SSI NG AND DECOVPRESSI NG DATA FI LES The present invention

relates.to at hod for conpressing and decomressim iles in a
systemin which conpression is perforned off-1line, ' sion is

performed in real tine 5 and in a systemw th menory constraints, such as
an- audio video interactive system An audilo video interactive (AVI) system
I s a broadcast interactive system providing neans by which a viewer may
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and a video component, Ilke a standard television signal; and also
an interactive component, which carries code and data modules
l5 making up the application program. An application programmer
generates the code and, data modules off-line using standard
programming tools, such as compilers, etc. These code and data
modules are then processed into the interactive component, which
is combined with the audio and video components to form the AVI
10 signal.

The AVI composite signal is transmitted to the receiving
location. The audio and video components are extracted from the
AVI composite signal, and processed to generate sounds and
images in a known manner, such as in a normal television system.

5 The interactive component is extracted, and the code and data
modules are loaded into the memory of the processor at the
receiving location. The processor then executes the code modules
and processes the data modules to possibly generate sounds and
graphic images to be overlaid upon the AVI audio sound and video

0 image, respectively, and respond to input from the viewer to
interact with the television programming.

It is envisioned that the receiving location equipment will
be made and sold at a relatively low-cost. The cost will be
lowered by minimizing the amount of memory contained in each

5 processor, and by using a microprocessor having relatively low
computing power, such as an SGS/Thomson ST9. '

It is further envisioned that the application program will be
partitioned into a number of 'relatively. small code and data




0O 1image, :respectively, and respond to input fromthe viewer to interact
with the television programming. It is envisioned that the receiving '

| ocation equi prrent will be made and sold at a relatively | owcost. The cost
will be |owered by mnimzing the anount of jnenory contained in each 5
processor, and by using a m croprocessor héarng relatively | ow computing
power, such as an SGS/ Thomson ST9. It is further envisioned that the
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receiving location processor. Thus, any decompression method
used is required to use minimal memory.
Prior art compression techniques include the Lempel-Ziv '77

15 family of compression algorithms. These compression techniques

' are based on the basic idea that very often there are repetitions
in source data. Compression can be achieved by replacing a

" repetition with a special codeword containing a pointer to an
earlier occurrence (termed a back pointer) and possibly the size

20 of the match. For example, the source string "abcdabcf®, could be
coded in the following manner:

Copy characters 'a', 'b' and '¢' to output; _
Copy a match of size 3, starting 4 bytes behind the
current output position to output;

25 Copy character 'f' to output.

A source data file which is compressed using this technique may
« be decompressed by traversing the compressed file from

beginning to end, without requiring any backtracking and

rereading of previously read compressed data. In addition, the

30 decompressed data is also output sequentially even though the
decompression process normally requires access to previously
decompressed data. A compression technique which may be
decompressed in this manner is termed a monotone
compression/decompression technique. '

35 The inventor has realized that further compression may be
achieved by using overlapping matches. An overlapping match is
one in which the next portion of the source file data to be encoded
is included in the repetition being encoded. For example, the



in source data. Conpression can be achieved by replacing a repetition with
a special codeword containing a pointer to an earlier occurrence (termed a
back pointer) and p055|bly the size 20 of the match. For exanple, the
source string ' abcdabcf coul d be coded rA-the fol | owi ng manner: Copy
characters "a', 'b' and 'c' to output; Copy a match of si ze 3, startlng 4
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decompressor is constructed to process an encoded repetition by
copying characters one at a time from the initial location of the
repetition to the next location in the output file.
To minimize the size of the compressed file, current com-
15 pression techniques optimize the composition of the codewords
which indicate that a character is to be directly copied and the
special codewords which contain the back pointers and match
sizes to an earlier occurrence, by varying the size of these
codewords. In general, among the characters that will copied over
20 directly, some characters are likely to appear more frequently
than others. Also, examination of the back-pointers and match
sizes generated for typical data shows that the number of
matches of a given size decreases almost exponentially from a
size of two to around six or seven and then the decrease is much
25 less rapid. Similarly, there are many more small back pointers
(indicating that the matching pattern is close to the current
position) than large ones, due to the locality of reference in
repetitions. Current compression techniques exploit this skewed
distribution of back pointers and match sizes by encoding the
30 - special codewords, and the unmatched input strings, using
- entropy coding in which the size of the codewords are
continuously varied.
The inventor has realized that using true variable length
secondary compression (entropy encoding) for the special code-
35 words containing the back pointers and match pointers and the
copy character codewords is not suitable in an AVI system for
two reasons. First, decompression of such data will require '
extensive use of bit-shifts because codewords will not respect
byte boundaries. This will be a bottleneck for relatively low pro-



Copy a match of size 6, starting 3 bytes behind the 5. current
out put position to output. In other words, the six character string
starting at the begi nning of the above string matches the SIX character
string beginning at the second 'abc’ . €. 4ﬁter_the first 'abc' has been
encoded. By using overl appi ng natches the size of a conpressed file may be
1 0 made smaller than by not, using overlapplng mat ches. The deconpressor is
constructed t OB HPOWET BHELUVACPESRLS SUSA 8§ tb@pﬁTr&J whighae@Brs one at a
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The main goal, therefore, is fast decompression while
15 requiring a minimum of system RAM space. In accordance with an
aspect of the present invention, the compressed data is repre-
sented by restricted variable length codewords. " That is code-
words are restricted to lengths which are multiples of a nibble (4
bits),_ instead of having a true variable length coding. Such a
20 scheme allows for a certain amount of optimization of the
length of the codewords without requiring the large number of
shift and rotate operations which true variable length codewords
would require.
In current decompressuon procedures, the compressed file is
25 ‘written into a first memory buffer. A second memory buffer is
~ then allocated to contain the decompressed source file. Then the
compressed file in the first memory buffer is traversed, and the
reconstructed source data file is written into the second memory -
buffer. Such techniques require that two memory buffers be allo-
30 cdted in order to decompress the compressed file.
The inventor has utilized the principle of monotone
compression/decompression techniques to permit a compressed
file to be decompressed in-place. That is, when the compressed
file is received, a single buffer in memory sufficient in size to
35 contain the decompressed source file is allocated. The
compressed file is written into that buffer. Then the compressed
“file is decompressed into the source file all within the single
memory buffer. This obviates the requirement for a separate




The inventor has realized that using true variable |l ength secondary
conpression (entropy encoding) for the special code- 35 words containing

- the7back pointers and match pointers and the copy character codewords is
not suitable in an AVl systemfor two reasogs. First, deconpression of such
data will require extensive use of bit-shifts because codewords wi |l not
respect byte boundaries. This will be a bottleneck for relatively | ow pro-
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adjusted monotone compressed file are decompressed to produce
plain text of a corresponding portion of the decompressed file in
the top of the buffer.
15 A method for compressing a source file into an adjusted
| monotone compressed file comprises the following steps. First,
the source file is monotone compressed into a compressed file
containing compression codewords. Then the compressed file is
adjusted to produce an adjusted monotone compressed file having
20 a first portion containing compression codewords and a second
portion containing plain text. A source file compressed in
accordance with the invention results in an adjusted compressed
file having the same size as the original compressed file.
In the drawing: '
25 Fig. 1 is a block 'diagram of a portion of an AVI signal
decoder, incorporating the present invention;
Fig. 2 is a memory layout diagram illustrating the structure
of the codewords representing source data in a file compressed in
accordance with a preferred embodiment of the present invention;

30 , Fig. 3 is a more detailed memory layout diagram illustrating
, the relationship between the header HDR and codewords (CW1 -
CWS8) in_Fig. 2; ‘

Fig. 4a to Fig. 4j are more detailed memory layout diagrams
illustrating respective formats of codewords representing back
35 pointer/match sizes; and
Fig. 5 and Fig. 6 are memory diagrams useful in understand-
ing the adjustment made to a compressed file to allow for inplace -
decompression. '



bits), instead of having a true variable length coding. Such a 20 schene
al,lows for a certain anount of optimzation of the |length of the codewords
wi thout requiring the |arge number of shift and rotate operaftions which
true variable I ength codewords woul'd requiilgg. I'n current deconpression
procedures, the conpressed file is 25 witten into a first menory buffer.
A second nenory buffer is then allocated to contain the deconpressed source
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an adj usit@d mnwpmcezssm B rpadiweite f memory i(RAM)f412tapdrai gad-omiyi ni ng
CONpression memory (ROM) 414 coupled together in a known manner via the
system bus 416.
An audio processor 418, which provides an audio signal to
an AVI audio output terminal 25; a video processor 420, which
15 provides a video signal to an AVl video output terminal 15 and a
user /O adapter' 424, which receives data from a user via an
input terminal 35, are all also coupled to the system bus 416 in a
known manner. Other equipment, e.g. I/O ports to collocated
computers, modems, math processors, other I/O adapters, ‘etc.,
20 may also be coupled to system bus 416 in a known manner, and a
bus extender may be included for coupling to other equipment in
enclosures external to the decoder enclosure.
In operation, the AVI signal source, which, for example, may
be a direct RF satellite link, a cable system feed or a fiberoptic
25 link to the decoder, produces an AVI signal, in the form of a
stream of packets. Some of the packets carry the audio
component of the AVi signal, others carry the video component,
and still others carry the interactive component. The AVI signal
receiver 30 processes the received AVI signal to extract the
30 packets forming the audio, video and interactive components, and
store the data they contain in respective previously specified
memory buffers in the RAM 412 using known DMA write
techniques. The audio processor 418 and video processor 420
then read the data from their respective memory buffers in RAM
35 412, using known DMA read techniques. Audio processor 418 and
video processor 420 then process their data to produce the AVI
‘audio signal at output terminal 25, and the AVI video signal at
output terminal 15, respectively. It is also possible for CPU 410



co-devvdr.ds and a second pdrtion cont ai'ni n'g plain text, into a deconpressed
file having a size and containing plain text, com prises the follow ng
steps. First, a nmenory buffer is allocated having the size of the
deconpressed file. Then the adjusted 1 0 -ABnotone conpressed fileis
stored in the bottomof the buffer. Finally,, the conpression codewords in
the first portion of the adjusted nponotone conpressed file are deconpressed
to produce pltgi Ropperater with: sheeviskacinigepsser A20bandier ;audiemraseaser | e
nto an ad) us; S QP proteseing. TAS TSRAcAS SoMponen ‘Pg:"é@mﬁ' e
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cont ai ni ng conpr e£§ o@%&%%ﬂ aggé%%ﬁa ﬁ‘(él){ﬁ?‘&)%gég% &Iahlﬁmaﬁf a‘#fn
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an AVl si gnalPrassiafetechnissie, osueh s the laemsﬁr ivnviehteghniqye, before
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ﬂEt 3i | ed nmenompression dfathieemodulest r #ign@ isa neémoiry riayopt diagesm t he
eader HDR a r ( ' ' - qEl £l g L..are
nore detail egﬁﬁgﬁgﬁﬁal g@%u%f’gura f F*F? ugiagg | rl{ggr g%%'ﬁsfél@'e'% o??rétcséaof
codewor ds r epdataein iandil®@aeampressed in accordance with a preferred embodi-
ment of the present invention. In the preferred embodiment, the
15 compressed file is in the form of successive blocks of codewords.
Each block includes a 1 code-byte header HDR followed by 8
codewords (CW1 - CW8). '
Fig. 3 is a more detailed memory layout diagram illustrating
the relationship between the header HDR and codewords (CW1 -
20 CWB8) in Fig. 2. The one code-byte header contains respective bit
flags for each codeword, and codewords are consecutive, illus-
trated in Fig. 3 by arrows from the first bit of the header to the
first codeword and from the second bit of the header to the
second codeword. If a bit in the header is 1, then the corre-
25 sponding codeword is a code-byte representing an uncompressed
byte of data which should be copied over to the decompressed file
during decompression. If a bit in the header is 0, then the
corresponding codeword is a back pointer/match size codeword.
. Fig. 4a to Fig. 4j are more detailed memory layout diagrams
30 illustrating respective formats of codewords representing back
pointer/match sizes. As described above, the codewords are
variable in length, but are restricted to muitiples of a nibble (4
bits). In Fig. 4, the length of the codeword (i.e. the number of
_ nibbles), the value of the back pointer and the match size are
35 determined as follows. If the first bit is 1, then the codeword is
either a 2 or a 3 nibble codeword. If the second bit is 0 then the
match size is 2. If the third bit is 0 (Fig. 4a) then it is a 2 nibble
codeword and the next 5 bits represents the back pointer (BP) - 1.



3 5 pointer/match sizes; and Fig. 5 and Fig. 6 are nenory di agrans usef ul
I n understand- ing the adjustnent made to a conpressed file to allow for

i npl ace deconpressi on. -6- Fig. 1 is a block diagramof a portion of an
AVI signal decoder, incorporating the presgot invention. A decoder as
illustrated in Fig. 1 is installed in each AVI receiving location. In Fig.
1, a source of an AVI signal (not shown) is coupled to an input 5 term nal
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may be ih@l ucmbgta)rrepmnmme) st rsigaificent hits {MSB) of the back
pointer (BP) - 1. If the second, third and fourth bits are 110,
respectively (Fig. 4e), then the match size is 4 and the codeword
size is 3 nibbles. The next 4 bits represent the least significant
bits (LSB) and next nibble represents the most significant bits
15 (MSB) of the back pointer (BP) - 1. If the second, third and fourth
bits are 111, respectively (Fig. 4f), then the match size is 5 and
the codeword size is 3 nibbles. The next 4 bits represent the
least significant bits (LSB) and next nibble-the most significant
bits (MSB) of the back pointer (BP) - 1. '
20 if the first bit of the codeword is 0, the match size is
encoded within the codeword. For these codewords, the match
- size and back pointer are determined in the following manner. |If
the second, third and fourth bits are not 111, respectively
(Fig. 4g), then the codeword size is two code-bytes (four nibbles).
25 In such a case, the second, third and fourth bits represent a value
M. The match size is M +.3.- The remaining 12 bits (4 bits from
the current ‘code-byte and 8 bits from the next codebyte)
represent a value B. The back pointer is B + 1. |f the second,
third and fourth bits are 111, respectively, then the codeword is
30 at least 3 code-bytes. If the next five bits are not 11111 (Fig.
4h) then the codeword consists of 3 code-bytes. The fifth, sixth,
seventh, eighth and ninth bits represent a value M. The match size
is M + 3. The back pointer (BP) is the last 15 bits + 1. This is the
maximum allowed size for a back pointer i.e., 32K).
35 If the fifth, sixth, seventh, eighth and ninth bits are 11111,
respectively, then the code is at least 4 code-bytes long. For such
codewords, the back pointer is the value of the next 15 bits + 1
(the same as in Fig. 4h). If the last code-byte is not 255 (i.e.



encl osures. external to the decoder enclosure. In operation, the AVI signal
source;. which, for exanple, may be a direct RF satellite link, a cable
system feed or a fiberoptic 25 link to the decoder, produces an AVl
signal, in the formof a stream of packetsgqg_Sone of the packets carry the
audi o conponent of the AVI signal, others éarry the video conponent, and
~still others carry the I nteractive conponent. The AVI signal receiver 30

processes t hq yeeef ¥R #yg. sm ﬂﬁéntmeeﬁéétaébdéf?béocomf@té Veagi R the

audi o, video.and intéeract I\gorrpnﬁnen . and e the d they contain in
respective pr et §b7&|'$| d+ OWRv&L, sth\geRﬁM' ng known

DIVAdW{ Ih t edt ?Gﬁaﬂlu@llﬂss 1”63 addid 1Ay cEFigordjy 1themdhei dedemmtassactuww then

rea e da

known DVA re d%@?h‘ﬁ% Augf%évﬁ%%%@(ﬁteg%gﬁ % 958%&6&@%53@3 t hen

process thei positien tas pdeiGCe4lt héphelllastutwtb QngMe&t(byterﬁt andrﬁi nal 25,

and the AVl &@Eﬁ %%heaﬂ quéui‘nét%r%lﬂéllsﬁ _Flrzgg)ect ively. It is also
i t

possi bl e for e vide processor 420

-7-"to erate W th :
and/ or audi o proc §r°Q@'8‘9 H‘?ﬁ'@‘f‘{ﬁe&cégﬁ' .cadewprds faE tMeEe conmponent

packets carrbomm@pcbm@%me&/rﬁa@bﬁeazegnén@r e:rwcmﬁm% vy the
control of manner desbﬂrl bed, descri bed

the CPU 4
Shove i o or Bodawprds. faf' 16s§ HEBBmER, AN FoimtRsMateh sizes,c Bbmmonent . an
appl i catli®n padditionyrehentgngthsi of alb thenpodewords aredenultiples ofaaa nodul es

uStng. 3 TonO RO By Plffiihg"cb 86N fengthE toTnlifBIes BIA" Aibble, 2
codewords begin at either a byte-boundary in memory or at a
nibble boundary within a byte in memory. Because many low-end
microprocessors, such as the ST9, have instructions to swap the

15 two nibbles in a byte, the codewords can be extracted efficiently
without having to perform too many shifts. Moreover, because the
compressor is aware of the of the positioning of codewords in
memory, it encodes them in a way such that it is faster for the
decompressing microprocessor to retrieve.

20 For example, if the code-byte X = b7.b6.....b0 is to be placed
at the nibble boundary within output byte Y, one way to place it in
between output bytes Y and Y+1 would be: '

Y = xx.x.x.b7.b6.b5.b4  Y+1 = b3.b2.b1.b0.x.x.X.X (1)
25 : . ' '
. where x denotes a generic bit (i.e. it could be 0 or 1). Ex-
tracting the code-byte X would then involve reading a 16-bit word
W from locations Y and Y+1:
30 W = x.x.X.X.b7.b6.b5.b4.b3.b2.b1.b0.x. XXX - (2)
and performing four bit-shift operations to the left (or right).
- But if the compressor had coded this code-byte as:
35 Y = x.x.x.x.b3.b2.b1.b0  Y+1 = b7.b6.b5.b4.x.x.X.X (3)

then the code-byte could be extracted by reading a 16-bit word W
from locations Y and Y+1:



including themin the interactive conponent of the AVI signal..In"1 0
addi tion, overl apping nmatches may be used to provide further conpression of
the-nodules. Fig. 2 is a nmenory |ayout diagramillustrating the structure
of the codewords representing source data_?ﬁ_a file conpressed in
accordance with a preferred enbodi - nent of “the present invention. In the
preferred enbodinent, the 1 5 conpressed file is in the formof successive
bl ocks of codewords. Each bl ock includes a 1 code-byte header HDR fol |l owed

by 8 codewords (CWM - CWB). Fig. i npre detailed nenory | ayout diagram
illustrating the rel ati o6 ’&Xﬁéi(vzb&ngbkbﬂiﬂdbﬁ-bwah&-x@édevvords () -

20 CWM8) in Fig. 2. The one code-byte header contains respective bit flags
for each codeword, and codewo re nsegutive, illus- trated in Fig. 3 -
by arrows frRRAPEMNG & P%'?ai)gﬁﬁe%&gdgﬁﬁt @wt maask M{ codeword and from
the seconfl bit of the header to the second codeword. If a bit in the header

Is 1, then the corre-_ 25 spo,gﬂi__gﬁéjl:jﬁgfmrjljiifa.'(_;p_ggb_pyde repr esent |€(§§ Sn
e

unconpressed byte of data whi be "‘Copi ed over To the deconpr
file during deconpression. If a bit in the header is 0, then the

cor respondi NGK@ALIGRG, Iy fo aak'cpni SHHERWD bytés &pme%uu'ﬁﬁgwéﬁ to
ednect i et kNS OpEe,SES: dBbCHE SAJeREN U PEimALAN U

respective f f r repPe ' ’Ha zes. As
descri b_etioabcat?aivtaltmmmsia\mdvi aworiofathes four! Bitgshift lwperationse i rthet ed
to multiples of a nibbl E‘Fé@)blts . In Fig. 4, the length of the codeword

(i.e. the nurflf@VIQYs NG the value of the back pointer and the match
size are 35 deterAcceding folthewpresént linvéntien, ithe iconipresised file,

Che vt i 5 MBSty Uy BB SRR bt Yo GO 0ty e
decompression. To perform this adjustment, the size of both the
15 original source file and the compressed file is noted, and the
compressed file is processed a second time. .

Fig. 5 and Fig. 6 are memory diagrams useful in understand-
ing the adjustment made to a compressed file to allow for inplace
decomipression. In Fig. 5, a memory buffer 100 is illustrated as a

20 vertically oriented rectangle. The total size of the buffer is
sufficient to contain the decompressed file. To make the
adjustment to' the compressed file, the compression process
continues processing the previously compressed file by
attempting to perform a decompression in place, and monitoring

25 the results of the attempt, in the following manner. The
compressed file 120 is written into the bottom of the buffer 100,
and is illustrated as a shaded rectangle in Fig. 5. An input pointer
is set to point to the first location in the compressed file 120,
and an output pointer is set to point to the first location in the

30 memory buffer 100 into which the decompressed file will be
written. As will be described in more detail below, during the
adjustment phase of the compression process, data in the com-
pressed file 120 is read from the location pointed to by the input
pointer, and the input pointer advanced; and data is written into

35 the top of the memory buffer 100 at the location pointed to by the
o'utput pointer, and the output pointer advanced, all in a known
manner.



codeword and the next 5 bits represents the back pointer (BP) - 1. - 8-
If the third.bit is 1 (Fig. 4b) theh it is a 3 nibble code and the next
five bits represents the least significant bits (LSB) and the next nibble
represents the nost significant bits (MSB) of the back .pointer (BP) - 1. 5
| f the second and third bits are 10 then thé-match size is 3. If the fourth
bit is O (Fig. 4c) then it is a 2 nibble codeword and the next 4 bits

t the b i nt If the f th bit 1 (Fig. 4d) th
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and fourtn bibngians dscamBEeciiph.Plcesy Whlle thd.statet RhiBR Hbw' s 4
and the codevandi alitpet poirttens tareemonitaredexFig. bi'iss ar spquense ohmémasy

f t bi t
o e g oo TR e
bits are 111t Be@@%’ﬁﬁ@pﬁ proeesst ) In thign 6 Hostiansn of i the memoaxy douffer

codeword sizege c’bmahhh98dafa1%reemus4ré?teas akeBhaged! ang bs&&iné'm b' cant
bits (LSB) a

i cant t he bac
poi nter (BP) éi ngntam dat?f aﬁ]é 8{19({)@5 UFSF' 999035'8 g £ajre~ he
mat ch si ze I% pondgied Rig. hsnanuesllustram theFstateh of ctheo tegmoty b&ﬁer mat ch

sccond. HHird i@éﬁﬁiﬁﬁs ARLT, B ffs 'dkibsfinge éé@%@ﬁ%@ﬁf@f%@f 'then the
codewor d si zewith theo inpute pojntes (IPbmelnit@tpmm} to the beginning of the
compressed file 120 (shaded), and the output pointer (OP) set to
point to the beginning of the memory buffer 100.
Fig. 6b illustrates the state of the memory buffer 100 just
15 after the decompression process has begun. In Fig. 6b, a first
portion of the compressed file 120 has been read, as indicated by
the movement downward of the input pointer IP. Because there is
no backtracking in a monotone compressed file during the decom-
pression process, the portion of the memory buffer 100 already
20 read will not be read again, and is available to hold data,
illustrated as unshaded. At the same time, the first portion of
the decdmpressed file 140 has been generated in response to the
portion of the compressed file 120 already read. This first
portion of the decompressed file 140 has been written into the
25 top of the memory buffer 100 as indicated by the movement of
the output pointer OP.

Fig. 6¢ illustrates the state of the memory buffer 100 when
the decompression has progressed further. More of the
compressed file 120 has been read as indicated by the location of

30 the input pointer IP, and more of the decompressed source file
has been generated, as indicated by the location of the output
pointer OP. As can be seen in Fig. 6¢c, the location of the output
pointer OP has nearly reached the location of the input pointer IP.

If the output pointer OP overtakes the input pointer IP, then

35 it will be imposéible to further decode the compressed file 120

| because the newly written portion of the decompressed source
file 140 will overwrite the portion of the compressed file 120
which is next to be read. Fig. 6d illustrates such a situation. In



25 In such a case, the second, third and fourth bits represent a value M

" The match size is M.+ 3. The remaining 12 bits (4 bits fromthe current
'bode-byte and 8 bits fromthe next codebyte) represent a value B. The back
pointer is B+ 1. If the second, third andl ourth bits are 111,
respectively, then the codeword is 3 0 at "[“¢éast 3 code-bytes. If the next
five bits are not 11111 (Fig. 4h) then the codeword consists of 3

code- bytes. Thg. éd the Sr'lé)Ethcoaéwahbs ?é t%ﬁ”%&'%ﬁﬁpméﬁa ‘?ﬁéeffqg bits

value M The rratc pol nt er
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8,1 b o, TGRS 6 ! O sRRURL Py TR s e
passing of the lnput pointer (IP) by the output pomter (OP) that
the adjustment phase of the compression process is monitoring
the input pointer (IP) and output pointer (OP) for.
15 In accordance with the present invention, the compressed
file-120 is then adjusted in the following manner. The codewords
in the compressed file 120 from the new location of the output
pointer (OP) to the end of the compressed file are replaced with
“plain text from the uncompressed source file. The resulting
20 adjusted compressed file 120' is illustrated in Fig. 6f. In Fig. 6f,
the adjusted compressed file 120' includes a first portion 124
containing codewords representing a corresponding portion of the
uncompressed source file, and a second portion 126 (illustrated
by darker ‘shading) containing data representing plain text of a
.25 corresponding portion of the uncompressed source file. The
location in the adjusted compressed file 120' at which codewords
stop and plain text begins is termed the plain index (PI), and is
further noted. A header HDR is added to the beginning of the
adjusted compressed file 120' containing (among other things)
30 data representing the size of the decompressed file (DS), the size
of the compressed file (CS) and the plain index (PI).
In a preferred embodiment, the above described adjustment
process does not actually reconstruct the source file 140 from
the compressed file 120, as is illustrated in Fig. 6. Instead, the
35 reconstruction is only simulated. The compressed file 120 is
traversed, and the input pointer (IP) and the output pointer (OP)
are maintained exactly as they would be if an actual decompres-
sion were performed, but no decompressed file 140 is actually



codewords begin at either a byte-boundary in nenory or at a ni bble boundary
within a byte in nenory. Because many | ow end microprocessors, such as the
ST9; have instructions to swap the 1 5 two nibbles in a byte, the
codewords can be extracted efficiently wthqut having to performtoo nmany
shifts. Mreover, because the conpressor s aware of the of the positioning
of codewords in nenory, it encodes themin a way such that it is faster for

the d 0) , if th
e bos aPt S reBted! MRS IAS Goirt 5! @*{”f oré%n adjusiright FERPLE |1 1 1€
out put byte Ynaggeimdhe: sompressed file nom@&ompr@%senat q VXQ Soul d
be: Y = x.x. &wm¥eﬁ6ab5daécnbé’ﬂlaﬁob% it lcodéwards >1n><thé 1ﬁrs%5 pobgse X

Xowoul d ¢ hen 1o Riglfag fn 988 sectine woWdn 475 ocEhE etngadefde ™ 3 0"
W= x. x. x5x. Aaddéd o tHe badjustéed f1|b012_0k X. X (2) and performng four :
bi t-shi ft_oper ati oo & Be fibled Hat tHBLlendiH of Inb NEufRME S35RL Nad

coded this code- byt .
b7. b6. b5. b4. prﬁs)seﬂ file)12Qcis tﬁi@Qthﬂﬂ%meeoaBdth% Qﬂglnauyegengrateddu ng a

16-bit word \QéJJhEFéééé‘d“ﬂl ngoQ flﬂdsﬂ‘éﬂed by alQias?%a fin. fron qﬁiﬁ é’lto

bO b7. b6. b5 AND of sk M

33 'ﬁ1at |s) t?ns tecF\nnlq%e doegI not increase the suze o the
compressed file.

Decompression may be performed in-place by reading the
header HDR of the received adjusted compressed file 120, allo-
cating a buffer (100 of Fig. 6) the size (DS) of the decompressed
file 140 in the RAM 412 (of Fig. 1) and storing the adjusted com-
15 pressed file 120", without the header HDR, in the bottom of the

buffer 100. The starting address for the adjusted compressed

file 120' may be calculated from the sizes of compressed (CS) and
decompressed (DS) files extracted from the header HDR. An input
pointer (IP) is set to point to the beginning of the adjusted
20 compressed file 120' in the buffer 100 and an output pointer (OP)
is set to point to the beginning of the buffer 100. Then the
~ standard monotone decompression technique is performed on the
first portion 124 of the adjusted compressed file 120' using the
input (IP) and output (OP) pointers in a similar manner to that -
25 illustrated in Fig. 6, until the value of the output pointer (OP)
equals the plain index (Pl). From that point, only plain text is
contained in the adjusted compressed file 120' so no further
decompression is necessary. [f decompression of an adjusted
compressed file 120' is performed using two buffers (i.e. not in-
30 place), then when the output pointer (OP) in the decompresSed file

140 reaches the plain index (Pl), the input péinter (IP) is reset to

also point to the plain' index (PI) position in the adjusted

compressed file 120', and the remainder of the adjusted
compressed file 120' js copied to the decompressed file 140, un-
35 changed.



M=0.0.0.0.1.2.2.2.1.1.1.1.0.0.0.0 (5) and adding, or |ogical ORng——
the two bytes of the resulting 16- bit word. On the ST9, theluﬂm
this optl mzation is 1 0 equivalent to renoving two of the m'ﬁlm Iﬂ””"l
operations in the previous nethod. Accordi to the present ifivehtilon® t
- conpressed file, conpressed as described a de, is adjusted to-allow for
I n-pl ace deconpression. To performthis adj ust rrent, the size of both the 1
5 original sm%ile and the conpressed file is noted, and the
conpressed fi Tocessed a second tine. Fig. 5 and Fig. 6 are nenory
di agranms useful in understand- ing the adj ustnent made to a conpressed file

to allow for inplace deconpressio 5,.a nenpry buffer, 100 is
illustrated as a 2d- verAu'B&ﬂI'?do{ﬁfeﬁ?EG"ﬁK%ﬁW én- Pfﬂ@et%@aﬁ Ristedof t he

bgf f e[ I st S ;Jf fn'tlﬁh@f&né cccsmpwssn?d hm{eﬂ eésm%tf pbmorT Ocdfﬂlaﬁtnh
adj ust nen o the co ress rocess cont i nues
' pI’JOCGSSI ng thé"oﬁrr‘@(ﬂ %‘g‘mf facg%c-?d" i4 (?% | nﬁo'?t@"ﬁggf BP

deconpr ess§ on text, pindo ea dembmpnessned rfje2bavinge ar smd tawwfcmﬂalmngepMn in

thefollowlng o] lJe 120 is witten into the bottom of
SR GompriinG oA, 335Ps. ol

the buffer as a shaded rectangle in Fig. 5. An

i nput poi nter |s sallqc@tlp@ At memory buffer hayingithe size 1ef thenrecsrad file
120, and an o%ggg oBOiffleer is set to point to the first location in the 30
menory buffer

IntqQ which the deco sedfllevvlll Wit As will
. be described in noStoHagathe lﬁj}lﬂﬁm@dﬁ; MR GRINREesaSd gﬁa 'i?ﬁ t he
conpressijol PbARIA. oﬂ&hé boffehe anem pressed file 120 Is read fromthe
| ocation pointed to the input,.noin d th p0| advanced;
and data is wri tte %’Bp 'ﬁﬁ t Q{ﬁbﬁéﬁ 593 Lﬂ”rpﬁr Bb alf ?tne :
| ocati on poi npedtion o0f theeadjusted compressed file to produce plain text of a
corresponding portion. of the decompressed file in the top of the
buffer.

2.  The method of claim 1 wherein the decompressing
step comprises the steps of: _
setting an input pointer to a location in the buffer corre-
sponding to the beginning of the adjusted monotone compressed
5 file;
setting an output pointer to the beginning of the buffer;
reading a codeword from the location in the buffer pointed
to by the input pointer and advancing the input pointer;
decoding the codeword to produce plain text;
10 writing the plain text to the location in the buffer pointed
to by the output pointer and advancing the output pointer;
repeating the reading, decoding and writing steps until the
output pointer corresponds to the location of the second portion.



out'put pointer, and the out put poi nter advanced, all in a krrowa— manner—

Buring the adjustment phase of the conpression process, I le
120 i s deconpressed using a standard nonotone deconpre55| o @ Zﬂ I"(ﬂl,

the states of the input and output pointer 5are noni t or ed.

sequence of nenory 5 diagrans iIIustratiﬁE t'he progress of the

deconpr essi on phase of the conpreSS|on process. In Fig. 6, portions of the
menory buffer 100 gont n as shaded, and portions
whi ch do not conta n dzTﬁéaﬁﬁﬂﬁF@ égugéﬁﬁéﬁﬂaded Fig.. 6a corre-

sponds to Fig. 5 ualdmsnaobm@n@tw%mreptﬁsaecb flenfrthaesuhasr a1size100 at
the begi nni nQarRi ihBRicd %Sh@aq]&e 1] G&té)r é§enﬂh%? ?%@th&e

poi nter (IP) t to, point to I nni co e
Cohaded) \ ah@diHstesh manoRRe: SompEgssat feq the siza ol OMPFRSSEM ( he
menory buff erfilgO8ndFtre 16batibhusf rthkesetbadsportiowf the nmenory buffer 100

bortion_of "the conbeeelBHBNRe bﬁ%%ﬁﬁﬁsﬁaﬁﬁ%ﬁs { Papbihie.dRp, Repter

novenent dowteadeterminee thepsizepaf nther dezorﬁpmm ffiley e i s no backtracki ng
i h

or ti on of ¢ he. menBey SEaTd, §‘f8% oiptises S BBt oor ' . P read agai n.

and is available to hold dat eead 'ﬂgu MQ!S QJMQH@H‘G Ahet sizes ofrdhei e,

the firsggportion of thgy J me&&%héié&nwasm fgeangety g8 dnthe
response to the portion,of the co ?ﬁged frle 120 already read. ThIS flrst
0

portion of the deconpr clQERMArLgse been written into the
calculating a location in the buffer for the

beginning of the adjusted monotone compressed file
- from the sizes of the adjusted monotone compressed
15 file and the decompressed file; and
| storing the adjusted monotone compressed file
in the buffer beginning at the calculated location; and
the decompressing step comprises the steps of:
' reading the header to determine the location of
20 the second portion;
setting an input pointer to the calculated loca-
tion in the buffer for the beginning of the adjusted
monotone compressed file;
setting an output pointer to the beginning of the
25 buffer;
' reading a codeword from the location in the
-buffer pointed to by the input pointer and advancing
the input pointer;
decoding the codeword to produce plain text;
30 writing the plain text to the location in the
buffer pointed to by the output pointer and advancing
the output pointer;
repeating the reading, decoding and writing
steps until the output pointer corresponds to the
35 : location of the second portion.



pointer. OP. Fig. 6¢c illustrates the state of the nenory buf when t he
deconpressi on has progressed further. Mre of the conpress‘agﬂwmm ’"’
been read as indicated by the |ocation of 30 the input pol g

nmore of the deconpressed source file has bk6r generated, as indicated by *

the | ocation of the output pointer OP. As can be seen in Fig. 6¢, the

| ocation of the output pointer OP has nearly reached the |ocation of the
i nput. pointer IP. If the output pointer OP overtakes the input pointer IP,

then 35 it wll beql "DOPRENRHEd T oF Cifiim deapierdife conpressed file 120 -
because the newly itten portion of the deco reﬁ\[sﬁ?d sour ce, f'h'laciemo wil |

overwrite the portiN€nCoMPIESSINFLEawards ip 1 cRorion Jpc KR read.
Fig. 6d illusdodewerduepresentingta docation andlndmbergof tcharabtersein a

codeword ks r e ' . pdiscat ed by the novenent
of the i n’t)ut %@l%r#éan% . %rﬁ&?éoéﬁﬁ?ébi@ ijrﬁglgfefsat gﬁai n Fig. y6e as a
shaded rectangl e dhe Uecompressing satepoinaludesdhve stepbatidegompressingch

Si ze codewor 5 ' a i+ Rtid & X il Hot shaded
rectangl e i nqpleg.r e&#%%gﬁbb?&%@ ttaﬂgésfzggzgfdrghg§ngPgﬁ‘tgg>s<tP aPT I s such
that when w inumher efocharactersdo the inepeated: sting: opReabd dimepdromer or,

ot o BOLIRN Sdmfts apos s phaiad et o
Wi ttenpf)br Ito &bﬁ SP"WOJ&B%P@_& of hée %?‘BWHrgsﬁ%&oWGt'he val ue of t%e
| nput pointer (IP). It is this
5. A method for compressing a source file having a size
into an adjusted monotone compressed file comprising the steps |
_off o -
: monotone compressing the source file into a compressed
5 file containing compression codewords; '
adjusting the compressed file to produce an adjusted mono-
tone compressed file having a first portion containing compres-
sion codewords and a second portion contqining plain text.

6. The method of claim 1 or 5 wherein the compression
codewords have respective lengths which are multiples of a
nibble.



paSSI ng of the input poi nt er (1P) by the out put poi nter (OP)—that—the
adj'ust nrent phase of the conpression process is nonitoring

(I'P) and out put pointer (OP) for. 15 I n accordance mm!‘mamnﬂ“m

i nvention, the conpressed file 120 is then adjusted in the owng s
manner . The codewords in the conpressed f1}%-120 fromthe new | ocation of
the output pointer (OP) to the end of the conpressed file are replaced with
plain text fromthe unconpressed source file. The resulting 20 adjusted
conpressed file 120" is illustrated in Fig. 6f. In Fig. 6f, the adjusted
conpressed file 120" i nT:II\eldaetIaodimfsclq;im t5 avhdrain ctvet adjiisting ostepor ds
representing &@QEE |§}g |on of the unconpressed source file, and a
second portion ? stra y darker shadi ng) containing data
representing pl ai rsmu;latleg alloegtmgoar naman hy ?ﬁf thayingf thensizacohpr essed
source fige. ﬁgesbgﬁéé filg;i n the adjusted conpressed file 120" at which

codewords stop and tex s is terned t pl ain i and is
o e o’ o bl npralaRBa EomiieSeag: Mn o bhe ! Rattaaf (A4 20
conpressed " f idgffé2p’ contai ning (among other things) 3 0 data representing

(C9) “and the pl ai HERRG,AR ApLt iFointe to ook Ly Helip e SRS, ' °
descri bed adjamnpmssgd ofite;s does not actually reconstruct the source file
140 fro he conpr, I I I d, th
35 recginfs)truct mnﬁﬁéﬁ%tnf] geﬁﬁﬁata@g d@ﬁ‘élkcorr%?ééitsggdbpuﬁ g‘lz@‘ a\allersede
and the i nputhipgi @ fethe( feghd the out put pointer (OP) are mai nt al ned

exactly as they V"%IhﬂJlQﬂnPf dé&oﬁﬁjrbéhldi'?%épbéﬁlp@s%d‘/\@ﬂé pgr formed, but
no deconpressed. filg 1%Re s, act u

performing steps
readmg a codeword from the location in the

15 compressed file pointed to by the input pointer then
' advancing the input pointer; :
simulating decoding the codeword to produce

plain text;
simulating writing the plaln text to the location
20 ~ in the buffer pointed to by the output pointer by ad-

vancing the output pointer;
repeating the reading, simulating decoding and
- simulating writing steps until simulating decoding of
a codeword would cause the output pointer to pass the
25 input pointer if decoded; and
when simulating decoding of a codeword would cause the
output pointer to pass the input pointer, performing the steps of
copying plain text from the location in the source file corre-
sponding to the location pointed to by the output pointer to the
30 end of the source file to the compressed file to produce the
adjusted compressed file.

8. The method of claim 5 further comprising the step of
adding a header to the compressed file containing data represent-
ing the size of the source file, the size of the adjusted
compressed file, and the location in the adjusted compressed file

5 containing the plain text.



-1 3 - created. Wien the point is found where an adjustnment need be nmade in
the conpressed file 120, then the conpressed file 120 is rewritten as e
descri bed above with codewords in the first portion 124 a i i

the second portion 126. Then the header is 5 added to thg'mmﬂrHI[fmuHm
120'. It should be noted that the | ength efl &he adjusted come priessedsii ke
120" is exactly the sane as the originally generated conpressed file 120

(illustrated by a dashed |ine fron1Fug..6a to Fig. 6d). That is, this
t echni que does not9i ncr #aeemetbodi o alaim He witerein rivee saenbdNEE.

Deconpressio f ﬁﬁﬁg' - r i tshe of the
recei ved adj %ﬁﬁ@%ﬁ@%ggd ﬁé(; @ﬁ@@?‘?oﬁ%@%@%}gﬁap utter tﬁ%go of Fig.
6) the size (EHNPSESEIAN RRIBWPEAS.cd file 140 in the RAM 412 (of Fig. 1)
and storing the adjusted com 1 5 pressed file 120, w thout the header
HDR, in the bottomof the buffer 100. The starting address for the adjusted
conpressed file 120" may be calculated fromthe sizes of cofpressed (CS)
and deconpressed (DS) files extracted fromthe header HDR An input pointer
(IP) is set to point to the beginning of the adjusted 20 conpressed file
120" in the buffer 100 and an output pointer (OP) is set to point to the
begi nning of the buffer 100. Then the standard nonot one deconpressi on
technique is perforned on the first portion 124 of the adjusted conpressed
file 120" using the input (I1P) and output. (OP) pointers in a simlar manner
tothat 25 illustrated in Fig. 6, until the value of the output pointer
(OP) equals the plain index (Pl). Fromthat point, only plain text is
contained in the adjusted conpressed file 120" so no further




deconpre55|on i s necessary | f deconpression of an adjusted conpressed file

-120° ISTﬁ@Smﬁmnﬁﬂmmsx ¢wo buffers (i.e. not in- 30 place), then when the
out put p t he deconpressed file 140 r es_the plain index
(P1), th (I'P) is reset-to al so poi 'Th% =RE)
position e a Justed conpressed file1820', angf the Le i A8 BEGS, f

D
™m
<
@
H
N
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adj usted conpressed file 120" is copied to the de
35 changed. -14- CLAIMS: 1. A nmet hod for deconpressing 1 n-
adj ust ed nonot MEBIODOMQR EEMRRESEING ANBVPEQPMBRRESSING PRIAL FDEESCoNnt ai ni ng
conpressi on codewords and a second pogﬂ?geﬁﬁﬁmfalnlng plain 5 text, into a
deconpressed file having a size and c ' plaln text, conprising the
steps of: allocating a nenmory buffer having the size of the decom pressed

(e uroring the ARG IEWRBRRAPTB! IecSmrbesing fipidde gt tom of

the buffer; and deconpre55| ression c rst
portion of thadiugted: EIPQ@%MPTQS%Q dilgr baving A AHfirst pertien a

correspong ngcéﬁfatmm%; %nﬁhﬁeéewmerds l#hd ma tdecomd partiohe buffer. 2.

of: setting aRONRIGNG Aot B9 K HIGTPROTREY chler BAVING . 5i28 and s
containing plain text. The method comprising the following steps.
First, a memory buffer (100) is allocated having the size of the
decompressed file. Then the adjusted monotone compressed file
10 (120" is stored in the bottom (120) of the buffer. Finally, the
compression codewords in the first portion of the adjusted
monotone compressed file are decom-pressed to produce plain
text of a corresponding portion of the decompressed file in the
_ top (140) of the buffer. A method is also disclosed for
15 compressing a source file into an adjusted monotone compressed
file. The method comprises the following steps. First, the source
file. is -monotone compressed into a compressed file containing
compression codewords. Then the compressed file (120') is
adjusted to produce an adjusted monotone compressed file having
20 a first portion (124) containing compression codewords and a

second portion (126) containing plain text.

Fig 6



spondlng to the beginning of t he adj usted monot one conpressed 5 file;
setting an output pointer to the beginning of the buffer; reading a
codeword fromthe location in the buffer pointed to by t he i nput pointer
and advanci ng the input pointer; decoding the codeword to produce plain
text; 10 witing the plain text to the location in the buffer pointed
to by t he out put pointer and advanci ng tiig¢ out put pointer; repeating the
readi ng, decoding and witing steps until the output pointer corresponds to
the |l ocation of the second portion. -15 - 3. The WEtg§£50&5C|alﬁll
wherein: the adjusted nonotone conpressed file - e, and

i ncl udes a header containing data representing{the size of Alte adjusted -
nmonct one conpressed file, the size of the decoppressed 5 VIDE® dAd the

| ocation of the second portion; the allocating [
readi ng the header toaggternmne the size of thg
storing step conpavise &&f teps of: readi4i@+he headed20-0 'det er mi ne t he
size of the 1 0 SIG

sig ddj usted nonotophe ressed arld the size
of the deconpresged ] IRgvRe gl cul at4thg a Io:aé%%g?ln the &L r |for the

begi nni ng of the adju inot one conpr esk fr ol ides of the
adj ust ed nobnot ong. 1 il ssed file;
and 410~ 412~ 414~ N

USER
CPU RAM ROM /O

USER
INPUT

35
- Fig. 1

CTWe JHDR | CWI [CW2 [CW3 [ CW4 [CW5 [CW6 |[CW7 [CWB | HDR
| Fig. 2 '
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storing the adjusted nonotone conpressed file in the buffer beginning at
the cal cul ated | ocation; and the deconpressing step conprises the steps of:
readi ng the header to determ ne the |ocation of 20 t he second
portion; setting an input pointer to the calculated loca- tion in the
buffer for the beginning of the adjusted nonotone conpressed file; setting
an output .pointer to the beginning of thg 25 buffer; reading a
codeword fromthe location in the buffer pointed to by the input pointer
and adva cqppﬂﬁhe—qnpqr]mg;nber decodi ng the codeword to produce plain
text; 30 ' witing the plain text to the location in the
buffer pointed to @F t he out put pointer and advanci ng t he out put pointer;
repeatlnﬁ if@gEEI£EE£[jEE3§IEP M3 Wb witing steps until the output pointer
correspohd I"'ocati on of the second portion. -16- 4.
The nmethod of cl diSBEPMWMERER) t he conpression codewords inp.the first
portion include a codeword representing a | ocation and nunber of characters

inab ee‘ﬂl][u,] ﬁﬂﬁ@] w8 8@ overl appi ng matches; and the deconpressing
step includ® p—of deconpressing
d fOORAT [ [ 1 [ 11]]|MS=3
LSB(BP) MSB(BP)
e QOOATOT T T [ [ 11 ] |MS=4

_LSB(BP) MSE(BP)

f AOAALC L[ []MS=5

LSB(BP) MSB(BP)
¢ O T TTIITITTITTTT)

M B
=111)
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=11111111)
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the repeated string representati ve codeword by copyi ng the nunber of
characters in the repeated string, one at a tine, fromthe location in the
deconpressed file of the repeated string to 1 0 the correspondi ng portion
of the deconpressed file. 5. A method for conpressing a source file
having a size into an adjusted.nDnotoneéfqnpressed file conprising the
steps of: nonotone conpressing the sour 4%ile into a conpressed 5 file
cont ai ni ng conpressi on codewor ds; adjustlng the ccﬂgressed file to produce
an adj usted nono- tomgTonpressedfite B &Rt ai ni ng
conpres- sion codeworfls and a secornld port} on contalnlng plain text. 6.

The nethod of claim1fjor 5 wherein jthe coppression codewords have
respective lengths whljch are nultipgles offa nibble. -17 - 7. The

met hod of claimb5 whefein the adjudting sLmiQanwwises the steps of:
"sinmulating allocating{a nmenory buffier havy ng the size of 5 the source
file; sinmulating stor{ng the conprdssed ffle in the bottomof the buffer;
setting an input poinrer to point tlo the peginning of the conpressed file;
10 simul ating sptting an outdut poijpter to point to the begin- ning

of the buffer;
<+«—— |INPUT POINTER
DECOMPRESSSEE)

COMPRESSED |
SIZE

120




simul ati ng deconpression the conpressed file by performng the steps of:
reading a codeword fromthe location in the 1 5 conpressed file
poi'nted to by the input pointer then advancing the input pointer;

sinmul ati ng decodi ng the codeword to produce plain text; sinulating witing
the plain text to the |ocation 20 in the buffer pointed to by
the output pointer by ad- vancing the o#fut pointer; repeating the

readi ng, sinulating decoding and sinmulating witing steps until sinulating
decodi ng of a codeword woul d use the output gointer to pass the 25

I nput pointer if decoded; and en simnul ati ng decodi ng of a codeword woul d
cause the output pointer to ' ' . mNg the steps of
copying plain text fromthe odatenm s PO LI e - sponding to
t he l.ocation pointed to by of the source
file to the gonpressed fil e Yo ed file. 8.

The nethod of claim5 further a header to the
conpressed file containing data represent- <ng th he source file,
the size of the adjusted conpressed file, &d the| | ocatfoR i h the adjusted
conpressed file 5 containing thelplain t ext. -

Fig. 6




9. +The ﬁEthod of claim5 wherein the -nonot one conpressi ng step uses
over | appi ng natches to produce the conpr essi on codewbr ds. .

19
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- Lo - |l REPLACH ;
METHOD FOR COMPRESSING AND DECOMPRESSING DATA FILES / "ACEMENT S5‘-1f=='ET /

ABSTRACT

A method for decompressing in-place an adjusted monotone

compressed file having a first portion (124) containing com-

pression codewords and a second portiori_ (126) containing plain text,
into a decompressed file having a size and containing plain text.
First, a memory buffer (100) is allocated having the size of the
decompressed file. Then the adjusted monotone compressed file
(120" is stored in the boftom (120) of the buffer. The compression.
codewords in the first portion of the compressed file are decom-
pressed to-produce plain text of a_corresponding portion of the
decompressed file in the top (140) of the buffer. A methed is also
disclosed in which a source file is monotone compressed into a

. compressed file (120') containing compression codewords which is
then adjusted to produce the above described adjusted monotone

- compressed file. -

"Figure 6



