated peripheral devices. ALDC is described in
full detail in "QIC Dévelopment Standard QIC-154," Rev. A, 10
Mar 94, Quarter-Inch Cartridge Drive Standards, Inc., the
subject matter of which is also incorporated by reference
herein.

The fundamental concepts that characterize these

.and other LZ 1 variants involve the usage of a history-buffer

to store new data and to identify new strings of data that
match any previously received and processed data. Thereby,
new strings of data, typically alphanumeric characters, which
match existing strings can be identified by merely referring
to an offset (or displacement) and a length in an earlier
point of the string sequence within the history-buffer. The
Lz_i';igorithm is adaptive because each new data byte is-
entered into the history-buffer in sequence, and displaces
the oldest stored byte if the history-buffer is full. The
size of the history-buffer is thus analogous to a sliding
window over a data stream in which the new data characters
are always compared to previously received characters within
the length of the window. The encoded output is a mixture of
LITERAL: DATA, where no compression is possible, or
COPY_POINTERs, providing a length and offset identifying a
matching previously existing character string within the
window. As would be expected, the algorithm is increasingly

effective as the size of the window increases and repetition

i

LZ 1 algorithm
ed in
ese so called



Ot her exanpl es of Lenpel-zZiv 1 variants include Adaptive Lossl ess Data
Conpression (ALDC) that is widely utilized for general purpose data
conpression within conput- ers and associ ated peripheral devices. ALDC is
described in full detail in "QC Devel opnent Standard Q C- 154," Rev. A, 10
Mar 94, Quarter-Inch Cartridge Drive Standards, Inc., the subject matter of
which is also incorporated by refer ence 3herein. ' The fundanent al
concepts that characterize these and other LZ 1 variants involve the usage
of a history-buffer to store new data and to identify new strings of data
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is entered into the history-buffer in sequence, and di splaces the ol dest
stored byte if the hirheéopyebert etiscldaulrk. dddexridiese auf inmprohed traathdalif f er
|s thus anaé:?&%}afr%t sSELHT O8NP WHALE' 1.EmGlAl %19t Hegli Ao Ch the new
data characters-are always conpared to previously received characters
within the Iength of the window The encoded output is a mxture of .

LI TERALDATA, where no conpression is possible, or COPYPO NTERs, providing a
| engt-h and of fset identifying a matching -previously existing character
string within the wi ndow. As woul d be expected, the algorithmis
increasingly effective as the size of the wi ndow increases and repetition



H 1

3 of the patterns in the data characters within the w ndow i ncreases.
The present disclosure describes an inproved nethod and apparatus for
encodi ng these Lenpel-Ziv 1 variants.

4 SUWMMARY OF THE | NVENTI ON In view
of the foregoing, it is therefore an object of the present invention to
provide an inproved nethod and apparatu% for conpressing data.

- SUMMARY OF THE INVENTION

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
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 encoding the
output of a Lempel-Ziv 1 class compression algorithm.

In accordanceé with a method of the present inven-
tion, a LITERAL string in an input data stream is loaded into
a history-buffer. A value of a history-buffer pointer is
copied to a register to indicate a starting position of the
LITERAL string within the history-buffer. A counter is
incremented for each subsequent LITERAL symbol from the input
data stream. Then, the LITERAL string and each subsequent
LITERAL symbol from the input data stream is encoded utiliz-
ing a value within the register and a value within the coun-
ter as a LITERAL POINTER. Finally, the LITERAL_ POINTER is
outputted from a data compressor.

All objects, features, and advantages of the pres-
ent invention will becowme apparent in the following detailed
written description.
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It i's another object of the present invention to provide an inproved

nmet hod and apparatus for perform ng adaptive data conpression.

It is yet another object of the present invention to provide an inproved
met hod and apparatus for encoding the output of a Lenpel-Ziv 1 class
conpression algorithm In accordance with a nmethod of the
present inven- tion, a LITERAL string +sa an input data streamis | oaded
into a history-buffer. A value of a history-buffer pointer is copied to a
register to indicate a starting position of the LITERAL string within the
hi story-buffer. A counter is increnented for each subsequent LI TERAL
synbol fromthe input data stream Then, the LITERAL string and each

subsequent LI TERAL sypb 'fﬂ%g af?#ﬁ&&%ﬁﬁbks encoded utili z-
ing avalue within the reg#g%%?agéﬁﬁzg\ua uggmn in e coun- ter as a

LI TERALPO NTER. Finally, the LI TERALPO NTER is outputted froma data

conpr essor . . The iArenobprecitselifoatsrwesll aiwd aagrabesges mddd he pres-
ent invention yid,! tA2EANR GBPALED! did WBGahOIGACIRABED L MEdd HR

descri ption. _ , >
) 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 diagram 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; and '

Figure 2 is a high-level pseudo-code of an encoding
scheme for a LITERAL DATA string, in accordance with a pre-
ferred embodiment of the present invention. -



BRI EF 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 follow ng detail ed description of an
illustrative enbodi ment when read in conjunction with the acconpanyi ng
draw ngs, wher ein: Figure la is a block diagramof a conpressor
unit in which a preferred enbodi nent of "the present invention may be
i ncor por at ed; Figure 1b is a block diagram of a data
deconpressor unit in which a preferred enbodi nent of the preesent invention
may be incorporated; and Figure 2 is a high-level pseudo-code of
an encodi ng schene for a LI TERALDATA string, in accordance with a pre-
ferred enbodi nent OPETAELEDR QRSORIPITIONt OBH/A PREFERRED EMBODIMENT
- 6 -
The present invention may be implemented within a
data compressor and data decompressor. It is understood by
those skilled in the art that the present invention can be

implemented in either hardware or software.

I. ENCODER_AND DECODER

Referring now to the dréwings 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 memory
(RAM} or content-addressable memory (CAM) 12. All data
structures associated with the compression algorithm, such as
a shistory-buffer, are maintained within RAM/CAM 12. As such,
the optimal size of RAM/CAM 12 largely depends on the size of
the history-buffer. During operation, an uncompressed 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 data byte 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
history-buffer, this matching string of data bytes can be
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DETAI LED DESCRI PTI ON OF A PREFERRD EMBCDI MENT The present

i nvention may be inplemented within a data conpressor and data
deconpressor. It is understood by those skilled in the art that the present
i nvention can be inplenmented in either hardware or software. | . ENCODER
AND DECCODER Referring now to the drawings and in particular to
Figure la, there is depicted a block diagramof a data com pressor unit in
whi ch a preferred enbodi nent of the present invention nmay 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 algorithm such as a
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to identif LIFERAS ethetheaxpliicitlyngepresents the data byte.

Referring now to Figure 1b, there is 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, uncompressed data stream will then be
transmitted from decompressor unit 15 to a data sink 18.
Decompressor unit 15 performs an inverse operation of com-
pressor unit 10 by first parsing a compressed data stream
into~Q£TERALs and COPY_PQINTERS.

On the other hand, a COPY_POINTER is processed by
first decoding the specified byte count and the displacement
of the COPY_POINTER. Subsequently, this strinQ of data byte
_va;ues 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 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 decompressor unit 15 will be
identical to the history-buffer within compressor unit 10.
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of data bytes that already exist within the history-buffer. If an identical
string of data bytes is available within the history-buffer, this matching
string of data bytes can be - 7 -
encoded as a two-el enent COPYPO NTER, containing a byte count and a

di spl acenent within the history-buffer. Thus, when the string of data bytes
can be encoded by a COPYPO NTER in fewer* bits of information than normally
required, a conpression is achieved. However, if an incom ng data byte does
not match with any data byte within the histo- ry-buffer, this incomng
data byte will be encoded as a LITERAL that explicitly represents the data
byt e. Referring now to Figure 1b, there is depicted a bl ock

di agram of aidatpncbramopeess@e unit in which a pre- ferred enbodi ment of

the present inventio y W D gi lﬁno‘ﬁﬂ CORRY, unit 15
is coupled to a cont rf;&‘glrr-2 ngf Jﬁf%%d a %&f\r}% I\ﬁ o O m'fgrfi t?ﬁﬁ%ﬁi 12,
al | data stFhetfstoryopbuffesnpt ey rocqmmressor pritdihds adgowrthlhzedwv caM
17 . Duringa@pgersiffet, forCOIPERAS CPhTL a 18t tRacidsdiicait LEeLeaYgs- by
deconpr essog ',t L2 r'gmpggct:gsgé)&"ocﬁee ]s%nbé‘it tor %&1@?8&&”9%&'?%?” essed
data streamiwT1’ tHen be -

the case of most LZ_1 variants) at a time. Each processed

symbol is stored into the history-buffer before the next

symbol is examined. With a high-speed Content-Addressable

Memory (CAM) based implementation, the CAM can be arranged to

perform a search and write on each incoming data byte. The

incoming data byte symbol is then written into the CAM, at

the current history-buffer update location, as well as test-

ing either for the start of a new matching string, or for
continuation of an existing string matching operation. As
each non-matching string symbol is encountered, which is also
not the start of a new matching string, it is accumulated to

a LITERAL DATA string which will be encoded and output later. °

The LITERAL DATA is retained in a buffer, and when
the upper limit of whatever count code utilized is reached,
or if there is a string match on the incoming data such that
a COPY_POINTER must next be utilized, a new kind of LITER-
AL _POINTER is output, consisting of a SYMBOL_COUNT code,
followed by the LITERAL DATA string, which empties this
buffer.

Because the present invention utilizes the history-
buffer itself as a buffer for the LITERAL DATA, the
SYMBOL_COUNT code can be extended to allow up to an entire
history-buffer size of LITERAL DATA to be accumulated, and -
there is no hardware penalty because of the need to provide-
such a large separate buffer.

The SYMBOL COUNT code field may be a fixed-length



transmtted from deconpressor unit 15 to a data sink 18. Deconpressor unit
15 perforns an inverse operation of com pressor unit 10 by first parsing a
conpressed data stream i ntolLl TERALs and COPY PO NTERs. On the
ot her hand, a COPYPO NTER is processed by first decoding the specified byte
count and the displacenent of the COPYPO NTER. Subsequently, this string of
data byte values is read, one byte at a-time, fromthe history-buffer

Wi t hin deconpressor unit 15. Each data byte value is then copied into the
hi story-buffer and output as 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 wi thin deconpressor unit 15 wll be

i dentical téiebd, hict exanplef,en v-bhtnfialy)r @hioh has ttHd.effect of

1. ENC@IN%&%ﬁll\éEth ¢-AS<d RLELES q oggﬁ ; fs/rjhe resent '
I nventi on, tge I S] orye-.lgvt?frfser Wt hlangéorr%%eéssg? u %‘btoiz dl s?% g I1ized as
a buffer fof PFTERAMIKERUN-n fe3B| B35PERATIVE. 1the JRPYIRATNTERaraUNS
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variants) ahe){idMnFaethePvQ¢8588d-1ength code as is utilized for

COPY_POINTER length encoding in the ALDC algorithm. In this

implementation, the same 2-bit length is utilized for small

values, but may be increased to 12 bits for a value up to

269. This reduces LITERAL DATA expansion to approximately

0.6%.

When the first symbol of a LITERAL DATA string is
processed, a register is loaded with the current history-
buffer location value. A counter, which is utilized to keep
track the number of consecutive LITERAL DATA symbols, is then
set to 1. The accumulation of the LITERAL_DATA continues,
symbol by symbol, and is terminated either by the start of a
new matching string, or when the LITERAL DATA becomes suffi-
ciently long that it is going to wrap around and overwrite
the starting point in the history-buffer. The accumulation
process only requires that this counter be incremented by 1
for each additional LITERAL DATA symbol, once the history-
buffer location address has been captured.

Once termination of the LITERAL DATA string occurs,
the compressor first encodes and outputs the SYMBOL_COUNT
value, followed by copying from the history-buffer a number
of symbols equal to the SYMBOL COUNT, starting from the
history-buffer location address already recorded. This is
the required LITERAL DATA string.

The optimal code choice for the SYMBOL_COUNT de-
pends on the size of the history-buffer and the data statis-



synbol is stored into the history-buffer before the next synbol is

exam ned. Wth a hi gh-speed Content - Addressabl e Menory (CAM based

i npl enentation, the CAM can be arranged to performa search and wite on
each incom ng data byte. The incom ng data byte synbol is then witten into
the CAM at the current history-buffer update |ocation, as well as test-
ing either for the start of a new matchiing string, or for continuation of
an existing string matchi ng operation. As each non-matching string synbol

i s encountered, which is also not the start of a new matchi-ng string, it.is
accunul ated to a LI TERALDATA string which will be encoded and output |ater.
The LI TERALDATA is retained in a buffer, and when the upper limt of
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entire history-buffer siz€ & LITERAL DATA to be ccumul ated, and there is
no hardware penalty because1of the need to provide such a Iarge separate

buffer. The SYNB@eCOUNT code field may be a fixed-length

10 o1 o g e e

10 10 4

10 11 5

11 0000000000 6

11 11113111001 1023

11 1111111010 1024*

11 1111111011 10252

11 111111111 1029

Table I

Remarks: 1: - ESCAPE CODE: 1023 bytes of LITERAL DATA, then,
' another SYMBOL_COUNT
2. residual code values: 1025 through 1029 are
reserved, and thus not used.

For small strings of a few bytes of literal data,
the shorter 2 or 4 bit codes give similar expansion to exist-
ing LZ-1 algorithms; however, for very large LITERAL DATA
strings the 12-bit code gives an expansion of only (1023 +
1.5) /1023, or about 0.15 %, since a 1.5 byte SYMBOL_COUNT
must be inserted every 1023 bytes. Although there are patho-
logical cases whexe the LITERAL_DATA strings are encoded less
efficiently, these LITERAL DATA strings are separated by a
COPY_POINTER, which always supplies some compression.



- 9- field, for exanple, a 2-bit field, which has the effect of reducing
t he worst-case data expansion by about 2/3, or to about 8% nmaxi num As an
alternative, the COPY_PO NTER count field can be of variabl e-1ength, and

m ght, for exanple, utilize the sanme variable-length code as is utilized
for COPY PO NTER | ength encoding in the 1I'_DC algorithm In this

| npl ementation, the sanme 2-bit length is utilized for small val ues, but may
be increased to 12 bits for a value up to 269. This reduces LI TERALDATA
expansion to approxi mately 0.6% When the first synbol of a

LI TERALDATA string is processed, a register is |oaded with the current

hi story- buffer location value. A counter, which is utilized to keep track
t he nunber of consec®s\aa lexRRERAE, DAPAsE§erb dhe, worst heasssetf 20 byteThe
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occurs, thebébaptesnsode dsbytrsodes tieireispuesexprn=@¥uBOLCOUNT val ue,
fol |l owed by copying fromthe -history-buffer a nunber of synbols equal to

the SYNBQL_GOINTY5iakhisag b the

With reference now to Figure 2, there is illustrat-

ed a high-level pseudo-code of an encoding scheme for a
‘LITERAL DATA string, in accordance with a preferred embodi-
ment of the present invention. 1In this implementation, for
example, a Literal Data Counter (L CTR), a Literal_Pointer
Register (L_PTR), Copy_ Pointer Counter (C_CTR}, and a History
Write_Pointer Register (W_PTR) are utilized. Note that the
Copy_Pointer Counter and the History Write_ Pointer Register
will typically be utilized by the compressor anyway; hence,
in most cases, only the addition of Literal Data Counter and
the Literal_ Pointer Register are required.

As a preferred embodiment of the present invention,
the~Compressor operation is as follows. The W_PTR is incre-
mented after the input of a data byte. If the W_PTR equals
to the size of the history-buffer, the W_PTR value is set to
zero. Subsequently, the data byte is stored into the histo-
ry-buffer, utilizing the W_PTR as an index into the history-
buffer. A determination is then made as to whether the input
data byte is a LITERAL, start of new match, or end of exist-
ing match (either with or without a start of a pbssible new
match) . Finally, a LITERAL_DATA or COPY POINTER is inserted
as appropriate, and the next byte is input.

For a LITERAL_DATA, if the L _CTR value is equal to



hi story-buffer |l ocation address already recorded. This is the required

LI TERALDATA stri ng. The optinmal code choice for the
SYMBOL_COUNT de- pends on the size of the history-buffer and the data
statis- ' -10- tics, but an
exanple cqde is given in Table I, for a 1024 synbol hrstory-buffer size.
SYMBOL_COUNT CODE VALUE -12- 00

0 _ 01 1 10 00

2 10 01 3 10 10

4 10 11 5 11 0000000000

6 11 1111111001 1023 11 1111111010

1024[err] o, then go t& step (1), else go to step (2). 1In step (1),
the W_PTR value is set to L. PTR; if C_CTR is equal to 1, then
W_PTR is amended to the previous value, and the L CTR is set
to 1.

In step (2), the L CTIR is incremented; if the I, CTR
is equal to MAXIMUM, then go to step (3), otherwise, the
encoding is completed. In step (3}, perform encoding and
output the MAXIMUM L_CTR value, then go to step (4).

In step (4), a data byte is obtained from the
history-buffer, utilizing the L PTR as an index to the histo-
ry-buffer. The data byte is then outputted, and the I, PTR is
incremented by 1. If the L PTR is equal to the HISTORY SIZE,
then set the L PTR to 0, then the L_CTR is decremented by 1.
If the L CTR is greater than 1, go to step (4); otherwise the
coding is done.

For a COPY_POINTER, perform encoding and output the
L CTR value. IF the L CTR is greater than 0, then go to step
(5), otherwise go to step (6). In step (5), a data byte is
obtained from the history-buffer, utilizing the IL._PTR as an
index to the history-buffer. Then, the data byte is output,
and the L PTR is incremented by 1. If the L. PTR is equal to
the HISTORY SIZE, then set the L PTR to 0 and decrement the
L_CTR by 1. If the L_CTR is greater than 0, then go to step
{5), otherwise go to step (6).

In step (6), the COPY POINTER is encoded, and the
encoding process is complete.

As has been described, the present invention pro-
vides an improved method and apparatus for performing adap-
tive data compression efficiently within a compressor unit.
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11 1111111011 1025[ err] 11 111111111

1029 Tabl e | Remar ks: 1. ESCAPE CODE: 1023
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2. resi dual code val ues: 1025 through 1029 are reserved,

and t hus not used. For small strings of a few bytes of literal

data, the shorter 2 or 4 bit codes givetsinlar expansion to exist- ing
LZ-1 al gorithns; however, for very large LI TERALDATA strings the 12-bit
code gives an expansion of only (1023 + 1.5)/1023, or about 0.15 % since a
1.5 byte SYMBOLCOUNT nust be inserted every 1023 bytes. Although there are
pat ho- | ogi cal cases where the LI TERALDATA strings are encoded | ess
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can be significantly reduced.

In addition, with the coding scheme as described,
the inherent expansion for random or uncompressible data can
be reduced by eliminating the usage of the flag bits to
distingush LITERAL DATA and COPY_POINTERs. In addition,
hardware costs are reduced by utilizing the history-buffer to
provide the necessary buffering at no extra cost. A
decompressor under this coding scheme does not require any
additional buffering.

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 gignal 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.



LI TERALDATA strings alternated with 2 byte COPYPO NTERs, the latter encoded
utilizing the ALDC format. The encoding here is a 4-bit SYMBOLCOUNT, a
16-bit LI TERAL _DATA field, then a 12-bit COPY PO NTER containing a 2-bit
count field and 10-bit displacenent (no flag bits). The total here is 32
bits to encode 4 bytes, so there is no expansion. [11. | MPLEMENTATI ONS
Wth reference nowto Figure 2, there isuillustrat- ed a high-1evel
pseudo- code of an encodi ng schene for a LI TERALDATA string, in accordance
with a preferred enbodi-. nent of the present invention. In this
i npl ementation, for exanple, a Literal Data Counter (LCTR), a Literal Pointer
Regi ster (L_PTR), Copy_ Pointer Counter (C CIR), and a History Wite Pointer
Regi ster (WPTR) are utilized. Note t rlde Copy Poi nter Counter and the
History Wite Pointer Register will typically be utilized by the conpressor
anyway; hence, in nost cases, only the addition of Literal Data Counter and
the Literal Pointer Register are required. As a preferred
enbodi ment of the present invention, the Conpressor operation is as
follows. The WPTR is incre- nented after the input of a data byte. If the
WPTR equal sito theraihed Sor: gacriipgr3n piaper daty estaeame wf gourseset to -
zero. Subseqymmlbsl,td hrodrice Byt Butpub!syinicat 6f t%&'ﬁﬁe&tsoby{j webuiger,
utilizing t : | X Lpio the history- buffer. .A determination
is then nadgﬁgx\slx_t%f{%vﬁom%ru Et@ g V%gfﬁf'na%tdaar{ﬁyfzg LN T I?Q,&é m&%ﬁ?&‘ of new
match, or eReFRFiginEitthe gepatehz(either with or without a start of ‘a
possi ble new match). Finally, a LI TERALDATA or COPYPO NTER is inserted as
el uand ! he 1B/ Lok fekill ering in said fifuc® dabIEEEOATA
to said history-buffer;

copying a value of a history-buffer pointer to a
register to indicate a starting position of a LITERAL
string within said history-buffer;

incrementing a counter for each subsequent LITERAL
symbol from said input data stream;

encoding said LITERAL string and each said subse-
Quent LITERAL symbol from said input data stream utiliz-
ing a value-within said register and a value within said
" counter as a LITERAL POINTER; and

outputting said LITERAL_POINTER from said data
compressor. | '

o
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-12-° O, then go to step (1), else go to step (2). In step (1), the W
PTR value is set to L_PTR if CCIRis equal to 1, then WPTR i s anended to
the previous value, and the L CTRis set to 1. In step (2), the
L CTRis increnented; if the L CTRis equal to MAXIMUM then go to step
(3), otherwise, the encoding is conpleted. In step (3), perform encoding
and output the MAXIMUM L CTR val ue, themsgo to step (4). I n
step (4), a data byte is obtained fromthe history-buffer, utilizing the

L PTR as an index to the histo- ry-buffer. The data byte is then outputted,
and the L PTRis incremented by 1. If the L_PTR is equal to the H STORY

SI ZE, then set the L PTRto 0, then the L_ CTR is decrenented by 1. If the

L_CTR is gr%terrmaaaef.lhocgofézo ik )anoiriirﬁ‘:rtv"liﬁéat&é&ﬂ'd"fg soardane.
For a COPY_ PO 1_ﬁlgerr rm encoc_iciﬁu.g,t and out CIR.value. |F the

LCTR i s gredt ép '(’l?ﬁréa"&t ﬁtﬁggn égwc’%ﬁ R(6). In

step (95), aidaﬂadbyta $HBOL,_ COUNT code followed by a corresponding
-number of LITERAL DATA symbols.

3. The method for encoding an input data stream of source
symbols according to Cléiﬁ'i;'whéiéinﬁééid SYMBOL_COUNT car
be of fixed length or variable length.

4. The method for encoding an input data stream of source
symbols according to Claim 1, wherein said counter can count
up to the size of said history-buffer.

HIIIIII lIIIII || IIIII Il il



obtained fromthe history-buffer, utilizing the L_PTR as an index to the

hi story-buffer. Then, the data byte is output, and the L_PTR is increnented
by 1. If the L PTRis equal to the H STORY SIZE, then set the L PTRto O
and decrenment the L CTR by 1. If the L CTRis greater than 0, then go to
step (5), otherwise go to step (6). In step (6), the

COPY_PO NTER i s encoded, and the encodi ng-process is conplete.

As has been described, the present invention pro- vides an inproved nethod
and apparatus for perform ng adap- tive data conpression efficiently within
a conpressor unit. ) - 13 - Under
the present invention, the morst case data expansi on which occurs when the

out put consigst 0&{1 {D a % '59 ced.

I n addition, %Fé co |ng sc e%%gg escr bedQh Hg ‘lﬂn éIerée 2L §n3| on

for randonl@P”ﬁﬁéoﬁﬁﬂ%@%ﬁtﬂQB cgaAn output sequence of p01nters
utilizing a history-buffer, said data compressor comprising:

means for loading a LITERAL string in said input
data stream to said history-buffer;

“means for copying a value of a history-buffer
pointer to a register to indicate a starting position of
a LITERAL string within said history-buffer;

means for incrementing a counter for each subse-
quent LITERAL symbol from said input data stream;

means for encoding said LITERAL string and each
said subsequent LITERAL symbol from said input data
stream utilizing a value within said register and a
value within said counter as a LITERAL POINTER; and

means for outputting said LITERAL POINTER from said
data compressor.

-
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be réduced by elimnating the usage of the flag bits to distingush

LI TERALDATA and COPY PO NTERs. In addition, hardware costs are reduced by
utilizing the history-buffer to provide the necessary buffering at no extra
cost. A deconpressor under this coding schene does not require any

addi tional buffering. It is also inportant to note that
al t hough the present invention has beenijdescribed in the context of a
har dwar e conpressor, those skilled in the art will appreciate that the

mechani sns of the present invention can be inple- nmented in software and be
distributed as a program product.’in a variety of fornms, and that the
present invention applies equally regardless of the particular type of

si gnal bearjing di ilized to actual L,y carry.out the distribut,on.

Exanpl es ofS i g@‘a Rakt, AR SOY Beoualng ket 51 Trfetain FHsor dabl o
type nedi a SIRERAs POINEEY thekedes aCOYRBRE, CUMNT crdesfiolbiwed thypa nedi a
such as anadirepofilfhy HhuSEFEY T.7198RAONSATA Hfibols. Wil e the

i nvention has been particularly shown and described with reference to a
preferred enbodinent, it will be understood by those skilled in the art.

t hat various chang-. es in formand detail may be nmade therein w thout

departing from tipe Gatai éompbsdiPacebriity ity ehifNs, wherein said
-14- SYMBOL_COUNT can be of fixed length or variable length.

8. The data compressor acébrding to Claim 5, wherein said
counter can count up to the size of said history-buffer.
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CLAINB 1. A method for encoding an input data stream of source
synbol s to produce an output sequence of pointers by utiliz- ing a
hi story-buffer within a data conpressor, said nethod conprising the steps

of : | oading a LITERAL string in said input data stream to
said history-buffer; copying a value of a history-buffer pointer
to a register to indicate a startinggposition of a LI TERAL string
wi thin said history-buffer; i ncrementing a counter for each
subsequent LI TERAL synbol fromsaid input data stream

encodi ng said LI TERAL string and each said subse- . quent LI TERAL synbol
fromsaid input data streamutili z- ing a value-within said register
and a val ue mnth n_said ount er H%JERALP NTER:. ,and

out put ting dai d PIREIREDE By BFP‘g‘é&d i grcoding, fff JOpyt data

stream of source symbols to produce an output sequence of
pointers by utilizing a history-buffer, said program software
product comprising:

program code means for loading a LITERAL string in
said input data stream to said history-buffer;

program code means for copying a value of a histo-
ry-buffer pointer to a register to indicate a starting
position of a LITERAL string within said history-buffer;

program code means for incrementing a counter for
each subsequent LITERAL symbol from said input data
stream;

program code means for encoding said LITERAL string
and each said subsequent LITERAL symbol from said input
data stream utilizing a value within said register and a
value within said counter as a LITERAL_POINTER; and

program code means for outputting said
LITERAL POINTER from said data compressor.

R
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-15- 2. The nethod for encoding an input data stream of source synbols
according to Claiml, wherein said LI TERAL PO NTER i ncl udes a SYMBOL_COUNT
code fol lowed by a correspondi ng nunber of LITERALDATA synbols. 3. The
met hod for encoding an input data stream of source synbols according to
Claim1l1, wherein said SYMBOL_COUNT can hggof fixed |ength or variable

| engt h. 4. The nethod for encoding an input data stream of source
synbol s according to Claiml1, wherein said counter can count up to the size

of said history-buffer.

10. The program software product for encoding an input data
stream of source symbois to produce an output sequence of
.pointers accofding to Claim 9, wherein said LITERAL_ POINTER
includes a SYMBOL_COUNT code followed by a corresponding
number of LITERAL_DATA symbols.- :

11. The program software product for éncoding‘an"input data
stream of source symbols to produce an output sequence of
pointers according to Claim 9, wherein said SYMBOL_COUNT can
be of fixed length or variable length.

12. The program software product for encoding an input data
stream of source symbols to produce an output sequence of
pointers according to Claim 9, wherein said counter can count
up to the size of said history-buffer.

e
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.-16- 5. A data conpressor for encoding an input data stream of source
symbol s to produce an output sequence of pointers by utilizing a

hi story-buffer, said data conpressor conpri sing: means for

| oadi ng a LI TERAL string in said input data streamto said

hi story-buffer; means for cegpying a value of a history-buffer
pointer to a register to indicate a starting position of a LI TERAL
string within said history-buffer; means for incrementing a
counter for each subse- gquent LITERAL synbol from said i nput data
stream means for encoding said LI TERAL string and each sai d
subsequent LI TERAL synbol from said !ggw*tﬁata streamutilizing a val ue

within said register and a val u fh said counter as a :

LI TERALPO NTER; and means for outputting said LI TERALPO NTER
from said ARBPRGBARATUS FOR D EL-ZIV 1 VARIANT

A method for encoding an input data stream of

- gource symbols to produce an output sequence of pointers is
disclosed. A LITERAL string in an input data stream is first
loaded into a history-buffer. A value of a history-buffer
pointer is copied to a register to indicate a starting posi-
tion of the LITERAL string within the history-buffer. A
‘counter is incdremented for each subsequent LITERAL symbol
from the input data stream. Then, the LITERAL string and
each subsequent LITERAL symbol from the input data stream is
encoded utilizing a value within the register and a value
within the counter as a LITERAL POINTER. Finally, the
LITERAL_ POINTER is outputted from a data compressor.

Fig. 1b
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-17-. . 6. The data conpressor according to daimb5, wherein said
LI TERAL PO NTER i ncludes a SYMBOL COUNT code foll owed by a correspondi ng

“nunber of LI TERAL_DATA synbol s. 7. The data conpressor according to
Claimb5, wherein said SYMBOL COUNT can be of fixed | ength or variable
| engt h. 8. The data conpressor according to daimb5, wherein said

counter can count up to the size ofjigid hi st ory-buffer.
3
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A

9. " A program software product for encoding an input data stream of source
synbols to produce an out put sequence of pointers by utilizing a
hi story-buffer, said program software product conpri sing:

program code nmeans for |loading a LITERAL string in said i nput data
streamto said history-buffer; program code means for copying a
val ue of a histo- ry-buffer pointer to a register to indicate a
starting position of a LITERALZ&(ETng within said history-buffer;
program code means for increnmenting a counter for each subsequent
LI TERAL synbol from said input data stream - program code -
means for encodi ng said LI TERAL string and each said subsequent LI TERAL
synbol from said input data streamutilizing a value within said
regi ster and a value within said counter as a LI TERALPO NTER; and
program code means for outputting said LI TERAL_PO NTER from sai d data
conpressor.
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-19- . ) 10. The program software product for encoding an input data
stream of source synbols to produce an output sequence of pointers
according to Claim9, wherein said LI TERALPO NTER i ncl udes a SYNMBOLCOUNT
code followed by a correspondi ng nunber of LI TERALDATA synbol s. 11. The
program sof tware product for encoding an input data stream of source

synbol s to produce an output sequence3gd pointers according to Claim9,
wherein said SYMBOLCOUNT can be of fixed I ength or variable |ength. 12.
The program software product for odj n n input . dara streamn of source
synbol s t bITSRAHLRATAn T put gé&ugﬁfgéab’fqﬁg’i) r?t“gtr"sh&cﬁgfoq"n& w'd aimo,

wherein said counter can count up to the size of -said history-buffer.

/* new match started */ (1) set W_PTR value to L_PTR;

/* but ended after 1%/ )

/* byte only, so the */ if (C_CTR=1) amend W_PTR to previous value;
J* PRECEDING byte is */

/* the start of this */ sel L_CTR =1; done;
/* LITERAL_DATA*/ .

{2) lncrement L_CTR;
if {L_CTR = maximum) go to (3);

eise done;
{3) =~ encode, output maximum L_CTR value; go to (4);
(4) get byte from history, using L_PTR as an index;

oulput data byte; increment L_PTR by 1;

/* wraparound at end */ if {L_PTR = HISTORY_SIZE) L_PTR = 0; ‘
f*the MAXIMUM L_CTR) */ decrement L_CTR by 1;

{* value sets output */

1*lenglh limit, one */ it {L_CTR> 1) go to (4); else done;

I* data byte is left */

COPY_POINTER — encode, output L_CTR value;
' if {L_GTR > 0) go to (5); else go to (6);
{5) get byte from history, using L_PTR as an index;

output data byte; increment L_PTR by 1;

{* wraparound at end */ if (L_PTR = HISTORY_SIZE) L_PTR = 0;
I*"li'ew outpul ALL of */ decrement L_CTR by 1;
{* the data bytes as */
f* counted by L_CTR */ i (L_CTR > 0) go to (3); else go to (6);
{6) encode COPY_POINTER;
done.

Fig. 2



