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ABSTRACT

SOAP, a simple, robust, and extensible protocol for the ex-
change of messages, is the most widely used communication
protocol in the Web services model. SOAP’s XML-based
message format hinders its performance, thus making it un-
suitable in high-performance scientific applications. The de-
serialization of SOAP messages, which includes processing
of XML data and conversion of strings to in-memory data
types, is the major performance bottleneck in a SOAP mes-
sage exchange. This paper presents and evaluates a new
optimization technique for removing this bottleneck. This
technique, called differential deserialization (DDS), exploits
the similarities between incoming messages to reduce dese-
rialization time. Differential deserialization is fully SOAP-
compliant and requires no changes to a SOAP client. A per-
formance study demonstrates that DDS can result in a sig-
nificant performance improvement for some Web services!.
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1. INTRODUCTION

Web services provide standard protocols and data formats
for representing and calling services in a wide area envi-
ronment. The Web Services Description Language (WSDL)
specifies and describes services, and the XML-based SOAP
message format specifies a means for invoking them over
some underlying protocol, usually HTTP. SOAP is simple,
expressive, extensible, and language independent, thereby
enabling interoperability between clients and servers imple-
mented with different languages and toolkits. These attrac-
tive characteristics led SOAP and other Web services pro-
tocols to be adopted as Grid computing standards [10].

Unfortunately, because SOAP is an ASCII and XML
based format, converting between SOAP and in-memory
application data representations can be expensive. Data
serialization and deserialization can quickly become the
communication—and indeed the application—bottleneck,
especially for high performance scientific Grid applica-
tions [5].

In previous work [4, 3, 2], we addressed this problem
on the sender’s side, by avoiding serializing entire mes-
sages. The sender side of our SOAP implementation, called
bSOAP, saves copies of outgoing message buffers, and tracks
when the client code makes changes to the data sent in the
messages. Only the changes are reconverted and rewritten
into the outgoing message buffer template. The rest of the
template remains unchanged from the previous send, avoid-
ing serialization for that portion of the message. Our perfor-
mance study indicates that this technique, called differential
serialization (DS), can result in significant performance im-
provement when clients send sequences of similar messages
with similar structure and content.

In this paper, we describe the design and implementa-
tion of differential serialization’s analogue on the server side,
which we call differential deserialization (DDS). The idea
is to avoid fully deserializing each message in an incoming
stream of similar messages. Differential deserialization gets
its name because the server-side parser deserializes the dif-
ferences between an incoming message and a previous one.
DS and DDS are completely separate and independent ideas
and implementations; neither depends on the other for any
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receiving it.
We believe that in general, DDS is an even more promising



POST / HTTP/1.1

Host: api.google.com

User-Agent: gSOAP/2.7

Content-Type: text/xml; charset=utf-8
Content-Length: 664

Connection: close

SOAPAction: "urn:GoogleSearchAction"

<?xml version="1.0" encoding="UTF-8"7><SO0AP-ENV:Envelope xm
1ns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xm
1ns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xm
Ins:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xmlns:x
sd="http://wuw.w3.0rg/2001/XMLSchema" xmlns:api="urn:Google
Search"><SOAP-ENV:Body SOAP-ENV:encodingStyle="http://schem
as.xmlsoap.org/soap/encoding/"><api:doGoogleSearch><key>XXX
XX</key><g>Binghamton Grid Computing</q><start>0</start><ma
xResults>10</maxResults><filter>true</filter><restrict></re
strict><safeSearch>false</safeSearch><1lr></lr><ie>latini</i
e><oe>latinl</oe></api:doGoogleSearch></SOAP-ENV:Body></S0A
P-ENV:Envelope>

(a) A search for “Binghamton Grid Computing”

POST / HTTP/1.1

Host: api.google.com

User-Agent: gSOAP/2.7

Content-Type: text/xml; charset=utf-8
Content-Length: 667

Connection: close

SOAPAction: "urn:GoogleSearchAction"

<?xml version="1.0" encoding="UTF-8"7><SO0AP-ENV:Envelope xm
1ns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xm
1ns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xm
Ins:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xmlns:x
sd="http://www.w3.0rg/2001/XMLSchema" xmlns:api="urn:Google
Search"><S0AP-ENV:Body SOAP-ENV:encodingStyle="http://schem
as.xmlsoap.org/soap/encoding/"><api:doGoogleSearch><key>XXX
XX</key><q>Differential Deserialization</q><start>0</start>
<maxResults>10</maxResults><filter>true</filter><restrict><
/restrict><safeSearch>false</safeSearch><1lr></lr><ie>latini
</ie><oe>latinl</oe></api:doGoogleSearch></SOAP-ENV:Body></
SOAP-ENV:Envelope>

(b) A search for “Differential Deserialization”

Figure 1: Two similar gSOAP-generated SOAP messages to the Google doGoogleSearch Web Service.

implementation optimization technique than DS, because
we feel it will be more applicable. DS only works if the
same client sends a stream of similar messages. DDS, on
the other hand, can avoid deserialization of similar mes-
sages sent by multiple different clients. Because the client-
server model implies interaction between many clients and
the same server, and because the speed of the server is more
often the determining factor for performance, DDS has the
potential to be more effective.

To illustrate the opportunity for performance enhance-
ment, consider the two sample SOAP messages depicted
in Figure 1. Each message arrives at a Google Web ser-
vices container to invoke a simple search. The message
in Figure 1(a) searches for “Binghamton Grid Computing,”
whereas the one in Figure 1(b) searches for “Differential De-
serialization.” Aside from the search string (embedded five
lines from the bottom of the message), the only other differ-
ence in SOAP contents is the value of the “Content Length”
field in the header (664 in Figure 1(a), 667 in Figure 1(b)).
If these two messages arrived in succession, the SOAP server
side would ordinarily have to parse and deserialize both of
them completely and independently of one another. Ideally,
the server would be able to save time by recognizing that the
messages are largely similar, and that only the search string
needs to be deserialized and reconverted to the server’s mem-
ory.

Clearly, the Google Web service can expect to receive
many such simlar messages, that differ only in their search
string. Google’s SOAP messages are likely to resemble one
another because they are primarily generated from a client
Web interface, and they all invoke the Google doGoogle-
Search service. One factor that may limit the opportunity
for performance enhancement is that different SOAP toolk-
its will generate equally valid SOAP messages that differ
cosmetically (due to spacing, tag names, etc.). Therefore,
it might be necessary for a DDS-enabled server to differ-
entiate between messages coming in from different toolkits;
to consider all gSOAP-generated messages separately from
Apache SOAP messages, for example. The relatively small

number of SOAP toolkits in prominent use, along with the
common practice of most SOAP toolkits identifying them-
selves in message headers, makes this possible.

DDS works by periodically checkpointing the state of
the SOAP deserializer that reads and deserializes incom-
ing SOAP messages, and computing checksums of SOAP
message portions. The checksums can be compared against
those of the corresponding message portion in the previous
messages, to identify with high probability that the mes-
sage portions match one another exactly. When message
portions match, the deserializer can avoid duplicating the
work of parsing and converting the SOAP message contents
in that region. To do so, the deserializer runs in one of two
different modes, which we call reqular mode and fast mode,
and can switch back and forth between the two, as appropri-
ate. In regular mode, the deserializer reads and processes
all SOAP tags and message contents, as a normal SOAP
deserializer would, creating checkpoints and corresponding
message portion checksums along the way. In fast mode, the
deserializer considers the sequence of checksums (each corre-
sponding to disjoint portions of the message), and compares
them against the sequence of checksums associated with the
most recently received message for the same service.

If all of the checksums match (the best, but unrealistic
case where the next message is identical to the previous
one), then the normal cost of deserializing is replaced by
the cost of computing and comparing checksums, which is
generally significantly faster. When a checksum mismatch
occurs, signalling a difference in the incoming message from
the corresponding portion of the previous message, bSOAP
switches from fast mode to regular parsing, and reads and
converts that message portion’s contents as it would other-
wise have had to (without the DDS optimization). bSOAP
can switch back to processing the message in fast mode if
and when it recognizes that the parser state is the same as
one that has been saved in a checkpoint; this is described
in Section 3.3 below. If the next message is different from
the previous message in all message portions (the worst case
scenario), then a DDS-enabled deserializer runs slower than



a normal deserializer, because it does the same work, plus
the added work of calculating checksums and creating parser
checkpoints.

Thus, the effectiveness of the DDS optimization depends
on the the following factors:

e The amount of similarity between consecutive mes-
sages in an incoming message stream, which deter-
mines the percentage of time the deserializer spends
in fast mode

e How much faster it is to traverse an incoming message
in fast mode than in regular parsing mode with full
parsing and deserialization

e How quickly the parser can recognize (i) the need to
switch from fast mode to regular mode (which de-
pends primarily on checksum calculation and compar-
ison times), and (ii) the opportunity to switch back to
fast mode from regular mode

e The overhead of creating checkpoints, and calculating
and comparing checksums

Creating many frequent checkpoints can increase the per-
centage of time spent in fast mode, at the expense of check-
point creation time, checkpoint memory consumption, and
checksum calculation and comparison times. The perfor-
mance study of Section 4 characterizes these tradeoffs for
sample message streams. The study reveals that the oppor-
tunity for performance improvement through differential de-
serialization is significant. In particular, when sequences of
identical messages are transmitted, deserialization speedup
is at least 3.8, and can reach 41. For the more realistic
case where some parts of messages change, DDS still de-
creases deserialization time when less than half of the mes-
sage changes. Specific results depend on where the changes
occur in the message, and the parameters of bSOAP’s DDS
configuration, as detailed in Section 4.

This paper presents initial results that demonstrate that
differential deserialization has the potential to significantly
increase performance of some Web services. Section 2 mo-
tivates the work, provides some background information on
SOAP and XML parsing, and identifies related work. Sec-
tion 3 describes in more detail the design and implementa-
tion of bSOAP’s fully-functional server-side parser and de-
serializer, discussing fast and regular modes, the creation
of checkpoints, switching back and forth between modes,
and memory and error-handling issues. Section 4 presents
the results of a performance study that characterizes DDS
overhead and identifies the circumstances under which it
represents an effective optimization technique. Section 5
summarizes the contributions of this paper, and describes
several areas for future improvements.

2. BACKGROUND AND RELATED WORK

In this section, we describe other XML and SOAP processing
techniques for optimized parsing and faster deserialization.
The goals of this section are twofold. First, we character-
ize our deserializer with respect to the most popular ap-
proaches, and describe our regular parsing mode. This pro-
vides the necessary groundwork for understanding the DDS
performance enhancements described in Section 3. Second,
we compare our optimization technique with other similar

approaches, and with other approaches that share our goal
of speeding up end-to-end SOAP performance.

2.1 XML parsing and SOAP deserialization

Deserialization converts XML streams in wire-format to ob-
jects in memory. This process consists of four steps; reading
the XML stream from the socket layer into a buffer, pars-
ing the XML stream into tokens, converting data types in
ASCII to binary formats, and populating data structures
with the received values. The widely used paradigms for
parsing XML documents include Document Object Model
(DOM) [17], Simple API for XML (SAX) [7], and XML Pull
Parser (XPP) [13]. Other recent research on high perfor-
mance parsers investigates the advantages of using schema
specific parsers [6].

The DOM model maps the XML document into a tree rep-
resentation in memory. This allows the document to be eas-
ily traversed and modified. However, for large documents,
DOM parsing can be memory intensive. In contrast, SAX
parsing never stores the entire XML document in memory.
Instead, it emits events for all the document’s elements and
tags. For large static documents, SAX is preferable to DOM.
SAX is also often used when only a few specific elements of
an XML document need to be extracted and processed. Pull
parsing, employed by the XPP [13] parser, is specialized for
parsing payloads in which elements are processed in succes-
sion, and no element needs to be revisited. XPP provides
the added feature of incrementally building a partial XML
Infoset tree in memory. As a result, applications can process
the document as it is being parsed, without waiting for the
entire document to be parsed.

DOM, SAX, and XPP require two passes through the
XML document; the parser tokenizes the document in the
first pass, and the application processes the content in the
second. An STL map is typically used to compare each tag
retrieved by the parser with the one that is expected. Re-
sults [5] show that a trie data structure, which has O(1)
lookups as opposed to O(lgn) for STL map, can provide sig-
nificant performance improvement for matching tags that
appear repeatedly.

bSOAP contains a pull parser that incorporates many op-
timizations found in other parsers, including avoiding unnec-
essary string copies. One unique feature of bSOAP’s XML
parser is that it contains parsing routines that are optimized
for the case where the expected content of the message is
known a priori (e.g., for SOAP messages). In this case, the
parser requires only a single pass over the document content.

2.2 Overview of bSOAP’s deserializer

bSOAP’s deserializer uses a schema to drive the deserializa-
tion process. A schema in bSOAP is a collection of data
structures and supporting deserialization routines that de-
fine the acceptable format of a SOAP message, as well as
the rules for converting a SOAP message to application-
specific objects. Specifically, schemas are represented using
instances of four schema classes, each of which has an asso-
ciated deserialization routine. These classes are SimpleEle-
ment, ComplexElement, ArrayFElement, and MethodFElement,
respectively. A planned fifth class, UnionElement, will sup-
port the XML schema’s union types. This representation
of schemas is primarily based on the SOAP data model?;
SitmpleElements correspond to SOAP’s simple types, Com-

2bSOAP currently supports SOAP 1.1. Support for other




plezElements correspond to SOAP’s compound types, and
ArrayFElements correspond to SOAP arrays.

The information stored in a schema class object gener-
ally depends on the type and instance of the application
object(s) to which the schema object maps. For example,
an ArrayElement object contains a reference to the schema
class object corresponding to the type of the array elements.
Similarly, a ComplexElement object contains references to
schema class objects corresponding to the subtypes consti-
tuting the compound type. In addition, a schema object
of ArrayFElement, ComplexElement, or SimpleElement may
contain the expected name of the corresponding XML ele-
ment in the SOAP message.

To make this more concrete, consider, for example, how
bSOAP processes a C++ doubles array. An ArrayEle-
ment object contains a reference to a SimpleFElement object.
When a message containing an array of ten doubles is de-
serialized, the ArrayElement’s deserializer calls XML pars-
ing routines® to verify that the relevant part of the XML
message is valid per the SOAP data model, and to extract
information about the array (including its size). After that,
it calls the SimpleElement’s deserializer once for each of the
ten doubles, which, in turn, does its own validation checks
and handles the text-to-double conversions.

The application must construct a bSOAP schema and
pass it to bSOAP. It can do this at run-time (e.g., from
a WSDL [9] document) or at compile-time. bSOAP calls
an application-defined callback routine, passing it the name
of the back-end method. The application returns the cor-
responding bSOAP schema (if possible) to bSOAP, in the
form of a MethodElement object. A MethodElement ob-
ject contains all the information bSOAP needs to dese-
rialize the message. This includes the schema class ob-
jects corresponding to the method’s parameters and any
dynamically-allocated memory from previous deserializa-
tions (i.e., memory containing the application’s objects and
checkpoint data).

Everything described to this point is independent of the
DDS optimization, as it describes bSOAP’s operation in reg-
ular parsing mode (without creating checkpoints). It is de-
scribed here to provide context for the description of DDS,
which follows in Section 3.

2.3 Other optimization techniques

In our HPDC 2004 paper [4], we introduced the term “dif-
ferential deserialization,” as future work. The same term
has since been used to describe the most closely related
work in this area [14]. The authors build on their own
work of efficiently processing XML documents by comparing
byte sequences with those from previously processed docu-
ments [15], which are maintained in a DFA. Their version
of differential deserialization optimizes processing time by
recycling in-memory objects on the receiver side of a SOAP
communication pair, thereby eliminating the expensive step
of creating these objects in memory. The technique achieves
performance improvement of up to 288%. Our work employs
a different technique toward the same goal, based on check-
points and full parser state checkpointing.

data models can be achieved by defining the appropriate
schema classes and associated deserialization routines.
3bSOAP has a built-in XML parser, with parsing routines
optimized for the case where the valid XML content is known
before parsing.

For other SOAP and XML optimization techniques, our
own work on differential serialization [4, 3, 2], as mentioned
in Section 1, represents a sender-side optimization that
shares with DDS the approach of optimizing SOAP end-to-
end performance by avoiding (de)serialization for streams of
similar messages. Devaram et al. [8] describe “parameterized
client-side caching” of messages in files. Entire messages can
be sent as is, and partial caching allows the client to reuse
cached messages and change a few of the parameters for sub-
sequent sends. This work is more similar to DS than DDS
in that it is a client-side optimization.

Chiu et al. [5] address SOAP performance bottlenecks by
using trie data to reduce the number of comparisons for
XML tags. Another optimization is chunking and stream-
ing of messages. gSOAP [16] also provides this feature, in
addition to compression, routing, and the use of optimized
XML data representations using XML schema extensibility.
These techniques are complementary to differential deseri-
alization.

The SOAP specification allows the use of “multi-ref
accessors’—identifiers that refer to previously serialized in-
stances of specific elements of the SOAP call. Multi-ref ac-
cessors can be included within messages that bSOAP dese-
rializes, without undermining the DDS optimization.

The SOAP community has suggested several different
specifications that would standardize SOAP binary formats,
including base64 encoding, DIME [12] and BEEP [1]. While
these techniques do achieve performance gains, they reduce
the simplicity and universality of SOAP, the characteristic
that makes it interoperable and attractive.

3. DESIGN AND IMPLEMENTATION

This section describes bSOAP’s DDS design and implemen-
tation. Section 3.1 begins with a description of how check-
points are created. Section 3.2 then describes how they are
used, by discussing bSOAP’s fast parsing mode. Section 3.3
describes the process used to identify when bSOAP’s deseri-
alizer can switch into fast mode, which requires identifying
when a saved parser checkpoint matches the parser’s cur-
rent state, while it is processing an incoming SOAP message.
This is accomplished by a process we call progressive match-
ing, using a matching stack data structure. When the dese-
rializer detects differences in arriving messages, saved check-
points may become unusable, because they do not reflect a
state that could possibly be arrived at for the current mes-
sage. We call these stale checkpoints, and describe the pro-
cess of removing them, and replacing them with valid ones,
in Section 3.4. Finally, Sections 3.5 and 3.6 describe memory
management and error handling issues, respectively.

3.1 Creating checkpoints

Checkpointing is enabled while bSOAP is operating in regu-
lar mode. That is, bSOAP may create checkpoints the first
time a message to a particular service is seen, and whenever
it must switch from fast mode to regular mode.

bSOAP creates the first checkpoint just after parsing the
start tag of the XML element carrying the name of the back-
end method. This allows for switching to fast mode imme-
diately after getting a MethodElement object from the ap-
plication. The initial few bytes before the start tag carrying
the name of the back-end method are not checkpointed; this
allows DDS to be independent of header extensions, which
are likely to change from message to message.



Field Description

The portion of the program

Program stack stack used by the deserializer.

Describes the application object

Matching stack being deserialized.

Contains the strings referenced

Strings stack by the deserializer.

Namespace aliases Contains the namespace alias
stack mappings hash table’s nodes.

Contains pointers to active

Memory blocks stack memory blocks.

A linked list of any memory
blocks created while deserial-
izing the checkpoint’s message
portion.

Memory blocks list

A couple of pointers that may be

Pointers . .
used during parsing.
. The number of bytes in the
Size . .
checkpoint’s message portion.
Checksum for the checkpoint’s
Checksum

message portion.

Table 1: Description of state saved in a checkpoint

Thereafter, bSOAP uses the number of bytes processed
to determine the point in the message at which to create a
checkpoint. bSOAP can be configured to set the frequency
with which checkpoints are created. Requesting more check-
points increases overhead in regular parsing mode, but can
lead to a larger percentage of time spent in fast deserializa-
tion mode, a tradeoff that is explored in the performance
study of Section 4. Checkpoints are arranged in a linked
list, according to the order of their creation.

Table 1 briefly describes a checkpoint’s contents, including
the state of the deserializer/parser?. For all but the first
checkpoint, we define a checkpoint’s message portion to be
the portion of the message beginning just after the previous
checkpoint was created, and just before the checkpoint is
created. Thus, checkpoints are created on message portion
boundaries.

bSOAP disables checkpointing just before parsing the end
tag of the XML element carrying the name of the back-end
method. The state of the parser after deserializing the fi-
nal message portion—the portion of the message processed
just after the last checkpoint is created—is never check-
pointed (because there would be no need to revert back to
the state corresponding to a message that has been com-
pletely parsed); bSOAP just computes its checksum.

3.2 Fast mode

In fast mode, bSOAP goes over the checkpoints in order,
starting from the checkpoint following the one at which the
deserializer switched to fast mode. For each checkpoint,
the deserializer computes the checksum of the correspond-
ing portion in the message and compares it to the one stored
in the checkpoint. If they match, the deserializer can avoid
deserializing this portion of the message, since that work was

40ur checkpointing mechanism is generic in the sense that
it simply saves and restores parser state. Therefore, this
approach will not affect features such as processing Unicode
characters, or SOAP’s multi-reference values.

already done for the previously arriving message (the con-
tents of the two messages are the same in this region). The
deserializer repeats this process for subsequent checkpoints
and for the final message portion when the checkpoints list
is exhausted.

If a checksum for a message portion mismatches, or
bSOAP gets to the end of the message prematurely, it
switches to regular mode by restoring the state saved in
the checkpoint for the preceding message portion. bSOAP
does not restore state if the checksum for the first checked
message portion mismatches, as its state would be valid.
State restoration involves restoring the contents of the var-
ious stacks from the checkpoint and restoring the values of
several pointers used during deserialization. Pointers point-
ing to data in the parsing buffer may also need to have their
values adjusted.

3.3 Switching to fast mode

An opportunity for switching to fast mode exists when the
state of the parser matches that saved in a checkpoint. Two
aspects of the state must match for the deserializer to safely
switch to fast mode: (1) the application objects that are
being deserialized, and (2) the namespace alias mappings.
Because the namespace alias mappings can change without
a corresponding change in the data structures being deseri-
alized, they must be checked separately.

Consequently, bSOAP goes through a two-step process for
detecting when its state matches that in a checkpoint. In the
first step, it detects when it gets to a point in the structure
of the XML message where a checkpoint has been created.
In the second step, it ensures that the namespace alias map-
pings are the same as those stored in the checkpoint.

A matching stack contains all the necessary information
for detecting a structural match (step one). Each deseri-
alization routine pushes its own frame onto the matching
stack. The first item a deserialization routine pushes on the
stack is a reference to the schema object for which it has
been invoked. This is used to make the matching process
more robust, as each schema object has a unique address in
memory. The schema object reference is followed by any nec-
essary information that would allow the deserialization rou-
tine to detect (1) whether a particular checkpoint, given the
matching stack stored in that checkpoint, could have been
created while the deserializer was deserializing the same ap-
plication objects, and if so, (2) how far it has proceeded into
the deserialization of those objects.

For example, a matching stack frame for an ArrayFElement
object might include the number of array elements that have
been deserialized. This would allow its deserialization rou-
tine to determine whether a particular checkpoint was cre-
ated while the deserializer was processing an array element
it had not yet deserialized (if the number of elements in the
checkpoint is larger) or not (if the number of elements in the
checkpoint is smaller). Similarly, a matching stack frame
for a ComplexFElement object includes a pointer to a schema
class object (corresponding to one of the compound type’s
subtypes) that is currently being deserialized, allowing its
deserialization routine to use similar logic to determine its
status with respect to a particular checkpoint.

When the matching stack of the deserializer completely
matches that stored in a particular checkpoint, this indi-
cates that the checkpoint was created while the deserializer
was deserializing the same application objects that it is cur-



rently deserializing. We refer to the process of determining
when the matching stack of a checkpoint and the deserial-
izer match as progressive matching, since this process takes
place as the deserializer is progressing in the deserialization
of the message.

Through the process of progressive matching, the dese-
rializer keeps track of the first checkpoint that is likely to
match its state. When it detects that it can no longer have
its state match that checkpoint, it picks the very next check-
point whose state could match, as its new candidate. This
checkpoint would be the very first checkpoint that was cre-
ated after the current application object, which triggered
the mismatch, was deserialized. More precisely, this check-
point would be the first checkpoint that its matching stack
does not contain the most-recently pushed stack frame. The
previous checkpoint, as well as all checkpoints that fall be-
tween it and the new candidate become stale checkpoints,
since the information they contain is no longer valid with
respect to the message currently being deserialized.

3.3.1 Switching points

bSOAP can switch to fast mode at predefined points within
the structure of the message. The last piece of information
pushed on the matching stack describes which of the four
switching points was encountered before the checkpoint was
created.

These four switching points are (1) just before processing
a start tag, (2) just before processing an end tag, (3) just
after processing a start/end tag, and (4) just before pro-
cessing character data. We chose these as switching points
mainly because it is easy to predict state change, should a
checkpoint be created after any of them. For example, if a
checkpoint is created while in the middle of processing an at-
tributes list containing new namespace alias definitions, the
new mappings can be easily excluded from the check per-
formed afterward, since they can only grow the namespace-
alias mappings stack.

When a checkpoint is not created at a switching point, a
checksum of the bytes between the last encountered switch-
ing point and the point at which the checkpoint was cre-
ated is computed. This checksum is checked before the
namespace-alias mappings are checked. For example, if a
checkpoint gets created just before processing the charac-
ter “e” in the start tag <item>, a checksum of <it would
be stored in the checkpoint and checked before switching
to fast mode. We refer to the bytes between the point a
checkpoint is created and the point the last switching point
is encountered as partially processed content.

To summarize, bSOAP switches to fast mode when three
conditions hold: (1) The matching stacks of both the dese-
rializer and the checkpoint completely match, (2) the check-
sum of the partially processed content (if any) matches the
checksum of the corresponding content in the message, and
(3) namespace alias-mappings are the same in both the de-
serializer and the checkpoint.

3.4 Updating checkpoints

Due to changes in the message, some checkpoints may be-
come stale when they no longer contain correct state infor-
mation. Stale checkpoints must be removed for correct op-
eration of the deserializer. In additon, newly-created check-
points must be merged into the checkpoints list.

The deserializer removes stale checkpoints immediately af-

ter it detects them while performing progressive matching.
On the other hand, the deserializer merges newly-created
checkpoints into the checkpoints list only when it leaves
regular mode. This can happen due to a switch to fast
mode, or the arrival of the end of the message while in reg-
ular mode. In the former case, the deserializer inserts any
newly-created checkpoints immediately after the checkpoint
from which its state was restored in the last switch from
fast mode to regular mode®. It also updates the checksum
and message portion size corresponding to the checkpoint at
which it switches to fast mode. When the end of the message
arrives while in regular mode, newly-created checkpoints are
added to the end of the checkpoint list (from which had all
stale checkpoints were removed).

3.5 Memory management

During deserialization, memory may have to be dynami-
cally allocated. Each checkpoint has a linked list of memory
blocks that were created while deserializing its message por-
tion, arranged according to their creation order. A similar
list exists for memory blocks created in the final message
portion.

Currently, all memory blocks correspond to arrays. The
only exception is the first memory block, which holds the
binary values of the parameters. Any memory blocks that
may still be used for holding binary values are designated
active. The first memory block is always active, while other
memory blocks remain active as long as bSOAP has not fin-
ished deserializing the elements of the corresponding arrays.
bSOAP uses a stack to track active memory blocks. When-
ever it allocates a new memory block, it pushes an indirect
reference to it on the stack. Whenever a memory block is
no longer active, it pops its reference off the stack.

When a checkpoint becomes stale and bSOAP destroys
it, it also destroys any associated memory blocks. However,
to support switching to fast mode even when an array size
changes in a new message, the deserializer may reallocate
some blocks. Specifically, when an array is encountered in
the message, the information on the deserializer’s matching
stack and the matching stack of the checkpoint may indicate
that the checkpoint was created while the deserializer was
deserializing the same array. This indicates that the deseri-
alizer can potentially switch to fast mode at that checkpoint;
it then reallocates the memory block of the array (which it
can get from the memory block’s stack in the checkpoint).
The deserializer then also destroys any memory blocks that
occur before the reallocated block in the checkpoint’s mem-
ory blocks list, since it would not need to reallocate them.

3.6 Handling errors

A special flag in a checkpoint is used to force a switch from
fast mode to regular mode. When an error occurs in the
incoming SOAP message, this flag is set for the checkpoint
corresponding to the message portion preceding the one at
which the error occurs. This would be the last newly-created
checkpoint after the last switch to regular mode or, if no new
checkpoints were created, the checkpoint from which the
deserializer would have its state restored in the last switch
to regular mode. This flag simply makes handling errors
more robust. bSOAP could instead create a Null checksum

5This checkpoint always exists, since bSOAP attempts to
switch to fast mode immediately after it determines the set
of checkpoints associated with the back-end method.



for the following checkpoint, to force a checksum mismatch
to occur, and therefore, a switch from fast mode to regular
mode.

Using checksums to match message portions of consec-
utive messages is not perfect, of course; it is possible for
some changes to go undetected by some checksumming al-
gorithms. However, the probability that the correspond-
ing message portions of two consecutive messages produce
the same checksum, without actually matching, will be ex-
tremely low (depending on the algorithm). Should it hap-
pen, however, bSOAP is likely to report a spurious error as
soon it switches to regular mode, since its internal view of
the expected format of the message is very likely to be in-
consistent with the actual message format. However, should
a change in values, rather than structure, go undetected, the
back-end method would get passed incorrect values (what-
ever those values were after the previous deserialization)®.

4. PERFORMANCE STUDY

This section describes a performance study that character-
izes the overhead of DDS checkpointing, and investigates
the situations in which it results in performance improve-
ment. We begin by comparing bSOAP’s parsing and de-
serializing routines to those of gSOAP [16], a widely used
efficient SOAP implementation. Section 4.2 presents the re-
sults of these tests, performed with bSOAP checkpointing
and checksum calculation turned off. Section 4.3 then de-
scribes a set of tests designed to characterize the overhead of
DDS. We measure the performance of bSOAP with check-
pointing and checksum calculation turned on, but operating
in regular parsing mode. Thus, the bSOAP deserializer is
doing the work required to support DDS, but is not bene-
fitting from the optimization, since it never switches to fast
mode.

Section 4.4 demonstrates the opportunity for improve-
ment by studying a “near-best case scenario,” wherein the
bSOAP deserializer operates exclusively in fast mode, as op-
posed to regular mode. This section serves to provide an up-
per bound on the opportunity for DDS performance gains.
The more realistic scenario requires the bSOAP deserializer
to switch back and forth between regular and fast parsing
modes. Presumably, the performance of the deserializer in
this case would fall somewhere between that reported Sec-
tions 4.3 and 4.4, because it operates in fast mode part of
the time, but also includes the overhead of identifying when
to move between the two modes. These results are included
in Section 4.5.

4.1 Experimental setup

We ran all performance tests on a single Pentium 4 2.4 GHz
machine with 512 MB of RAM, and a 60GB 7200 RPM IDE
Drive. The tests started a timer, read a sequence of “in-
coming” SOAP messages from a file, deserialized them, then
stopped the timer just before calling the backend method.
We averaged 100 iterations of the full test to amortize the
initial read from the file—the full messages for all but the
first message were typically read directly from cache, allow-
ing us to isolate the deserialization time. We set the parsing

5We are assuming that a SOAP client is well-behaving and
does not intentionally send invalid SOAP messages. One
way to protect against malicious clients is to use a random
initial checksum value for each different method or even for
each message portion.

buffer size to 32K for both bSOAP and gSOAP, used gSOAP
version 2.7.3 (the most recent version at this paper’s submis-
sion time), and compiled both gSOAP and bSOAP with gcc
3.4.4 and optimization flags set to “-03”. gSOAP was also
compiled with both WITH_NOIDREF and WITH_FAST de-
fined, which disable support for multi-reference values and
potentially improve performance, respectively. Unless oth-
erwise noted, for all DDS tests, we used a software-based
CRC32 algorithm for computing checksums, which has rela-
tively poor performance; a better performing checksum algo-
rithm could achieve even better performance gains, as shown
in Table 2 below.

4.2 Baseline deserialization study

This section characterizes bSOAP’s deserialization perfor-
mance without DDS support turned on, comparing per-
formance to the popular and efficient gSOAP implementa-
tion. Both toolkits deserialized messages containing arrays
of three different data types: “easy-to-deserialize” doubles,
“difficult-to-deserialize” doubles, and integers. We studied
three different data types to vary the percentage of time
spent converting SOAP values, as opposed to parsing tags
and SOAP message structure. Integers represent the fastest
conversion routines; integer values in the test messages cor-
responded to the array index (1, 2, 3, etc.). We define easy-
to-deserialize doubles (labelled “Easy Doubles” in Figure 2)
to also be integers corresponding to the array indices. We
define difficult-to-deserialize doubles (labelled “Hard Dou-
bles”) to be randomly generated doubles, which required an
average of 23 characters to encode. Thus, messages contain-
ing integers and easy doubles are equivalent in size, while
messages containing hard doubles are larger”.

Figure 2 shows that bSOAP’s performance, without con-
sidering DDS, is comparable to that of gSOAP, for all three
types of values we studied, and for messages containing ar-
rays ranging from 1K to 100K elements. Therefore, having
shown that we’re applying the DDS optimization to a rel-
atively fast baseline deserialization implementation, we do
not include results for gSOAP tests for subsequent parts of
this performance study.

4.3 DDS overhead

Section 4.2 above reports the results of bSOAP with DDS
turned completely off. In particular, the bSOAP deserializer
is not even performing the necessary work of creating check-
points and calculating message portion checksums. This sec-
tion reports results for bSOAP with DDS checkpointing and
checkum creation turned on. We study the same message
sizes as in Figure 2 (1K, 10K, 25K, 50K, 75K and 100K
array elements). The tests report results for various mes-
sage portion sizes (which directly influence the number of
checkpoints created). In particular, in separate tests, the
deserializer was configured to create checkpoints every N
bytes, for N in {32, 256, 512, 1K, 4K}.

Figure 3 shows that the overhead of DDS checkpointing
is small, except when the message portion size is extremely
small (in Figure 3, 32 bytes). For message portion sizes
of 256 bytes up to 4K bytes, the increase in overhead is

"Therefore, the difference in hard doubles and the other two
types is due to conversion difficulty as well as the parser
touching more bytes. However, the important compari-
son for the purposes of this study is between gSOAP and
bSOAP, not between the different data types.
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Figure 2: Deserialization time, in milliseconds, for
bSOAP and gSOAP, for arrays of integers, and easy
and hard doubles of various sizes.

relatively small, especially compared to the opportunity for
performance improvement identified in the following subsec-
tions.

4.4 Near-best case DDS performance

Whereas the previous subsection characterizes the overhead
of DDS, this section identifies the opportunity for perfor-
mance enhancement. DDS will be most effective when con-
secutive messages are most similar to one another. There-
fore, this test uses sequences of identical messages, with the
message portion size kept constant at 4K bytes. This test,
then, compares bSOAP’s fast deserialization mode, under
various checksum algorithms and when storing and compar-
ing message portions instead of computing their checksums,
with bSOAP’s regular deserializer (without DDS support)
as well as a regular bSOAP deserializer that uses dummy
conversion routines. The dummy conversion routines do not
perform string to binary conversions. Thus, the performance
of the dummy deserializer serves as an upper bound on the
performance of bSOAP’s regular deserializer.

Table 2 shows an extremely significant opportunity to im-
prove performance, especially for large messages. Fast mode
deserialization for all cases is much faster than the cor-
responding regular deserialization. For example, the time
to deserialize a SOAP message containing 100K hard-to-
deserialize doubles is about 7 ms in fast mode (using the
XOR algorithm), and 288 ms in regular mode (a speedup
of over 41). For 100K integers, regular mode requires just
over 71 ms, and fast mode (XOR algorithm) requires less
than 3 ms (a speedup of nearly 25). For this test (contain-
ing sequences of identical messages), a worst-case speedup
corresponds to the dummy deserializer vs. fast-mode deseri-
alizer using the slowest checksumming algorithm (CRC32).
Even this speedup is 63.9 / 16.7 ~ 3.8 for a 100K array of
hard doubles. Again, this test simply demonstrates the op-
portunity and upper bound for performance improvement,
not the expected speedup of a realistic message stream.

4.5 DDS dual-mode performance

1200 -
Message size
1000 [l M 356KB - .
[] 351.5KB
800 [l M 8778KB - .
B 17549KB
600 [ | W [ 2631.8KB--- ]
B 3509.5KB
400
200

32 256 512 1024 4096

Message portion size (bytes)

Figure 3: Deserialization time, in milliseconds, for
bSOAP when operating completely in regular mode,
and for various message portion sizes.

Number of array elements (x1000)

1 [ 10 [ 2 [ 50 ] 75 [ 100

2 Ints 0.57 | 5.67 | 13.6 | 28.2 | 42.0 | 56.0
E | Basy Doubles || 0.56 | 5.61 | 14.1 | 28.6 [ 41.6 | 554
A | Hard Doubles || 0.70 | 6.38 | 16.0 | 31.5 | 47.6 | 63.9
2 Ints 0.67 | 6.93|17.7] 35.4 | 53.7 | 71.3
A | Easy Doubles || 0.83 | 8.24 | 21.2 | 42.7 | 63.3 | 85.0
© | Hard Doubles | 2.89 | 28.7 | 71.5 | 144 | 215 | 288
- Ints 0.04 [ 021 [ 060 | 1.27 | 1.84 | 2.91
g Easy Doubles || 0.04 | 0.29 | 0.78 | 1.58 | 2.37 | 3.04
Hard Doubles || 0.08 | 0.73 | 1.85 | 3.13 | 5.37 | 7.01

B Ints 0.05] 026 | 075 [ 1.54 | 2.26 | 3.45
% Easy Doubles || 0.04 | 0.34 | 0.91 | 1.85 | 2.77 | 3.55
< | Hard Doubles || 0.09 | 0.84 | 2.11 | 3.65 | 6.12 | 8.02
o Ints 0.09 | 0.67 | 1.80 | 3.69 | 5.45 | 7.72
g Easy Doubles || 0.08 | 0.75 | 1.97 | 3.97 | 5.97 | 7.84
O | Hard Doubles || 0.18 | 1.72 | 4.29 | 8.03 | 12.9 | 16.7
N Ints 0.06 | 051 | 1.32 ] 2.63 | 3.89 | 5.63
S Easy Doubles || 0.06 | 0.57 | 1.48 | 2.95 | 4.42 | 5.75
Hard Doubles || 0.13 | 1.32 | 3.23 | 5.89 | 9.47 | 12,5

Table 2: Fast mode deserialization times, in mil-
liseconds, for various checksumming algorithms and
for arrays of ints, easy doubles, and hard doubles
of various sizes. Fast mode deserialization times
when message portions are fully stored and com-
pared instead of checksums (rows labelled “Cmp”),
as well as deserialization times for bSOAP when
compiled with no DDS support (rows labelled “No
DDS”) and when compiled with no DDS support
and dummy conversion routines were used (rows la-
belled “Dummy”) are also shown.
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Figure 4: Deserialization time, in milliseconds, for
messages divided into 100 partitions (7' = 100), two
different percentages of the values around the center
of each partition are changed (P = 25 and 75), and
for two message portion sizes (N = 512 and 4096).
Each z-axis label denotes the message portion size
and the percentage of values changed (N, P).

Clearly, sequences of identical messages do not represent a
realistic scenario. The test reported in this section varies
some of the values in arrays of hard doubles, requiring
the deserializer to switch between fast and regular parsing
modes. In particular, this test is designed to vary the num-
ber of bytes that changed, as well as the location of those
changes. The results of the test, therefore, include the cost
of identifying (i) the need to switch from fast mode to reg-
ular mode (because of a checksum mismatch), and (ii) the
opportunity to switch back to fast mode (due to a state
match). Results also depend on the percentage of time that
can be spent in fast mode, compared to regular mode.

For this test, we divided the arrays into 1" partitions for
T in {1, 100, 200, 500} and changed P percent of each par-
tition for P in {25, 50, 75, 100}. The changed values were
consecutive values clustered around the center of each parti-
tion. We used message portion sizes of N bytes for N in {32,
512, 1K, 4K}. Thus, when the deserializer is in fast mode,
it switches to regular mode upon detecting the first message
portion with a changed value, spends some time (generally
longer for larger P and N) in regular parsing mode, then
possibly switches back to fast mode.

Table 3, located in the Appendix, contains all the de-
serialization times for hard doubles, for various values of
T (number of partitions), N (message portion sizes), and
P (percentage of values changed from one message to the
next). For clarity of presentation, Figure 4 and Figure 5
depict subsets of Table 3’s data in bar graph form. In par-
ticular, Figure 4 plots Table 3’s bold values, and Figure 5
plots values in italics.

As the number of array partitions T" increases, the perfor-
mance of DDS worsens (especially for larger V), as shown
by the relative difference between the corresponding bars
in Figure 4 and Figure 5. As T increases, the number of
switches from fast mode to regular mode increases. With
larger N, the percentage of time spent in regular mode, po-
tentially re-deserializing unchanged values, increases. For
example, when P is 25, N is 4096, and the array size is 100K,
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Figure 5: Deserialization time, in milliseconds, for
messages divided into 200 partitions (7' = 200), two
different percentages of the values around the center
of each partition are changed (P = 25 and 75), and
for two message portion sizes (N = 512 and 4096).
Each z-axis label denotes the message portion size
and the percentage of values changed (N, P).

the number of switches from fast mode to regular mode goes
up from about 243 (for T = 100) to 661 (for T = 500). As
a result, the percentage of bytes processed in regular mode
goes up from about 36.34% to about 81.75%. As an example
of how the message portion size N affects performance, the
percentage of bytes processed in regular mode in the case
where T' = 100, P = 25, and a 100K-element array goes up
from about 27.7% (N = 1024) to about 36.34% (N = 4096).

Checkpointing overhead becomes a major performance
bottleneck for smaller values of N (particularly 32). For
example, despite the fact that for all cases where P = 25,
bSOAP processed the least amount of bytes in regular mode
when N is 32 (about 24.44% for T' = 1 and a 100K-element
array), this message portion size still exhibits the worst per-
formance (however, still better than a regular deserializer).

As P becomes larger, the effect of both 7" and N becomes
smaller. This is because T and N affect the number of values
that are unnecessarily re-deserialized. Larger P leads to
fewer unchanged values, and DDS becomes less effective.

Progressive matching (in particular, the steps that take
place after the matching stacks are determined to match) has
insignificant effect on DDS performance. This is because as
the number of checkpoints increases (due to the decrease in
the message portion size), the number of attempts to switch
to fast mode increases as well. However, when P = 100
(in which case, none of the attempts to switch to fast mode
proved successful), the performance is comparable for all
values of N other than 32. When N is 32, the difference in
time is mostly due to the overhead of creating checkpoints,
and not to progressive matching (otherwise we would see a
significant difference for larger values of N).

Comparing the portion of Figure 2 that plots hard doubles
with the values in Table 3 demonstrates the cases in which
DDS improves performance. In particular, for 100K element
arrays, regular deserialization time is 288ms. Values less
than 288 ms in the 100K array size table rows represent
improvements, whereas values above 288 ms represent cases
where the DDS overhead is not recovered. In general, when
the message portion size is larger 32 bytes, and when only



25% or 50% (and even 75% in many cases) of array values
change, DDS reduces deserialization time.

These tests demonstrate that one DDS performance bot-
tleneck is checkpointing overhead. We are currently address-
ing this issue in subsequent optimizations, which show con-
siderable promise. We plan to further improve DDS perfor-
mance as we describe below.

5. SUMMARY AND FUTURE WORK

Differential deserialization (DDS) is a server-side opti-
mization technique that takes advantage of similarities be-
tween messages in an incoming message stream to a Web
service. The bSOAP parser and deserializer checkpoints its
state and calculates checksums of portions of incoming mes-
sages. When the corresponding portions of the next mes-
sage match, bSOAP can avoid the expensive step of com-
pletely parsing and deserializing the incoming message; in-
stead, it can use the results of the previously parsed mes-
sage. We describe the mechanism for checkpointing, switch-
ing back and forth between fast and regular deserialization
modes, and memory management and error handling issues
in our bSOAP implementation of DDS. A performance study
demonstrates that the optimization technique shows poten-
tial for Web services that recieve sequences of similar invo-
cation request messages. DDS is the server-side analogue to
differential serialization (DS) [4], but DDS is a completely
different technique that does not depend in any way on DS.
In fact, DDS does not require any changes to the SOAP
client that invokes the service.

We plan to improve and enhance our DDS implementa-
tion in several ways. First, we will take advantage of the
fact that a major portion of each checkpoint stack remains
unchanged between two checkpoints. Currently, each check-
point completely defines the parser state, leading to a con-
siderable amount of redundant information stored in consec-
utive checkpoints. We could instead store only the changes
in the contents of the stacks, from one checkpoint to the
next. This improvement will decrease DDS memory require-
ments, checkpoint creation overhead, restoration time, and
checking of namespace-alias mapping changes.

Another approach we plan to investigate to reduce re-
dundant information in checkpoints and to improve overall
performance of bSOAP, is to take advantage of the ability
to predict state change. For example, the amount of state
change just before an array element is about to be deserial-
ized and just before the next array element is about to be
deserialized is small, and can easily be predicted.

bSOAP could also detect message changes, and therefore
the need to switch from fast to regular mode, more quickly
by comparing a few bytes at the beginning, middle, and/or
end of message portions. Only if these bytes match would
the complete message portion checksum be calculated. This
could help for the cases in which the checksumming algo-
rithm itself is a significant portion of DDS overhead. Fi-
nally, using heuristics to dynamically tune message portion
sizes might help in improving DDS performance, by reduc-
ing time unnecessarily spent in regular mode.
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APPENDIX
A. DUAL-MODE DDS PERFORMANCE

Number of partitions (T)

1 100 200 500
Message portion size (N) || Message portion size (N) || Message portion size (N) || Message portion size (N)
P% Arr. Size

32 [ 512 [ 1024 4096 | 32 [ 512 [ 1024] 4096 || 32 [ 512 [ 1024 ] 4096 [| 32 [ 512 [ 1024 [ 4096

1000 |[2.39 [ 1.04 [ 1.01 [ 1.24 |[ 2.97 [ 3.61] 3.35 [ 8.44 || 3.16 [ 346 [ 3.34 [ 3.25 || 3.91 [ 3.46 [ 3.34 [ 3.26

10000 |[ 231 | 10.2[9.98 [ 9.72 |[23.9 | 15.0] 18.7 [ 32.4 || 24.4 | 19.8 | 27.6 | 32.5 || 26.3 | 334 | 33.8 | 3233

25000 | 57.5 | 26.0 | 24.4 | 23.7 || 58.8 | 30.3] 33.1 [ 57.6 | 59.2 | 34.9 [ 42.3 | 80.6 || 61.0 | 49.5 [ 69.0 | 80.6

25% |7750000 || 116 | 51.0 | 48.6 | 47.4 || 118 | 55.7| 57.5 | 81.6 || 119 | 60.5 | 66.7 | 116 | 120 | 75.1 | 94.6 | 162
75000 || 173 | 77.0 | 72.8 | 70.4 |[ 176 | 82.6| 81.8 | 105 |[ 177 | 85.8 | 91.1 | 140 |[ 178 | 100 | 119 | 242

100000 |[ 238 [ 111 | 97.7 [ 943 | 235 | 108 | 106 | 128 |[ 236 | 712 | 115 | 164 |[ 237 [ 126 | 142 | 269

1000 || 4.67 [ 1.86 [ 1.88 [ 1.91 || 4.68 [ 3.48 [ 3.38 [ 3.26 || 5.20 [ 3.47 [ 334 [ 3.23 |[ 5.70 [ 3.43 [ 332 [ 3.24

10000 |[ 41.1 | 185 [ 17.7 [ 17.7 |[ 41.9 | 233 [ 26.4 | 32.7 |[ 42.1 | 27.7 | 335 [ 32.2 || 44.0 | 35.1 | 33.8 | 3233

25000 || 103 | 46.4 | 44.1 [ 42.6 | 103 | 55.8 [ 52.9 | 77.7 |[ 104 | 55.5 | 61.8 | 80.5 || 105 | 70.1 | 84.1 | 80.5

50% |7750000 || 205 | 93.0 | 885 | 85.2 || 207 | 97.4 | 97.4 | 120 || 207 | 102 | 106 | 155 | 209 | 116 | 134 | 161
75000 |[ 308 | 139 | 132 | 128 |[ 311 | 144 | 143 | 163 | 312 | 149 | 150 | 196 || 313 | 163 | 178 | 242

100000 |[ 413 [ 186 | 177 [ 170 | 414 | 192 [ 186 | 205 |[ 415 | 195 | 194 | 237 [[ 417 [ 209 | 223 [ 322

1000 |/ 592 [ 271 [2.61 [ 262 || 6.42 [ 3.46] 333 [ 3.26 || 6.66 | 346 [ 332 [ 3.25 || 7.21 [ 3.46 [ 3.35 [ 3.25

10000 | 59.0 [ 26.9 [ 26.0 | 25.0 | 59.3 | 31.4] 33.6 | 32.2/|[ 60.0 | 5.8 | 33.5 | 32.1 || 61.8 | 355 | 33.5 | 32.3

25000 || 147 | 67.4 | 63.9 | 61.5 | 148 | 72.4| 732 | 80.5| 148 | 76.4 | 81.2 | 80.7 | 150 | 87.7 | 83.6 | 80.6

™% |7750000 | 205 | 135 | 128 | 123 | 326 | 189 | 137 | 158 || 206 | 144 | 146 | 161 | 299 | 158 | 168 | 161
75000 | 445 [ 202 [ 192 | 185 | 446 | 206 | 200 | 219 |[ 447 [ 211 | 209 | 241 |[ 448 [ 224 | 237 [ 242

100000 |[ 594 | 270 [ 256 | 246 |[ 598 | 274 | 267 | 280 || 598 | 280 | 274 | 316 || 597 | 292 | 301 | 322

1000 | 7.72[346 [ 332 3.22 || 7.65 [ 3.46 [ 333 [ 3.22 || 7.70 [ 3.45 [ 331 [ 3.23 || 7.66 | 3.46 [ 3.32 [ 3.22

10000 | 77.2 [ 35.1 [ 335 | 322 || 764 | 35.1 [ 33.4 | 32.2 |[ 76.6 | 35.8 | 33.5 | 32.5 || 76.9 | 35.4 | 33.5 | 32.2

25000 | 191 | 87.8 | 852 [ 80.3 | 191 | 87.8 | 83.6 | 80.5 | 192 | 87.8 [ 84.0 [ 80.3 | 191 | 87.8 | 842 | 80.4

100% ™"50000 || 391 | 177 | 168 | 161 | 387 | 176 | 168 | 161 || 386 | 176 | 168 | 161 || 385 | 176 | 167 | 161
75000 | 581 | 265 | 251 | 242 | 590 | 265 | 252 | 242 |[ 582 | 264 | 251 | 241 |[ 583 | 264 | 252 | 242

100000 |[ 780 | 354 [ 336 | 322 | 779 | 353 [ 335 [ 322 || 779 [ 353 [ 335 [ 322 || 779 | 353 | 335 [ 322

Table 3: Dual-mode deserialization times for hard doubles arrays of various sizes.
results for all combinations of messages divided into 1, 100, 200, and 500 partitions (7'); DDS message
portion sizes (N) of 32, 512, 1024, and 4096 bytes; arrays of size 1K, 10K, 25K, 50K, 75K, and 100K; and
the percentage of values that differ from one message to the next (P) set at 25%, 50%, 75%, and 100%.

Different tests contain




