1. Introduction
In
 a conventional Web Service environment, XML is the presentation format, which provides interoperability to the heterogeneous participating nodes. But in some constrained computing environment, such as mobile computing and real-time computing, processing an XML-based message becomes a performance bottleneck because of its verboseness. These performance overheads consist of parsing to retrieve information from its structured representation, more transmission time with increased document size over a narrow-bandwidth mobile connection and conversion overheads from in-memory representation to textual format. 
The
 high-performance XML encoding is an open research area [Goldman2005] [Chiu2002] [FI]. And related work on solving these problems can be categorized as individual message optimization or message stream optimization. An individual message approach produces a simplified, efficient, and self-contained message that has different representation of XML content – XML Infoset information. XBIS by Dennis Sosnoski [Sosnoski] falls on to this category. The message stream approach optimizes a whole sequence of messages – a session. Participating nodes negotiate the characteristics of the session and the message format in the session. Fast Web Services [FWS] and our Handheld Flexible Representation [Oh2005-1] [Oh2005-2] fall on this category.
To
 achieve high-performance SOAP message processing and exchange in the constraint environment, we design a new architecture, Handheld Flexible Representation (HHFR) and implement a prototype. The architecture provides the preferred representation for applications (target services, client services, or message receivers) by separating SOAP message contents from the XML syntax of the message. The architecture targets a message stream – a session and it negotiates characteristics of the stream that includes the structure and types of SOAP message, reliability and security issues, and a preferred representation. 
2. HHFR: a new mobile Web Service architecture
To achieve the goal, the architecture design should address issues like an internal data model, message converting scheme, a schema definition for surrogating the structure and types of the SOAP message, a context-store design to archive unchanging SOAP headers and the schema document.
Replacement of XML Syntax with Optimized Representation: The HHFR architecture and its framework supports message exchanging in the preferred representations, which is an optimized (or binary) format in most cases. The architecture separates SOAP message contents from the XML syntax. And it is responsible to build the message in the preferred format (or representation) using internal DataStructure object and the separated contents stored in the HHFR data model.  The internal DataStructure is created by parsing the HHFR schema document, which is a surrogate of separated structure and types of the SOAP message. We restrict the XML Schema definition for the HHFR Schema definition. These restrictions, such as a single schema document, no facets like minInclusive and maxInclusive, no references, make parsing a HHFR Schema document produce a single structure.
Focus on Message Streams: The HHFR works best for the Web Services, where two participating nodes exchange a stream of messages. For applications using a specific service, messages in the stream share the same data structure and data type for information items in it. The most of message headers are not changing in the stream session. Therefore, the structure and type of SOAP message contents in HHFR schema format and unchanging-SOAP headers can be transmitted only once, and rest of the messages in the stream has only payloads. 
Context-store as a Repository: In the HHFR architecture, a context-store module holds a static data of the message stream including the unchanging-SOAP headers, HHFR schema as a data representation, and other stream characteristics. These characteristics are captured by a negotiation stage. WS-Context [Little2004] specification is well suited for this purpose. Information is defined with URI. For example, we derived the HHFR scheme itself as URI-S. The current representation of the message in the stream is URI-R and the choice of transport protocol is URI-T.
Negotiation of Characteristics: to use the preferred representation and set up characteristics of the stream, the HHFR uses a conventional SOAP message in the beginning of the stream like the negotiation in the WS-SecureConversation [Anderson2004] specification. The SOAP message, which has a Negotiation Schema defined with the HHFR Schema definition, is sent to request to start a HHFR session. It contains a HHFR Schema document of the SOAP message and any available quality of service issues. 
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Prototype Implementation and Benchmark Result

To demonstrate the effectiveness of HHFR architecture, we have implemented a prototype mobile Web Service framework based on the HHFR architecture design. The prototype implements core design features of the design, such as the representation conversion, a fast transport option for a message streaming, the negotiation stage, and a simple HHFR data model. We choose Java as a language platform for both mobile and conventional computing and we limit the mobile node as the service client. Since the HHFR design doesn’t cover the SOAP Engine feature, we utilize existing efforts – Apache AXIS and kSOAP. Figure X shows an overview of the prototype implementation. 
We experiment benchmarks to compare the performance of the HHFR prototype with the performance of the conventional Web Service framework – AXIS.  The details of the experiments and results can be found in [Oh2005-2] and we summarize them here. We develop two applications, a string array concatenation application and a floating number array addition application. Both applications use TCP transport for benchmarking. A string array concatenation service produces a single concatenated string of all string in a message. We measure a Round Trip Time (RTT) of the session, which includes multiple messages of given array length.  The other application is a float number addition service that returns a summation of all float numbers of an array in a message. In this benchmark, RTT of the conventional SOAP application contains an OS level float-to-text conversion overhead, while RTT of the HHFR doesn’t. 
From the experiments, we observe a bigger performance savings on a longer session. The string concatenation benchmark and the float addition benchmark show that HHFR communication out-performs a conventional SOAP and the gap is fast-increasing as the number of messages in a session grows. These performance gaps are mainly caused by high latency of the cellular network, which uses the SprintPCS Vision service (speed up to 14.4kbps). The second observation we did is from the float number adding service and it is an efficient memory space usage of the HHFR prototype implementation by avoiding text conversions for building SOAP messages. During the benchmark, the runtime system of the prototype processes a larger size array in the message. 

4. Summary

The high-performance XML can be achieved in many ways. For example, a binary data attachment in the SOAP message, such as MTOM [Gudgin2004] and XOP [Gudgin2005], is very popular solution to avoid a redundant encoding for already-encoded multimedia data or to preserve data integrity of the encrypted data. However the approach can be applied to only fixed data format and cannot cover user defined data structure such as the array. Another example is compressing SOAP documents. Compressing is reducing the size of the document for narrow bandwidth connected Web Service nodes. The XML specific XMill [Liefke2000] can reduce the document size in half or more. But because of another layer of processing – a compression and a decompression, the compression approach is not saving overall performance overhead in many data domains. 
We show a new architecture for mobile Web services using preferred representation. Since it targets a message stream, the architecture can separates the message contents from the XML syntax and transmits unchanging headers and the structure and types of messages only once at the beginning of the stream. 
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Figure. X.  Simple Overview of Prototype Implementation �
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