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SYSTEM AND METHOD FOR DATA 
DECOMPRESSION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a system and 
method for decompressing a compressed data stream to 
reconstruct the original uncompressed data. 

[0003] 2. Background Art 

[0004] Data compression technology is used to increase 
the virtual capacity of many types of storage devices. In 
general, data is compressed as it is Written to a storage 
device from a host processor. The data is then decompressed 
as the host processor subsequently reads the data back from 
the storage device. Depending upon the particular applica 
tion, various types of compression algorithms may be used 
to provide a signi?cant compression ratio. HoWever, the 
compression/decompression algorithm often presents a 
bottleneck to the data transfer rates that these types of 
storage devices can otherWise achieve. 

[0005] In one existing approach to data compression and 
decompression, compressed data is represented as a series of 
literal references or as history references. Literal references 
are single bytes of data and are encoded as nine-bit values. 
History references are encoded in varying lengths and 
replace the data Which they are referencing. A history 
reference provides an address and a count to an identical 

string of data that is located in a history buffer, Which 
contains up to 1024 bytes, for example, of the most recent 
data that has already passed by in the data stream. 

[0006] During decompression, history references are pro 
cessed to generate corresponding addresses Within the his 
tory buffer. These addresses are used to provide the corre 
sponding data from the history buffer. The data obtained 
from the history buffer is combined in the appropriate 
sequence With the literal data references to reconstruct the 
original data stream. 

[0007] When reading a data stream from a data storage 
device, compressed data can be transferred at a high effec 
tive rate. One prior art approach outputs a single byte of 
decompressed data each clock cycle. This approach results 
in a relatively loW data transfer rate of decompressed data to 
the host processor channel. Advancements in technology 
alloW the decompression function to run at about 50 MHZ 
(for FPGA implementations) or 100 MHZ (for ASIC imple 
mentations) Which can provide channel transfer rates of 50 
MB/s to 100 MB/s, respectively. HoWever, current interfaces 
(such as Fibre Channel interfaces) can reach speeds of 200 
MB/s or more. As such, the prior art approach for decom 
pressing the data is not able to keep up With the maximum 
speed of currently available host processor interfaces. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a method and sys 
tem for reconstructing data from a compressed data stream. 
The present invention provides a parallel data decompres 
sion approach that uses a multiple stage pipeline process to 
extract tWo or more references from the compressed data 
stream. The extracted literal and history references are 
converted to individual bytes of data or history buffer 

Jan. 8, 2004 

addresses and are pipelined in parallel toWard the history 
buffer. The history buffer is replicated for each byte of data 
to alloW substantially simultaneous accesses to tWo different 
locations. An output stage determines Whether the literal 
bytes or the data bytes that have been read from one or the 
other of the history buffers Will be output to the channel. The 
parallel data decompression system and method according to 
the present invention can continue to output multiple bytes 
of data as long as compressed data continues to be available 
from the storage device. 

[0009] The modular design of the present invention alloWs 
multiple bytes of compressed data to be extracted, e.g. 
during each clock cycle. This design may be expanded to 
include “n” bytes of data in parallel With additional history 
buffers added corresponding in the number to the “n” bytes 
of data. Because of the nature of hoW history and literal 
references are extracted from the compressed data stream, 
stages of the pipeline may tend to go partially empty. This 
results in an inability to sustain an output of multiple bytes 
per clock cycle. As such, the present invention includes 
control logic that can generate multiple history buffer 
addresses from one history reference, to re?ll multiple stages 
of the pipeline in an attempt to keep the pipeline full. The 
invention also includes control logic to synchroniZe the 
history buffers by Writing identical data to each of the history 
buffers substantially simultaneously, e.g. during the same 
clock cycle. Because multiple bytes of data can be accessed 
from the history buffers, the present invention also includes 
logic to resolve history buffer access contention. 

[0010] In one embodiment according to the present inven 
tion, the system and method include extracting literal ref 
erence or history reference data from the compressed data 
stream, converting history reference data to a plurality of 
corresponding addresses that may be used to selectively 
access substantially simultaneously at least tWo history 
reference memories to retrieve previously stored uncom 
pressed data associated With the history reference data via 
the corresponding addresses, and substantially simulta 
neously providing at least tWo bytes of uncompressed data 
to corresponding output registers, Wherein the at least tWo 
bytes of uncompressed data are reconstructed from the 
literal data, the history reference memories, or both. 

[0011] The present invention provides a number of advan 
tages relative to the prior art. For example, the present 
invention provides the ability to substantially increase the 
rate at Which compressed data can be read from a storage 
device. In fact, the effective rate of transfer of the decom 
pressed data can be multiplied up to “n” times faster, Where 
“n” represents the number of history buffers that are incor 
porated. This can be accomplished using available technol 
ogy Without sacri?cing backWard compatibility. As such, the 
present invention alloWs the decompression logic to read 
data at the same rate as the industry’s current standard 
channel rates, and provides an architecture that can be 
extended to meet future demands. In that regard, it should be 
noted that the increased speed provided by the present 
invention is achieved regardless of the technology used for 
decompression or interface functions. 

[0012] The above advantages, and other advantages, 
objects, and features of the present invention are readily 
apparent from the folloWing detailed description of the best 
mode for carrying out the invention When taken in connec 
tion With the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a block diagram illustrating one embodi 
ment of a system or method for reconstructing data from a 
compressed data stream according to the present invention; 
and 

[0014] FIG. 2 is a ?oWchart illustrating operation of one 
embodiment of a system or method for decompressing data 
read from a storage medium according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

[0015] Referring to the Figures, the preferred embodi 
ment(s) of the present invention Will noW be described. FIG. 
1 is a block diagram representing one embodiment of a 
system or method for reconstructing compressed data 
according to the present invention. In this embodiment, 
system or method 10 is represented as a multiple stage 
pipelined process. Compressed data, Which may be read 
from a tape storage device, for example, is extracted from a 
disassembler. The disassembler extracts literal references or 
a history reference from the compressed data stream read 
from the storage device, or other device. These references 
are applied to a multiple stage pipeline, referred to as the 
history buffer function, Which is capable of outputting tWo 
or more bytes of decompressed data, eg during each clock 
cycle. For ease of illustration and description only, the 
representative block diagram of FIG. 1 illustrates use of the 
present invention in a system or method for decompressing 
data Which processes tWo bytes of data during each clock 
cycle. Of course, one of ordinary skill in the art Will 
recogniZe that the modular architecture of the present inven 
tion may be expanded to process more than tWo bytes of data 
in parallel substantially simultaneously. As such, depending 
upon the particular implementation, more than tWo bytes of 
data may be extracted and processed through the various 
stages, e.g. during each clock cycle. 

[0016] The disassembler parses the compressed data 
stream and identi?es the bytes of data as literal data or 
history reference data. As described above, literal references 
are single bytes of data. In one embodiment, literal refer 
ences are encoded as nine-bit values. History references are 
encoded in varying lengths and are used to replace the data 
that they are referencing. History references provide an 
address and a count to an identical string of data that is 
located in a history buffer that contains a predetermined 
number of the most recent data that has already passed by in 
the uncompressed data stream. Each history reference is 
converted to tWo or more corresponding addresses to access 
the history buffer and expand the history reference data into 
the original uncompressed data. In a preferred embodiment, 
each history buffer contains 1 kB of the most recent data and 
is updated each clock cycle as data is presented to the output. 

[0017] Either the extracted history reference data 12 or 
literal reference data 14 are provided to the history buffer 
function or process illustrated in FIG. 1 via an appropriate 
bus having control and data lines (not speci?cally illus 
trated). In one embodiment, the bus includes tWo signal lines 
to indicate Whether the received data correspond to a single 
literal reference, multiple literal references, or a history 
reference. History reference data 12 include an offset 16 and 
count 18 Which are loaded into a corresponding register 20. 
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Offset 16 represents the address of the last byte of the 
matching string While count 18 represents the actual 
matched string length. These values are used to generate one 
or more addresses for accessing the history buffer(s) as 
described in greater detail beloW. 

[0018] Data from the disassembler is advanced into stage 
1 if the corresponding control signals indicate that the data 
is valid and the history buffer has not asserted a Wait signal 
to the disassembler. The offset/count register 20 and the 
literal register 22 Within stage one capture the control signals 
as Well as the corresponding values of the offset 16 and 
count 18 for history references, or the literal values 14 of 
literal references. If the sequence of addresses generated 
from a previous history reference has been completely 
advanced to stage tWo or stage three by the pipeline ?ll 
control logic 30, and only one ?nal address Would remain at 
stage one, that ?nal address is registered separately as the 
“last address” in order to alloW neW references to be 
received from the disassembler. This “last address” Will be 
the next value to be advanced into the subsequent stages of 
the pipeline. 

[0019] If stage one registers literal data, those data are 
subsequently moved to stage tWo or directly to stage three as 
determined by pipeline ?ll control logic 30 to assist in 
keeping all stages full of data. Pipeline ?ll control logic 30 
converts history reference data to a plurality of correspond 
ing addresses that may be used to substantially simulta 
neously access at least tWo history reference buffers or 
memories to retrieve previously stored uncompressed data 
associated With the history reference data via the corre 
sponding addresses. Pipeline ?ll control logic 30 generates 
an incrementing sequence of addresses With Which to access 
the referenced matched uncompressed string from the cor 
responding history buffer or memory. These addresses are 
subsequently moved to corresponding registers 32 and 34 of 
stage tWo, and/or moved directly to stage three registers 40 
and 42 if necessary to keep the pipeline full of data. A Wait 
state is generated and an appropriate signal is provided to the 
disassembler until the entire sequence of addresses can be 
sent to the subsequent stages of the pipeline. 

[0020] As also illustrated in FIG. 1, stage tWo receives 
and holds literal data or history buffer addresses from stage 
one. Data is advanced into stage tWo if data from stage one 
has valid information and a doWnstream Wait signal from the 
history buffers is not active. Stage tWo is Wide enough to 
hold each of the parallel bytes of data, the number of Which 
depends upon the particular implementation. In the repre 
sentative embodiment illustrated in FIG. 1, stage tWo is 
Wide enough to hold a high-order data/address and a loW 
order data/address value in corresponding registers 32 and 
34. A state machine indicates the type of information con 
tained at stage tWo of the pipeline. Each half of the stage 
may contain literal data, a history buffer address, or be 
empty. The state machine also uses information from stage 
one as Well as its oWn state to determine What to load into 

stage tWo and stage three. As described above, data from 
stage one can bypass stage tWo and be loaded directly into 
stage three via corresponding multiplexers 36 and 38 if stage 
tWo is currently empty. In the preferred embodiment, the 
state machine can take up to four addresses from a history 
reference, or up to tWo literal data bytes per clock cycle in 
an effort to keep the pipeline full. 
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[0021] Stage three is in communication With both stage 
one and stage tWo via multiplexers 36 and 38. Stage three 
receives and holds literal data or history buffer addresses 
from stage tWo or stage one. Data is advanced into stage 
three if the state machine indicates that data is available and 
the Wait signal from the history buffers is not active. There 
are separate registers to hold literal data, if present. 
Addresses at this stage are registered inside the memories 
that implement the history buffers. A second simpler state 
machine indicates What type of information is contained at 
stage three of the pipeline. Each half of the stage may 
contain literal data, a history buffer address, or be empty. 
Stage three alWays contains some combination of literal data 
and history buffer addresses, or it is completely empty. 

[0022] A separate history buffer or memory is used for 
each half of stage three of the pipeline. The history buffers 
are represented in FIG. 1 by history buffer high 40 and 
history buffer loW 42. In one preferred embodiment, each 
history buffer 40, 42 is implemented using a dual port 
synchronous SRAM (512x16). Stage three also includes 
registers 44 and 46 for storing literal data represented as 
literal high and literal loW, respectively. As illustrated, the 
address registers associated With history buffers 40 and 42 
are at the same level in the pipeline as data registers 44 and 
46. All of the history buffers 40, 42 are updated With the 
same bytes of data that are Written to the output registers 54, 
56 in stage four. The Write address for the history buffers is 
then incremented folloWing each Write to the memories. This 
keeps identical information in all history reference memo 
ries at all times. The use of an individual history buffer for 
each byte of data alloWs independent access by each path 
through the pipeline. This feature of the invention is par 
ticularly useful When processing a high-order byte contain 
ing the last address for one history reference and a loW-order 
byte containing the ?rst address for a subsequent history 
reference, for example. 

[0023] Stage four receives and holds data received from 
stage three via multiplexers 50 and 52. Data is advanced into 
stage four if there is valid information at stage three and any 
doWnstream Wait signal is not active. Stage four holds both 
high-order and loW-order values of uncompressed data in 
corresponding registers 54 and 56, respectively. Multiplex 
ers 50 and 52 are used to determine the exact source of the 
data. As illustrated, the high-order and loW-order halves of 
the pipeline independently determine their oWn data source. 
Each byte of data typically comes either from literal data 
received from the disassembler or from data read from the 
history buffer. In one preferred implementation, the least 
signi?cant bit of the stage three addresses selects Whether 
data from bits b 15:8 or from bits 7:0 of the history buffer 
RAM Will be latched. Because tWo or more bytes of data can 
effectively be accessed from the history buffers each cycle, 
data that needs to be loaded into stage four of the pipeline 
may instead need to be sourced from one or the other of the 
output stage registers rather than from the history buffers 
themselves. This can happen When the history buffer loca 
tion Which Would otherWise be accessed has not had a 
chance to be updated due to the latency associated With 
Writing to the history buffer. The uncompressed data stored 
in registers 54 and 56 are output one half Word at a time as 
channel data high 60 and channel data loW 62, respectively. 

[0024] A?oWchart providing an alternative representation 
of operation of a system or method for reconstructing data 
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from a compressed datastream according to one embodiment 
of the present invention is shoWn in FIG. 2. As Will be 
appreciated by one of ordinary skill in the art, the ?oWchart 
in FIG. 2 represents control logic Which may be imple 
mented in softWare, hardWare, or a combination of softWare 
and hardWare depending upon the particular application. As 
Will also be appreciated by those of skill in the art, the 
control logic illustrated may be implemented using any of a 
number of knoWn programming and processing techniques 
or strategies and is not limited to the particular order or 
sequence illustrated in the ?gures. In keeping With the 
present invention, various functions illustrated as sequential 
processes may be performed in parallel, i.e. substantially 
simultaneously, preferably during a single clock cycle. 

[0025] In one embodiment, the compressed datastream is 
sourced by a storage device, such as a tape storage device, 
during read back. The compressed data preferably includes 
literal references and history references as described in 
greater detail above. In a preferred embodiment, literal 
references or a history reference is extracted and provided to 
subsequent stages of a pipeline process as represented by 
block 202. In one embodiment, literal reference data are 
encoded as nine-bit values While history references are 
encoded in varying lengths and replace the data Which they 
are referencing. Literal references may be passed Without 
conversion to the subsequent stages of the pipeline While 
history references are converted to a plurality of correspond 
ing addresses as represented by block 204. 

[0026] Because of the nature of hoW history and literal 
references are extracted from the compressed datastream, 
various stages of the pipeline leading to the history buffer 
may tend to go partially empty. As such, a pipeline ?ll 
control algorithm or control logic is provided to keep the 
history buffer pipeline full in an attempt to sustain a con 
sistent output of multiple bytes, preferably per clock cycle. 
One or more delay stages may be provided to selectively 
buffer and synchroniZe the data through the pipeline as 
represented by block 206. The plurality of addresses may be 
used to substantially simultaneously, e.g. during a single 
clock cycle, access at least tWo history reference memories 
to retrieve previously stored uncompressed data associated 
With the history reference data and stored in the correspond 
ing addresses as represented by block 208. 

[0027] Depending upon the number of parallel bytes of 
data, and the number of stages in the pipeline process, 
additional delay stages may be used in an attempt to con 
tinuously provide multiple bytes of data in parallel at the 
output. One or more delay stages may be selectively 
bypassed by advancing data directly from a current stage to 
a subsequent stage. At the same time, the delay stages may 
also be ?lled With available addresses to assist in keeping al 
stages full as represented by block 210. The method may 
also include substantially simultaneously (and preferably 
synchronously) providing at least tWo bytes of uncom 
pressed data to corresponding output registers as represented 
by block 212. The multiple bytes of uncompressed data are 
reconstructed from the literal data, the history reference 
memories, or both. 

[0028] As represented by block 214, a system and method 
according to the present invention may also include sub 
stantially simultaneously (and preferably synchronously) 
Writing the at least tWo bytes of uncompressed data into each 
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of the history reference memories so that all history refer 
ence memories contain identical data. As multiple bytes of 
data can effectively be accessed from the history buffers 
substantially simultaneously, e.g. during each clock cycle, a 
history buffer access contention strategy is provided. The 
access contention logic determines When data that needs to 
be loaded into the pipeline’s output stage is sourced from the 
output stage registers rather than from the history buffers 
themselves. This situation may occur When the history buffer 
location that Would otherWise be accessed has not had a 
chance to be updated due to the latency associated With 
Writing to the history buffer. As such, block 216 includes 
selectively providing data from an output of at least one of 
the output registers to an input of the output register When 
an address generated by the history reference data is the 
same address selected for Writing the uncompressed data to 
update the history buffers. 

[0029] As such, the present invention provides a decom 
pression algorithm or architecture that can process multiple 
bytes of data substantially simultaneously, e.g. during each 
clock cycle. This provides a relatively higher transfer rate of 
the compressed data to the host processor channel to attain 
data rates consistent With current technology. The system 
and method of the present invention can output multiple 
bytes of data substantially simultaneously, e.g. per clock 
cycle on nearly every cycle, as long as compressed data 
continues to be available With the actual rate depending 
upon the speci?c data pattern and implementation of the 
invention. 

[0030] While embodiments of the invention have been 
illustrated and described, it is not intended that these 
embodiments illustrate and describe all possible forms of the 
invention. Rather, the Words used in the speci?cation are 
Words of description rather than limitation, and it is under 
stood that various changes may be made Without departing 
from the spirit and scope of the invention. 

What is claimed is: 
1. A method for reconstructing data using literal refer 

ences or a history reference from a compressed data stream, 
the method comprising: 

converting history reference data to a plurality of corre 
sponding addresses that may be used to selectively 
access substantially simultaneously at least tWo history 
reference memories to retrieve previously stored 
uncompressed data associated With the history refer 
ence data via the corresponding addresses; and 

substantially simultaneously providing at least tWo bytes 
of uncompressed data, Wherein the at least tWo bytes of 
uncompressed data are reconstructed from literal ref 
erence data, the history reference memories, or both. 

2. The method of claim 1 further comprising: 

substantially simultaneously Writing the at least tWo bytes 
of uncompressed data into each of the history reference 
memories so that all history reference memories con 
tain identical data. 

3. The method of claim 2 Wherein the at least tWo bytes 
of uncompressed data are provided to corresponding output 
registers, the method further comprising: 

selectively providing data from an output of at least one 
of the output registers to an input of the at least one 
output register When an address generated by the his 
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tory reference data is the same address selected for 
Writing the uncompressed data. 

4. The method of claim 1 Wherein the steps of converting 
and substantially simultaneously providing correspond to 
stages of a multiple stage pipelined process. 

5. The method of claim 4 further comprising: 

selectively buffering data in a delay stage after the stage 
of converting; and 

selectively bypassing the delay stage by advancing data 
directly from the converting stage to a subsequent stage 
to assist in keeping all stages full of data. 

6. The method of claim 5 Wherein the step of selectively 
bypassing comprises advancing literal reference data 
directly to a buffer Within the subsequent stage. 

7. The method of claim 5 Wherein the step of selectively 
bypassing comprises advancing addresses to the subsequent 
stage to access at least one of the history reference memories 
to retrieve previously stored uncompressed data associated 
With the history reference data. 

8. The method of claim 5 Wherein the step of selectively 
bypassing comprises advancing addresses to the subsequent 
stage to substantially simultaneously access the history 
reference memories to retrieve previously stored uncom 
pressed data associated With the history reference data. 

9. The method of claim 1 Wherein the step of converting 
includes converting the history reference data to a plurality 
of sequential addresses running the length of the history 
reference data. 

10. The method of claim 9 Wherein a last one of the 
sequential addresses is combined With an address generated 
from a subsequently extracted history reference Within a 
single clock cycle. 

11. A system for reconstructing data using literal refer 
ences or a history reference from a compressed data stream, 
the system comprising: 

pipeline control logic for receiving literal reference data 
and history reference data, and converting the history 
reference data to a plurality of corresponding 
addresses; 

at least tWo history reference buffers in communication 
With the pipeline control logic, the history reference 
buffers being selectively accessed substantially simul 
taneously to retrieve previously stored uncompressed 
data associated With the corresponding addresses of the 
history reference data; and 

a plurality of output registers each in communication With 
a corresponding history reference buffer for substan 
tially simultaneously receiving uncompressed data and 
providing the uncompressed data to an output channel. 

12. The system of claim 11 Wherein the history reference 
buffers comprise dual port synchronous static random access 
memories. 

13. The system of claim 11 further comprising control 
logic for substantially simultaneously Writing the at least 
tWo bytes of uncompressed data into each of the history 
reference buffers so that all history reference buffers contain 
identical data. 

14. The system of claim 11 further comprising control 
logic for selectively providing data from an output of at least 
one of the plurality of output registers to an input of the at 
least one output register When an address generated by the 
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history reference data corresponds to the address selected for 
Writing the uncompressed data. 

15. The system of claim 11 further comprising: 

at least one combination buffer disposed betWeen the 
pipeline control logic and the at least tWo history 
reference buffers for selectively buffering literal refer 
ence data or an address generated from history refer 
ence data in a delay stage; 

at least one literal data buffer disposed in parallel With the 
history reference buffers for selectively buffering literal 
reference data; 

Wherein the pipeline control logic selectively bypasses the 
delay stage by advancing literal reference data directly 
to the literal data buffer and selectively advancing 
addresses generated from history reference data 
directly to the history reference buffers to assist in 
keeping all stages full of data. 

16. A system for decompressing data read from a storage 
medium, the data represented as a series of literal references 
and history references, the history references being encoded 
in varying lengths and referring to previous data Within a 
data stream, the system comprising: 

a multiple stage pipeline process for substantially simul 
taneously processing at least tWo bytes of data in 
parallel, the pipeline process including: 

a ?rst stage for receiving literal and history references 
and converting the history references to a plurality of 
corresponding addresses, the ?rst stage including 
pipeline control logic for directing data to subse 
quent stages: 
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a second stage in communication With the ?rst stage 
and having parallel buffers corresponding in number 
to the at least tWo bytes of data for selectively storing 
data and or addresses provided from the ?rst stage 
based on the pipeline control logic; 

a third stage in communication With the ?rst and second 
stages, the third stage having parallel literal buffers 
and parallel history buffers corresponding in number 
to the at least tWo bytes of data for selectively storing 
literal references and a predetermined number of 
bytes of previously processed uncompressed data, 
respectively; and 

a fourth stage in communication With the third stage, 
the fourth stage having parallel output buffers for 
storing uncompressed data and providing the uncom 
pressed data to an output channel. 

17. The system of claim 16 Wherein the fourth stage 
includes control logic for selectively receiving data from an 
output of the output buffers rather than from the third stage 
When a history buffer location that Would otherWise be 
accessed based on an address generated from a history 
reference is being updated. 

18. The system of claim 16 Wherein the pipeline control 
logic selectively advances data directly from the ?rst stage 
to the third stage in an attempt to keep the third and fourth 
stages full of data While ?lling the second stage With any 
available addresses. 

19. The system of claim 16 further comprising control 
logic for Writing data passing from the third stage to the 
fourth stage into each of the history buffers. 

* * * * * 


