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OF THE INVENTION 1. Technical Field The preseg% |on
relates to a method and apparatus for conpressing data in ge Pinl

particular to a nethod and apparatus_for perform ng adaptive data com

pression. Still nore particularly, the present invention relates to a
nmet hod and apparatus for providing i nproved data conpression efficiency for
an adapti ve data conpressor. 2. Description of the Prior Art

The type of data presented to a conpression algo- rithmto be conpressed
can vary enornously. Therefore, nost

METHOD AND APPARATUS FOR PROVIDING IMPROVED -DATA COMPRESSION
EFFICIENCY FOR AN ADAPTIVE DATA COMPRESSOR

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 apparaéus for performing adaptive data com-
pression. Still more particularly, the present invention
relates to a methoa and apparatus for providing improved data
compression efficiency for an adaptive data compressor.

2. Description of the Prior Art i '

The type. of data presented to a compression algo-
rithm to be compressed can vary enormously. Therefore, most
compression algorithms are made to be adaptive in nature in
order to attain a better compression performance over a wide
range of data types. Both the classical Lempel-Ziv 1 (LZ_1)
and Lempel-Ziv 27 (LZ_2) compression algorithms embody this
concept to a certain degree.

In the LZ 1 case, every byte processed is moved to
a history-buffer that is initially empty. This history-
buffer can be thought of as a byte-wide shift register, and
once the history-buffer is completely filled, each new incom-
ing data byte will displace the oldest data byte from the
history-buffer. The current content within the history-
buffer is compared with the incoming data to identify any
matching strings or sequences of incoming data bytes that
have occurred earlier, which still remain in the history-
buffer. This incoming data sequence is then encoded in a
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the LZ 1 compressor, and simply copies such strings as its
output when decoding a reference. '

In the LZ_2 case, a dictionary of data sequences is
maintained, and references to these dictionary entries con-
stitute the basis of the LZ 2 compression algorithm. It is
not necessary to encode a length when the incoming data

. matches one of the dictionary entries because the length is

‘also held in the dictionary. Hence, compressed output data

from a LZ 2 compression algorithm usually consists of only a
sequence of numbers, representing dictionary entries. Adap-
tive LZ_2 implementations continually add new dictionary
entries based on the incoming data. As in the LZ_1 case,
both LZ 2 compressor and LZ 2 decompressor start with and
maintain an identical structure, although in the case of
LZ_2, different wmanagement strategies are utilized when the
dictionary becomes full.

Typically, a data stream to be compressed is fre-
quently found to contain sequences of identical characters,
commonly known as "runs." For example, executable code often
contains significant runs of "00" characters. Also, code
compilers often gemerate null data to initialize arrays or
variables to a known state. Further, database software often
allocates data fields with either all blank or all zero
characters. 1In addition, binary bitmap image data often con-
tain a great deal of "whitespaces," typically "00" charac-
ters, representing eight pixels which are all blank. Other-
wise, grey scale or color image data, especially, which is
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it would be desirable to provide a method and apparatus to
render better data compression efficiency to a data compres-
sor such that the data compressor may be able to resume its
optimal compression efficiency more rapidly after an occur-
rerice of a run.



- 3- encoded utilizing one byte per pixel, may al so contain |ong runs of
“identical data bytes. These kinds of runs nay lead to
unnecessary and unproductive adaptations within a data conpressor. Further-
nore, because a history-buffer in LZ 1 or a dictionary in LZ 2 may easily
be overflowed with identical data bytes froma run, it will take a while
for the data conpressor to resune its dptinmal conpression ratio after the
run. Consequently, it would be desirable to provide a nmethod and apparat us
to render better data conpression efficiency to a data conpres- sor such
that the data conpressor may be able to resusne its optimal conpression
efficiency nore rapidly after an occur- rence of a run

-4- - 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.

T+ 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 providing
better data compression efficiency for an adaptive data
compressor. ' '

In accordance with a method of the present inven-
tion, an uncompressed data stream is sent to a data compres-
sor unit. But before sending the uncompressed data stream to
the data compressor unit, and incoming data byte from the
uncompressed data stream is first compared with the preceding
data byte from the uncompressed data stream. A first counter
value is incremented in response to a match between the
incoming data byte and the preceding data byte. A second
counter value is then incremented in response to subsequent
matches between an incoming data byte and its preceding data
byte after the first counter value has reached a preset
value. The second counter value is finally sent to. the data
ééﬁpressor unit at the completion of a run of the incoming
data byte in substitution of a portion of the run, such that
the data compressor unit can quickly resume its optimal
compression ratic after an occurrence of the run within the
uncompressed data stream. '



SUMVARY OF THE | NVENTI ON In view of the foregoing, it is
"therefore an object of the present invention to provide an i nproved net hod

"and apparatus for conpressing data. It is another object of the
present invention to provide an inproved nmethod and apparatus for
perform ng adaptive data conpression. It is yet another object

of the present invention to provide an “$pr oved net hod and apparatus for
provi ding better data conpression efficiency for an adaptive data
conpressor. In accordance with a nethod of the present inven-
tion, an unconpressed data streamis sent to a data conpres- sor unit. But
before sending the unconpressed data streamto the data conpressor unit,
and incom ng data bpléd bbjacthe fesoupsssaed ddvrantsigezamfi $£hei psésconpar ed
wih the RAcatbicdshawbys Chlioht |ASIGRTRECERE ESAR R, BHL; fub! 1 St
counter value I's |ncrenente Inres toa nma n the 1Thcom ng
data byte %ERFQQREqSPQEéBFﬁﬁndata byt e. A second counter value is then
increnented in response to subsequent natches between an inconing data byte
and its preceding data byte after the first counter val ue has reached a
preset value. The second counter value is finally sent to the data



conpressor unit at the conpletion of a run of the incomng data byte in
substitution of a portion of the run, such that the data conpressor unit
can quickly resune its optinal conpression ratio after an occurrence of the
run within the unconpressed data stream Al

objects, features, and advantages of the pres- ent invention will becone
apparent in the follow ng detailed witd.en description. :

- 6-

“ 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 diagram of a data 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 block diagram of a data pre-compres-
sor for providing improved compression efficiency to a data
compressor unit, in accordance with a preferred embodiment of
the present invention;

Figure-3 is a state diagram of a method for provid-
ing improved data compression efficiency for a data pre-
compressor, in accordance with a preferred embodiment of the
present invention; and

Figure 4 is a state diagram of a method for provid-
ing improved data compression efficiency for a data post-
compressor, in accordance with a preferred 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

drawi ngs, wherein: Figure la is a block diagramof a data
conpressor unit in which a preferred embodi nent of the present invention
may be incorporated; Figure 1b is a block diagram of a data
deconpressor unit in which a preferred enbodi nent of the present invention
-may be incorporated;- Figure 2 is a block diagramof a data

pre-conpres- sor for providing inproved conpression efficiency to a data

conpressor unit, ﬁﬁﬁf@wg@oprﬁf ﬁhﬁﬂbg@ t he present
i nventi on; lgure-3 is a state diagram of a nethod for provid-
ing inproved data conpression efficiency for a data pre- conpressor, in
accordance with a el greaséntniiateneidn aiayt be prnpientnted/ erlicngn wizhd
Frgure 4 hmand é}ﬁ%éfékiaaafo%E ﬁa@ﬁtBQﬂpgégéigﬁo¥i86rithms, such as
Lempel-Ziv 1, Lempel-Ziv 2, etc. It will be understood by
those skilled in the art that the present invention may be

implemented in either hardware or software.

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 memory
(RAM) or a content-addressable memory (Ca&M) 12. Any type of
adaptive compression algorithms may be implemented within
compressor unit 10. Examples of adaptive compression algo-
rithms include classical algorithms such as Lempel-Ziv 1 and
Lempel-Ziv 2 that are well-known to those skilled in the art,
or a more contemporary algorithm such as Adaptive Lossless
Data Compression (ALDC) described in "QIC Development Stan-
dard QIC-154," Revigion A, 10 Mar 94, Quarter-Inch Cartridge
Drive Standaxrds,-Inc of which the subject matter is incorpo-
rated by reference herein. All data structures associated
with the chosen compression algorithm, such as a history-
buffer for Lempel-Ziv 1 or a dictionary for Lempel-Ziv 2, are
maintained within RAM/CAM 12. BAs such, the optimal size of
RAM/CAM 12 depends on the type of compression algorithm
utilized within compressor unit 10. During operation, an
uncompressed data stream is first received by compressor unit
10 from a data source 13. After data-encoding, a compressed
data stream is then transmitted to a data sink 14.

Referring now to Figure 1b, there is depicted a
block diagram of a data decompressor unit in which a pre-



I ng inproved data conpression efficiency for a data post- conpressor, in
accordance with a preferred enbodi nent of the present invention.

-7 - DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT

The present invention may be inplenmented along with nmany types of adaptive
data conpression algorithns, such as Lenpel-Ziv 1, Lenpel-Ziv 2, etc. It
wi Il be understood by those skilled in®he art that the present invention
may be inplenmented in either hardware or software. Ref erri ng
now to the drawings and in particular to Figure la, there is depicted a

bl ock diagram of a data com pressor unit in which a preferred enbodi nent
of the present invention nay be incorporated. As shown, conpressor unit 10
i s coupl edermed embddinldrer dIfl thied presant olhvaidss wEyty iHdMporata
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.ler and a RAM 17. Similar to RAM 12, all data structures
for decompressor unit 15 are maintained within RAM 17 and the
size of RAM 17 depends on the type of compression algorithm
utilized within compressor unit 10. During operation, a
compressed data stream is first received by decompressor unit

! " 715 from data source 19. After data-decoding, an uncompressed
data stream will then be transmitted from decompressor unit

15 to a data sink 18.

With reference now to Figure 2, there is illustrat-
ed a block diagram of a data pre-compressor for providing
improved compression efficiency to compressor unit 10 of
Figure la, in accordance with a preferred embodiment of the
present invention. Pre-compressor unit 20 is preferably '
coupled between data source 13 and compressor unit 10. As
shown, pre-compressor unit 20 includes a first register 22, a
second register 23, a comparator 24, a first counter 25, a
second counter 26, and a multiplexor 21. '

During-operation, each incoming data byte from an
uncompressed data stream is first stored in first register
22. This incoming data byte will be sent to second register
23 upon the arrival of another incoming data byte from the
uncompressed data stream. Hence, second register 23 retains
the value of a previous (i.e. immediately preceding) data
bﬁte from the uncompressed data stream. The incoming data
byte stored in first register 22 is then compared with the
previous data byte stored in second register 23 utilizing
comparator 24. First counter 25 is initially reset to zero,
but first counter 25 will be incremented each time there is a
match between the data byte stored in first register 22 and
the data byte stored in second register 23, indicated by



conpressor unit 10. Exanples of adaptive conpression algo- rithns include
classical algorithnms such as Lenpel-Ziv 1 and Lenpel-Ziv 2 that are
wel | -known to those skilled in the art, or a nore contenporary al gorithm
such as Adaptive Lossl ess Data Conpression (ALDC) described in "QC .
Devel opnent Stan- dard Q G154, " Revision A, 10 Mar 94, Quarter-Inch
Cartridge Drive Standards, -Inc of whichs.the subject matter is incorpo-
rated- by reference herein. Al data structures associated with the chosen
conpression algorithm such as a history- buffer for Lenpel-Ziv 1 or a
dictionary for Lenpel-Ziv 2, are nmatntained within RAM CAM 12. As such,
the optinmal size of RAM CAM 12 depends on the type of conpression algorithm
utilized within conprgsso nit.,10. ri.ng _Qperatj.on...gn,unco essed data
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stream will be sent to compressor unit 10 via multiplexor 21 ‘
if there is a mismatch between the data byte stored in first
register 22 (i.e. the incoming data byte) and the data byte
stored in second register 23. '

=

There is a preset value associated with first
counter 25, and once this preset value is reached, any addi-
tional incoming data byte from the uncompressed data stream
that still matches with its previous data byte from the
uncompressed data stream will be discarded. This signifies
an occurrence of a run condition within the uncompressed data
stream. At this point, second counter 26 will be ihcremented
instead for any matching condition between an incoming data
byte and its previéus data byte. When a wismatch finally
occurs between an incoming data byte and ‘its previous data
byte, the accumulated count stored within second counter 26
will be passed on to compressor unit 10, followed by the mis-
matching incoming data byte.

The preset value for first counter 25 should be
fairly small and a value of three, corresponding to a run
length of four, is found to be quite optimal for most uncomp-
ressed data streams. Hence, all data bytes from an uncompre-
ssed data stream containing runs of less than the preset
value of four will simply be passed on to compressor unit 10
for further processing according to the compressor algorithm
utilized therein.

Because most adaptive compression algorithms are
character-based, counters 25, 26 should preferably be of the



ed. As shown, deconpressor unit 15 is coupled to a control- .ler 16 and a
RAM 17. Simlar to RAM 12, all data structures for deconpressor unit 15 are
mai ntai ned within RAM 17 and the size of RAM 17 depends on the type of
conpression algorithmutilized within conpressor unit 10. During operation,
a conpressed data streamis first received by deconpressor unit 15 from

data source 19. After data-decodi ng, anunconpressed data streamwi || then
be transmitted from deconpressor unit 15 to a data sink 18.
Wth reference nowto Figure 2, there is illustrat- ed a bl ock diagramof a

data pre-conpressor for providing inproved conpression efficiency to
conpressor unit 10 of Figure la, in accordance with a preferred enbodi nent
of the presemé sihwenis-en.chdrectedr ege0ally ight iS4y afopgabl yrceng! ed
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data stfream The incom ng data byte stored in first register 22 is then
conpared with the previous data byte stored in second register 23 utilizing
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with a preferred embodiment of the present invention. Start-
ing at state (00}, Available Flag, First_Counter,
Second_Counter are reset to zero, then go to state (01). In
state (01), the pre-compressor waits for an input Data Byte
"request. In state (02), a determination is made as to wheth-
er or not Available_Flag is set to 0; if yes, then go to

state (04); if no, then go to state (03).

In state (03), a previously saved new Data_Byte is
delivered to the Compressor. In state (04), a Data_Byte is
fetched from the-data source, then go to state (05). 1In
state (05), a determination is made as to whether
First Counter is at Preset_Limit; if yes, then go to state
(08); if no, then go to state (07).

. In state (06), a determination is made as to wheth-
er or not the new Data_Byte is identical to the Previ-
ous_Byte; if yes, then go to state {08); if no, then go to
state (07).

In state (07), the First Counter is reset to zero,
then go to state (0%8). 1In state- (08), the First_ Counter is
incremented by 1, then go to state (09). In state (10), the



- 9- comparator 24. Oherwise, first counter 25 will be reset again if
“there is a msmatch between the data byte stored in first register 22 and
the data byte stored in second register 23. Also, the incom ng data byte
fromthe unconpressed data streamw || be sent to conpressor unit 10 via
mul tiplexor 21 if there is a msmatch between the data byte stored in first
register 22 (i.e. the incomng data byfe) and the data byte stored in
second regi ster 23. ' There is a preset value associated with
first counter 25, and once this preset value is reached, any addi- tional

I ncom ng data byte fromthe unconpressed data streamthat still matches
wth its previous data byte fromthe unconpressed data streamw || be

di scar ded.nebhipatal 8ptd | £5 BN ORGHT Y @nef comd 2N dbhbfNgYi £4i n the
unconpressgg datgégtreanl At this point, second counter 26 will be

i ncr ement & atﬁs# for any matching condition between an inconm ng data
byte and its previous data byte. Wen a msmatch finally occurs ‘between an

inconing data byte aﬂds&atse PrEN Ol dedmb¥ittior B8 ASENNAYL At datount stored
Wi thin Sec%ﬂ% nggtgﬁe new Data Byte is identical to the

Previous_Byte; if yes, then go to state (13); if no, then go

to state {(11). In state (12), the Avallable Flag is set to
1, then go to state (01). 77 ’

In state (13}, the Second Counter is incremented by
1, then go to state (14).- In state (14), a determination is
made as to whether or not the Second_Counter is at its maxi-
mum value; if yes, then go to state (15); if no, then go to
state (04). ' -

In state (15), the Second Counter value is deliv-
ered to the Compressor, then go to state (16). 1In state
(16), the Second Counter value is reset to "01," then go to
state (01).

With reference now to Figure 4, there is illustrat-
ed a high-level state diagram for the corresponding data
post-compressor, in accordance with a preferred embodiment of
the present invention. -Stérting at state (00),

Extension Flag, First_Counter, Second Counter are reset to
zero, then go to state (01).

In state (01), awaiting output of a new bata_ Byte
from the decompressor. In state (02), a determination is
made as to whether or not Extension Flag is set to 0; if ves,
then go to state (13}; if no, then go to state (03).

In state (03), a new Data Byte value is loaded to
the Second Counter. In state (04), a determination is made



wi |l be passed on to conpressor unit 10, followed by the m s- matching
“incomng data byte. The preset value for first counter 25
should be fairly small and a value of three, corresponding to a run length
of four, is found to be quite optinmal for nobst unconp- ressed data streans.
Hence, all data bytes from an unconpre- ssed data stream containing runs of
| ess than the preset value of four wlt'sinply be passed on to conpressor
unit 10 for further processing according to the conpressor al gorithm

utilized therein. Because nost adaptive conpression algorithns
are character-based, counters 25, 26 should preferably be of the
- 10- sane size as a character, typically eight bits long. If the run
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on. |If 8-bhi :

In state (05), the Extension Flag is reset to zero,
then go to state (06). In state (06), a determination is
made as to whether or not the Second Counter value is at 0;
if yes, t-henmgg to state -('00-) ; if no, then go to state (07).
In state (08), the previous Data_ Byte is delivered to the
output, then gd to state (08). In state {(08), the

_ Second_Counter is decremented by 1, then go to state (06).

In state (09), the Extension Flag is set to 1, then
go to state (10). 1In state (10), the previous Data_Byte is
delivered to the output, then go to state (11}. In state
(11), the Second_Counter is decremented by 1, themn go to f
state (12). 1In state (12}, a determination is made as to
whether or not the Second_Counter value is greater than 1; if
ves, then go to state (10)}; if no, then go to state (01}).

In state {13), a determination is made as to wheth-
er or not the First_Counter is at a Preset_Limit; if yes,
then go to state (03); if no, then go to state (14).

In state (14), the new Data Byte value is delivered
to the output, then go to state (15). In state {15}, a
determination is made as to whether or not the new Data_ Byte
is identical to the Previous_Byte; if yes, then go to state
(17); if no, then go to state (16). 1In state (16), the
First_Counter value is reset to zero, then go to state (01)}.
In state (17), the First_Counter is incremented by 1, then go
to state (01).



characters are in use, the highest value is utilized as a count

" continuation character. Referring nowto Figure 3, there is
illustrated a state diagram of a nethod for providing i nproved data com
pression efficiency for -a data pre-conpressor, in accordance with a
preferred enbodi nent of the present invention. Start- ing at state (00),
Avai | abl e_Fl ag, FirstCounter, SecondCounter are reset to zero, then go to
state (01). In state (01), t he pre-conpressor waits for an input DataByte
request. In state (02), a determnation is made as to wheth- er or not
Avail able Flag is set to O; if yes, then go to state (04); if no, then go
to state (03). In state (03), a previously saved new Data Byte
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808) i f n@¢c¢iﬂanqy3whahshapeefeﬁied embodiment ofrtﬁﬁiybésgﬁﬁ)lnaen- cal
et er mi nat i s s t r 0 ne aByte is_identica
to the Pr ei\:fl{)(l;h sfl?%l% p Bcgmgﬁg th&' ]'QP{ OQS%%{L (h%;%e%a?: éi‘r?ﬁeﬁ oto

‘state (07)32 8-bit Symb°1lﬁ°§FaP¥t?b735 uygidigedst Counter is reset to zeéro,

then go to state (09). In state (08), the First Counter is increnented by
1, then go to state (09). In state (10), the :
INPUT DATA STREAM INPUT TO_ COMPRESSOR
C3 02 02 02 A7 : C3 02 02 20 A7
%6 FF FF FF FF A2 : 96 FF FF FF FF 00 A2
31 30 30 30 30 30 39 31 30 30 30 30 01 39
OA 40 ..{(a run of 9).. 40 C3 OA 40 40 40 40 05 C3
64 00 ..(a run of 258}.. 00 32 64 00 00 00 00 FE 32
' 9B 00 ..{a xrun of 259).. 00 8D 9B 00 00 00 00 FF Q0 8D
20 40 ..(a run of 260).. 40 20 20 40 40 40 40 FF 01 20
Table I

As has been described, the present invention pro-
vides a method and apparatus for providing improved data
compression efficiency to a compressor unit. Although a
compressor unit is utilized throughout the entire disclosure
for the purpose of illustration, it is understood by those
skilled in the art that a pre-compressor as described must
also utilize a corresponding post-decompressor. Such post-
decompressor is preferably coupled between decompressor unit
15 and data sink 18 of Figure 1b.

A post-decompressor performs the inverse operation
of a pre-compressor. Each data byte output from a de-com-
pressor unit is compared to its previous data byte and a
counter is incremented or is reset. If the counter reaches
the preset wvalue, then the next data byte is treated as a



new Data_Byte is delivered to the Conpressor, then go to state (01).
In state (10), a determnation is nmade as to wheth- er or not the new Data
Byte is identical to the Previous Byte; if yes, then go to state (13); if

no, then go to state (11). |In state (12), the Available_Flag is set to 1,
then go to state (01). In state (13), the SecondCounter is

I ncrenmented by 1, then go to state (1Z?f In state (14), a determnation is
made as.to whether or not the SecondCounter is at its maxi- numvalue; if
yes, then go to state (15); if no, then go to state (04). In
state (15), the SecondCounter value is deliv- ered to the Conpressor, then
go to state (16). " In state (16), the SecondCounter value is reset to "01,

" then goctunstxemrdhting how many additional copies of the last
value output constitute the continuation of the run, and must
be copied out before decoding any more compressed data bytes.

For both a pre-compressor and a post-decompressor,
the maximum count symbol value is utilized to denote a count
of this value_but that this count is continued on the next
symbol,  which must be processed according to the same rule.
The use of count continuation characters in this manner
permit runs of any length to be encoded, with a penalty of
one symbol for runs of length exactly equal to the preset
threshold value.

In terms of hardware, the present invention only
requires an extra register to hold the previous data symbol,
a comparator, and a counter, along with a swall amount of
control logic. In fact, for a Content-Addressable Memory
(CAM) based compressor, the register already exists in hard-
ware, but in any event, the extra silicon area utilized to
implement the present invention is negligible.

In addition, the present invention can be applied
to any kind of compression algorithms, and clearly can pro-
vide considerable compression in and of itself for long runs
of data {in excess of 250:1 for 8-bit symbols). 1In the case
of general-purpose adaptive compression algorithms, this is
an important advantage, because such compression algorithms
géherally adapt without regard to whether or not a stream of
incoming data should be utilized to adapt the compression
algorithm. An Lempel-Ziv 1 algorithm, for example, can only
achieve a maximum compression ratio of about 90:1 for a long

run of identical data.

While the invention has been particularly shown and



Wth reference nowto Figure 4, there is illustrat- ed a high-level state
di agram for the correspondi ng data post - conpressor, in accordance with a
preferred enbodi nent of the present invention. St arti ng at state (00),
Extension Flag, FirstCounter, SecondCounter are reset to zero, then go to
state (01). In state (01) ,,,awai ting output of a new Data Byte
fromthe deconpressor. In state (02), B determnation is made as to whet her
or not ExtensionFlag is set to O; if yes, then go to state (13); if no,

then go to state (03). In state (03), a new Data_Byte value is
| oaded to the SetondCounter. In state (04), a determ nati-on i s nade
- 12- . as to whether or not the Second Counter is at its maxi num val ue;

if yes, tHefchbbed with cqi3gends tyoa prefenyed embedinenqtps)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.



In state (05), the ExtensionFlag is reset to zero, then go to state (06).
In state (06), a determnation is nmade as to whether or not the Second
Counter value is at 0; if yes, then go to state (00); if no, then go to
state (07). In state (08), the previous DataByte is delivered to the

output, then go to state (08). In statg.(08), the Second Counter is
decrenented by 1, then go to state (06). In state (09), the
Extension _Flag is set to 1, then go to state (10). |In state (10), the

previous Data_Byte is delivered to the output, then go to state (11). In
state (11), the SecondCounter is decrenented by 1, then go to state (12).
In state (12), a determnation is nmade as to whether or not the Second
Counter value is greater than 1; if y&&™Phen go to state (10); if no, then

go to state (01). In. state (13), a determnation is nade as to
wheth- er or not the FirstCounter is at a PresetLimt; if yes, then go to
state (03); if no, then go to state (14) In state (14), the new

Data Byte value is delivered to the output, then go to state (15). In state
(15) , a dater Amethod fernpdevddihg imetdved dataoctongresadenDatgByte i s

i denti cal éi?eﬁ t %.V'dg‘ﬂ§—§$%~?gﬁab£o%eﬁﬁ r St%(%oaomé&&i U p&l@ln eE:h t hen

go to state% In state unter valGeris re ozero
then goto'é%ﬁé’ 01). In state (17), the FirstCounter is increnented by 1,
tthen go to state (01) L e e

compar:.ng an incoming data byte and a previous data
byte from an uncompressed data stream, wherein said
uncompressed data stream is to be received by said data
compressor unit;

incrementing a first counter value in response to a
match between said incoming data byte and said previous
data byte;

incrementing a second counter value in response to
said first counter value reaches a preset value to
indicate a run within said uncompressed data stream;

substituting said run within said uncompressed data
stream with said second counter value; and '

transmitting said uncompressed data stream to said
data compressor unit such that said data compressor can
quickly resume an optimal compression ratio after an
occurrence of said run within said uncompressed data
stream.

) 0 BN R



o - 13- Table I is an exanple illustrating the results from
pre-conpressor unit 20 based on the incom ng data stream in accordance

with a preferred enbodi ment of the present inven- tion. In this exanple,

the preset value is set to three and an 8-bit synbol (one byte) is

utilized. | NPUT DATA STREAM | NPUT TO COVPRESSOR
C3 02 02 02 AY C3 02 02 20 A7 96 FF FF FF FF
A2 . 96 FF FF FF FF 00 A2 31 30 30 30 30 30 39

31 30 30 30 30 01 39 QA 40 ..(a run of 9) .. 40 C3 QA 40 4040
40 05 C3 64 00 ..(a run of 258) .. 00 32 64 00 00 00 00 FE 32
9B 00 ..(a run of 259).. 00 8D 9B 00 00 00 00 FF 00 8D 20 40
..(a run 8t 26Dhe metdpdFor prayiddngoimgrovedrraba cempression effi-

Table | ciency to a data compressor unit according to Claim 1, where-

in said wmethod further includes a step of resetting said -
first counter in response to a mismatch between said incoming
data byte and said previous data byte.’

- == -3~ The method for providing improved data compression effi-
ciency to a data compressor unit according to Claim 1, where-
in said step of incrementing a second counter value further
includes a step of incrementing a second counter value in
response to a subsequent match between an incoming data byte
and a previous data byte.

4. The method fdr providing improved data compression effi-
ciency to a data compressor unit according to Claim 3, where-
in said method further includes a step of discarding said
incoming data byte.

5. The method for providing improved data compression effi-
ciency to a data compreséor unit according to Claim 1, where-
in said completion of a run is indicated by a mismatch be-
tween an incoming data byte and a previous data byte.

A



.As has been described, the present invention pro- vides a nethod and
apparatus for providing i nproved data conpression efficiency to a
conpressor unit. Although a conpressor unit is utilized throughout the
entire disclosure for the purpose of illustration, it is understood by
those skilled in the art that a pre-conpressor as described nust also
utilize a correspondi ng post-deconpressor. Such post- deconpressor is
preferably coupl ed between deconpressor unit 15 and data sink 18 of Figure
| b. A post -deconpressor perforns the inverse operation of a
pre-conpressor. Each data byte output froma de-com pressor unit is
conpared to its previous data byte and a counter is increnented or is
reset. |f &he Pomstepdr Earherovhiing dawroved data komprasshexteffiia byte is
treated asci®ncy to a data compressor unit, said method- cdflprising GH&
representlégﬁﬁgog neny additional copies of the last val ue output constitute
the continuation of the run, and nust be copied out before decodi ng any
nore conpressed data bytes.

preprocessing an uncompressed data stream by com-
paring an incoming data byte and a previous data byte
from said qncompressed data stream, wherein said uncomp-
- ressed data stream is to be received by said data com-
pressor unit;

incrementing a first counter value in response to a
match between said incoming data byte and said previous
data byte to indicate a beginning of a run within said
uncompressed data stream; '

incrementing a second counter value in response to
a subsequent match between an incoming data byte and a
previous data byte after said first counter value has
reached a preset value to indicate a remaining portion
of said run within said uncompressed data stream;

substituting s§id remaining portion of said run
within said uncompressed data stream with said second
counter wvalue; and

transmitting said uncompressed data stream embedded
with said second counter value to said data compressor
unit such that said data compressor can quickly resume
an optimal compression efficiency despite an occurrence
of said run within said uncompressed data stream.

L]



For both a pre-conpressor and a post-deconpressor, the maxi num count synbol
value is utilized to denote a count of this value but that this count is
continued on the next synbol, which nust be processed according to the sane
rule. The use of count continuation characters in this nmanner permt runs
of any length to be encoded, with a penalty of one synbol for runs of

| ength exactly equal to the preset thr&shold val ue. In terns of
hardware, the present invention only requires an extra register to hold the
previ ous data synbol, a conmparator, and a counter, along with a smal

anount of control logic. In fact, for a Content-Addressable Menory (CAM
based conpressor, the register already exists in hard- ware, but in any
event, the.ext rhesnétitod Boegprividized improvgd @aeat cohpresssenteffiivent i on

i s negliagidl Addidl Qs t N 4 i ON JGadl.de

appl i ed téggﬁgykfﬁdad?a%%ﬁ%%@%5|pﬁﬁgﬂgéﬁigﬁﬁ§¥ﬁ%§dkglg%y y %bp pré? vi de
consi der affe SadApPetled ntrrrhen cliudes * 5P PongePersind 2kd (in excess
of 250:1 ffdre8- bbtnSerhinh SYespohdd & asnisiatgdnpeaveanrgobd iatrpiiing

conpr essi I |t , b S j t advant age, because such -
conpressig%tglggéét%%Q.%%%%§%+$§ﬁgﬁ%g$2af€ﬂ%ﬁt regard to whether or not a
stream of incom ng data should be utilized to adapt the conpression

al gorithm An Lenpel-Ziv 1 algorithm for exanple, can only achieve a

kFaxi mum ¢ ressiLon. rat ko I'gﬁ. I ' tisal_ data.
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ciency-to a data compressor unit according to Claim 6, where-
in said method further includes a step of discarding said

incoming data byte.

9. The method for providing improved: data compression effi- -
ciency to a data compressor unit according to Claim 6, where-
in said completion of a run is indicated by a mismatch be-
tween an incoming data byte and a previous data byte.

L



described with reference to a preferred embodinent, it will be understood
by those skilled in the art that various chang- es in formand detail nmay
be nmade therein without departing fromthe spirit and scope of the

I nventi on. _ - 16 -

CLAI V5 2.

10. A pre-compressor for providing improved data compression
efficiency to a data compressor unit, comprising:

a comparator for comparing an incoming data byte
and a previous data byte from an uncompressed data
stream, wherein said uncompressed data stream is to be
received by said data compressor unit;

' a first counter for counting a number of ‘matches

between said incoming data byte and said previous data
byte, wherein said first counter is coupled with said

comparator;

a second counter for counting a number of matches
between said incoming data byte and said previous data
byte after said first counter reaches a preset value,
wherein said second counter is coupled said comparator;
and

a transmitter for sending a value of said second
counter .to said data compressor unit at a completion of
a run of said incoming data byte such that said data
compressor can quickly resume back to its optimal com-
.pression ratio after an occurrence of said run within
g said uncompressed data stream.

P Lt



1. A nmethod for providing inproved data conpression effi- ciency to a data

conpressor unit, said nmethod conprising the steps of: conparing
an incomng data byte and a previous data byte from an unconpressed
data stream wherein said unconpressed data streamis to be received by
sai d data conpressor unit; -21- incrementing a first counter
value in response to a mat ch between said incom ng data byte and said
previ ous data byt e; i ncrementing a second counter value in
response to said first counter val ue reaches a preset value to

indicate a run within said unconpressed data stream

Subst i Uth00 SALY N M 010o831 cUBRANRE Ao Rdafatsy wnaidiRmLb f ool d

second counfer”valtu sall unconpressed dat a
stream topgar@pmpremraf@gmeefssapluﬁes %meﬁhﬁ?rs%ﬁafm &a#&pfr essor can

qui ckly resus®e Sfurtidid Tl reeppnesstonaidmataht Bérwden saidcdncoping of said
run wethi g, 82l gl P 833 8- 2058us aatl NGAT.

12,7 The pre-compressor according to Claim 10, wherein said
1 pre-compressor further includes a means for discarding said
_ incoming data byte during the increment of said second coun-

ter.

13. The pre-compressor according to Claim 10, wherein said
completion of a run is indicated by a mismatch between an
incoming data byte and a previous data byte.

14. The pre~compressor according to Claim 10, wherein said
pre-compressor further includes a means for substituting said
‘run within said uncompressed data stream with said second
counter value.

| RN WA ARV



-17- 2. The method for providing inproved data conpression effi-
ciency to a data conpressor unit according to Claiml, where- in said

met hod further includes a step of resetting said first counter in response
-to a msmatch between said incom ng data byte and said previous data byte.
3. The method for providing inproved data conpression effi- ciency to a
data conpressor unit according to C ai28 1, where- in said step of

i ncrementing a second counter value further includes a step of increnenting
a second counter value in response to a subsequent match between an

I ncom-ng data byte and a previous data byte. 4. The nethod fdr
providing i nproved data conpression effi- ciency to a data conpressor unit

according to Claim3, where- in said nmethod further includes a step of
di scardi ng saiMETWMRAMTES FORPROVIIMNGPJMBHOWD BATAdI ng

i mproved dagey\iPRES, ccordi ng
to daim1l, V\/nere- | n sail g?écorrp etlonw arunis i %catengng m smat ch
be-

ABSTRACT

A method for providing improved data compression efficiency to a data
compressor unit (10) is disclosed. Before sending the uncompressed data stream to the
data compressor unit {10), an incoming data byte from the uncompressed data stream is
first compared with a preceding data byte from the uncompressed data stream. A first
cé;unter (25) value is incremented in response to a match between the incoming data byte
and the preceding data byte. A second counter (26) value is then incremented in
response to subsequent matches between an incoming data byte and its preceding data
byte after the first counter (25) value has reached a preset value. The second counter
(26) value is finally sent to the data compressor unit (10) at the completion of a run of
the incoming data byte in substitution of a portion of the run.

Fig. 2



o

' @

*tween an incoming data byte and a previous data byte. 6. A
met hod for providing inproved data conpression effi- ciency to a data
conpressor. unit, said nmethod conprising the steps of:

preprocessi ng an unconpressed data stream by com paring an incom ng
data byte and a previous data byte fromsaid unconpressed data stream
wherein said unconp- ressed datzgﬁzreanlis to be received by said data
com pressor unit; i menting a first counter value in
response to a mat ch between said i ncom ng data byte and sai d previous
data byte to indicate a beginning of a run within said unconpr essed
data stream i ncrenmenting a second counter value in response to

a subsequent match between an inconm ng data byte and a
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"previous data byte after said first counter val ue has reached a preset
val ue to indicate a remaining portion of said run within said
unconpressed data stream : substituting said remai ning portion of
said run Wi thin said unconpressed data streamw th said second

counter val ue; and ’ transmtting said unconpressed data stream
enbedded with said second counter value to said data conpressor

unit such that said data conpressor gyngquickly resunme an opti mal
conpression efficiency despite an occurrence of said run within said
unconpressed data stream - 19-

7. The nmethod for providing inproved data conpression effi- ciency to a
data conpressor unit according to Claim®6, where- in said nethod further
includes a step of resetting said first counter in response to a m snatch
bet ween said i ncom ng data byte and said previous data byte.
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8. The nethod for providing inproved data conpression efff- ciency to a
data conpressor unit according to Claim®6, where- in said nmethod further

i ncludes a step of discarding said incom ng data byte. 9. The nethod
for providing inproved data conpression effi - ciency to a data conpressor
unit according to Caim6, where- in said conpletion of a run is indicated
by a m smatch be- tween an incom ng data byte and a previous data byte.

- 20 - 10. A pre-conpressor for #peviding i nproved data conpression
efficiency to a data conpressor unit5® Conpri sing: a conpar at or
for conparing an incom ng data byte and a previous data byte from an
unconpr essed data stream wherein said unconpressed data streamis to
-be received by said data conpressor unit;
<
“1
0 «w
<l & -
o Lagt ac‘
tay ud o -
= M1 5
o =l 5
o ' =
O | o o
5 o
¥ ] e S
—d L2 ]
P rif
[« =
<
M a>
o o
o (&)
[
-
[»=
C
a.
=
(=]
(&)
T |
N] ml N
™N N .
. . N
=i Ny S
bt @
(L4 (<]
s (28]
o o

[

13

DATA
SOURCE




a

‘a first counter for counting a nunber of natches bet ween sai d i ncom ng

data byte and said previous data byte, wherein said first counter is
coupled with said conpar at or ; a second counter for counting
a nunber of matches bet ween sai d incoming data byte and said previous
dat a byte after said first counter reaches a preset val ue, wher ein
sai d second counter is coupled said conparator; and a
transmitter for sending a value of sgid§second counter to said data
conpressor unit at a conpletion of a run of said incomng data byte
such that said data conpressor can qui ckly resume back to its optinal
com pression ratio after an occurrence of said run within said
unconpr ess3IAEE a stream ACTION 8670
{00) Available_Flag, First_Counter, Second_Counter set to zero - (01)
(01) Await_lnput Data_Byte request from Compressor (né)
02) Is Avai ’ -
(02) Available_Flag set to 0?7 YES (04), NO (03)
1 (03) Deliver previously saved new Data_Byte te compressor {00)
(04) Fetch new Data_Byte from a data source (05)
05) Is Fi imi
{05) irst_Counter at Prese_t_le:t ? YES (10), NO (08)
0 - * » '
{06) Is new Data_Byte identical to Previous_Byte ? YES (08), NO (07)
(07) Reset First_Co '
( rst_ unter to zero (09)
08) Increment First
~Counter by 1 _ (09)
(09) Deliver new Data_Byte to Compressar (01)
10 . .
(10) s new Data_Byte identical to Prevmus_syte ? YES (13), NO (11)
{(11) Deliver Second_Gounter value to Compressor {12)
(12} Set Available FI '
_Flag to 1 (01)
(13) Increment Second_Counter by 1 (14)
14} (s i i |
(14} Second_Counter at its maximum value ? YES (15), NO (04)
(15) Deliver Second_Counter value to Compressor (16)
(16) Reset Second_Counter value to 01 {01)

Fig. 3



11. The pre-conpressor according to Caim 10, wherein said pre-conpressor
further includes a reset for resetting said first counter in response to a
m smatch between said i ncom ng data byte and said previous data byte.
12. The pre-conpressor according to Caim 10, wherein said pre-conpressor
further includes a neans for discarding said incomng data byte during the
I ncrenment of said second coun- ter. 13. The pre-conpressor according to
~ Claim 10, wherein said conpletion oEs é;un is indicated by a m smatch
. between an incom ng data byte and a ﬁ? vi ous data byte. 14. The
 pre-conpressor according to Caim10, wherein said pre-conpressor further

- includes a SERPE for substituting saigafpgyW thin said unconpresggdygata

; stream wi t i=sard second counter val ue’

(00) Exteasfon_Flag, First_Counter, Second_Counter set to zero (01)
(01) Await output of new Data_Byte request from Decompressor (02)
{02) 1s Extenslon_Flag set to 0 ? YES {13), NO (083)
(03} Load new ﬂata_aytevaluete Second_Counter {04)
(04) Is Second_Caunter at its maximum value ? YES (09), NO (05)
{05) Reset Extension_Flag to zero (06)
(06) Is Second_Counter value at 0 ? YES (00), NO (07)
{07) Deliver previous Data_Byte to outpul (08)
(08) Decrement Secnnd_Cuunterby 1 (06)
(09) Set Extension_Flag to 1 (10}
{10) Deliver previous Data_Byte to output (11)
{(11) Decrement Second_Counter by 1 {12)
{(12) !s Second_Counter value greater than 1 ? YES (10), NO (01)
(13) is First_Counter at Preset_Limit ? YES (03), NO (14)
{14) Deliver new Data_Byte to output (15)
(15) Is new Data_Byte identical to Previous_Byte ? YES {17), NO {16)
(16) Reset First_Counter to zero (01)
(17) Increment First_Counter by 1 {01)

Fiy. 4



