A Parallel Approach to XML Parsing

Wei Lu #!, Kenneth Chiu?, Yinfei Pan*®

#Computer Science Department, Indiana University
150 S. Woodlawn Ave. Bloomington, IN 47405, US
lwelu@cs.indiana.edu

*Department of Computer Science, State University of New York -Binghamton
P.O. Box 6000, Binghamton, NY 13902, US
Zkchiu@cs.binghamton.edu 3ypan3@cs.binghamton.edu

Abstract—A language for semi-structured documents, XML software pipelining is often hard to implement well, due to
has emerged as the core of the web services architecture,synchronization, load-balance and memory access costs.
and is playing crucial roles in messaging systems, databases, More promising is a data-parallel approach. Here, the XML

and document processing. However, the processing of XML o -
documents has a reputation for poor performance, and a number document would be divided into some number of chunks, and

of optimizations have been developed to address this performance €ach thread would work on the chunks independently. As the
problem from different perspectives, none of which have been chunks are parsed, the results are merged.

entirely satisfactory. In this paper, we present a seemingly  To divide the XML document into chunks, we could simply
quixotic, but novel approach: parallel XML parsing. Parallel treat it as a sequence of characters, and then divide the

XML parsing leverages the growing prevalence of multicore d t int lsized chunk _ hunk t
architectures in all sectors of the computer market, and yields ocument Into equal-sized chunks, assigning one chunk 1o

significant performance improvements. This paper presents our €ach thread. This requires that each thread begin parsing from
design and implementation of parallel XML parsing. Our design an arbitrary point in the XML document, however, which is
consists of an initial preparsing phase to determine the structure problematic. Since an XML document is the serialization of a
of the XML document, followed by a full, parallel parse. The — trae_giryctured data model (called XML Infoset [3]) traversed

results of the preparsin hase are used to hel artition . . . R .
the XML docum%nffor d?at:f parallel processing. OU? g)arallel in left-to-right, depth-first order, such a division will create

parsing phase is a modification of the libxml2 [1] XML parser, Cchunks corresponding to arbitrary parts of the tree, and thus
which shows that our approach applies to real-world, production the parsing results will be difficult to merge back into a

quality parsers. Our empirical study shows our parallel XML  single tree. Correctly reconstructing namespace scopes and
parsing algorithm can improved the XML parsing performance  yaferences will also be challenging. Furthermore, most chunks
significantly and scales well. . . . . .
will begin in the middle of some string whose grammatical
role is unknown. It could be a tag name, an attribute name, an
attribute value, element content, etc. This could be resolved
XML's emergence as thele factostandard for encoding by extensive backtracking and communication, but that would
tree-oriented, semi-structured data has brought significant jdicur overhead that may negate the advantages of parallel
teroperability and standardization benefits to grid computingarsing. Apparently, instead of the equal-sized physical de-
Performance, however, is still a lingering concern for somgmposition, the ability of decomposing the XML document
applications of XML. A number of approaches have been usegélsed on its logical structure is the key toward the efficient
to address these performance concerns, ranging from binggyallel XML parsing.
XML to schema-specific parsing to hardware acceleration.  The results of parsing XML can vary from a DOM-style,
As manufacturers have encountered difficulties to furtheata structure representing the XML document, to a sequence
exponential increases in clock speeds, they are increasingfyevents manifest as callbacks, as in SAX-style parsing.
utilizing the march of Moore’s law to provide multiple coresOur parallel approach in this paper focuses on DOM-style
on a single chip. Tomorrow’s computers will have more corgsarsing, where a tree data structure is created in memory
rather than exponentially faster clock speeds, and software wfilht represents the document. Our targeted application area is
increasingly have to rely on parallelism to take advantage efientific computing, but we believe our approach is broadly
this trend [2]. applicable. Our implementation is based on the production
In this paper, we investigate the seemingly quixotic idea qfuality libxml2 [1] parser, which shows that our work applies
parsing XML in parallel on a shared memory computer, and real-world parsers, not just research implementations.
develop an approach that scales reasonably well to four coresCurrent programming models for multicore architectures
Concurrency could be used in a number of ways to improyeovide access to multiple cores via threads. Thus, in the rest
XML parsing performance. One approach would be to usd the paper, we use the term thread rather than core. To avoid
pipelining. In this approach, XML parsing could be dividedcheduling issues that are outside the scope of this paper, we
into a number of stages. Each stage would be executed dssume that each thread is executing on a separate core.
a different thread. This approach may provide speedup, bufThe rest of the paper is organized as follows. Sedfipn II

I. INTRODUCTION
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Fig. 1. The PXP architecture first uses a preparser to generate a skeleton
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describe the general architecture of our approach, PXP. Thenpm .

in the sectiorj Tl and TV we present the algorithm design and<**>
implementation details. We present in Secfidn V performance
results. Related work is discussed in Secfioh VI.

Fig. 2. The top diagram shows the XML Infoset model of a simple XML
1. PXP document. The bottom diagram shows the skeleton of the same document.

Any kind of parsing is based on some kind of machine
abstraction. The problems of an arbitrary division scheme arise
from a lack of information about the state of the parsing
machine at the beginning of each chunk. Without this state,
the machine does not know how to start parsing the churg?
Unfortunately, the full state of the parser after théth d
character cannot be provided without first considering eac
of the precedingV — 1 characters.

This thus leads us to the PXP (Parallel XML Parsind)- Skeleton

approach presented in this paper. We first use an initial pasgonceptually the XML Infoset represents the tree structure
to determine the logical tree structure of an XML documengf the XML document. However since only internal nodes (i.e.,
This structure is then used to divide the XML document sugfie element item) determine the topology of the tree, which is
the divisions between the chunks occur at well-defined pOirﬁfﬁaaningfu| for XML data decomposition, those leaf nodes in
in the XML grammar. This provides enough context so th@he XML Infoset, such as attribute information items, comment
each chunk can be parsed starting from an unambiguous stg{frmation items, and even character information items, can
This seems counterproductive at first glance, since the ignored by the skeleton. Further the element tag names
primary purpose of XML parsing is to build a tree-structuregre also ignored by the skeleton since they don't affect the
data model (i.e, XML Infoset) from the XML document.topology of the tree at all. So as shown in the Figre 2, the
However the tree structure needed to guide the parallel parsiig|eton essentially is a tree of unnamed nodes, isomorphic to
can be significantly smaller and simpler than that ultimatejye original XML document, and constructed from all start-
generated by a normal XML parser, and does not need tf{gy/end-tag pairs. To facilitate the XML data decomposition,
include all the information in the XML Infoset data model. Weoyr skeleton records the location of the start tag and end tag of

call this simple tree structure, specifically designed for XMlach element, the parent-child relationships, and the number

To distinguish from the actual XML parsing, the procedure
to parse and generate the skeleton from the XML documeén
is calledpreparsing Once the preparsing is complete and we’
know the logical tree structure of the XML document, we Well-formed XML is not a regular language [4], and it can-
are able to divide the document into balanced chunks andt be parsed by a finite-state automaton, but rather requires at
then launch multiple threads to parse the chunks in paralledast a push-down automaton. So even determining the funda-
Consequently, this parallelism can significantly improve pemental structure of the XML document, just for preparsing,
formance. Our overall architecture is shown in Figure 1. requires executing a push-down automaton. However since

For simplicity and performance, PXP currently maps thgreparsing is an additional processing step for parallel parsing,
entire document into memory with threamap() system call. itis an additional overhead not normally incurred during XML
Nothing precludes our general approach from working guarsing. Furthermore, since it is sequential, it fundamentally
streamed documents, or documents too large to fit into melimits the parallel parsing performance. Hence, a fundamental
ory, but the design and implementation would be significantfyremise of our work is that preparsing can build the skeleton
more complex. at minimal cost.

Ill. PREPARSING

The goal of preparsing is to determine the tree structure
the XML document so that it can be used to guide the
ﬁlta-parallel, full parsing.

Implementation



According to the XML specification [5] a non—validativﬂ];
XML parser must determine whether or not a XML document

. . . < /
is well-formed. A XML document is considered well-formed It EndTag

if it satisfies both requirements below: \ ‘ jm s \
1) It conforms to the syntax production rules defined in the tor! » PI, Comment |
XML specification. | \CDATA
2) It meets all the well-formedness constraints given in the > “or’
specification. StartTag
However, since preparsing will be followed by a full-fledged ) R
XML parsing stage, the preparsing itself can ignore many er-
rors. That is, for a well-formed XML document, the preparser !

must generate the correct result, but for a ill-formed XML W

document, the preparser does not need to detect any errors.

Thus, our preparser only detects weak conformance to tfg 3- ~ This automaton accepts the syntax needed by preparsing. (To
’ phasize the major states, we omit the states for the PI, Comment, and

XML _specification, and hence is simpler to implement anedInDATA productions by enclosing them in the dashed line box.)
optimize.

As the skeleton only contains the location of the element
nodes in the XML document, preparsing only needs to con-
sider the element tag pairs, and can ignore other syntactic unitd o X X
and production rules for such as comments, character data, SR ©mitting other well-formedness constraints. Usually in
attributes. Consequently, the preparsing has a much simplercg rto che(;k the well-formedness C(_)nstralnts, a general
of production rules compared to standard XML. For exampPéML parser will perform a number of additional comparisons,

the production rule of the start tag in XML 1.0 is defined adransformations, sorting, and buffering, all of which can re-
sult in significant performance bottlenecks. For instance, the

addition to the simplified syntax preparsing also benefits

o Egm:tt\gluAe“”b“te)* S? > fundamental well-formedness constraint is that the name in
Name  := (Letter | '’ | ) (NameChar)* the end-tag of an element must match the name in the start-
AttValue := ™ (['<&"] | Reference)* ™ tag. To check this constraint, the general XML parser might
| ™ ([(<&] | Reference)* ™ push the start tag name onto a stack whenever a start tag is
Because preparsing can ignorettribute and encountered, and pop the stack to match the name of the end
AttValue , and even the entireName production rule, tag. The preparser, however, treats the XML document as a
the syntax could seemingly be simplified to just: sequence of unnamed open and close tag pairs. Therefore, it

can merely increment the top pointer of the stack for any start
tag, and decrement for any end tag. Finally, if the top pointer

However the above simplified production rule is incorreqioints to the bottom of the stack, the preparser considers
due to ambiguity, becauskttValue allows the> character the XML document to be correct without an expensive string
by its production rule, which, if it appears, will cause theomparison.

preparser to misidentify the location of the actual right angle another well-formedness constraint example is that the

STag = (o>

bracket of the tag. Therefore, the correct rules are: attribute name must not appear more than once in the same

STag a= <C(C)* AttValue* > start-tag. To verify that, a full XML parser must perform an

Attvalue =" (D> ™ | (D expensive uniqueness test, which is not required for prepars-
With same concern of possible ambiguity, thel, Ing.

Comment, and CDATAelements should be preserved in the Finally, preparsing obviously does not need to resolve
preparsing production rules set because they are allowednamespace prefixes, since it completely ignores the tag name.
contained any string, including the character, which would However, a full XML parser supporting namespaces, requires
otherwise cause the preparser to misidentify the location @pensive lookup operations to resolve namespace prefixes.
the end tag. The rest of production rules of standard XML are The only constraint the preparsing requires is that the open
ignored by the preparsing. tag has to be paired with a close tag. A simple stack is adopted
The simplified preparsing syntax results in a much simplésr this checking, and the skeleton nodes are generated as the
parsing automaton (Figufg 3), which only requires six majeesult of pushing and popping of the stack.
states, than the one needed by complete XML parsing. Preanqther important source of performance advantages of
dictably, the preparsing automaton runs much faster than e narsing compared to full parsing is that the skeleton is
general XML parsing automaton. much lighter-weight than the DOM structure. Thus, preparsing
1 . _ is able to generate the skeleton substantially faster than full
II_)TD _a_nd validating XML parsing are not supported by our current sy_stegz . . | he DOM. When moared
for simplicity. Also DTD is being replaced by the XML Schema validation; ML parsing is able to generate the DO en compare
which is usually a separate process after the XML parsing. to SAX, the preparser benefits from avoiding callbacks.



IV. PARALLEL PARSING That is because a linear array can easily be divided into equal-

) i sized ranges (i.e., subgraphs) without an expensive graph-
During the parallel parsing phase, we use the structuidlitioning step. The division is based on the left to right

information in the skeleton to divide the document into chunks,qer 5o every range is contiguous in the XML document.
each of which contains a forest of subtrees of the XML We, have developed thetatic PXP algorithm, a simple
document. Each chunk is parsed by a thread. For any d@fgic partitioning and parallel parsing algorithm capable of
parallel technique to be effective, load-balancing must be Usﬁéirsing XML document with array structures. This serves
to prevent idle threads. Ideally, we could divide the documepy provide a baseline against which we can compare more
into chunks such that there is one chunk for each thregdisiic techniques. Conveniently, we are able to leverage a
and such that each chunk takes exactly the same amopptction from libxmi2 [1], which is a widely-used and efficient

of time to parse. Depend on when and how the partitioning\; narsing library written in C, to perform the parsing.
is performed, we have two strategiestatic partitioningand

dynamic partitioning xmlParselnNodeContext(xmINodePtr node,

const char * data,
int datalen,
int options,

A. Static Partitioning xmiNodePt * Ist)

Naturally, we can statically partition a tree into severaf-hiS function can parse a “well-balanced chunk” of an XML
equally-sized subparts by using a graph partitioning tool (e'%bcument within the context (DTD, namespaces, etc.) of the
Metis [6]), which can divide the graphftree into N equally: iven node. A well-balanced chur;k is defined e,ls any valid
sized parts. The advantage of static partitioning is it Cagbntent allowed by the XML grammar. Since the regions

generate a very well-balanced load for every thread, thtjgnerated by our static partitioning are well-balanced, we can

leading to gogd parallellsm.. o use the above function to parse each chunk. Obviously any
However since the static partitioning occurs before thgament range generated by static array partitioning is a well-

actual XML parsing, it knows little about the parsing conteXsanced chunk. Then the static PXP algorithm consists of the
(e.g., namespace declarations). In other words, cuts madef&Yowing steps:

the static partitioning will create following problems: 1) Construct a faked XML document in memory containing

just an empty root element. by copying the open/close
tag pair of the root element from the original XML
document, Since we assume that the size of the root
element is much smaller than the whole document, the
cost of any memory operations used by this step are
acceptable.

Call the libxml2 function xmlParseMemory() to
parse the faked XML document, thus obtaining the
root XML node. This node contains the namespace
declarations required by its children, and will be treated

1) The characters of the XML document corresponding to
the subgraph may no longer be contiguous. Metis will
create connected subgraphs, but a connected subgraph of
the logical tree structure does not necessarily correspond
to a contiguous sequence of characters in the XML
document. In order to parse the resulting characters,
we must either reconstruct a contiguous sequence byp)
memory copying, or modify the XML parser to han-
dle non-contiguous character sequences, which may be
challenging.

2)

The namespace scope may be split between subgraphs,
which means a namespace prefix may be used in one
subgraph, but defined in another. These inter-chunkg)

as the context for the following parse of the ranges of
the array.
The number of elements in each chunk is calculated

references will create strong memory and synchroniza-
tion dependencies between threads, which will degrade
performance.

by simply dividing the total number of elements in the
array, which was calculated during the preparsing stage,
by the number of available threads, so that every thread
has a balanced work load. The start positions and data
length of the chunk can be inferred from the location
information of its first element and the last element.
Create a thread to parse each chunk in parallel.
Each thread invokesmlParselnNodeContext()
to parse and build the DOM structure.

) Finally the parsed results of each thread will be spliced

back under the root node.

In summary, the static partitioning strategy is not really
practical for XML documents with irregular tree structures,
due to strong dependencies between the different processing
steps. However for those XML documents containing an array,
which are responsible for the bulk of most large XML docui provides an upper bound on the performance gain of parallel
ments, static partitioning is able to provide the best parallelisparsing, and is useful for evaluation of other parallel parsing

The static partitioning strategy also suffers because the
static partitioning algorithm must be executed sequentially
before the parallel parsing, thus the performance gained by
the parallelism will very easily be offset by the cost of the 4)
static partitioning algorithm, which usually is not trivial.

However for XML documents representing an array struc-
ture, such as

<data>
<item>....</item>

<item>....</item>
</data>



scheme is referred to aglanator initiated subtask distribution
scheme. For parallel XML parsing, we desire that the parsing
thread will parse as much XML data as possible without any

| current ————"———_ interruption, unless other threads are idle and asking for tasks,
' node f‘rSt; half second half g 55 1o achieve a better performance. Also, any thread can be
Y L the donator or the requester. We adopt the requester initiated
Parsing Parsing subtask distribution as the partition strategy in the PXP.
Task Task To implement parallel parsing with dynamic partitioning,

Fig. 4. The left diagram illustrates the general node splitting strategy. Eadfe again use libxml2. Since dynamic partitioning requires
node becomes a subtask. The right diagram illustrates the split-in-half strateie parser do the task partitioning and subtask generation

The nodes of the current parsing task are split in half, with the first half giv . . .
to the requesting task, while the current task finishes the second half. ed]u”ng the parsing, however, we cannot simply apply the

libxml2 xmlParselnNodeContext() function as in the

static partitioning scheme. Instead, we need to change the
approaches as the guideline. xmlParselnNodeContext() P source code to integrate

the dynamic partitioning and generation logic into the original
B. Dynamic Partitioning parsing code. The modified algorithm is calldgnamic PXP

In contrast with static partitioning, the dynamic partitioninj‘ﬁInOI its basic steps are:
strategy partitions the XML document and generates thel) Create multiple threads, and assign the root node of
subtasks during the actual XML parsing. After the preparser ~ Skeleton as the initial parsing task to the first thread.
generates the skeleton, the tree structure is traversed in parallel Other threads are idle.
to complete the parsing. Whenever a node is visited by a thread) When a thread is idle, it posts its request on an request
its corresponding serialization (start tag) will be parsed and the ~ queue, and waits for the request be filled by some
related DOM node will be built. donator thread.

The parallel tree traversal is equivalent to a complete,3) Every thread, once it begins parsing, parses normally as
parallel depth-first search (DFS) (in which the desired node is  libxmI2 does, except when an open tag is being parsed.
not found), which partitions the tree dynamically and searches At that time, it checks the request queue for threads that
for a specific goal in parallel using multiple threads. need work. If such a requester thread exists, the thread

After Rao [7], dynamic partitioning consists of two phases: splits the current workload (i.e., the unparsed sibling

e nodes) into two regions. The first half is donated to
» Task partitioning the requester thread, and the thread resumes parsing at
« Subtask distribution L . ; .
o o the beginning location of the second half region. Since

Task partitioning refers to how a thread splits its current task every skeleton node records the number of its children
into subtasks when another thread needs work. A common  ajements, as well as its location information, it is easy
strategy isnode splitting[8], in which each of then nodes to figure out the begin location and data length of the
spawned by a node in a tree are themselves given away as gyptask. Also to avoid excessively small tasks, the user
individual subtasks. However for parallel XML parsing, node can set a threshold to prevent task partitioning if the
splitting may generate too many small tasks since most of remaining work is less than the threshold.
nodes represents a single leaf element in the XML documentyy once the requester thread obtains the parsing task, it be-
thus increasing the communications cost. gins the parsing at the beginning location of the donated

Since XML is a depth-first, left-to-right serialization of a subtask. Due to the dynamic nature, the donator is able
tree, a sequence of sibling element nodes in the skeleton g pass its current parsing context (e.g., the namespace
corresponds to a contiguous chunk of the XML document.  gecjarations) to the requester as the requester's initial
Therefore, if each parsing task covers a sequence of sibling  parsing context, which will in turn makes a clone of
element nodes, this will maximize the size of each workload,  the parsing context for itself before parsing to avoid
with little communication cost. In dynamic partitioning, we the synchronization cost. Also the donator will create
adopt a simple but effective policy of splitting the workload a dummy node as the “placeholder” for the parsing
in half, as shown in Figurg]4. That is, the running thread a5k, the subtrees generated by the requester will be
splits the unparsed siblings of the current element node into  jnserted under the placeholder and once the parsing task
two halves in the left-to-right order, whenever the partitioning s completed, the placeholder will be spliced within the
is requested. entire DOM tree.

Subtask distribution refers to how and when subtasks aresy This process continues until all threads are idle.
distributed for the donator thread to the requester thread
If work splitting is performed only when an idle processo
requests for work, it is calledequester initiated subtask
distribution In contrast if the generation of subtasks is in- 2 In fact the actual modified function is xmlParseContent(), which is
dependent of the work requests from idle processors tigoked by xmlParselnNodeContext() to parse the XML content.

In summary, dynamic partitioning load-balances during the
Barsing, and it can be applied to any irregular tree structure



. . . . 25
without the need of the extra partitioning algorithm. However,
the dynamic nature incurs a synchronization and communica-
tion cost among the threads, which is not needed by the static L
partitioning scheme.

—H8— Libxml2 DOM
—*— Libxml2 SAX with empty handler
—— Preparsing

V. MEASUREMENT

We first performed experiments to measure the performangel'5 I
of the preparsing, and then performed experiments to measgre
the performance improvement and the scalability of the par&l-
lel XML parsing (static and dynamic partition) algorithm over
the different XML documents. The experiments are running
on a Linux 2.6.9 machine which has two 2 dual-core AMD
Opteron processors and 4GB of RAM. Every test is run five %5
times to get the average time and the measurement of the first
time is discarded, so as to measure performance with the file
data already cached, rather than being read from disk. The ¢ 5 10 15 20 23 30 3 20
programs are compiled by g++ 3.4.5 with the option -O3. and Size (MB)
the libxml2 library we are using is 2.6.16.

During our initial experiments, we noticed poor speedup
during a number of tests that should have performed well.

We attributed this to lock contention malloc() . To avoid . . L
this, we wrote a simple, thread-optimized allocator arou Agcordmg to Figure b, we see that preparsing 1S nequy
' ' ridz times faster than sequential parsing with libxml2 to build

malloc() . This allocator maintains a separate pO(_)I of me M. Even for libxml2 SAX parsing, preparsing is over 6
ory for each thread. Thus, as long as the allocation reques .
- . . times faster. Even though the preparser builds a tree, the tree
can be satisfied from this pool, no locks need to be acquired. . . )
, . . iS simple and does not require expensive memory management.
To fill the pool initially, we simply run the test once, then free .
These results show that even the preparsing does not occupy

all memory, returning it to each pool much time, and the time left for actual parallel parsing is
Our allocator is intended simply to avoid lock contention, ' A P P 9
ough to result in significant speedup.

A production allocator would use other techniques to redu€l
lock contention. One possibility is to simply use a two—stagg
technique, where large chunks of memory are obtained from
a global pool, and then managed individually for each threadSpeedup measures how well a parallel algorithm scales, and

1F i

Fig. 5. Performance comparison of preparsing.

Parallel XML Parsing Performance Measurement

in a thread-local pool. is important for evaluating the efficiency of parallel algorithms.
] It is calculated by dividing the sequential time by the parallel
A. Preparsing Performance Measurement time. For our experiments, the sequential time refers to the
Preparsing generates the skeleton which is necessary tiore needed by libxmlZmlParselnNodeContext() to

PXP. However, this is an additional step compared to nornmeédrse the whole XML document. To be consistent, static PXP,
XML parsing, which, unfortunately, also needs to be pedynamic PXP, and the sequential program are all configured to
formed sequentially before the actual parallel parsing. Thusse the thread-optimized memory allocator. Each program is
to help determine whether or not this cost is acceptableyn five times and the timing result of the first time is discarded
and understand the overall PXP performance, we measutedvarm the cache.
preparsing time and also compared it to full libxml2 parsing. We first measure the upper bound of the speedup that the
Since preparsing linearly traverses the XML document witiRXP algorithms could achieve. To do that, we select a big
out backtracking or other bookkeeping, the time complexi¥ML document used in the previous preparsing experiment as
is linear in the size of the document, and independent tfe parsing test document. The array in the XML document
the structural complexity of the document. We thus designéds around 50,000 elements and every element includes up to
the preparsing test to maximize the performance of a fiB attributes and the size of the file is 35 MB. Since the test
sequential parser, and used a simple array of elements whildtument just contains a simple array structure, we are able
varied in size. The test document is shown in the Appendito apply both static PXP and dynamic PXP algorithms on it.
First, we varied elements in the array to increase documéfigure[§ shows how the static/dynamic PXP algorithms scales
size. Then for the comparison, we measured the costs of twith the number of threads when parsing this test document.
widely-used parsing methods: building DOM with libxml2,The diagonal dashed line shows the theoretical ideal speedup.
and parsing with the SAX implementation in libxml2. InFrom the graph we can see that when the threads number is
addition, for the libxml2 SAX implementation, we used emptgne or two the speedups of the PXP is sublinear, but if we
callback routines. Thus, libxml2 SAX is expected to beubtract the preparsing time from the total time the speedups
extremely fast. The results are shown in Figuye 5. of static PXP is close to linear. This indicates the preparsing
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Fig. 6. This graph shows the upper bound of the speedup of the PXRy. 7. This graph shows the speedup of thymamic PXP for up to four
algorithms for up to four threads, when used to parse a big XML documethreads, when used to parse two same-size XML documents, one with irregular
which only contains an array structure. tree shape and one with regular array shape.

dominates the overhead, and the static PXP presents the ufi9&ients. In a typed parsing scenario, where schema or other
bound of the parallel performance. information can be used to interpret the element content, we

. , ould obtain even better scalability. For example, if we are
The speedups of dynamic PXP are slightly lower than te rsing a large array of doubles including the ASCII-to-double

ones of the static PXP, which indicates the cost of communicae . h thread h . d Kload relati

tion and synchronization starts to be a factor, but is relative?ﬁ nversion, eac thread has an increased workload relative to
minor. When the threads number is increased the speeduﬁ 5t Preparsing stage and other overheads, and thus speedup
the PXP (dynamic or static) become less, that is because Wl¥ve(?1U|d be improved.

the work load of every thread decreases, the overhead of the VI. RELATED WORK
preparsing becomes more significant than before. Also theag mentioned earlier, parallel XML parsing can essentially
dynamic PXP obtains less speedup than the static PXP ge\iewed as a particular application of the graph partition-
to the increasing communication cost. Furthermore, even t{rﬁ% [6] and parallel graph search algorithms [7]. But the
speedup of the static PXP omitting the preparsing cost startsj{ ;ment parsing and DOM building introduces some new
drop away from the thepretical Iimit._We speculate that Shar’f‘s%ues, such as preparsing, namespace reference, and so on,
memory or cache conflicts are playing a role here. which are not addressed by those general parallel algorithms.
Unlike the static PXP, dynamic PXP is able to parse the There are a number of approaches trying to address the
XML documents with any tree shape. So to further studyerformance bottleneck of XML parsing. The typical software
the performance improvement of dynamic PXP, we modifieghjutions include the pull-based parsing [9], lazy parsing [10]
the previous XML document with big array structure to bgpg schema-specific parsing [11], [12], [13]. Pull-based XML
irregular tree shape, which consists of a five top-level elemeffgrsing is driven by the user, and thus provides flexible
under the root, each with a randomly chosen number gfrformance by allowing the user to build only the parts of
children. Each of these children is an element from the arrgye data model that are actually needed by the application.
of the first test, and so the total number of these child 9|eme'§§hema-specific parsing leverages XML schema information,
in the modified document is same as the one of the origing} which the specific parser (automaton) is built to accelerate
document. the XML parsing. For the XML documents conforming to
We compare the dynamic PXP on this modified XMlthe schema, the schema-specific parsing will run very quickly,
document against the dynamic PXP on the original array XMivhereas for other documents the extra penalty will be paid.
document. This comparison can show how the dynamic PXfost closely related to our work in this paper is lazy parsing
scales for the XML documents with irregular shape or reguladecause it also need a skeleton-similar structure of the XML
shape. From the results shown in Figufe 7 we can see therddsument for the lazy evaluation. That is firstly a skeleton
little difference between two XML documents, which implyis built from the XML document to indicate the basic tree
that dynamic PXP (and our task partitioning of dividing thetructure, thereafter based on the user's access requirements,
remaining work in half) is able to effectively handle the largehe corresponding piece of the XML document will be located
XML file with irregular shape. by looking up the skeleton and be fully parsed. However, the
These tests did not actually further parse the elemgmirpose of the lazy parsing and parallel parsing are totally



different, so the structure and the use of the skeleton in the bitt] K. Chiu and W. Lu, “A compiler-based approach to schema-specific xml

algorithms differs fundamentally from each other. Hardware Parsing,”inThe First International Workshop on High Performance XML
b d uti 141 [15] al .. icularly i Processing 2004.
ased solutions[14], [15] also are promising, particularly I12] W. M. Lowe, M. L. Noga, and T. S. Gaul, “Foundations of fast

the industrial arena. But by our best knowledge, there is N0 communication via xml,’Ann. Softw. Eng.vol. 13, no. 1-4, 2002.

such work leveraging the data-parallelism model as PXP. [13] R.van Engelen, “Constructing finite state automata for high performance
xml web services,” inProceedings of the International Symposium on

Web Services(ISWS)004.
J. van Lunteren, J. Bostian, B. Carey, T. Engbersen, and C. Larsson,

: : “Xml accelerator engine,” iThe First International Workshop on High
In this paper, we have described our approach to parallel Performance XML Processing004.

XML parsing, and shown that it performs well for up to fOUl[]_S] “Datapower,” http://www.datapower.com/.

cores. An efficient parallel XML parsing scheme needs an

effective data decomposition method, which implies a better APPENDIX
understanding of the tree structure of the XML document. Structure of the XML document natt test.xml
Preparsing is designed to extract the minimal tree structunenl xmins:rs="urn:schemas-microsoft-com:rowset'
(i.e., skeleton) from the XML document as quickly as possible. ~ Xmins:z=#RowsetSchema’

. . s xmins:tbO="table0’ xmins:tbl="tablel’
The key to the high performance of the preparsing is itS  ymins:tb2="table2’ xmins:th3="table3’>

VIl. CONCLUSION AND FUTURE WORK [14]

highly simplified syntax as well as the obviation of full well- <z:row th1:PRODUCT=... th0:CCIDATE=...
formedness constraints checking. Aided by the skeleton, the HO:CLASS=... th2ADNUMBER=...

. o _ tb0:PRODUCTIONCATEGORYID_FK=...
algorithm can partition the XML. document into chunks and tb3:ADVERTISERACCOUNT=...
parse them in parallel. Depending upon when the document tb1:YPOSITION=... th2:CHEIGHT=...
is partitioned, we have the static PXP and dynamic PXP th2:CWIDTH=... th2:MHEIGHT=...

. . th2:MWIDTH=... th2:BHEIGHT=...
aI_gonthms. The former is only.for the XML documen_ts tb2:BWIDTH=... tb3:SALESPERSONNUMBER-=...
with array structures and can give the best case benefit of tb3:SALESPERSONNAME-=...

: : : ) tb1:PAGENAME=... tb1:PAGENUMBER=...
parallghsm, while the Igtte_r is appliable to.any structures, th2- BOOKEDCOLOURINFO=... th1-EDITION=...
but w!th some communication aqd synchromzatlon cost. Our tb1:MOUNTINGCOMMENT=... tb1:TSNLSALESSYSTEM=...
experiments shows the preparsing is much faster than full tb1:TSNLCLASSID_FK=... tb1:TSNLSUBCLASS-=...
XML parsing (either SAX or DOM), and based on it the tb1: TSNLACTUALDEPTH=... tb1:XPOSITION=...

; . . tb0: TSNLCEESRECORDTYPEID_FK-=...
parallel parsing algorithms can speedup the parsing and DOM tb0:PRODUCTZONE=... ROWID=.../>

building significantly and scales well. Since the preparsing <zrow .. />
becomes the bottleneck as the number of threads increase, our <Z'oW - />
future work will investigate the feasibility of the parallelismeym>
between the preparsing and real parsing. Also new approaches

for very large XML documents will be studied under the

shared memory model.
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