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ABSTRACT

Mobile Ad Hoc Networks (MANETSs) are self-configugn
networks where nodes are mainly mobile and comnatioit is
achieved wirelessly and in a multi-hop fashion. Manuting
protocols for MANETs have been proposed but onfiew of
them have been reliably implemented for deployméertie
mobile nature of nodes establishes constraintsemms of
resource consumption (e.g. bandwidth, energy) aedtes a
highly dynamic network topology. Therefore, findipgths in
MANETs is not a trivial task. In addition, the cdtaustly
increasing and scenario-dependant network requitemeén
terms of robustness, reliability and quality ofvses for multiple
platforms demand fast development and implememtaifdoug-
free routing protocols that satisfy specific userd anetwork
requirements. However, current practices for pmaltoc
development and implementation are costly and tioresuming,
especially when existing implementations are nobpprly
reused. This paper discusses the steps that shedtdlowed in
order to build the GP-Pro protocol generator, whichased on
Generative Programming[9], for automatic generatbrad hoc
routing protocols according to user requirementsl aiso
discusses how the generated protocols could sugpa®t GP-
Pro is designed to be extensible, with the explgial of
generating a large number of different protocols different
component combinations.

1. INTRODUCTION

Mobile ad hoc networks (MANETs) are infrastructess
wireless networks where the topology changes cotigtalue to
node mobility and environmental conditions. Therefaouting
becomes a non-trivial task. Multiple ad hoc routimgtocols
have been proposed. However, only three of thene heached
the RFC status (AODV[4], OLSR[2] and TBPRF[3]). Aubc
routing protocols can be classified as proactiveresctive.
Proactive (table-driven) protocols maintain routtagles, at all
times, with paths toward every network destination.the other
hand, reactive (on-demand) routing protocols orthgrapt to
discover routing paths when a destination node twmase
reached. A complementary classification for ad-hoating
protocols that considers node location in ordemttke routing
decisions is position-based protocols. However, position-
based protocol has reached the RFC status.

Constantly increasing network requirements in termf
bandwidth, robustness, reliability and quality esce for a
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broad variety of networking scenarios ask for tegedopment of
more robust routing protocols that satisfy more deding user
and network conditions. However, the process ofigmésg,
developing, testing, evaluating and implementirapkt routing
protocols is a very costly and time-consuming psecthat does
not satisfy the constantly increasing demands,asihewhen no
previous implementation solutions are reused. Toere
development from scratch is not longer an option amew
mechanisms to support faster development with redse
performance are needed. Function libraries appsas dirst
alternative; however, usually they not provide sgéed enough
functions to satisfy new requirements. Protocol edigyment
frameworks (e.g. The X-kernel [6]) that define thain protocol
architecture are another alternative. However,etherstill a lot
of work that has to be done by the protocol devalagmd also,
the number of frameworks that have been espediigloped
for ad hoc routing protocols is limited (e.g.[7}Fomponent-
based engineering is another alternative wheredinaularity
components are used to build the protocols (e.g. gJ.
However, there still exists the need to selectiatetconnect the
components. A more attractive alternative is Gengra
Programming (GP) [9], which makes use of componenis is
also powered with the knowledge to automaticallgeasble
them. In addition, the selection of componentsdsed on user
specifications, which are expressed by means ofoprigtary
specification language or a Graphic User Interfé@ell). GP
tremendously reduces the development time, andbthik-in
knowledge considerably decreases the probabilityeobrs
introduced by the protocol developers. GP strosgigports the
concept of automatic generation given that a laggua specify
user requirements exists and that the protocol rgéore can
understand it. Therefore, in this paper we disdosdetail the
steps that should be followed to build the GP-Protqzol
generator, which is based on generative programmiog
automatically generate ad hoc routing protocolsetbasn user
specifications and we also discuss how the gersnatatocols
could support QoS by applying different routing riest based on
node and link state information. GP-Pro is desigriedbe
extensible, in terms of being able to continuouatid new
components with the explicit goal of generatingaegé number
of different protocols by different component comdtions. GP-
Pro envisions the automatic generation of proactieactive and
position-based routing protocols ready for impleta&on.
Finally, as far as we know this is the first timeat the



generation of position-based protocols is addreskgdany
protocol generation tool.

This paper is organized as follows: First the aeghiure of GP-
Pro is discussed. Next, the corresponding domagdysis is
presented followed by an example of the QoS versfan well-
known protocol that could be generated using owrtqggeol
generator. Finally, some discussion is elaboratetithe future
work is addressed.

2. GP-PRO

One of the main reasons to design GP-Pro is todspeethe
protocol generation process based on user requitsmehile
achieving reasonable protocol performance. Heepthaning of
speeding up the generation process is not onlyeetli®m quickly
generating the source code for the new protoc@. dlso related
to the mechanism to specify the required protcEberefore, an
easy to use but powerful mechanism is required.hSac
mechanism should be capable of processing the ssnpl
specification, which is: “Generate any ad hoc mgitprotocol”,

<protocol>
<type=proactive/>
<path determination>
<metric>maximum link quality</metric>
</path determination>
</protocol>

This example shows that each protocol will be dbsedr by
several features with different levels of spedifigirepresented
by indentation) and that the amount of chosen featumight
vary. Processe8.0-GUI and4.0-Specification Generator are to
be performed when the GUI is utilized, proc&s8 represents
the use of the GUI (powered by component configomat
knowledge) to describe the required protocol by mseaf list
boxes, check boxes and text fields; and prodedss in charge
of generating the corresponding specification i fiormat of the
XML-based DS.. Process5.0-Buildability checking will make
sure that the required protocol can be assembledréquested
components do not overlap nor are in conflict).chse that
additional protocol features or configuration paedens are

but also capable of processing a much more advancedreduired, proces$.0-Completing Specification will do the job.

specification. In terms of the protocol specifioati GP-Pro will

Using the complete specification as a guidelinegcess7.0-

support two different mechanisms to provide the ruse Component Selection will select the components that will build

specification. The first mechanism, which is mosemfriendly,
is a GUI (Graphic User Interface) that does notuneq any
knowledge about any programming or specificationgleage.
Only the selection of protocol features by meandigit and
check boxes is required. The second mechanismXigllastyle
user specification based on a proprietBigmain Specification
Language (DSL). This alternative mechanism provides an
opportunity for the more advanced user that wantspecify a
more specialized protocol. The entire protocol getwe will be
built inside a Java application. Therefore, theligppon will
provide all the required functionalities to handieth types of
user specifications and to track the changes expezd by the
user specification during the generation processnEhough the
application is written in Java, the source codéhef generated
protocols will be C/C++ code for better protocotfpemance.

Figure 1 shows a feasible architecture and pracgsow for
the protocol generator. We decided to make useXdilb-based
DSL for describing the protocol to be generatedrimy the
entire protocol generation process the original specification
may experience changes. However, it will be avéldbr the
user at anytime in the XML-based format. This wag tiser can
fully understand the entire generation processrigure 1, the
processed).1-Domain Analysis, 0.2-Domain Design and 0.3-
Components Implementation (part of Domain Implementation)
are not elements of the processing flow. These essEs
correspond to the three phases of Domain Engingdfif],
which allows creating families of applications badsen the
commonalities of their members. Therefore, domaigireeering
will be used to generate the components for thémgyprotocols.
Regarding the rest of the processes in the arthisgprocesses
1.0-User Specification and 2.0-Specification Validation
represent the provision of a user specificationngisihe
proprietary XML-basedDS. and the validation on the content
and structure of it (according to a XML schema)pessively. A
simple example of a protocol specification is next.

the new protocol. Finally, proce89-Components Assembly will
generate the protocol source code by automatiesfembling
the components according to the protocol architecand the
component interconnection model. Proc@gsAddiional outputs
will allow the generation of additional outputs bugs any kind
onpmens
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Figure 1. GP-Pro Architecture



of documentation about the architecture of the geed
protocol. The last proces$).0-OS Interaction, which is not part
of the processing flow either, provides an intacectayer with
any chosen operating system. It provides platfordependency.

3. DOMAIN ANALYSIS

The generator domain represents the common undgrlyi
structure of broadcasting and unicasting routirggqmols for IP-
based mobile ad hoc networks. GP-Pro envisiongémeration
of proactive, reactive and position-based protocbie protocol
generator domain is modelled by abstractions (tfeatefer to as
components) for collecting, distributing, storingdaprocessing
routing information that will be utilized to deteime the “best”
(according to the chosen metric) existing path towaany
routing destination. The set of main componentsjclvhs
expected to satisfy every ad hoc routing protoequirement, is
identified by the corresponding Domain AnalysisclEaf these
main components might be constructed mysubcomponents
(n>0), also called first-level subcomponents,
subcomponent might be constructed mysub-subcomponents
(m>0) also called second-level subcomponents. Theee nar
limitations on the number of subcomponent levelat thach
component can be broken into as long as they anpatible and
satisfy the expected functionality of the main comgnt.

Process 0.1 - Domain Analysis in Figure 1 is the first step in
domain engineering. It identifies the systems thelbng to the
family and the commonalities and variabilities a&srothe
domain. The result of it is a feature diagram, \Wwhiaptures the
important properties of the domain. It is at thattee level
where decisions can be made to define particulantees of the
ad hoc routing protocols family. Figure 2 shows
corresponding feature diagram of GP-Pro. The réement of
the diagram represents the domain or concept; ébé lodes
represent its features. The solid circles on tophef features
indicate mandatory features; the empty circlescaigi optional
features. A filled arc connects or-features andnopeackets
indicate an open feature (which can be replaceldouttaffecting
any other feature). Each protocol feature, reptasgna
component in the system, is described next.

The MADINI (Manager for distribution of network information)
keeps control of the information that is distrilitever the
network (i.e. one-hop neighbours), how often andclvinode
specific information is to be included. It is essainfor proactive
protocols. Thelelivery mechanisms (i.e. broadcasting) define the
way to forward any control packet ready for trarssitin. The
CONI (Collector of network information on-demand) resembles
the route discovery process of reactive protocolsl das
responsible for obtaining any kind of informati@qguired by the
protocol and that is expected to be available ertbtwork. It is
essential for reactive protocols. Tleaelditional computations
feature represents any particular computation (MPR
computation [2]) that might be essential for a jpatar protocol.

The OS Interface provides an interface between the routing

protocol and the operating system (i.e. Linux). Tigpe of
addressing defines the unique identification mechanism thait w
be used by the network nodes. Tpeth determination feature
computes the routing paths based on any choseicniBte RIR
(Route Information Repository) receives and stores routing
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information coming from the routing protocol. Itsrgture is
variable and depends on the protocol. Theent manager
provides a mechanism for scheduling tasks thatheillaunched
after a certain period of time (i.e. expiring preses). Finally,
the location information feature is in charge of providing the
location information (if needed) of the node itq@k. GPS).

If providing QoS is a protocol requirement, theree dour
components where the required support can be acodated. In
the MADINI node and link state information (e.g. battery pqwer
bandwidth) to support QoS aware metrics for patierdenation
can be proactively distributed by adding the cqroesling
subcomponents. However, if the QoS supportive méiion will
be used on-demand, th€ONI is the component where
subcomponents should be added. To take advantagineof
distributed or collected information, QoS aware nasthave to
be provided as part of th@ath Determination component.
Finally, additional computations to support QoS could be added
as well.

4. QoSPROTOCOL EXAMPLE

Many ad hoc routing protocols have been proposedhi
literature. However, only three of them have redctiee RFC
status (AODV[4], OLSR[2] and TBPRF[3]). In most eas to
accomplish best-effort routing is the prime goal rolting
protocols when they are originally proposed. Howgve
sometimes extensions are proposed, later on, ier ¢adsupport
QoS. A clear example is the well-known OLSR protedoich is
fully described in [2] and QoS extensions wererlate proposed
on [5]. OLSR is a table-driven, proactive, linkistarouting
protocol that periodically broadcasts topology infation (TC
messages). OLSR optimizes link advertisement andsage
broadcasting by relying on MPRs (Multipoint Relagdes).
Node neighbourhood information (Hello messages) aiso
exchanged to support the shortest path algorithm path
determination.

The authors in [5] propose a QoS aware versionlL@R(QoS
OLSR) which selects routes of “best available badtw
instead of shortest path routes. Bandwidth is nreasas the
amount of time a node monitors an idle channeliaralailable
to transmit (node’s idle time). In order to genergoS OLSR,
with GP-PRO, starting from an OLSR implementatidhe
following changes should be made. First, the twacemponents
in the MADINI that generatélello and TC messages have to be
replaced by similar components that also advenizge’s idle
times. Anadditional computation to compute Bandwidth (BW)
from idle times has to be added and the MPR Selecti



subcomponent has to be replaced for a similar snpopent that
gives preference to links of better BW. Finally tiRath

Determination subcomponent has to be replaced for the Extended

BF[5] algorithm that selects paths of best avadabandwidth.
Figure 3 shows the full configuration of QoS OLSRGP-Pro
(shaded components are not part of the configuratio

5. DISCUSION

The process of designing, implementing and depépyuting
protocols for ad hoc networks is non-trivial, cgstltime-
consuming, error-prone and constraints the devedoprof
routing protocols capable of satisfying a broadetsrof user and
network requirements for multiple scenarios and tipid
platforms. Additionally, the implementation fromratch of
every new protocol without significantly reusing isting
implementations makes the process even longer antt m
complex. GP-Pro is presented as an automatic miajenerator
that speeds up the protocol development processebying
existing components. GP-Pro provides a flexiblecsjpation
mechanism that supports the simplest and the mdveanaed
user  specifications  while  generating full  protocol
implementations ready for deployment. Such a mashahas to
be extensible in order to incorporate future used aetwork
requirements. Therefore, any new requirement cbaldulfilled

by providing GP-PRO with the required new component

variation. A clear example of new requirements wessented

with QoS OLSR where the exchange/addition of a few

subcomponents generates a completely differentQof® aware
routing protocol. In terms of QoS, multiple protlcaan be
generated by using different metrics (i.e. node rgne
connectivity, delay, throughput, security, jittéoss rate, etc.) in
order to determine the best routing paths.

6. FUTURE WORK

Currently we are working on the development of fingt set of
components that will allow the generation of thestfiad hoc
routing protocol with GP-PRO. From there we wilhtiaue with
the development of the proprietary specificatiamlzage and the
GUI. Right after, we will focus on providing effamt solutions to
perform each remaining process in the GP-Pro actite until
achieving the automatic generation of routing prok
Additional components to increase the range ofingyprotocols
that can be generated will be also created. Finathyat will
constitute a success for GP-Pro will be the cajtgltd generate
a broad range of protocol variations, which ar® alsmpetitive
with hand-crafted protocol implementations. Contpeti here
does not necessarily mean that the generated pletperform
better than the hand-crafted protocols. However,ewpect to
achieve a reasonable trade-off between performaacd
generation-time. Obviously, the time to generatetquols by
using GP-Pro will be minimal.
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