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Abstract

The innate verbosity of the Extensible Markup Laaggi remains one of its main
weaknesses, especially when large XML documentsa@reerned. This problem can
be solved with the aid of XML-specialized compressalgorithms.

In this work, we describe a fast and fully revesitXML transform which,
combined with generally used LZ77-style compressifgorithms, allows to attain
high compression ratios, comparable to those aeHiéy the current state-of-the-art
XML compressors. The resulting compression schenasymmetric in the sense that
its decoder is much faster than the coder. Thes desirable practical property as in
case of many XML applications data are read mucteroften than written. The key
features of the transform are dictionary-based éingpof both document structure
and content, separation of different content typ&s multiple streams, and dedicated
encoding of numbers and dates.

The test results show the proposed transform toawgpthe XML compression
efficiency of general purpose compressors on aedsgB35% in case of gzip and 17%
in case of LZMA. Compared to the current statehaf-art SCMPPM algorithm,
XWRT with LZMA attains over 2% better compressiatio, being 55% faster.

KEY WORDS: Extensible Markup Language, XML compiess XML encoding, text transform.



1. Introduction

Since the advent of the Extensible Markup Langu2déL) its verbosity has been viewed
repeatedly as a misfeature. Notwithstanding thbigapart of critique is due to hapless
attempts of applying the XML where it certainly sk not have been applied, the XML
verbosity is a fact, a crucial one when huge dali@ctions are concerned.

Nowadays the XML is aeal standard, not only officially defined and endorskdt
actually used. Even though proprietary binary fasmaould help save time and memory,
the XML is simply more convenient. And alternatfeemats, such as YAML [1], boasted
for its simplicity, seem to be in no position teghten this popularity.

The primary objective of our research was to desigrefficient way of compressing
XML documents. High compression ratio and speedevoensidered equally important.
As we have observed that archived XML documentsnaoee often decompressed than
recompressed, we focus on attaining quick decomsjmegather than compression. We
also require the transform to be fully reversilde,that the decompressed document is a
mirror image of the original. Neglected by existikylL compressors, this property has
weighty practical implications, to be discussediat

The map of the paper is as follows. Section 2 ¢osta short review of existing XML
compression methods, thus putting our work in g@raontext. Section 3 discusses the
sources of redundancy in XML documents. In Seddiame present our transform step-by-
step. The implementation details are a subjecthef iext section. Section 6 contains
thorough experimental results and related discusdlde measure not only compression
ratios, but also compression and decompressiorstiared simulate file transfers over a
network in a range of realistic bandwidths. Secfiogives our conclusions and points out
several issues for further study.

We start, however, with pointing some remarkablatifees of the format we tackle
with. XML is a metalanguage: the set of tags usedrfarking up the data is chosen by the
author of a given document. In this way, variousites from the real world can be
described naturally with XML tag names. XML repneisea tree structure: its elements can
be uniquely located by their path starting at tbewnent root. Each element is delimited
with a start tag and an end tag, between which degausually stored in plain text or
structured form. XML documents have hierarchicaldure: start/end tag pairs are nested
so that an outer start tag can have its endingtecuert only after all its inner tags have
been closed. Note that in a file an XML documerstzed as a “flattened” tree obtained
from depth-first traversal.

Elements may have one or more attributes, for el@fSwissProt.xnl

<Entry id="100K_RAT" cl ass="STANDARD"' ntype="PRT" seql en="889">
<ACQ62671</ AC
<Mbd dat e="01- NOV-1997" Rel ="35" type="Creat ed"></ Mod>
<Mbd dat e="01- NOV-1997" Rel ="35" type="Last sequence update"></Md>
<Mbd dat e="15-JUL-1999" Rel ="38" type="Last annotation update"></NMd>
<Descr>100 KDA PROTEIN (EC 6. 3. 2.-)</Descr>
<Speci es>Rattus norvegi cus (Rat) </ Speci es>

where e.gMbd is a tag andlat e, Rel andt ype are its attributes.



After a tag, some data and/or other tags may ketddc but eventually we should come
across its matching end tag. Pairless tags ardbp®sseo, they are signaled with tlie
symbol just before the closing bracketExample Enwikinews.xml

<namespace key="0" />.

Also, comments are possible, delimitedddy - and- - > sequences.

If an XML document adheres to those simple syntattiules, it is called well-formed.
Usually there are additional constraints imposednuML documents. These can be
defined in Document Type Definition (DTD) or XML Bema, specifying the allowed
tags, attributes and their values, and the strectWe say that a document is valid
according to a given DTD, if it is well-formed andnforms to the specified DTD.

The aforementioned verbosity, and hence redundaotymany XML documents
(especially large ones) is caused by highly repeti(sub)structures of those documents
and often long element and attribute names. Thexefo need to compress XML, both
efficiently and conveniently to use, has been ifiedt nowadays as a burning research
issue in the scientific community.

2. Review of existing XML compression methods

One of the first XML-oriented compressors was XNi] presented in 2000. It parses the
XML data and splits them into three componentsmelet and attribute symbol names,
plain text and the document tree structure. As dhosmponents are typically vastly
different, it pays to compress them as separagarmsis. XMill component streams have
been originally compressed with gzip, and thena8p with bzip2, PPMD+ and PPM*.
With gzip and order-5 PPMD+ the XMill transform ingwes compression by about 18%
[3], but once higher order contexts come to plap®d, PPM*), the gains disappear, and it
even compresses worse than the respective commeassmon-preprocessed documents.
The supposed reason is that high order PPM conpresdready handle the different
contexts well enough, so the XMill transform helide if at all, and on the other hand
breaking the original structure makes it impossitdeexploit the redundancy across
components.

Although XMill makes it possible to encode eachtaorer using a dedicated method
(exploiting the type of data stored within it, e.gumbers or dates), this feature is not
practical as it requires the user to choose theding for specific containers.

Cheney’'s XMLPPM [3] is a streaming compressor whiges a technique named
multiplexed hierarchical modeling (MHM). It switchebetween four models: one for
element and attribute names, one for element steicone for attributes, one for strings,
and encodes them in one stream using PPMD+ orewenimplementations, Shkarin’'s
PPMd. The tag and attribute names are replacedshibhter codes. An important idea in
Cheney’s algorithm is injecting the previous symfsom another model into the current
symbol’s context. Injecting means that both theoelec and decoder assume there is such
a symbol in the context of the current symbol boitndt explicitly encode nor decode it.

! References to all the general purpose compressemsioned in this work can be found at
htt p://ww. maxi munconpr essi on. com



The idea of symbol injection is to preserve (atstetéo some degree) contextual
dependencies across different structural modelshakias totally lost in XMill.

SCMPPM [4] can be seen as an extreme case of XMLRR#ead of using only few
models, it maintains a separate model for each exénalass. Every class contains
elements having the same name and the same pathifeodocument root. This technique,
called Structure Context Modeling (SCM), wins oXMLPPM on large documents (tens
of megabytes), but loses on smaller files. AlsoMBPM requires lots of memory for
maintaining multiple statistical models and underited memory scenarios it may lose
significantly, even compared to pure PPMd [5].

In a recent work [5] Cheney proposed a hybrid smtu{Hybrid Context Modeling,
HCM), trying to combine the best features of MHMI&®CM. In this algorithm initially a
single model for each structural class is used) s§tmbol injection, i.e., it starts exactly as
MHM. The novelty is to count occurrences of eaatmadnt. Once the counter exceeds a
predefined threshold, the given element gets its owodel space, so is separated from the
other elements. HCM also imposes a limit on theimar number of models to confine
memory usage on very large files. Both these paemmare chosen experimentally. Albeit
sound, the HCM algorithm rarely dominates both S&M MHM.

Several proposals (see e.g., [6] and referencesithhianake use of the observation that
a valid XML structure can be described by contegefgrammar, and grammar based
compression techniques can be applied then. Grathas®d compression can be seen as
generalization of dictionary-based compressionit @sin identify and succinctly encode
potentially complex patterns in the text. Stillistapproach, albeit promising, so far has not
yielded compressors competitive e.g. to XMLPPMhi& tompression ratio.

A recent trend in XML compression is to support rige directly in the compressed
representation. The pioneering work in this domaas XGRind [7], while probably the
most advanced solution at the moment is XBzip @®fhough this scheme is quite
impressive in both compression ratio and searcigation capabilities, it loses to
SCMPPM in compression ratio even if no supportdoeries is implemented. Together
with auxiliary structures for searching, it sometgnneeds even more space than a
respective gzip archive, at least with the defaettings (cf. Table 2, XBziplndex column,
and Fig. 1 (top) in [8]).

Yet another line of research is to construct DTDSohema-aware compressors (XCQ,
ICT XML-Xpress™). Taking into account that the syxtof the document is already
stored in a DTD, impressive compression ratio canobtained, provided a DTD for a
given XML document is available for both compresand decompressor, and the given
document fully conforms to it. Theoretically, thisuld be the best way to handle XML
compression, but in practice XML documents with vaikble (or even undefined) DTD
are often used, and document structure can be arggd, raising the issue of
incompatibility between compressor and decompressor

In this paper we shall address neither the probdémmaking the compressed XML
queriable, nor using DTD in the process. Insteasl,shall focus at devising a method to
store XML in a very compact form, and in a way aspde and fast as possible.



3. Handling theredundancy of XML documents

The initial thought that moved our attention to fneprocessing approach was that if XML
is a kind of text, then a word-replacing schemengish static dictionary of the most
frequent English words should improve compressadio rmore or less as much as it does
with plain text [9]. Indeed, the scheme worked hicavith XML-marked textual
documents. As expected, it did not help with corapirlg XML documents dominated by
numerical data. The real disappointment was thdiditnot help much compressing most
XML documents, that is those with a mixed textuataerical content.

A simple investigation revealed that in fact, insn&XML documents, there is a short
list of words which appear throughout the documeitit extremely high frequency. This
is particularly the case with tag and attribute aajbut attribute values or some of the
element content words can also appear many times.

The problem is that the lists of frequent wordsyvaireatly between XML documents
with different content type. This is why the stalictionary turned out to be quite a failure.
Yet this redundancy can be exploited with the h&la semi-dynamic dictionary. The
frequent words can be extracted in a preliminagnsover the document to form the
dictionary. Then, every time a dictionary wordasimd in the document, it can be replaced
by its dictionary index. Notice that this happeresywoften, as the dynamic dictionary
contains words that are actually frequent in theudrent, not words that could potentially
be frequent, as was the case with a static diatyoribencoded properly — and we shall
show later what we mean here — dictionary indicdesaéways shorter than the words they
reference. The only drawback of a semi-dynamiciahetry is that it must be stored
explicitly within the preprocessor output. Stils the words included in the dictionary are
highly frequent, the size (in bytes) of the stodéctionary is relatively small compared to
the total encoded length of the document.

Another issue to solve is how to encode numbersy Bppear in the great bulk of XML
documents, as many fields in real-world databases@meric. Storing numbers as text is,
roughly spoken, ineffective. Numbers can be encadece efficiently using a numerical
system with base higher than 10. Moreover, we adtithat numbers — slightly different
among themselves — were often the only non-repetitiement within a very repetitive
context. We can eliminate this unpredictability i@ggynoving the numbers to another data
stream, marking only the place of their appearandée original XML document. Now,
the document content becomes more repetitive, lduambers in the separate stream can
be encoded as densely as possible, using a nuirgrstam with base 256.

Universal compression algorithms treat an XML doeatras a stream of homogenous
data. The compression model in universal algoritienisuilt on the correlation between
adjoining symbols. Such approach is far from optithaugh, as XML is actually a mix of
several data streams, each one with structuraleptiep of its own, and there is a lot of
correlation between symbols which are distant potactically related.

Knowing the difficulty that universal compressioly@ithms have coping with this
situation, an easy solution would be to separagestreams. This can be done by moving
the contents of each XML element class to a smepifice in the output file. Thus, the



contents of the same element class are kept tagetivay from the contents of different
elements.

In a well-formed XML document, every end tag musttch the corresponding start tag.
This can hardly be exploited by general-purposepression algorithms, as they maintain
a linear, not stack-alike data model. The compoessatio can then be increased by
replacing every matching end tag with merely amelet closing flag.

The following two simple techniques deal with redancy in the layout of XML
documents. Although they are not relevant for aMLX documents, they provide
noticeable gains when compressing documents they ammed at.

The first one makes use of structural indentatigrefiiciently encoding the leading
blanks in lines. This kind of redundancy, typicalXML documents created with editors
caring about the output format, cannot be well eitxptl by general-purpose compression
models. The second technique works for those dootsmie which an end tag is usually
followed with a newline character. Such a concdtenacan be reduced to a single
symbol.

4, XML Word Replacing Transform

In this section we introduce XML Word Replacing iiséorm (XML-WRT, or XWRT for
short) through detailed description of its mainstdnents.

XWRT is lossless. Perhaps surprisingly, few of pinesented XML compressors in the
literature are truly lossless. This is becausedibeument layout (e.g., trailing spaces) is
often ignored as it carries no meaning. Still, premg the layout may be useful for human
editors of a document. The exact fidelity of thealapressed document with the original
is also required in order to verify the documenégmity using a cyclic redundancy check
or hash functions. These are the reasons for wiwiehhave developed a truly lossless
approach, following a long tradition of text comgsmn.

Our transform is designed primarily for LZ77-stylé] compression. We have chosen
LZ77 to keep the decompression fast. There areegbatvare algorithms, PPM [11] in
particular, that achieve higher compression efficie but the price is much slower
decompression and much higher memory requiremampgessors from the LZ77 family
differ significantly from the context-aware schemBasically, they parse input data into a
stream of matching sequences and single charactdws. matches are encoded by
specifying their offsets, i.e., distances to thevjmus sequence occurrence in a limited past
buffer, and lengths, while the literals are encodedctly, in most variants with Huffman
coding. There have been many refinements sincesah@nal works of Ziv and Lempel
[10] and Storer and Szymanski [12], but the ovemditure has not changed. LZ77
compressors do not predict characters on the lpédiseir context, or, in some modern
variations, they do it only in a very low order nmé&ntary manner. The strength of LZ77
lies in succinct encoding of long matching sequeneed high decoding speed. In
consequence, an XML preprocessor adapted for LA#peessors should attempt to:

» reduce the number of characters to encode;

« decrease the offset (in bytes) of the matching esecgs;



* decrease the length (in bytes) of the matching esecps

« virtually increase the sliding window, i.e., the spabuffer in which matching
sequences are looked for.

It appears that in case of LZ77 (but not necegsBRIM or BWT), shortening the output of
the preprocessor has clear positive effect onitta ¢ompression ratio.
The architecture of XWRT implementation is portraye Fig. 1.
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Figure 1: The general XWRT operating scheme

Thedictionary

The backbone of our transform is to replace thetrfreguent words with references to a
dictionary. Our notion of a “word” is broader th@s common meaning, and will be
described below. The XWRT dictionary is obtainedaimreliminary pass over the data,
and contains sequences of length at Ipgstharacters that appear at lefggttimes in the
document. The dictionary is sorted according toftbguency of occurrence of words.

A dynamic dictionary was previously used in XMiR][ but XMill allows only the
element and attribute names as dictionary entviddle the XWRT dictionary contains
items from the following classes:

« ordinary words — sequences of lowercase and uppetetters (a-z, A-Z) only,

» start tags — sequences of characters that staht wit contain letters, digits,
underscores, colons, dashes, or dots, and end>watart tags can be preceded by one
or more spaces as XML documents usually have regatangements of the lines, in
which individual tags very often begin in the sacwdumn, preceded with the same
number of spaces,

» URL address prefixes — sequences of the fbtrmhp: // domai n/ , wheredonai n
is any combination of letters, digits, dots, andhuss,

» e-mails — patterns of the forhogi n@omai n, wherel ogi n anddomai n are any
combination of letters, digits, dots, and dashes,



» words in form" &dat a; ", wheredat a is any combination of letters, representing
XML entities,

« special digrams — sequences and" >, which appear very frequently with attribute
values,

* runs of spaces — sequences of spaces that arelloatefd by start tags (for documents
with regular layouts).

As noted in the previous section, using a statitiahary is problematic because of the
hardness to select a proper set of words, reles@amoiss a wide range of real-world XML
documents. To give an idea of this difficulty, waternthat many tags are word shortcuts or
short word phrases glued according to various ocatimes (e.g., lastname, lastName,
LastName, last name, LAST_NAME, etc). It is praaiic impossible to foresee and
accommodate them all in a predefined dictionarnoited size.

The words selected for the dictionary are writtexplieitly, with separators, at the
beginning of the output file. For most documents thictionary contains not more than
several hundred items, hence the codewords haverda® bytes.

Dictionary references are encoded using a bytexaie prefix code. Although it
produces slightly longer output than, for instaridaffman coding, the resulting data can
be easily compressed further, which is not the vagethe latter.

Actually, XWRT uses two dictionary encoding schenmase optimized for traditional
LZ77 compressors (e.g., gzip) and a less densantamvith non-intersecting ranges for
different codeword bytes, for modern LZ77 compress@.g., LZMA). Both schemes
employ three kinds of codewords: 1, 2, and 3 blgteg. In the gzip-optimized scheme, the
first byte of the codeword can belong to one oé¢hdisjoint ranges:

(i) C; if it is a one-byte long codeword; there &g such codewords available,

(i) Cyif it is a prefix of two-bytes long codeword, foWed by a single byte in the full

possible value range; there &tg| [* 256 such codewords available,

(iif) Cs if it is a prefix of three-bytes long codeword|ldaved by two bytes in the full

possible value range; there &gl [F 256 * 256 such codewords available.

In this way, we obtairCh| + [Co| * 256 + 3| * 256 * 256 codewords in total. As this is
a kind of prefix code, all the codewords are imragly decodeable. The size of ranges
C,, C,, andC; are set according to the size of the documenbiopeess and the resulting
dictionary size.

In the LZMA-optimized scheme we use only two digjaianges of byte<;; andC,,
but the codeword lengths still span from 1 to &byfas in the code described in [9]). Any
codeword byte from the rand@® is unambiguously recognized as the suffix bytethis
way, we haveG;| one-byte codeword<;j| * |Ci| two-byte codewords, an@;] * |Cy| * |C4|
three-byte codewords. Such a reversed byte ordefaumd to improve compression ratio.

As a side benefit, our dictionary encoding, witlpamte alphabets for original words
and codewords, makes it straightforward to encadg a prefix of a word, if the prefix
matches some word in a dictionary but the wholedwtwes not. Still, the gain we achieve
in this way is insubstantial.

Our scheme applies the spaceless word model [B3jyhich single spaces before
encoded words are omitted, as they can be autaaigtioserted on decoding.



Element containers

Another important concept is separating the XMLuduoent structure from the content [2].
Contents of the same element should be groupedh&geas this implies better LZ77
compression, since the container contents may fong repetitive patterns, the sliding
window contains more matches to be found, and maffdets are reduced. Sometimes,
element contents may have more in common with otsitef the different neighboring
elements than with contents of similar elementsvelfere in the document. However, in
practice, cases of XML documents subject to LZfetgompression, which show no gain
after such treatment, are rare.

In the current implementation containers are idiextionly by their element names, not
by the whole path. For example, the contentsadt / hel p andr oot/ extra/ hel p
elements will be moved to the same container. Thimle of operation was found to
produce higher compression ratios than the ongyusintainers identified by full paths (as
in SCMPPM).

The container streams are arranged in lexicograplicder of the names of their
elements. It is conceivable that ordering them &tling to the characteristics of their
contents would yield some compression gain withllsomatainers, but mostly with back-
end compressors like gzip, suffering from a sehplisnited history buffer, and thus
sensitive to spatial location of similar data ieithinput. Therefore, we may change this
design concept in the future XWRT releases.

In the gzip mode, the containers are compresseatatety, one after another, whereas
in the LZMA mode they are all concatenated and tt@mnpressed as a single data stream.
Both choices were based on empirical observatibawisng improved compression ratios.

Number encoding

Another idea in XWRT is the compact encoding ofusagres of digits. Any sequence of
digits (even of length 1) is replaced with a fladyich remains in the main output stream,
whereas the actual value is put into a separaticem, encoded as a base-256 number.
Although we have observed that for some datasajhtlsi better results were obtained
with other radix bases, such as 64 or 100, usiegdémsest possible encoding seems the
best choice on average.

The flag is a single character from range ‘1’ t§ Which identifies a digit sequence and
tells the length (in bytes) of its encoded value.ohly 256 integers can be stored on four
bytes, sequences representing larger numbersrapdyssplit into several shorter ones (a
rare case in practice). If the digit sequence siaith one or more zeroes, the initial zeroes
are left intact in the text.

This technique was found to improve compressioio rfair each tested compression
scheme. A positive side-effect of this encodinghest the symbols ‘5'...‘9" are no longer
reserved for the input alphabet in the main ougtgam, and thus can be used for other
purposes, to be described below.

Some numerical data represent specific informatygres, such as dates. One of the
most common date formats, which can also be four¥IML documents, is YYYY-MM-

DD (Y for year, M for month, D for day). The afoestribed “general” integer encoding
would require five bytes in the main stream (inahgdtwo separating hyphens) plus four
bytes in the number stream, to encode any such date



Assuming for simplicity that each month can haveta@@1 days, all the dates in the
interval from 1977-01-01 to 2153-02-26 can be repntéed as an integer from the range 0-
65535. Therefore, a date can be encoded on jus thytes: one flag (we chose the unused
symbol ‘5’) in the main stream, and a two byteglamteger in a separate stream.

Other date formats sometimes also appear, or dwyyear is given. This case is
handled separately, namely any integer number @ ringe from 1900 to 2155 is
considered to be a year, and encoded appropriakely.flag in the main stream is ‘6’,
while a single byte in a separate container téiés difference between the number and
1900.

A similar idea is utilized to encode the time. XWRacognizes numbers from 1 to 12
followed by the suffix “am” or “pm” (e.g., “11:30pH) and encodes them as pairs of
bytes: the first byte is the hour in the 24-houmwantion, the other specifies the minutes.
The two bytes are saved in two separate contaimndriée in the main stream, as usual, a
unique flag signals the encoding done.

Some documents, e.g. containing bibliographicabrimfation, are flooded with page
ranges. They are usually in the format “x-y” (e/420-148"). A simple observation is
that usually 0 ¥ —x < 256. If this happens, the valuexpfencoded in two bytes, is sent to
one stream, and the 1-byte differernce x is sent to another stream. The last numerical
category which, in our opinion, deserves specedttnent, are fractional numbers. If we
stayed only with the number encoding described @paviractional number of the form,
e.g.,ddddddd (whered's stand for any digit) would be encoded as twegets dddand
ddd), with the separator (dot) in between. Now, we di@rseparatelysome fractional
numbers: those with exactly two digits after theig®l point and some of those with one
digit after the point. Namely, numbers from 0.Q2#9 (one fractional digit) are replaced
with a flag, and their value, encoded on a singie bis sent to a separate stream. For the
case of any number with two fractional digits (g*402.00”, “95.01"), its suffix, starting
from the decimal point, is replaced with anothagfland those two last digits are encoded
on a single byte and sent to yet another stream.

5. Implementation details

The input data are processed by a finite statenzattn (FSA), which accepts proper
words and numerical (including date and time) exgians. The crucial operation in the
encoding is dictionary search. A search functiorcadled twice for each word in the
document: first time during the dynamic diction&aildup, second time during the actual
parsing and word encoding. The choice of a dictipmata structure can seriously affect
the overall XWRT performance. We have decided ® aisixed-size (4 MB) array with
chained hashing for search, which we previouslyetesn our work on WRT [9]. Its
advantages are simplicity, moderate memory usagkQél) search time (assuming that a
single word is read in constant time).

For the semi-dynamic dictionary, we allocate 8 MBnoemory. If the dictionary
reaches that limit, it is frozen, i.e., the coustaf already included words can be
incremented but no new word can be added. Stilpractice we rarely get close to the
assumed limit (which can also be changed with grarm switch).



The codeword space should not be wasted for veost s very rare words. Therefore,
building the dictionary depends on two parametiies:minimum word lengthy, , and the
minimum number of word (i.e., dictionary entry) acences in the texfyin. Only those
words which are not shorter thdm, and have at leadt,, occurrences in the text are
included in the dictionary. Empirical observatided us to sekyi, = 2 andf,in = 6, as these
values gave good results for most files.

As explained in the previous section, apart from ghement containers, the XWRT
transform can produce up to 26 data streams (foringt numbers etc.), buffered in
memory. When the buffer gets full, it is flushedjthwits contents saved either
uncompressed (but transformed), or with prior plilLZMA compression, depending on
the processing mode used. The buffer size is 8 MBdjault but can be changed with a
program switch.

The reverse XWRT is simpler. Again we use an FSAictv now recognizes XWRT
flags and codewords, and transforms them to thggnali form. Obviously, there is no real
search in the dictionary, only lookupsQ@{l) time per codeword.

The XWRT transform was implemented in C++ and cdedpwith MS Visual C++
2005.

6. Experimental results

In order to compare the performance of our algorith the existing XML compressors, as
well as several popular or otherwise interestingegal-purpose compressors, a set of
experiments has been run. In compression benchnggniroper selection of datasets used
in experiments is essential. To the best of oumkedge, there is no publicly available and
widely respected XML dataset corpus to this date.a&uld not use any published corpus
in an exact form due to unavailability of some data [14], and presence of datasets
producing completely unreliable compression resudtech as the randomly generated
XMark [14] (allowing XWRT to attain astonishinglyigh compression ratios due to its
small vocabulary of words) and the encrypted Trakbdl5] (thwarting XWRT
effectiveness due to its lack of repeatable word&. have based our corpus on datasets
from [14], [15], adding two Wikipedia database $ileom [16].

As a result, our experimental corpus consists of:

» DBLP, bibliographic information on major computer saen journals and

proceedings,

* Enwikibooksa collection of free content textbooks,

* Enwikinewsa news collection,

* Lineitem business order line items from the 10 MB versmihthe TPC-H

benchmark,

» Shakespeare corpus of marked-up Shakespeare plays,

» SwissProta curated protein sequence database,

*  UWM, university courses.

We dubbed our file collectiolVratislavia XML CorpusThe references to all its files
are given at [17]. Table 1 presents detailed infdrom for each dataset: its size, the



number of elements, the number of attributes, Ardraximum depth. Note that the total
collection size is almost half a gigabyte.

Table 1. Basic characteristics for the XML dataseed in the tests
Dataset File size Elements Attributes Max. depth

DBLP 133862 735 3332130 404 276 6
Enwikibooks 156 300 597 533 698 49 115 5
Enwikinews 46 418 850 278 670 24 607 5

Lineitem 32295475 1022976 1 3
Shakespeare 7894983 179 690 0 7
SwissProt 114 820 211 2977 031 2189 859 5
UWM 2 337 522 66 729 6 5
Sum 493 930 373 - - —

The test machine was an Intel Core 2 Duo E6600 @H8 system with 1 GB memory
and two Seagate 250 GB SATA drives in RAID modeuhning Windows XP 64-bit
edition. We tested the current version of softwamglementing our transform, XWRT 2.1,
available from [18].

For a reference, we also present results of tHeypnary version of X\WRT (1.0) [19].
Apart from many minor differences between those wersions, the main distinction lies
in the lack of element containers and embedded oessn engines in the old version.

In the first experiment we tested the impact of imdividual XWRT (2.1) transform
components onto the compression ratio in compangiin a single compressor — gzip
1.2.4 working with default settings. Table 2 consathe results. The first row is just for
giving an idea to what degree the complete transf@without applying a back-end
compressor) shortens the input XML documents. Asse& the “compression” is on the
order of 70%, but varies significantly from file fite. The second row shows the results of
the gzip compression, and the following rows présdre improvement to gzip
compression after adding the XWRT components, gnenie. The percentages express the
differences to the previous row.

Table 2. XWRT transform, step-by-step compressigprovement

Enwiki- Enwiki- Shakes- Swiss-

File - DBLP b Lineitem UWM  Average
00ks  news peare Prot

XWRT 69.09% 58.09% 59.17% 85.89% 71.06% 65.62% 81.67% 70.08%
gzip 81.66% 70.76% 71.84% 90.91% 72.64% 87.65% 93.07% 81.22%
+ dynamic dict. 31.80% 23.14% 26.13% 41.54% 28.61% 33.02% 30.66% 30.70%
+ EOLs and spaces 0.00% 0.00% 0.05% 0.00% 0.00% 0.14% 2.07% 0.32%
+ numbers 433% 1.91% 3.19% 26.72% 0.02% 13.90% 7.02% 8.16%
+ letter sequences 1.83% 1.38% 1.73% 0.99% 1.38% 3.23% 3.39% 1.99%
+ containers 8.01% 0.33% -0.51% 10.41% 3.88% 13.71% 6.80% 6.09%
+ static dict. -0.03% 0.16% 0.60% -0.03% 1.57% -0.48% 3.07% 0.69%
Together,

; . 41.07% 26.00% 29.83% 61.99% 33.41% 51.68% 44.90% 41.27%
relative to gzip

A few observations can be done. Although the iries are already well compressible
with general-purpose compressors, our transformadgyitirther significant gains on all the
files. In two casesL{neitemand SwissPrat the gzip file after the XWRT transform was



more than halved than without it! From the transfaomponents, the most important is
the dynamic dictionary responsible for over 70%ttué total gain, on average. Special
handling of End-of-Line symbols and trailing spabas a negligible effect: only 0.32% on
average and no gain at all on as many as four fdascinct encoding of numbers was the
second most successful idea, with gains over 8&verage and over 26% in the best case.
It was of no use only foBhakespearea purely textual document. Sending non-dictionary
encoded sequences of letters to another streamqmédithcre but quite stable positive effect
over our collection. Finally, grouping the dataoimontainers gives an average extra gain
of 6%. The mentioned components constitute the XWRMAsform. However, we were
also curious if using an external dictionary of Estgwords could significantly boost the
compression. The answer is negative: the averagewgs very little, below 1%, and in
the light of the obvious drawbacks of a staticiditary, we decided to leave it apart.

In the following experiments, data transformed WKWRT were passed to several
general-purpose compression tools: gzip, LZMA, Bzignd grzip2. First we are going to
present briefly those compressors and justify dwiae. With one exception (pointed
below), default settings were always used.

Table 3. Compression ratios in bits per characters

gzip XWRT1 XWRT2 bzip2 XWRT2  grzip2 XWRT2
+gzip -12 (gzip) +bzip2 -m4 +grzip2
DBLP 1.463 1.029 0.864 0.955 0.789 0.861 0.750
Enwikibooks 2.339 1.795 1.734 1.891 1.702 1.724 1.583
Enwikinews 2.248 1.660 1.590 1.675 1.463 1.500 1.321
Lineitem 0.721 0.488 0.276 0.335 0.269 0.419 0.268
Shakespeare 2.182 1.560 1.481 1.491 1.350 1.423 1.288
SwissProt 0.985 0.675 0.475 0.608 0.430 0.516 0.433
UWM 0.553 0.383 0.315 0.321 0.305 0.346 0.291
Average 1.499 1.084 0.962 1.039 0.901 0.970 0.848

LZMA XWRT2 XMill - XMill0.9  XMill0.9 XMLPPM SCMPPM

-al -6 (LZMA) 0.9zip bzip2 ppm -19 -19
DBLP 0.943 0.747 1.250 0.955 0.940 0.802 0.693
Enwikibooks 1.686 1.505 2.295 1.914 1.838 1.621 1.621
Enwikinews 1.462 1.300 2.198 1.722 1.746 1.379 1.398
Lineitem 0.421 0.243 0.380 0.264 0.270 0.261 0.242
Shakespeare  1.646 1.348 2.044 1.575 1.584 1.295 1.293
SwissProt 0.478 0.388 0.619 0.489 0.477 0.416 0.417
UWM 0.368 0.278 0.382 0.317 0.310 0.259 0.274
Average 1.001 0.830 1.310 1.034 1.024 0.862 0.848

Gzip is based on Deflate, the most widely-used cesgioon algorithm, known for its
fast compression and very fast decompression, imitetl efficiency. Deflate uses
Huffman coding for literals, match lengths and radéfsets. The buffers{iding windowy
for finding matches has only 32 KB, which is mostisponsible for both very high
compression speed and mediocre compression ratlesused gzip 1.2.4 in the tests.
Another representative of the LZ77 compression liamiLZMA (version 4.43). It uses a
proprietary compression method, also implementeithénbetter known 7zip compression



utility, respected for its high efficiency and fad#compression, but slow compression.
Some of the major traits of LZMA are sophisticatedtch parsing, working with large
buffers, and low order contextual encoding of &ter

Bzip2 (version 1.0.2) is certainly the only comm@sbased on the Burrows—Wheeler
transform which gained a wide acceptance outsi@e ctbmpression community. It is
characterized by high text compression ratios amiteqfast decompression. The
compression speed varies, but is typically accépt@brzip2, version 2.4, is a hewer piece
of software, avoiding some of bad design decisioh&zip2. By default it submits the
input data to a fast LZ preprocessor, and then bloxsk sorting compression. In the tests,
its fastest mode, -m4, was used, in which Schitali8ort Transform [20] is performed
instead of BWT after the LZ preprocessing; we asbthe maximum block size (8 MB).

In Table 3, the compression results obtained for RRWMransformed datasets are
compared to those achieved by the same compreakjorithms on the datasets in their
original form. Existing XML-aware compressors ag@nesented in the results with the fast
XMill 0.9, and the current state-of-the-art XML cpressors, XMLPPM 0.98.2 and
SCMPPM 0.93.3. We were not able to test XBzipt asashes on files larger than 100 MB
on our test machine.

It was found during the tests that XMLPPM is natiytrlossless (it did not reproduce
exactly any of the seven test files in the decosgiom), and XMill fails to exactly

reproduce DBLP file.

Table 4. Compression times in seconds

gzip XWRT1 XWRT2 bzip2 XWRT2  grzip2  XWRT2
+9zip -12 (gzip) +bzip2 -m4 +grzip2
DBLP 6.05 11.89 13.64 31.66 2251 5.92 14.20
Enwikibooks 11.55 15.58 17.15 29.52 26.79 11.14 21.07
Enwikinews 3.02 4.45 4.95 9.27 8.43 2.94 5.87
Lineitem 1.05 2.05 1.90 9.52 3.89 1.09 2.21
Shakespeare 0.64 0.86 0.90 1.77 1.26 0.59 1.07
SwissProt 3.67 9.63 10.48 27.66 24.64 3.28 11.65
UWM 0.06 0.16 0.17 0.77 0.37 0.06 0.20
Average 26.04 44.61 49.22 110.15 87.92 25.03 56.31
LZMA XWRT2 XMill XMill0.9  XMill0.9 XMLPPM SCMPPM
-al -16 (LZMA) 0.9 zip bzip2 ppm -19 -19

DBLP 120.49 33.31 10.63 26.26 17.18 23.13 52.13
Enwikibooks 152.06 50.53 16.75 27.06 32.73 38.55 54.36
Enwikinews 43.47 15.25 4.77 8.37 9.39 10.41 16.17
Lineitem 40.77 3.90 2.34 3.47 1.63 2.66 13.75
Shakespeare 8.00 6.78 0.94 1.91 1.50 2.02 3.55
SwissProt 82.83 31.28 7.94 31.74 9.91 13.60 39.21
Uwm 1.61 0.40 0.13 0.52 0.16 0.19 0.84
Average 449.23 141,54 43.49 99.32 72.49 90.54 180.0

It is apparent from the results that the compress@tio has been improved by
transforming XML data, on average, by over 35% ase of gzip, 17% for LZMA, and
13% for non-LZ77-based compressors (bzip2 and 8yzipompared to the existing XML-



specialized compressors, XWRT combined with gzipoiis average 27% better than
XMill's zip mode, whereas XWRT combined with LZMA ion average 20% better than
XMill's bzip2 mode. As for the so far best availabKML compressors, XWRT with
LZMA beats XMLPPM by 3.7% and SCMPPM by 2.1%, oremage.

Compression and decompression times are presenieable 4 and 5, respectively. The
decompression times usually grow if XWRT is appliedt we think that the compression
gains justify it. When XWRT is used with LZMA, tle®mpression time is greatly reduced,
threefold on average, and by over 10 times in ¥ieeme case of thieineitemfile.

Looking at the combined compression and decommessnes, XWRT with gzip is on
average 20% slower than XMill’s zip mode (remenitber27% superiority in compression
ratio), whereas XWRT with LZMA is on average 35%vsbr than XMill's bzip2 mode
(for 20% better compression ratio). X\WRT with LZM# faster than SCMPPM by 55%
on average (beating it by 2.1% in compression yakor the biggest file that XMLPPM
was able to decompreddBLP, XWRT with LZMA is faster by 27.8% (attaining 6.5%
better compression ratio).

Table 5. Decompression times in seconds

ozip XWRT1 XWRT2 bzip2 XWRT2 grzip2 XWRT2
+gzip -12 (gzip) +bzip2 -m4 +grzip2
DBLP 3.08 7.25 4.46 6.44 6.90 9.50 9.89
Enwikibooks 1.64 8.91 4.70 9.75 9.61 17.27 17.53
Enwikinews 0.50 2.50 1.50 2.78 2.70 4.78 4,79
Lineitem 0.24 1.77 0.96 1.48 1.28 1.72 1.47
Shakespeare 0.09 0.31 0.26 0.50 0.46 0.81 0.78
SwissProt 2.31 6.27 3.89 5.03 5.45 5.49 6.68
UWM 0.03 0.09 0.07 0.09 0.10 0.08 0.11
Average 7.89 27.10 15.87 26.08 26.53 39.64 41.27

LZMA XWRT2 XMill - XMill0.9  XMill0.9 XMLPPM SCMPPM

-al -6 (LZMA) 0.9zip bzip2 ppm -19 -19
DBLP 4.31 3.79 2.94 5.41 17.16 28.25 50.83
Enwikibooks 6.47 7.82 3.08 7.83 37.17 - 58.57
Enwikinews 1.74 2.18 0.49 2.27 10.44 - 17.27
Lineitem 0.80 1.04 0.39 0.72 1.55 3.87 13.03
Shakespeare 0.34 0.45 0.11 0.44 1.70 251 3.61
SwissProt 2.92 4.64 3.50 4.05 9.98 18.38 35.25
UWM 0.06 0.09 0.06 0.08 0.16 0.28 0.81
Average 16.64 20.04 10.56 20.78 78.15 - 179.37

Finally, we examined the practical impact of applyicompression to large XML
documents published on the Internet. To an end aspractical measure of compression
“usability” can be the total time it takes to feteh compressed document, and then
decompress it. Of course, this measure, let usitcdbcument delivery timalepends on
two factors: computer processing speed and availabktwork bandwidth. Below, we
present the document delivery time calculated faset of five of the seven test files
(Enwikibooksand Enwikinewswere omitted due to problems with XMLPPM). Theules
were obtained by adding transmission and decomipresismes of every file; they do not



include lesser real-world factors such as connectetup time, transfer protocol
overheads, etc. The decompression times were nezhsur the same machine as in the
remaining tests (Intel Core 2 Duo E6600 2.40 GIR®). 2 shows results simulated for a 8
Mb/s network connection, Fig. 3 for a 512 kb/s rekwonnection.
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Figure 2: The average speedup for the bandwidéhMbit/s

gzip |

bzip2

grzipll -m4

LZMA -a1

XMill 0.9 zip

XMill 0.9 bzip2
XMLPPM -1 9
SCMPPM-19
XWRT1 + gzip
XWRT2 -12 (gzip)
XWRT2 + bzip2
XWRT2 + grzip2 -m4
XWRT2 -16 (LZMA)

0 100 200 300 400 500 600 700
O Transmission E1 Decompression

Figure 3: The average speedup for the bandwid&1iafkbit/s



We could not show that on the graphs (and keepdatde scale), but most large XML
databases are so redundant that even the simplegtression using the bare gzip results
in about seven-fold document delivery speedup coetpao transmission without
compression.

Still, specific compression algorithms fare evertdre For both of the investigated
network throughputs, the fastest scheme is XWRTI8,1.e., the proposed transform with
LZMA as the back-end compressor. As it can be yasdticed, the lower is the
transmission speed, the more important is the cesspon ratio, and the higher is the
transmission speed, the more important is the gsicg time. XWRT (either with gzip or
LZMA) is the clear winner for the entire range gpical Internet bandwidths. It yields to
the efficient SCMPPM only for speeds lower thanwthi?8 kb/s, and to the fast gzip for
speeds higher than about 100 Mb/s.

For the two investigated network throughputs, aipgiythe proposed transform was
found to be helpful for each of the four investaghtback-end compressors, attaining
average relative improvement of, respectively, 3®%¥ gzip, 17% for bzip2, 16% for
LZMA, and 13% for grzip2. The highest relative impement measured for gzip is good
news, considering gzip's widespread popularity & computational and memory
requirements.

7. Conclusions and futurework

We have presented a fast XML transform aiming tpriowe lossless XML compression in
combination with existing general purpose compnes3&e focused on fast decoding of a
compressed document, i.e. the reverse transfonmtisnly fast, but it is also optimized for
the LZ77-style compression characterized by vergt fdecompression. The main
components of our algorithms are: a semi-dynangtiaiary of frequent alphanumerical
phrases (not limited to “words” in a conventionahse), splitting document contents into
many dedicated containers, and binary encodingiothers and dates.

Thanks to the proposed transform, the XML compoessatio of a widely-used LZ77-
type algorithm, Deflate (used by default in gziplamp), can be improved by as much as
35%. Although the decoding speed gets twice waise,longer decompression time is
more than compensated by shorter transmissionfomiypical Internet transfer rates. To
this end, XWRT with LZMA as the back-end compresachieves the shortest document
delivery time across a vast range of realistic badths.

It appears from the results that the main advantafyeour algorithm over the
competitors comes from applying the dictionary atieg not only for structural elements
(tags, attributes) but also to the textual conté¥é. expect that relaxing the rules for the
items in our dictionary (e.g., accepting pairs aires, full URL paths, more timestamp
formats, etc.) could produce even better resultshfe price of further complication of the
transform.

There are a couple of ways likely to increase tbmmression further. One is using
container-related dictionaries. Another is order@ropy encoding of the contents of those
elements which have few distinct values in the doent. Preliminary experiments suggest
that for some databases, likmeitem the gain can be very significant. Some littlengean
also be obtained by more specific encoding of iteof words in the (dynamically built)



dictionary. Another line of our research is to optie the transform for PPM compression,
to increase its advantage over XMLPPM and SCMPP&hewore.
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