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Abstract. XML is currently being used as the message syntax for Webcgerv
To enable small mobile devices to use Web services, this X raust not be
too resource-consuming. Due to several measurementsatimdjotherwise, al-
ternate serialization formats for XML data have been predodVe present here
a format for XML data designed from the ground up for the mebihvironment.
The format is simple, yet gives acceptable document size sseefficiently pro-
cessable. An automaton-based approach gives further wexments when full or
partial schema information is available. We provide perfance measurements
verifying these claims and also consider some issues grigim the use of an
alternate XML serialization format.
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1 Introduction

The use of XML has increased quite rapidly in the last few gga@cause it is a standard
format for representing structured data. However, due i® ubiquity, XML is now
even becoming used in areas where its designers never @tténid be. Our research
is focused on the use of XML as a syntax for messaging in theilmehvironment,
typically in the context of SOAP.

Existing measurements of SOAP messaging performancesaitedibat marshaling
and unmarshaling of typed data causes a significant lossrfarpegnce [1] and that
latencies in wireless networks can be a significant causevoperformance [2]. This
paper is mostly concerned with the verbosity and processmincaused by the XML
format, both of which have been found problematic in traaiéil industries moving
towards SOAP use [3].

A natural idea is to replace the XML serialization formatwsbmething else that is
compatible with XML. This conceptis often referred to agtéiy XML", and the recent
final report of the World Wide Web Consortium’s XML Binary Qlaaterization (XBC)
Working Group [4] details requirements for such a format &si$ several existing
formats.



This paper presents our format, called X&buhich we use as a part of an XML-
based messaging system of a mobile middleware platforma®allysis of the format
requirements [5] mirrors the Web Services for Small Deviges case of the XBC
group [6]. Our additions are the requirements for some setmrolvability and special-
purpose data encoding.

The main interesting feature of Xebu is that it requires Bgpling between com-
municating peers than many other formats. While our defayflementation retains
state between XML messages in a stream, the format degraaesfglly in the case
where state cannot be retained. In addition, if this state gerrupted, it will be re-
built gradually as new messages are processed instead ¢ istep immediately after
corruption. Xebu also allows optimizations when a schemarfessages is available,
and these optimizations are designed to let the schemaesvobommon ways without
invalidating existing processors.

We describe the basic tokenization of Xebu in Section 2. Oadehfor schema-
based enhancements is discussed in Section 3 and the aonplalrientation is de-
scribed in Section 4. Section 5 presents performance mexasuts of our format and
some others. Finally, Section 6 gives our conclusions aadsplior future work.

2 Basic Format

We view an XML document as a sequence of events [7], and geriakevent by event.
The serialization of a single event starts with a one-byteritninator that identifies the
event type and contains flag bits indicating how to processeht of the event. This is
followed by the strings applicable to the event type.

Similarly to other formats, such as Fast Infoset [8] and X we define a (one-
byte) token for each string when it first appears in an evert,then use the token on
later appearances. In contrast to other formats, the tokrevs given explicitly in
the serialized form at definition time, which reduces theptiog between serialization
and parsing by making the tokenization policy only concéw serializer. Therefore
a token replacement algorithm does not need to be standdrtbzbe interoperable.
Furthermore, if the token mapping on the parser falls outyotsit is sufficient for
the serializer to invalidate tokens assigned after thekdastvn good state instead of
duplicating the parser’s current state.

Since the typical case is that a single namespace has masgjiatss local names
and a namespace-name pair many attribute values, the tokenrfame includes its
namespace and the token for a value includes both namespaceame. In this way,
e.g., arepeated complete attribute or element name icezplay a single token instead
of having separate tokens for each string. In contrast to IRésset, Xebu tokenizes
namespace URIs instead of namespace prefixes.

All strings are serialized in a length-prefixed form. Thighe length in bytes ac-
cording to the encoding defined in the document start evesgt.dfllength prefixes does
not sacrifice streamability, since, as with XML, text coritean be given in chunks
by the application. Unlike in XML, in Xebu these chunks ar@lit in the serialized

! The implementation is available at http://www.hiit.fi/fi@fc/download.html.



form because of the length prefix. We also encode commonyjada tirectly in binary
format, as this is more efficient in at least some cases.

3 Schema Optimization Concepts

In many cases when doing XML messaging, a complete or padiema for the mes-
sages is available. In the case of SOAP the high-level siredcs always available, and
often schema information for some headers or the body issgsoified. To be prop-
erly considered schema-aware [10], a serialization formeats to exploit the structure
present in the schema to achieve its optimizations, andusbtg recognize the defined
names.

We construct twamission automata, encoding (EOA) for the serialization ande-
coding (DOA) for the parsing side, that process the XML event seqa@me event at a
time. The EOA will omit some events from its input, which th®R is able to reinsert
back into its output. As this technique is based on the evaiience representation, it
is not Xebu-specific; it only requires that events be distinfgable in serialized form
even if some are omitted.

Both automata are structurally similar. Each has a stat,sfteom which the pro-
cessing of a document begins. Transitions of each are ldhéie an event and a type,
and a state transition happens when the event label of atioensiatches the event
from the sequence being processed. The event may contaicands, so there can be
several matching transitions. In these cases there is altis@ymost specific transition
that is the one selected.

Transitions in the EOA are of two typesyt anddel . The former of these outputs
the event of the transition while the latter omits it. In th®M, transitions can be of
three types. A ead transition is the most typical one. peek transition is used to
transfer from state to state without consuming the evemn fitee sequence. Finally, a
pr oni se transition is used when the event is typed content. Thisaailise the DOA
to inform the type of the data, so the parser can interprét fir om se transition is
always followed by a ead transition for the decoded typed content event.

Edges in the DOA also carry two lists of events, thesh list and thequeue list.
The events that the DOA passes upwards on a transition arthBrransition’spush
list, then the event if it is @& ead transition, and finally thgueue list. Any events of
del transitions on the EOA side therefore need to appeauish or queue lists so
that they get reinserted back into the sequence.

Each state in both automata also has a default transitideelf that is taken if no
other transitions match the current event. These defauisitions pass the events un-
modified through the automata, which means that unexpeetds®are passed through
as such. Hence it is possible to, e.g., add elements anbudtsi not present in the
schema and still use automata of the old schema withoutgmobl

An example RELAX NG [11] schema fragment of an element comtgi a typed
value and its transformation into an EOA and a DOA are showkignl. Each edge is
labeled with its corresponding event and type. The EOA wilitdhe element start, the
type attribute, and the element end, which the DOA's pushcarsdie lists insert back.
Fig. 2 shows an XML fragment that matches this schema fragraed its processing.



Schema fragmenel ement ns: age { xsd:int }

Legend
E entry X exit
SE<d>\ EE<d TC<pr> Tc«r>  |P push list Q queue list
Eﬁi@ﬁx SE SEfs,age,) EE EE(s,age,)
A<d> TC typed content A A{s,type,
EOA DOA xsd:int)
<0> out <d> del
<r> read <pr> promise

Fig. 1. Example transformation from schema to automata. Defaartitions of the automata are
not shown.

XML fragment <ns: age xs:type="xsd:int">29</ns: age>

Event sequence |SE(s,age,) A(xs,type,xsd:int) TC(xsd,i nt,29) EE(ns,age,)

EOA processing del del out del

Produced fragment % C%D

DOA processing |proni se TC push[ SE(s,age,), A(xs,t ype,xsd: i nt)]
read TC(xsd,i nt,29) queue[ EE(ns,age,)]

Result sequence |SEfns,age,) A(xs,type,xsd: i nt) TC(xsd,i nt,29) EE(ns,age,)

Fig. 2. Example processing of an XML fragment.

The serialized fragment consists of two bytes (shown in WRteded form): a type tag
and the value of the integer.

4 Omission Automata I mplementation

The automata are constructed recursively from an absyatistree of a RELAX NG
schema [12]. Each piece of suppoR€RELAX NG syntax produces subautomaton
andentry andexit points for it. The entry and exit points are states for the EOA and
edges for the DOA, and are used by higher layers to build tveir subautomata.

In general, the construction of a subautomaton for an elémamot determine
whether the start and end events can be omitted, since itrddsiow the context in
which the automaton is used. Because of this, each subataorhas two entry and
exit points, theknown and unknown points. The higher-level construction will select
the known points when it is certain that the subautomatohbgiused, e.g., if it is the
second item in a group construct. The unknown points will dlected when this is
uncertain, e.g., when the subautomaton is a part of a chortgtruct.

The full generic handling of an element with a known name ®aghin Fig. 3 in
similar format as in Fig. 1. The box labeled M refers to theaubmaton built from
the content of the element. In the figure thandw subscripts refer to the known and
unknown entry and exit points, while the M superscripts derd’s entry and exit
points. On the DOA side only the modifications made to existidges are shown, i.e.,
the additions to the push and queue lists. The DOA side hasiraderted two states

2 The interleave operator is not processed, and recursivecelis are treated as errors.



Schema text| EOA | DOA

M
el emrent SE<d> EE<d> P[SE] " M q[EE]
Exk —————mE X f———> X
ns: age C C C C e

SE<r> EE<r>
V| @@ @)oo=

Fig. 3. Generic handling of an element. Theandq indicate a lengthening of the corresponding
list (push or queue) from the appropriate end (front or back).

internal to the subautomaton. If these states are not usegwtill get removed at the
end when we reduce the automata to those states that areliimutaahable from the
start state.

The star, i.e., a sequence of indeterminable length, reg#dditional handling.
If what follows the star could be interpreted as includedtjromitting all events in
between would make it impossible to determine this. Theesdiny subautomaton built
from a star is marked aopen one. An element wrapped around an open subautomaton
always has its end event inserted, so that the end of theatdrvecdetermined.

Existing approaches for schema optimizations include BiMMIPEG-7 [13] and
Fast Web Services [14]. Like our approach, BiM uses autothataare driven by XML
events. It achieves a higher level of compactness due ta-itsibnted nature, but at the
same time requires a more rigid conformance to the schemaxbu does. Fast Web
Services, on the other hand, leverages existing work ictstred data representation by
mapping XML Schemas to ASN.1 schemas [15]. Like BiM, thislsodightly coupled
to the schema, especially when the recommended PackediBgdddes are used.

5 Performance M easurements

There are several considerations on measuring a formatdbilendevices. While doc-
ument size is important, due to constrained memory and theofibattery it is also
necessary to have fast and low-memory processing combiitechvemall implemen-
tation footprint.

We conducted measurements on a desktop machine and twoenpbloihes. The
desktop machine had a 3 GHz Intel Pentium 4 processor, 1 GBaof memory, run-
ning Debian GNU/Linux 3.1. All of the measured processoesiatplemented in the
Java programming language; we used Sun Microsystems's2J&time Environ-
ment 1.5.0 as the Java platform and set its maximum heapsE6tMB. The mobile
phones were a Nokia 3660 and a Nokia 7610.

Our test data is a 698-message sequence from an event ttiotifisgstem that uses
SOAP as its message format. Full schema information for ttifications was avail-
able and was utilized to generate omission automata. For Mlmeasured the per-
formance of both Apache Xerces and kXML, the latter of whigdésigned especially
for Java MIDP devices. We also measured the Fast Infoseij@yp XML format. For
the mobile phone we measured a 10-message sequence to amiyrproblems; the
only processors available for that platform were kXML andiXe



Table 1. Comparison of different XML serialization formats

Serialization Parsing
Size Size|Time Thr DB Mem |Time Thr DB Mem |Foot

Format | g) (%) |(ms) (1s) (ms) (KB) |(ms) (1/s) (ms) (KB) |(KB)

Xerces |3033 100.0 0.45 2201 0.13 39.770.76 1315 0.13 113.23%02.9
Xerces4 675 22.3 0.74 1356 0.14 42.450.87 1144 0.13 114.22 -
FI 1689 55.7 0.35 2825 0.13 13.880.48 2072 0.13 37.63191.8
Flz 687 22.7 0.62 1608 0.13 17.670.55 1833 0.13 39.11 —
kXML (3033 100.0 1.06 941 0.15 141.230.93 1078 0.14 73.6929.1
XebuF (1304 43.0 0.53 1874 0.15 55.510.83 1198 0.18 58.48 —
XebuFZ 695 22.9 0.93 1079 0.15 56.040.91 1094 0.18 60.14 -
Xebu 807 26.6 0.45 2230 0.15 38.30.76 1309 0.17 50.8752.1
XebuFS 493 16.3 0.56 1794 0.14 38.920.79 1264 0.18 55.18 -
XebuS | 493 16.3 0.42 2357 0.15 34.520.77 1299 0.18 47.1387.7

Table 1 shows the measurement results on the desktop maghi@enain imple-
mentations are Xerces, Fl (for Fast Infoset), kXML, and Xebhese are suffixed with
Z to indicate the use of gzip on the serialized form. Xebu messents use two other
suffixes: F (for forget) indicates that token mappings werepmeserved from one mes-
sage to another and S indicates that omission automata wete Both total processing
time and throughput are reported. Included in the procgdsire is data binding, which
is also reported separately. The footprint, consistingllaJava classes loaded by our
experiment, is reported for each distinct systeMemory consumption did not vary
between measurements, and the time deviations were alebat@®01 and 0.02 ms.

Xebu’s main advantages are in message size and footpririte \WFs processing
efficiency is higher, this appears to come at the cost of a tmmplementation. Fur-
thermore, the use of prefixes for tokenization in FI contiésuto its higher throughput
on serialization. The gzip results indicate that the loature of the tokenization in
Xebu and FI has no significant effect on the more global amafysrformed by gzip.
The similarities in data binding speeds are explained byesidata, which has only in-
tegers as typed content. A quick experiment verified tha dat floating point values
are encoded and decoded by Xebu at 2-3 times the speed ofrthalstring encoding
specified for XML.

Table 2 shows the measurements results on the phones. Tiperfibmeasurement
is after obfuscation with Proguard, and standard deviatése reported, as they varied
more in this case. The kXML implementation performs muchdseindicating that the
Java virtual machines differ significantly. The data birgdifi Xebu appears problematic
on the 3660, but otherwise the results are consistent with eer. Omission automata
appear to provide more benefits in this case, probably dueetornore static nature.

We note that if schema information can be assumed, coupéngoe reduced by
not preserving the token mappings without any loss (and seere gain on the mobile
phones) in performance. The footprint increase could b&yatéd by having generic
automata that would drive the transitions based on a datetste. Furthermore, only

3 Non-Xebu formats do not include marshaling code; this iskB6on the desktop and 4.8 KB
on the phones.



Table 2. XML serialization comparison on a mobile phone

Serialization Parsing
Forma Time Thr DB Mem Time Thr DB Mem |Foot
(ms) (1/s) (ms) (KB) (ms) (1/s) (ms) (KB) [(KB)
7610

kXML | 56.0£3.1 17.9 6.3%2.8 23.2£3.3/134.0t5.5 7.5 9.#3.1 50.5:2.8 16.3
Xebu | 60.0+5.1 16.7 8.#3.6 33.1H2.2/134.14.4 7.5 10.83.0 50.9:3.5 22.0
XebuS| 45.0£4.1 22.2 6.45.0 25.5£2.0123.746.7 8.1 10.14.9 49.4:5.1f 44.3
3660
kXML | 250.0£6.4 4.0 7.54.0 8.1HO0.3(527.5t2.9 1.9 15.63.6 29.3t3.00 -
Xebu |211.1415.6 4.7 19.27.4 22.9£2.5 503.8£43.9 2.0 33.984 30.#4.1] -
XebuS| 159.5+7.6 6.3 20.9-7.9 18.6£0.3/ 406.9£11.9 2.5 30.39.4 25.A40.3] -

one such structure per schema would be needed, and the gnoiye@ per-message in-
formation would be the automaton state. We estimate thajeheric automata would
take approximately 10 kilobytes (5 kilobytes obfuscatady the automata of our mea-
surements would take an additional 10 kilobytes.

6 Conclusions and Future Directions

In this paper we presented Xebu, a binary serialization &rfior XML data designed
for the mobile environment. Xebu achieves an acceptabkd Evcompactness with-
out sacrificing either processing efficiency or simplicifyraplementation. The design
explicitly takes into account the loosely coupled naturéveb services.

Our approach of modeling an XML document as a sequence ofesaed then de-
riving the format and optimizations through this has protgeble useful. Schema-based
automata are easier to describe and implement in terms thabsequences instead
of byte sequences. Further, the abstract sequence pravigasiral view of XML for
mobile messaging applications, as we argue elsewhere ifjidfibg the serialization
and application use cleanly.

The low-level nature of event sequences also enables attegmwith most existing
XML applications. The event sequence can be easily mappddttomodels expected
by them, and our XML processing system already includes S#&riaces for the bi-
nary format. In the future we intend to explore whether ekppshe binary tokens to
applications would provide performance gains.

A major consideration in messaging systems will be secteyures, such as Web
Services Security [16]. These rely on mutual understatithabf the bytes being trans-
mitted, so the above data model compatibility is not sufficié-urthermore, using
bridges to translate between binary and XML at the edge ofitieel network is not
possible, since translation is not possible for encryptedent, and it would also inval-
idate signatures. Finding an interoperable solution thatlee adopted piecewise will
be important in the future.
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