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Abstract 0M anagement and use of Web services-based
SOA involves message exchanges for discovery,
invocation, security, status, control, and response
delivery. M ost of these messages consume networ k
resour ces often needed to deliver response payloadsin a
timely manner. A broad-based engineering
methodology is particularly critical when designing
network resour cesto implement mobile access by first
respondersor by forward-deployed troops. This paper
scopesthetechnical problems of SOA in a bandwidth-
limited environment. Additionally, the paper presentsan
approach to engineer solutionsfor thisenvironment,
identifies promising techniques specific to the technical
problems, and proposes resear ch to further potential
solutionsfor using an SOA in constrained conditions.

1. INTRODUCTION

Management and use of Web services-based Service
Oriented Architecture (SOA) involves message exchanges
for discovery, invocation, security, status and control, and
delivery of the response payload. Most of these messages
consume network resources needed to deliver response
payloadsin atimely manner. Engineering and use of high-
speed networks such as Nova Southeastern University[s
participation in the Florida LambdaRail as part of the
National LambdaRail project is challenging, but network
engineering is singularly critical for bandwidth-limited
wireline and wireless access to an SOA by first responders
or forward-deployed troops. The operational tempo and the
network interference caused by terrain and urban structures
push us to use an engineering approach beyond the edge.

Most SOAs today and many SOASs in development by local
government and by the Defense Information Systems
Agency (DISA) rely on: 1) wireline networksin single
organizations, 2) restricted extranet service orchestration on
wireline networks, or 3) very limited access to Web-based
services via wireline/wireless hybrid networks. Wireline
computing grids and networks or satellite network access
arerare options for many first responders and combat troops
and government has not aggressively addressed wireless
SOA engineering. Three reasons previoudly given for
addressing large bandwidth wireline SOA in lieu of wireless

implementations of SOA are that 1) engineering wireline
SOA isabounded problem set and has known risks and
solutions, 2) high capacity wireline networks are in place,
often considered ubiquitous, and can push new capability to
the fixed site edge of an organization, and 3) government
and industry will tackle bandwidth-limited environments
(both disadvantaged wireline and wirel ess networks) after
communication to the edge is completed. However, we need
to begin now to look beyond the edge or we will not have
the technology or techniques required to support aresponse
to the next major crisis.

The Federal Communications Commission (FCC) is
reallocating spectrum available for first respondersin the
United States with afluid field of bidders[2] [9]. An
additional 24 MHz will provide benefits to telephony and
wireless service providers, consumers, and the
communications architects for first respondersin the United
States. Additionally, this move will provide an operational
laboratory for development of techniques for wireless grid
computing and wireless SOAs to test the FCC first
responder guidelines [7] and the Joint Net-Centric
Operations Campaign Plan [4] in support of bandwidth-
limited, deployed personnel in the U.S and overseas. This
change in spectrum management is occurring in Americaas
the UMTS Forum is pushing for governments worldwide to
allocate additional spectrum to mobile use [21]. Spectrum
politics, expanding operational missions, and diverse terrain
and urban conditions are just afew parts of the dynamic that
influences operational personnel, service providers and
communications engineersin an SOA.

Thereality isthat we need a specific engineering approach,
or framework, to address the peculiarities of the mobile
environment for SOA beyond the edge. Only by defining
such aframework can we systematically and effectively
implement wireless Web services and grid computing
capability in support of front line personnel in the U.S and
abroad.

This paper is organized in seven parts. Section |, givesthe
motivation, scope and organization of the paper as well as
critical concepts. Section |1 summarizes the operational
fundamentals of SOA and grid computing. Section 111



outlines known operationally driven technical challenges
that must be addressed to implement wireless access to
Web-based SOA and grid computing. Section IV presents
an engineering framework to implement the network
infrastructure and to sequentially consider the technical
challenges. Section V proposes specific research areas as
future work to examine solutions to the technical issues as
well asto adjust the engineering framework presented.
Section VI is a conclusion to the paper and Section VI lists
the references used in preparing the paper.

2. SOA AND GRID COMPUTING OPERATION

Before discussion of the sequences for building an SOA and
distributed computing grids, let us establish a common
view. OASIS[17] and Erl [6] describe a set of service
activities and participantsin a Web services-based SOA.
SOA isan architectural style rather than a product and helps
the business and information technology (IT) teams work
together and think about IT infrastructure to meet business
needs. The SOA approach takes the use of Web services
beyond mere point-to-point invocation and response to a
level that offers efficiency, adaptability, and responsiveness
to changes in the business climate. Thislevel of operation
can be accomplished by using the SOA principles of:
include only self-contained services, ensure services are
platform independent, support asynchronous and
synchronous operation, and have loosely-coupled
dynamically invoked services. To implement these
principlesin an SOA there are three major players and
associated activities. The activities are; publish metadata
about the service in the SOA, find (discover the service),
and bind with the service at run-time. Owners of services,
that is, organizations or individuals with authority to
commit resources for the hosting, operating, and
maintaining Web services, are considered potential
publishers. The first activity is for a publisher to post a
service offer to aregistry (maintained by a broker of
services or a provider) that can be accessed by other
organizations or services in the enterprise. The second
activity isfor a service consumer to search for and find
(discover) the published information on the registry
concerning the service. The third activity isfor the service
consumer to use the published information about the service
to go to alocation that hosts the service and bind to it to
invoke it. All of this activity assumes uninterrupted and
timely communications and this need is why most SOAs
today are wireline implementations.

An article by Popazoglou, and Dubray [18] provides a clear
description of the activities performed during invocation of
Web services and the delivery of real world service
responses. After publication of aWeb servicein aregistry
of metadata about services, discovery of the service may be

performed at either design time or run timein the life cycle
of aWeb service. In many instances a developer will search
for and find a service that meets specific needsin the

capability being developed. This findlCactivity isat design
time. Thisisthe scenario expected for deploying first
responders and combatants because one rarely deploysto
respond to a crisis event without the tools needed, much less
planning to {lindCthe services required once oneisin the
objective area. Consequently, pre-identification of services
in an SOA and, improved mobile networks may support the
invocation of selected, distributed servicesin a specific
order to accomplish a mission (business) computing process
at run time. The challenge isto provide access during
intermittent or low-speed communication situations.

The typical message load required to complete the find, and
bind sequence includes from six to eight small messages in
each of six sequences. These message sequences include
the staged requests from or through the Service Consumer,
Service Consumer Agent, Inquiry Service, Service Registry,
and Security Service and Service Provider Agent. Each of
these request/response sequences may include

authenti cation/authorization and currently require
uninterrupted network access:

Find Service Provider or Find Service Offer
Get Service Offer or Get Service Offer
Find Access Point

Get Access Point

Invoke Service

Deliver Response/Payload

Oooooono

One can envision a series of Web services (system-to-
system messaging using XML -based exchanges) in an SOA
that promises more flexibility in the selection and
invocation of functionality to meet business process
requirements. XML messages can become much larger than
binary forms of the same data and thereby cause processing
and bandwidth performance problems. The increased
message sizes are particularly problematic for bandwidth-
limited SOA infrastructure but the XML aternatives may
provide relief.

Given the distributed nature of mobile devices supporting
forward-deployed personnel, one should consider the
findings of those working in the field of grid computing.
Grid computing applies the resources of many computersin
anetwork to asingle problem at the same time and could
complement the processing power of mobile devices, if the
mobile network can sustain the required coordination,
throughput and responsiveness. For SOA applications, the
computing grid requires both single thread and long-term
transaction management in addition to the service
orchestration typically in place to control services. The use
of single, orchestrated or choreographed, and grid-
computing solutionsin bandwidth-limited networks requires
new examination to meet the technical challenges of the
operational environment and to deliver the advantages of
grid computing advantages.

3. OPERATIONALLY DRIVEN TECHNICAL ISSUES



The technical challenges associated with providing access to
an SOA in limited conditions fall into three groups. Each of
these groups must be addressed in any successful
engineering method. Table 1 summarizes items that face
network implementers once operational mission services are
designed. The detailed design and provisioning of a
limited-bandwidth or mobile SOA infrastructure must be
based on the mission operational servicesin the SOA and
on the expected loading on the core network and maobile
networks that form the SOA infrastructure.

Mission Service Structure (SOA Design/Implementation)

Response payload size (min, median, max Mbytes) for
100% of known service descriptions

Expected service invocation (min, median, max) per hour

Confidentiality/integrity needed of coordination messages

Confidentiality/integrity requirement of response payloads

Invocation method by service (including voice)

Distribution of services by host (identify host and
connectivity-either wireline or wireless)

Service message sizes and incidence
Operational end-to-end response time required by service

Redundancy of service hosts for continuity

Registry approach (centralized, distributed or federated)

Core Network (Fixed and Transportable Infrastructure
Planning, Design and Implementation)

Capacity of wireline to radio network controller

Geographic area coverage

Planned coverage overlap percentage

Planned exterior wireless routers and location servers

Planned exterior wireline connected RF repeaters

Planned in-building wireline connected RF repeaters

Planned in-building wireless repeaters/femtocell routers

Radio Network (Mobile Design and Implementation)

RF Channels available (bandwidth allocated)

Transmission Power constraints - impact on environment

Environment RF noise/competing usage

Expected intentional electromagnetic interference

Geographic area coverage required

Obstructions in geographic area (terrain & buildings)
Mobile units geometry extent and rate of change

Range of separation between mobile units

Max transmission power of mobile units by type

Power supply life by mobile unit type

Wireless Segment response budget

Table 1. Operationally Driven Technical |ssues

4. SOA INFRASTRUCTURE ENGINEERING

Just as Thomas Erl [6] defined a sequenced approach with
iterations to implement services that support the business
needs of an organization and standardized approaches are
used in planning universal mobile telephone service [20],
sequenced steps in a framework are needed to address the
technical challenges of providing infrastructure for
bandwidth-limited wireline and mobile network accessto an
SOA viawire-enabled access points, ad hoc nodes to
wireline-enabled access points, or ad hoc nodes alone. Erl
identifies seven iterative steps in the implementation of an
SOA:

Business (Mission) Strategy Update

Establish Governance Process

Service-oriented analysis with feedback
Service-oriented design with feedback to analysis
Service Development with feedback to design
Service Testing with feedback to design and
development

O Service Administration with feedback to design

The proposed SOA infrastructure engineering framework
has it own seven steps and addresses the itemsin Table 1.
This section defines the activity required in each step and
introduces recent approaches to address the technical
challenges to be addressed in the first three of the seven

steps.

Because engineering provides the solutions to business-
driven goals implemented in services, Table 1 begins with
mission (business) needs and leads to Step 1 of the
infrastructure-engineering framework.

Ooooogno

Step 1, Opening Review, isto examine the requirements and
expectations of the customer base and to establish standards
for the engineering work. Essentially thisis an independent
examination of the mission (business) process requirements,
timing needs and categories of servicesin apreviously
defined SOA strategy. Thisreview addresses the entity-
centric business services, application services, task-centric
services and process services that will generate the message
traffic on the networks. Step 1 must include consumer
event sequences and the first eight of the 10 SOA-defined
itemsin the top group of Table 1 aswell as the format and
size of invocation and coordination messages and of
payload messages. Then the engineers examine how the
messages might be reduced in size. [Note that examining
the distribution of services falsin the study of alternatives
and is addressed in Step 2.]

In some crisis response situations there may be large
satellite images, massive XML files, or other filesthat are
repeatedly referenced, imported or transferred in the service
messages. One can reduce the load on the network by using
several methods. First, one can install all schemasthat are
needed for expected SOA services and XML files onto all
devices prior to deployment. This will reduce the network
traffic for referenced schemas and may address 90% of the
transmissions needed for these large interpretive datasets at



the expense of pre-planning and mobile/transportable
storage size [5]. Careful selection and pre-conversion of
files to specific response payload formats (e.g., wavel et-
based JPEG 2000 instead of TIFF or GIF) and vector-based
geospatial and architectural formats (e.g., ESRI Shapefile or
AutoCAD DXF isacommon approach to support reduced
file size on deployed devices. However, using vector file
formats for building drawings where possible or only
wavelet formats for scanned building drawings or imagery
of the objective area requires pre-selection and processing
for geographic areas in which the data may only exist in the
most inconvenient format. We cannot pre-process data for
every crisis contingency, but we can address high risk
events as well as consistently reduce the size of XML-based
metadata used for discovery and retrieval of the files.

XML provides the capability to describe data and also
supports machine processing without human involvement
and is therefore useful in a Web services-based SOA.
However, industry has found that conversion to XML can
make the files sizes grow from 30% to 300% [19] Defense
investigation has indicated a 1690% increase in size [5], but
this growth is often dependent on the data represented,
developer designs and the development tools used [15]. This
increase in size and the call for a standard method to
compress the XML in al network conditions was the
motivation for the World Wide Web Consortium (W3C) to
establish the Efficient XML Interchange (EX1) Working
Group in 2005 to explore alternative XML approaches [22].
The potential impact is certainly exacerbated in an SOA that
supports first responder or forward-deployed troopsin
bandwidth-limited networks.

The W3C released a draft of its Efficient XML Interchange
(EXI) specification in December 2007 to effectively address
compactness, processing efficiency and roundtrip support.
EXI isintended to simultaneously optimize transfer and
storage performance and the use of processing resources.
The EXI format combines concepts from information
theory, formal language theory, and practical techniques
verified by measurements, to implement entropy encoding
of XML information. That is, EXI implements acommon
approach to compress information by representing duplicate
ementsbn ce with associated frequency notation. Using
arelatively simple algorithm, which is amenable to fast and
compact implementation, and a small set of data types, it
reliably produces efficient encoding of XML event streams
for aseries of XML statements [22].

Implementations of EX| can encode XML in headers, in
schema, and in complete data files with sizes that can be
reduced to a compaction that is between 4% and 75% of the
original XML file sizein most test cases[1; 24]. This
reduction can make a positive impact on existing networks
and can ease the design effort for new infrastructure.

EXI is knowledge based encoding that uses a set of built-in
grammars that take advantage of a priori knowledge of the
kind of data being encoded to encode XML documents and

XML fragments when no schemainformation is available.
There are built-in grammars to encode documents with top-
level structure, and for fragments and elements to describe
the structure of every element. This approach compacts the
pieces of files as separate channels, as opposed to using
compression or codecs to encode the entire file body. EXI
reduces compression processing by combining the
knowledge of XML to the application of a standard
compression algorithm to avoid compressing the entire
stream [23].

The EXI approach supports alearning mechanism to further
improve efficiency when no schemainformation is available
statically. Newly learned occurrences, or productions, are
assigned short event codes thereby improving compactness
for every subsequent use of those productions. These new
productions are added to the grammar allowing certain data
associated with an event to be encoded once [23]. This
learning is oriented toward the specific mission servicesin a
given SOA.

Having captured and mission service requirementsin
engineering terms as well as some approaches to improve
efficiency, one can moveto Step 2.

In Step 2, Define Engineering Alternatives, engineers

transl ate the assessments of users (how many will use each
service and for how long in each hour, how mobile they will
be in speed and geographic extent, etc.) into parameters that
can be used as capacity requirements. This typically
includes any reduction in message size expected and any
attendant processing impacts on both ends of alink, if
encoding techniques are employed. At this stage design
specifications should be written to ensure that a clearly
defined interpretation is captured to address both fixed
infrastructure reach to mobile devices and ad hoc networks
comprised primarily of mobile devices.

Thisis standard system engineering practice, but the
potentia for inoperable or unreachable nodes emphasizes
the need to examine options that will support dynamic
conditions and disrupted infrastructure. 1n developing
forward-deployed SOA infrastructure, one must remember
that services must be discoverable, accessible and
responsive. Thisleads engineersto consider and model
centralized, federated or distributed registries, and different
deployment approaches for service instantiations and
referenced schemas among hosts in or near the objective
area.

Friedman [8] has tried to improve Web service usein ad hoc
wireless networks by using caching of Web servicesin
mobile wireless ad hoc networks as a way of increasing
service accessibility and availability for users with mobile
devices. This caching, in turn, can increase the scalability as
critical services can be hosted on several mobile devices
that are either local or within a few network hops. This can
improve the operational service experience for first
responders and deployed troops by reducing response time.



Friedman proposes to have a caching service address both
the executable service and the associated data with
identified service proxies to reduce messaging. However, if
we host critical services on several mobile devices, we aso
will increase the service availability during intermittent
network conditions. This augmentation would require
multiple entries for instantiations of servicesin distributed
or duplicate registries to ensure user devices can find and
bind to the services. If traffic loads among devicesin ad hoc
networksis used as a criterion for deciding which service
instance should be invoked, then Friedman(s concern about
communications loading and service host load balancing are
mitigated for the challenged network environment.
Considerations such as optimal placement of service proxy
hosts and selection of protocols that are more efficient than
TCP/IP may also be constrained in the environment in
which we are working. However, Friedman(s concept of
having a caching service support the management of
invocation semantics for Tong tr ansactions] cache
consistency, collaborative downloading and service
assembly are applicable whether the objective area has ad
hoc or access point hybrid infrastructures [8]. Modeling of
dynamic situations for both first responder and combat
deployments is needed to fine tune for boundary conditions
for the redundant deployment of executable services.

Interestingly, Halonen and Ojala have prototyped a method
for distributing service metadata with network information
in ad hoc wireless networks[12]. The proposed SOA
engineering framework assumes that there will be a
wireless-to-wireline interface in the infrastructure, but that
ad hoc, partial mesh wireless networks will be supported as
well. The scenarios of this paper assume multi-hop
conditions are prevalent and can be engineered in
accordance with the approach of the Halonen and Ojaa
research. A partial mesh, or multi-hop mesh, network
provides routing between distant nodes via other,
intermediate nodes, thus enabling the connectivity between
nodes that cannot directly reach each other. For the
purposes of first responder implementations the mobile
clients may have to perform the routing and configuration
among themselves without any static infrastructure support.

The discussion of SOA in Section Il provided the simple
convention of having all the service metadata published into
acentral registry in support of discovering the services. In
that ssmple case al nodes need only to know where the
registry is and be capable of connecting to it. Yet in the
wireless portion of the SOA infrastructure the service
registry and service provider may not be reachable by the
mobile or wireless-enabled, fixed-site service consumer
devices.

To overcome this problem Halonen and Ojala use no central
registry or service repository, but fully distribute the service
metadata and executable services on the members of the

partial mesh network [12]. This concept essentially usesthe
mechanism of the ad hoc routing protocol to distribute the
service metadata among nodes that can reach each other to
implement the SOA simultaneously with establishing the
wireless network. Consequently, if a device can connect to
another device, it [ nowsOthe service metadata stored in
the other device and can use it to discover services that are
also reachable. In this way, the lack of areachable central
registry is mitigated in a decentralized manner. The
Halonen and Ojala cross-layer design integrates registry
maintenance and access into the ad hoc routing protocol by
using the routing table and optimized flooding techniques to
support service publication (notice of a given service

located on specific nodes), service discovery and network

management. The proactive definition of service locations
in a pre-defined topology is used in one implementation of
this technique. However, we may need on-demand routing
protocols and on-demand service discovery to support our
crisis response scenarios. This requires collaboration of
participating nodes for both network routing updates and
service metadata location detection. It appears that
extending the flexibility of the Halonen-Ojalatechnique
requires choreography (as opposed to orchestration) to
coordinate distributed services. Therefore, some security
services elements appear are needed on every node that
hosts services.

SOA infrastructure engineers should consider this approach
to caching service-referenced schemas as well as for
metadata in support of their specific SOA.

This paper does not detail information assurance
requirements or approaches, but engineersin this step
should begin to consider the information assurance and
access control requirements associated with the servicesin
the SOA. Thisis particularly challenging when using
wireless capabilities without an approved method for
organizational and system-level Public Key Infrastructure
certificates to ease authentication. Hence one must either
use a fast handoff or are-authentication method in
conjunction with SAML assertions, policy enforcement
points, policy decision points and authoritative attribute
services to implement access control to services. This SOA
infrastructure-engineering framework can be modified,
preferably in Step 2, to address security after industry and
government have approved an approach for system-level
and service/server-level PKI certificates.

In Step 3, Perform Link Budget and Coverage Analysis,
engineers take the set of engineering interpretations,
messaging and deployment alternatives from Step 2 to
perform more detailed modeling for link budget and
coverage assessments and for locating fixed access
point/cellular stations for given loads. This modeling
requires: @) detailed terrain, b) vertical obstruction and
building data, ¢) data on existing telecommunications
infrastructure, d) details of power generation, substation



sites, and transmission lines, €) particulars of wireline
capacity to potential access points/stations, f) ephemerides
for available communications satellites, g) supporting
propagation models for the spectrum allocated in the region
and h) both queue and arrival models for service use by
service type.

To improve resource alocation and handoff approaches in
this portion of the framework requires better initial input on
the physical distribution and movement of users for each
type of service across the geographic area of coverage.
Bettstetter [3] recognized the importance of movement
patterns in the performance analysis of mobile wireless
networks. He further understood that the movement
patterns would be even more important as they influence
handoff signaling traffic as well aslocation updates and
customer messages. Therefore he defined a model that
randomly selects the time and change of speed within
bounds as well as randomly changing directions within
bounds to provide smooth transition of the simulated paths.
With this new model Bettstetter defined a means for
defining better input to the second engineering step
discussed before. However, first responders and forward-
deployed troops face dynamic, and often intentionally
disrupted, conditions that require further modeling in
support of placing the wireline/wireless interface nodes.
This of course requires a balance between time available for
planning and the number of contingencies modeled in the
expected objective area.

Regardless of the extent or detail of movement information
available, one needs to address the key pieces of the end-to-
end network. Thisisabasic approach that uses line-of-sight
communication planning for cellular networks and also can
be applied to hybrid wireline/wireless networks as
infrastructure for an SOA. Mazzini and Mateus [14] |ooked
at the common approach of selecting cellular base station
locations, addressing frequency channel allocation to meet
demand and to avoid interference when connecting the
mobile telephone office (or multiplexing unit) to the larger
landline network. Their insight was to establish a mixed
integer programming sol ution to optimize the costs and
capacity utilization across the end-to-end solution. By
looking across all three major engineering problems
simultaneously as opposed to the stepped output to input
technique provided by the Universal Mobile
Telecommunications System (UTMS) Planning approach
[20], the resulting Mazzini and Mateus solutions were clear
improvements. This approach is appropriate for examining
ad hoc mobile network and wireline/wireless infrastructure
beyond the initial cellular examination.

An augmentation to the Mazzini and Mateus approach isa
distributed and secured technique for smooth handoffs
between heterogeneous wirel ess networks that was defined
and tested with simulations by Sethom, Afifi and Pujolle
[18]. Details on how to best use the two methods require
further examination when facing limited bandwidth to

wireless access points that provide connection to the
supporting wireline. One promising method devel oped by
Kodialam and Nandagopal [13] may be used to integrate the
techniquesin [14] and [18]. This method is to apply a
capacity region model for multi-radio/multi-channel
wireless mesh networks to the results of the former
techniques by comparing static and dynamic channel
allocation model results to support channel alocation. This
capacity region model can define an envelope of feasibility
against which the results from the former techniques can be
compared for reduction of candidate channel allocation
proposals.

Having defined an initial geographic layout and channel
allocation, the engineers can now address how rapidly and
accurately one can reallocate frequencies to meet shifting
demands in a geographic area. The need to reallocate can be
caused by loss of a mobile communications center, severing
acritical cable after deployment, or having a Low Earth
Orbit communications satellite move out of range. Hence,
channel interference within adjacent networks and the need
to efficiently (rapidly and accurately) allocate channels to
meet demands within cells and ad hoc Wi-Fi networksisa
major concern. Therefore aternative approaches need to be
examined for initial implementation as well as for planning
responses in post-deployment contingencies.

Step 4, Perform Wireless Network Design, involves
performing tradeoffs among alternatives and refining
capacity planning for the fixed and satellite infrastructure
that reaches to the objective area in the geographic region of
deployment to connect local ad hoc networks and tactical
nodes to higher headquarters. This step includes performing
critical access network planning for the interfaces on the
frequency channels available. This step addresses the most
operationally vulnerable and mission critical portion of the
end-to-end SOA infrastructure. Although this planning can
be vendor platform specific, it must begin with the
frequency spectrum available. Therefore engineers
responsible for the SOA infrastructure in aregion should
examine alternative platforms that meet the specific
operational and technical requirements. On one hand an
interface that supports a variant of IEEE 802.11 for amobile
device may be sufficient. In other circumstances |EEE
802.20 for wireless broadband is necessary. One can also
select one wireless protocol for forward traffic and a
different protocol for backhaul in the same spectrum to
reduce interference if devices handle both protocols.
Complete radio network planning requires on-site surveys
with radio devices operating in the expect frequency
spectrum to ensure that dead zones, interference zones and
clear zones are mapped. Extensive site surveys of a
deployment region or of key buildings are often not
performed because of time constraints or lack of physical
access to the region during the planning phase. If oneis
planning to have extensive wireless networks to support
service discovery and invocation as well as payload
delivery, then the site surveys increase in importance






