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LEMPEL-ZIV DATA COMPRESSION 
TECHNIQUE UTILIZING A DICTIONARY 
PRE-FILLED WITH FREQUENT LETTER 

COMBINATIONS, WORDS AND/OR PHRASES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and apparatus 

for compressing and decompressing textual data stored in 
digital form in a lossless manner. In other words, the original 
data is reconstructed in its original form after having ?rst 
undergone the compression and then the decompression pro 
cesses. The data is assumed to be drawn from a particular 
alphabet which is speci?ed in advance, such as the ASCII 
code, which consists of a 7 or 8 bit representation of a par 
ticular set of characters. 

2. Description of the Prior Art 
Many different types of text compression techniques are 

described in the prior art. The text compression techniques 
described herein are based on the text compression tech 
niques developed by Lempel and Ziv, who developed two 
techniques for text compression which are similar but have 
important differences. These two methods were outlined in 
papers entitled “A Universal Algorithm for Sequential 
Compression,” IEEE Transactions on Information Theory, 
Vol. IT-23, No. 3, pp. 337*343, and “Compression of Indi 
vidual Sequences via Variable-Rate Coding,” IEEE Transac 
tions on Information Theory, Vol. IT-24, No. 5, pp. 530*536, 
and are referred to commonly as LZ77 and LZ78, respec 
tively. 
LZ77 is a text compression technique in which pointers to 

previously compressed material within a ?xed siZe window 
are used to compress new material. The ?xed siZe “compres 
sion window” is moved across the text data as it is being 
compressed to exploit the principle of locality, i.e., that data 
is likely to be most similar to proximal data. An example of 
LZ77 will now be described with respect to FIGS. 1(A) and 

1(B). 
In FIGS. 1(A) and 1(B), a small window siZe of 8 charac 

ters is assumed for illustrative purposes. As shown in FIG. 
1(A), the text that has not yet been compressed is compared 
to the contents of the (up to) 8 character window containing 
the (up to) 8 characters of the compressed text immediately 
preceding the text which has not yet been compressed. The 
longest match starting at the beginning of the text which has 
not yet been compressed with a sequence in the 8 character 
window is identi?ed. In FIG. 1(A), the longest match from 
the 8 character window is “BB.” A pointer to this sequence 
(“BB”), its length (2), and an extension (the next character 
after the match in the text to be compressed) are then either 
transmitted or compressed and stored locally, depending on 
the application of the data compression algorithm. However, 
if no matching sequence is found in the 8 character window, 
then a literal character is transmitted. Once the block of data 
pointed to by the pointer has been compressed and the infor 
mation regarding its compression has been transmitted, the 
window is moved by the number of characters referred to by 
the pointer (BB) plus the extension, if any. In addition, the 
pointer to the region of text being compressed is updated by 
this number of characters. As illustrated in FIG. 1(B), this 
process repeats for the shifted data until the data being com 
pressed is exhausted. 
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2 
LZ78 differs from LZ77 in that the text compression is 

achieved by parsing the data being compressed into phrases 
which are entered into a compression dictionary. Pointers to 
these phrases or dictionary entries are then used to compress 
new data. Initially, the dictionary contains only an empty 
string (phrase of length Zero). The phrase to be compressed, 
at each step, is the longest phrase at the start of the new data 
such that the pre?x of this phrase is an entry in the 
dictionary, where the pre?x is de?ned to be the phrase with 
its ?nal character removed. The remaining character is 
called the extension. Thus, when the ?rst phrase is seen, it is 
encoded as a reference to a dictionary entry consisting of the 
empty string (which is the only entry initially found in the 
dictionary), followed by the last and only character of the 
phrase. This character is then placed in the dictionary 
(assuming the dictionary is not full), and the process of iden 
tifying a phrase and transmitting its pre?x (as a reference to 
the dictionary entry matching the pre?x) and extension is 
repeated. The not yet compressed data will then be com 
pared to both dictionary entries: the empty string and the 
phrase consisting of the already encountered character. If the 
next character in the new data does not match the already 
compressed character, then it, too, will be compressed as the 
empty string plus the character being compressed. In this 
way, each phrase of the data is compressed as a pre?x, which 
is found in the dictionary and is chosen to be as long as 
possible, and an extension, which is the character which 
follows the pre?x in the input data. An example of LZ78 will 
now be described with respect to FIG. 2. 

FIG. 2 shows a sample of LZ78 compression for a short 
string of characters. As shown, the dictionary initially starts 
with no entries aside from the empty string, which is referred 
to as e, and a pointer indicating the start of the character 
sequence to be compressed is placed at the beginning of the 
sequence to be compressed. The longest initial phrase whose 
pre?x is in the dictionary is one character long, since the 
pre?x of this phrase, namely 6, is the only entry in the dictio 
nary. The ?rst character is therefore encoded as a reference 
to e and the ?rst character of the sequence being transmitted. 
Then, the dictionary is updated to contain the entry consist 
ing of the concatenation of the used dictionary entry and the 
character following it in the compression sequence. The cur 
rent pointer is then moved by the number of characters 
compressed, and the process repeats itself, repeatedly identi 
fying the next phrase and transmitting a compressed version 
of it, until the stream of data to be compressed is empty. As 
will be appreciated by those skilled in the art, the LZ78 
technique provides substantially more compression once the 
dictionary is formed. A more detailed description of a par 
ticular implementation of the LZ78 text compression tech 
nique is given in US. Pat. No. 4,464,650iEastman et al., 
while a good general description of Lempel-Ziv coding tech 
niques may be found in the text entitled “Text Compression,” 
Bell et al., Englewood Cliffs, N.J., Prentice Hall, 1990. 
Numerous data compression systems have been described 

in the prior art which utilize the concept of a compression 
dictionary as described by Lempel and Ziv. 

For example, Giltner et al. describe in US. Pat. No. 4,386, 
416 a system for use in transmitting data over a Telex or 
similar network. The system described by Giltner et al. uses 
two dictionaries. The ?rst is pre-?lled with frequent words 
from the data’s language, while the second dictionary is ini 
tially empty and is ?lled with words which are encountered 
in the data but which are not present in the ?rst dictionary. 
When transmitting data, if a word is found in the ?rst 
dictionary, an escape code and the number of the word’s 
entry in the ?rst dictionary are transmitted. If a word is not 
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found in the ?rst dictionary, it is compressed using Huffman 
coding and it is added to the second dictionary for later use. 
As a result, if the Word is encountered again, it can be trans 
mitted by sending an escape code indicating that the number 
of the Word’s entry in the second dictionary refers to the 
second dictionary, followed by the number of the Word’s 
entry in the second dictionary. Giltner et al. de?ne a “Wor ” 
to be either a predetermined number of characters or a 
sequence of characters surrounded by White space or a com 
bination of White space and punctuation. A small, but ?xed 
number of Words common to all the types of messages 
handled by the Telex or similar netWork is provided in the 
?rst dictionary, and additional “Words” are stored in the sec 
ond dictionary. HoWever, Giltner et al. do not address fre 
quently occurring sequences of text Which fall outside the 
limited de?nition of a valid Word. As a result, Giltner et al. 
do not take advantage of the fact that the similarity of texts is 
greater When the comparison betWeen them is made at the 
level of character sequences. Also, Giltner et al. do not 
address hoW Words Which occur frequently in the text can be 
chosen for the ?rst dictionary Whereby it is ?lled With valid 
Words Which are frequent Within the type of text being trans 
mitted. Giltner et al. also fail to teach hoW to identify the 
most appropriate library of text or the identi?cation of the 
genre of the document to be compressed. Furthermore, Gilt 
ner et al.’s library is ?xed; users cannot create their oWn 
pre-?lled dictionaries as needed. 

Similarly, Weng describes in U.S. Pat. No. 4,881,075 an 
“adaptive” data compression technique Which uses tWo dic 
tionaries. The ?rst dictionary is used to perform compression 
or decompression While the second is being rebuilt to better 
re?ect the local characteristics of the most recent input data. 
The second dictionary is then used to compress and decom 
press the input data While the ?rst dictionary is being rebuilt 
using the most current input data. Weng repeatedly sWitches 
betWeen dictionaries until compression is completed. 

Kato et al. describe in U.S. Pat. No. 4,847,619 a modi?ca 
tion to adaptive compression techniques in Which the com 
pression system’s degree of compression is monitored and 
the dictionary is reset When the degree of compression drops 
beloW a threshold. The reset is not permitted to occur before 
the dictionary is suf?ciently full in order to prevent the dic 
tionary from resetting prematurely. This technique could be 
used in conjunction With a LZ compression technique, or 
any other adaptive technique. 

In U.S. Pat. No. 5,153,591, Clark describes a modi?cation 
to the Lempel-Ziv compression algorithm in Which the dic 
tionary is stored as a tree data structure. This alloWs large 
dictionaries to be stored in less space than in the original 
embodiment described in U.S. Pat. No. 4,464,650. In 
addition, it alloWs these dictionaries to be searched more 
easily and more quickly. 

In U.S. Pat. No. 5,243,341, Seroussi et al. outline a 
Lempel-Ziv variant in Which tWo dictionaries are used. The 
?rst dictionary is used until it is ?lled, then it is replaced With 
a standby dictionary, Which is ?lled With those entries from 
the ?rst dictionary Which yield the most compression before 
compression continues. 
Many other modi?cations to the original Lempel-Ziv 

compression techniques appear in the prior art. 
For example, Welch describes in U.S. Pat. No. 4,558,302 

an implementation of Lempel-Ziv in Which the encoding and 
decoding processes require less complicated computation 
and, therefore, are faster than in the implementation 
described in U.S. Pat. No. 4,464,650—Eastman et al. 

Miller et al. suggest in U.S. Pat. No. 4,814,746 several 
modi?cations to the Lempel-Ziv algorithm. The ?rst of these 
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4 
modi?cations is to include all possible characters in the dic 
tionary before compression actually begins. As a result, it is 
not necessary to transmit a ?ag Which indicates that the fol 
loWing datum is a character rather than a pointer. In addition, 
Miller et al. also associate a time stamp With each dictionary 
entry in order to facilitate the removal of the least recently 
used entry When the dictionary becomes full. These modi? 
cations are aimed at reducing the memory requirements by 
limiting the dictionary to a ?xed siZe and improving com 
pression by alloWing the dictionary to more accurately 
re?ect the current characteristics of the data being com 
pressed. 

Storer describes in U.S. Pat. No. 4,876,541 a compression 
technique Which does not suffer from some of the same dif 
?culties as prior Lempel-Ziv techniques. In particular, unen 
coded characters never need to be transmitted, since the 
compression dictionary initially contains all of the charac 
ters in the alphabet, as in U.S. Pat. No. 4,814,746iMiller et 
al. In addition, a least recently used queue is maintained so 
that the dictionary can be purged of less useful entries. The 
encoding and decoding dictionary in Storer’s system can 
vary in siZe, and there may be several active at a time. The 
compression ratio of each of the dictionaries is monitored, 
and the one Which yields the best compression is used. 

In U.S. Pat. No. 4,906,991, Fiala et al. describe a substitu 
tion style data compression technique Which is someWhat 
similar to Lempel-Ziv compression. Their technique relies 
on searching a ?xed WindoW of characters (eg 4096 
characters) Which have already been compressed in order to 
determine Whether the text being compressed can be 
encoded as a pointer to a location Within the WindoW. If the 
text being compressed can be encoded in this manner, a 
pointer to the starting location, along With the length of the 
overlap betWeen the text being compressed and the location 
Within the WindoW is generated. If the text being compressed 
cannot be encoded in this manner, it is encoded as a length 
folloWed by a literal string of that length. Like LZ78 
compression, this technique fails to compress data much at 
the beginning of documents, since the WindoW is devoid of 
strings Which can be pointed to in order to bring about com 
pression. 

O’Brien suggests in U.S. Pat. No. 4,988,998 modi?ca 
tions to the Lempel-Ziv algorithm Which alloW for enhanced 
compression of data Which contains long strings of repeated 
characters. Since the Lempel-Ziv algorithm adds entries to 
the compression dictionary by appending a single character 
to an existing dictionary entry, it Will take many occurrences 
of a repeated string of characters before such strings are 
found in the dictionary. Accordingly, O’Brien preprocesses 
the data using a run-length encoding technique in Which the 
run-lengths are inserted into the text. The resulting combina 
tion of text and run-lengths for repeated characters is then 
compressed using the Lempel-Ziv technique. 

In U.S. Pat. No. 5,049,881, Gibson et al. describe a data 
compression system Which creates its oWn pointers from the 
sequence of characters previously processed and emphasiZes 
maximiZing the product of the data rate and the compression 
ratio. Thus, previously input data is used as the dictionary 
and is combined With a hashing algorithm to ?nd candidates 
for string matches Without the requirement of a string match 
ing table. 

In U.S. Pat. No. 5,058,137, Shah describes a Lempel-Ziv 
decoder Which has memories for storing code Words and 
data separately. Upon receipt of a code Word, the decoder 
stores the previously received code Word, applies the neWly 
received code Word to the code Word memory to obtain the 
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location of the last data element Which is part of the data 
represented by the newly received code Word, and another 
code Word associated With the pre?x. Upon completion of 
decoding the latest code Word, the ?rst data element of the 
decoded Word is appended to the next previously received 
code Word, and the combination is stored as the equivalent of 
a code Word Which is next after the highest code Word 
already received. At least one memory is shared for use dur 
ing encoding and decoding. 

In Us. Pat. No. 5,087,913, Eastman describes a Lempel 
Ziv algorithm Which uses a searchtree database to alloW later 
portions of the data to be decompressed Without having to 
decompress all preceding portions. The searchtree database 
is groWn to a ?xed, predetermined siZe and is alloWed to 
groW no further. The fact that the compression searchtree 
database is established in advance of decompression alloWs 
decompression of portions of the data Without decompress 
ing the entire preceding portion of the data. 

In Us. Pat. No. 5,140,321, Jung details a Lempel-Ziv 
modi?cation Which alloWs for enhanced compression speed 
at the cost of a reduction in compression. Rather than 
attempting to ?nd the optimal matching substring in the 
entire compressed portion of the data, the principle of local 
ity is exploited and only the most recent compressed data in 
a ?rst-in-?rst-out buffer is examined to ?nd a matching 
sequence. A hash table is used to store the strings Which have 
been compressed recently and to alloW for fast retrieval of 
matching strings. 

In Us. Pat. No. 5,179,378, Ranganathan et al. describe a 
Lempel-Ziv implementation Which uses a systolic array of 
processors to improve performance by forming ?xed-length 
codeWords from a variable number of data symbols. 

In Us. Pat. No. 5,262,776, Kutka describes an implemen 
tation of the Lempel-Ziv algorithm Which takes advantage of 
a tree data structure to avoid the search step normally 
required by the compression process. The sequence of ele 
ments in a primary sequence is converted into elements in a 
reduced set of elements using escape sequences. This tech 
nique is particularly suited to compressing data representing 
the coef?cients of a discrete cosine transform of an image. 

In addition to the above modi?cations to the Lempel-Ziv 
compression technique Which are described in the patent 
literature, others appear in technical journals. 

For example, in “Linear Algorithm for Data Compression 
via String Matching,” Rodeh et al. describe a modi?cation to 
the LZ77 technique in Which the siZe of the WindoW is not 
?xed. As a result, pointers to previous strings in the com 
pressed portion of the data groW in length and are encoded in 
a variable-length code. 

In “Better OPM/L Text Compression,” Bell describes a 
Lempel-Ziv variant referred to as LZSS in Which not all 
compression is done using a combination of a pre?x and an 
extension. Instead, if the cost of transmitting a pointer is 
higher than that of merely transmitting a character or 
sequence of characters, then the character or sequence of 
characters is transmitted. A binary search tree is used to ?nd 
the longest string match, Without a limit on the length of the 
match. 

In “A Technique for High-Performance Data 
Compression,” Welch describes a modi?cation to LZ78 in 
Which only pointers to previously compressed data are used, 
rather than a combination of pointers and characters. A 
string table is formed Which maps strings of input characters 
into ?xed-length codes. For every string in the table, its pre 
?x string is also in the table. The string table contains strings 
that have been encountered previously in the message being 
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6 
compressed. It consists of a running sample of strings in the 
message so that available strings re?ect the statistics of the 
message. This technique is commonly referred to as LZW. It 
uses a “greedy” parsing algorithm in Which the input string 
is examined character-serially in one pass, and the longest 
recogniZed input string is parsed off each time. The strings 
added to the string table are determined by this parsing. 

In “Variations on a Theme by Ziv and Lempel,” Miller and 
Wegman describe another variant of LZ78. In their version, 
the dictionary is ?lled in advance With all strings of length 1 
(that is, all of the characters in the alphabet over Which com 
pression is taking place), Which helps to reduce, but does not 
eliminate the problem of starting With a dictionary devoid of 
useful entries. Also, rather than reset the compression dictio 
nary When it becomes full, they propose to delete strings 
from the dictionary Which Were least recently used. 
HoWever, the largest contribution of their version, Which Will 
be referred to as LZMW, is that extensions are never trans 
mitted. Rather, since the dictionary begins With all strings of 
length 1, it is possible to encode all of the data using the 
initial dictionary. HoWever, this Would result in no compres 
sion. Instead, the dictionary is groWn by adding entries to the 
dictionary Which consist of the concatenation of the previous 
tWo matches. 

In FIG. 3, a sample of LZMW compression is shoWn. The 
alphabet is assumed to contain only 3 characters (A,B,C) for 
purposes of illustration. As shoWn, the compression dictio 
nary initially contains the characters of the alphabet. The 
pointer to the character at Which compression Will begin is 
placed at the ?rst character in the sequence of text being 
compressed. The longest match Within the dictionary is 
found and a pointer to this entry is transmitted. Alternatively, 
the pointer may be stored locally depending on the applica 
tion of the compression algorithm. The pointer is then 
moved by the number of characters transmitted. Normally, 
the dictionary is updated to contain the concatenation of the 
tWo previously transmitted dictionary entries, but since there 
Was no previous transmission, this step is skipped. On the 
second iteration through the processing cycle, the largest 
match is found, its dictionary entry number is transmitted, 
the pointer is moved by the appropriate number of 
characters, and the concatenation of the tWo previous dictio 
nary entries transmitted is added to the dictionary as a neW 
entry. This process then repeats until the data to be com 
pressed has been exhausted. 
Commonly used compression algorithms also use varia 

tions of the LZ77 and LZ78 algorithms. For example, the 
compression algorithm used in commercially available “Zip” 
and freely available “gZip” is a variation of LZ77 Which 
?nds duplicated strings in the input data. In “gZip,” the sec 
ond occurrence of a string is replaced by a pointer to the 
previous string in the form of a pair (distance, length). When 
a string does not occur anyWhere in the previous number of 
bytes Within a designated distance, such as 32 Kbytes, it is 
transmitted as a sequence of literal bytes. Literals or match 
lengths are compressed With one Huffman tree, and match 
distances are compressed With another tree. The trees are 
stored in a compact form at the start of each block. The 
blocks can have any siZe, except that the compressed data for 
one block must ?t in available memory. A block is termi 
nated When “gZip” determines that it Would be useful to start 
another block With fresh trees. Duplicated strings are found 
using a hash table. All input strings of length 3 are inserted in 
the hash table, and a hash index is computed for the next 3 
bytes. If the hash chain for this index is not empty, all strings 
in the chain are compared With the current input string, and 
the longest match is selected. The hash chains are searched, 
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starting With the most recent strings, to favor small distances 
and thus take advantage of the Huffman coding. The hash 
chains are singly linked. There are no deletions from the 
hash chains; the algorithm simply discards matches that are 
too old. To avoid a Worst-case situation, very long hash 
chains are arbitrarily truncated at a certain length as deter 
mined by a runtime option. As a result, “gZip” does not 
alWays ?nd the longest possible match but generally ?nds a 
match Which is long enough. 

Unfortunately, despite the large number of Lempel-Ziv 
variants in the prior art, none adequately addresses the prob 
lem that beginning With a dictionary completely devoid of 
Words virtually prevents small ?les from being compressed 
at all and prevents larger ?les from being compressed fur 
ther. US. Pat. Nos. 4,814,746 and 4,876,541 and the Work of 
Miller and Wegman begin to address this problem by begin 
ning With a dictionary containing all of the characters in the 
character set in Which the data is encoded. This solves the 
problem of needing to transmit escape codes to indicate that 
What folloWs is not a dictionary entry number, but a charac 
ter. 

HoWever, the present inventors have found that further 
compression may be obtained by observing that many 
documents, especially those textual documents Written in 
either natural human languages or computer programming 
languages, such as English or C, have a small number of 
Words Which are statistically extremely frequent and Which 
should be part of the compression dictionary. Zipf has shoWn 
this to be true for language in a book entitled Human Behav 
ior and the Principle of Least Effort. In fact, the frequency of 
Words in English obeys What has come to be knoWn as a 
Zip?an distribution. That is, the product of the rank of a 
Word and its frequency is approximately constant. Thus, the 
second most common Word Will appear roughly half as many 
times as the most frequent Word. This implies that the most 
common Words Will comprise a large fraction of the total 
occurrences of all Words in a document. For instance, in the 
Wall Street Journal data collected as part of the treebank 
project described in an article by Marcus et al. entitled 
Building a Large Annotated Corpus of English: The Penn 
Treebank, Computational Linguistics, Vol. 19, No. 2, pp. 
313430 (1993), the ?rst ten “Words”, Which are “,”, “the”, 
“.”, “of”, “to”, “a”, “and”, “in”, “’s”, “is” and “that” account 
for slightly more than 25 percent of all of the Words in the 
corpus. The 100 most frequent Words alone account for 48.1 
percent of all Words in the corpus, While the 500 most fre 
quent Words account for 63.6 percent. This means that the 
remaining 80901 Words account for the remaining 37.4 per 
cent of all Words in the corpus. Thus, the average Word found 
in the top ?ve hundred Words is approximately 275 times 
more frequent than the average Word not found in the top 
?ve hundred Words. 

It is thus desired to modify the Lempel-Ziv text compres 
sion techniques described in the prior art to take advantage 
of this observation so as to alloW further compression of 
large documents as Well as signi?cant compression of 
smaller documents. 

SUMMARY OF THE INVENTION 

The present invention expands upon the Lempel-Ziv text 
compression techniques of the prior art. In particular, the 
present invention provides a compression dictionary and/or a 
compression WindoW Which contains some of the statisti 
cally signi?cant Words Which Will almost certainly alloW 
compression to be achieved earlier into a document than if 
the compression softWare Were required to relearn the list of 
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8 
extremely common Words, letter sequences and phrases in 
the document to be compressed. For example, When using 
compression techniques based on LZ78, in Which entries are 
added to the compression dictionary by extending previous 
entries by a single character, the invention makes it unneces 
sary to take several repetitions of even extremely frequent 
Words before they are entered into the compression dictio 
nary. This also means that the compression dictionary used 
in accordance With the invention does not necessarily con 
tain pre?xes of the long, frequent Words that are initially 
present in the dictionary, unless such pre?xes are themselves 
frequent. Rare pre?xes aid the compression process little, 
and their main contribution in LZ78 is to alloW a longer 
Word to enter the compression dictionary, a step Which is 
unnecessary When using the techniques of the invention, 
Where the longer, frequent Word is in the dictionary at the 
outset. Omitting the rare pre?xes from the dictionary leaves 
room for other, more useful phrases. 

While most extremely frequent Words are short, the 
present inventors recogniZe that knoWledge of the type of 
text being compressed can lead to larger bene?t from a pre 
?lled dictionary. If, for instance, scienti?c text is being 
compressed, then samples of similar texts can be used to get 
a pro?le of the type of text being compressed. In scienti?c 
texts, some long phrases may be extremely common. These 
phrases Would be learned by the compression softWare and 
Would be used When the ?rst reference to them Was made in 
the data being compressed. So, if, for instance, a length 10 
Word or phrase Were common, then even the ?rst occurrence 
of that Word could be encoded using a single dictionary 
reference, Whereas under conventional LZ78, such an encod 
ing might not be possible until as late as the eleventh occur 
rence of the Word. The dictionary Will also be prevented 
from containing substrings of this frequent Word or phrase as 
Would be the case in LZ78 unless such substrings are inde 
pendently added during the compression process because 
they are useful outside the context of the frequent Word or 
phrase. 
When compressing text Which is in a computer program 

ming language, the present inventors have recogniZed that 
there is potentially even more to gain at the outset of com 
pression. The programming language C, for instance, has a 
small number of Words Which represent constructs in the 
language. While the user can add to the list of these fre 
quently occurring Words by creating variables and functions, 
all C programs Will make use of a subset of this basic set of 
Words. As a result, having these Words in the dictionary prior 
to the start of compression Will result in better compression, 
especially for small ?les. 

Thus, in order to take advantage of the frequency distribu 
tion of Words in human languages and other sorts of data as 
Well, the present inventors propose modifying standard 
Lempel-Ziv compression algorithms to incorporate a dictio 
nary pre-?lled With statistically important Words and the 
entire alphabet over Which compression is taking place. The 
process of ?lling the dictionary With Words that are signi? 
cant is handled in any of a number of Ways. One possibility 
is for a user of the compression softWare to create a list of 
frequently used Words. Since this process is objectionable in 
most circumstances, automatic processes are preferably used 
in accordance With the invention. HoWever, additional pre 
?lled compression dictionaries may be created by the user of 
the compression softWare as desired. 
On the other hand, several pre-?lled compression dictio 

naries may be automatically tested at the start of the com 
pression process on a small subset of the entire document to 
be compressed, and the dictionary that achieves the highest 








































