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| ntr oduction

There is a growing interest in the aeaof Advanced Separation of Concerns (ASOC). This is
evident in the numerous workshops on this topic that have been offered receitly at the past
OOP4.A, ICSE, and ECOOP conferences. An example of the work in this area is Asped-
Oriented Programming (AOP)%. In AOP, new programming language mnstructs are provided
that permit a better modularization of concerns that crosscut the solution space[Kiczdes et al.,
01].

A core dharaderistic of AOP is its ability to provide quantification and obliviousness [Filman
and Friedman, 00]. Quantification is the notion that a programmer can write single, separated
statements that introduce dfeds aaoss numerous locaions in the source ®de. Thus,
guantification would provide the cgability for saying the following: “In programs P, whenever
condition C arises, perform adion A” [Filman, 01]. The property of obliviousness holds when
the quantified locaions do not require modification in order to incorporate the dfeds of the
quantification.

Our research focus has been the gplication of these new modularization techniques to the aea
of model-integrated computing (MIC). In our reseach, we ae working at providing constructs
that allow properties contained within a domain-spedfic model to be separated out from spedfic
model elements. In esence, this allows us to quantify properties over a model, rather than
adding a property manually to ead model element.

In this brief paper, we will present an example gplication of our approach. A smple example
will be given that illustrates the weaving of constraints representing processor assgnment of
tasks within a domain-spedfic model. A detailed description of the spedfic technique can be
found in [Gray et a., 01]. We mnclude the paper with a sedion that outlines a few of our goals
in attending this workshop.

Problem Description

In order to introduce the sample problem, consider the diagram in Figure 1. This represents a
simple model that contains 5 components. The first component is an inertial sensor. This sensor
outputs, at a 100Hz rate, the position and velocity deltas. A second component is a position
integrator. It computes the asolute position of the drcraft given the deltas recaved from the
sensor. It must match the sensor rate such that there is no data loss The wegpons release
component uses the asolute position to determine the time & which aweagpon is to be deployed.

! Thiswork has been supported by the DARPA Information Technology Office (DARPA/ITO), under the Program
Composition for Embedded Systems (PCES) program, Contract Number: F3361500-C-1695

2 Seethe spedal isaue on AOP in the October 2001issue of Communications of the ACM.



It has a fixed period of 20Hz and a minimal latency requirement. A mapping component is
responsible for obtaining visual locaion information based on the @solute position. A map must
be mnstructed such that the aurrent absolute position is at the center of the map. Updates to the
map must be low-latency. A fifth component is responsible for displaying the map on an output
device Notice the frequencies, latencies, and worst case exeaution times (WCET) of these
components.

The Generic Modeling Environment (GME) is the toadl that we use in our reseach [LedecZ et
a., 01]. An equivalent representation of Figure 1 can be found in the GME model of Figure 2.
This model represents the interadion among the various components of the wegoons deployment
applicaion.

Eacd of the components in Figure 2 has internal details that can also be modeled. For instance,
the contents of the Compute Position component can ke found in Figure 3. As can be noticed
from the internals of this component, the series of interadions adualy take place usng a
publish/subscribe model. The figure spedficdly highlights the atributes of a method caled
“compute” (seethe bottom-right of the figure). The atributes provide the name of the method,
the C++ sourcefile that contains the method, and the method’ s estimated WCET.
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Figure 1. A Weapons Deployment M odel



** GME2000 - [Interaction]

File Edit VYiew MWindow Help

~18]x]
IEIEY

/i [ BmexX|[oc(t00]s BeEmTE0%

Agaiegate I \nherltan:el Meta |

=l

,T T Name:llnteraclian |Inte|action AsnectIStructure d Base: |Nf’A
e
& [
- o |ET
o Rawp ARaw  Po AFos
o Publ® TAsub Pub[E— L H=ASub
-] F3Pos  Mapk—
InertialSensorRef ComputePositionRef Fsus  PubCH LocDisplayRef
UpdatetapRef

Thread

Al

2HzThread

100HzThread

Ll

— dPas
Asub

WeaponReleaseRef

- % sample
=1 Folder

T Canfiguration
T Interaction
20 Components
#- T ComputePasition
T InertialSensor
T LocDisplap
T UpdateMap
H & T weaporRelsass
EHZ Interfaces
- T Maplnterface
T Puositionlnterface
T Rawlnterface

Structure I

Ready

EDIT [100% |AOCML [11:59 AM

Figure 2. A GME Model of the Component Interactions
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Figure 3. The Internals of Compute Position



Weaving Constraints. Processor Assignment

Suppose that we dso wanted to model the processor assgnment of ead component. That is,
based upon the expeded exeaution times, the cmponent methods are exeauted as tasks on
various procesors. A notation is needed to spedfy the assgnment of methods/tasks to
processors. The way that we diose to acamplish thisis to speafy the processor assgnment as a
constraint of the component model. A further pieceof our work, which is not described here, is
to use these mnstraints during design spacenavigation [Neana and Ledec4, 01].

The way that processor assgnment is typicdly modeled involves the gplicaion of a set of
heuristics that globally assgn tasks to procesors based on certain properties of eat task. In
modeling, this is often done by hand and requires the modeler to visit eaty component or task to
manually apply the heuristic. For a model with a large number of components, this can ke a
daunting task. It beames increasingly unmanageéable in situations where the modeler would like
to play “what-if” scenarios. These “what-if” scenarios are used to drive the iterative evolution of
the model, such that intermediate scenarios may even be discarded. This is helpful becaise a
modeler may want to change the values of different properties, or even modify the details of the
heuristic, in order to dbserve the dfed of different scenarios. A manual application of a heuristic
would require that the modeler re-visit every component and re-apply the rules of the heuristic.

To provide for quantification over models, we have developed a weaver that alows the
separation of concerns from the hierarchicd structure of the model. This would allow properties
of models to be modularized. The processfor using this wearer is siown in Figure 4. Here, the
contents of a model are exported as an XML file. The modeler also writes gedfication aspeds
(these may be spedfic to a given model in a given domain) that are used to describe the locaions
in a model to apply a spedfic strategy, or heuristic. The weaver then takes as input both the
XML model and the spedficaion aspeds. The wearer outputs a new XML model that contains
the integration of the concernsinto the model.
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Figure 4. Process of Using a Domain-Specific Weaver

An example of a spedficaion asped and strategies can be found in Figure 5. We have
developed a language cdled the Embedded Constraint Language (ECL) to spedfy the



applicaion of global properties/concerns throughout a model. The ECL is based on an extension
of the Objed Constraint Language (OCL). The interpretation of the aspea cdled
ProcesorAssgnment is that an iteration is gedfied over al of the modeling elements that are of
type “Component.” The strategy cdled Assgn is then invoked on ead of these modeling
components (here, a parameter bound to the value 10 represents a threshold of the exeaution
time for ead processor load). The purpose of the Assgn strategy is to look into the “compute”
method of ead component and find its WCET. The WCET of ead component are acamulated.
Whenever this acawmulated value readies past the threshold, a new processor is creaed for
component assgnment. Assgn will finaly cdl another strategy, named ApplyConstraint, which
will add a new congtraint to the model. The new constraint, in this case, represents the procesor
assgnment.

Figure 6 shows the same cmponent that was given in Figure 3. The only difference is that the
component now contains a cnstraint that was added by the weaver as a result of applying the
strategies described by the spedficaion asped. Notice that the wnstraint has assgned this
component to procesor 1. An examination of al the other components involved in this
interaction would reved that different components are assgned to difference processors based
on their WCET and the parameterized threshold.

Conclusion and Future Research

Our goal in this paper was not to present an overview of our reseach; that can be found in [Gray
et a., 01]. Rather, our intent was to present a smplified example of how an asped weaver is
utili zed within domain-spedfic modeling.

As sown in Figure 4, the aurrent weaver is detadhed from the modeling environment. We did
this with this first weaver in order that we might explore the possbilities of using the gproac
in tools other than the GME. We ae wntinuing to investigate these possbhilities © we required a
tool-independent way of weaving. It cetainly is possble for the weaver itself to be included
within the modeling toaol. For example, the GME supports the cncept of model interpreters that
can be exeauted from within the GME. A weaving toadl could certainly be cnstructed as an
interpreter. That may be afuture aeaof investigation for us.

Another potential areaof future reseach is in the representation of spedfication aspeds, or even
strategies. Currently, as sown in Figure 5, this is done using a textua language. 1t would be
interesting to investigate visual representations of these concepts.



strategy ApplyConstraint(constraintName : string, expression : string)

addAtom("OCLConstraint", "Constraint", constraintName).addAttribute("Expression"”, expression);

}

strategy Assign(limit : int)
{

<<static int accumulateWCET = 0; static int processNum = 1; int currentWCET; >>
findAtom("compute”).findAttribute("WCET").getInt(currentWCET);
<<accumulateWCET = accumulateWCET + currentWCET; >>

if (limit < ac cumulateWCET) then

<<accumulateWCET = currentWCET; processNum++; >>
self.ReportNewProcessor(); -- do some output here — omitted for brevity

endif;

<<CComBSTR aConstraint = "self.assignTo() = processor" + XMLParser::itos(processNum); >>
self.ApplyConstraint("ProcessConstraint”, aConstraint);

}
aspect ProcessorAssignment()
{
modelParts(" Component") - >forAll(Assign(10 ));
}

Figure 5. Sample Strategies and Specification Aspects
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Figure 6. Component with Weaved Constraint



Addendum: Workshop Goals

There ae afew goas that we would like to accomplish at this workshop. One of our main
interests is to interad with others who have experience in the aea of domain-spedfic visual
modeling. We would like to explore potentia collaboration opportunities. Spedficdly, we ae
interested in seang if the wmncept of a weaver would be useful with other toals that offer the
cagpability of persistently storing models as XML. We would like to seeif our weaver can be
applied to tools other than the GME.

One of our new applicaion areas of this technology is in modeling CORBA middleware ad
components. In fad, the GME models sown in this paper are from a domain-spedfic paradigm
for modeling CORBA components. We would be interested in heaing if anyone dse & the
workshop has done related work.

Finaly, we would like to have some discusson on the topic of model evolution/migration. Each
model that is creaed from within a visual modeling toadl is based upon an underlying meta-level
description, or paradigm. When the paradigm evolves, this can have anegative dfed on existing
models. The reason for this is due to the fad the variations made to the paradigm often represent
syntadic and semantic changes, thus, potentially rendering previous models invalid under the
new modified paradigm. How have other workshop participants overcome such problems? We
have afew ideas that we can present on this, but we would like to seeit as an item open for
genera discusson at some point in our interadions.
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