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Proposal in Response to NSF 00-126: Information Technology Research
ITR/SY+AP: Integration and Validation of Modeling Formalisms for Dependable Software

Project Summary

Software now affects almost every aspect of personal and professional life in the natiamages

our telephone networks and nuclear power plants; a large varie¢ynbédded control and sensor
devices, air-traffic-control systems, and the readiness of the world’s most advanced military force, to
mention only a few examples. Given te&ponential growth curve fosoftware use, evegreater
demands on software in the future are expected. Softwilreneed to be even mordependable

given the contexts of its use.

Vision statement: Complex software products and systems can be desigaeconputer nodeling

and simulations that accurately represent the physical properties of the systems being built. Designers,
programmers, and end-users can therefore participate in the design process, providedjatienm
feedback. Multiple architectures and designs can be rapidly explored, resulting imprsafects,

high quality, and lower costs.

Main objectives: Apply and validate principles derived from theoretical research to enlarge the
toolkit for software developers. Advance ounderstanding of thévasic elements of computer
science and the formal methods used in softwemgineeringwhich are thefoundations for all
software construction. This research would ultimately address ‘tinagility” of our software
infrastructure, where fragility mearfsnreliability, lack of security,performance lapsesyrors, and
difficulty in upgrading.”

Roadmap: This is a three year effort designed to intensify reseactivities by the Pl toward the
goal of developing and validating methods (and supporting tools) for characterizing the logical and
stochastic properties of high assurance software systems.

This project offers an innovativapproach to an extensible framework for relating logical,
functional, structural and stochastic properties of models dertwvedigh a rigorous mapping.e.,
proven theories of correspondence) between the formalisms that describe the models. Thaviroject
focus on developing theories of correspondence antbagvarious formalisms (i.e., algorithms for
generating bisimilar representations), including the codification and validation of such theories. The
formalisms selected will support specifying properties that ensure highly deterministic behavior [i.e.,
robust and reliable] that is constantly available. By characterizing both logical and stochastic
properties we will have added an additional mode to the methods that can be enlisted to verify (and
validate) a design including:

* Models that incorporate high-level stochastic modeling formalisms (e.g., stochastic Petri nets)
in a single system specification. Each (sub)model is described in a uniform environment and
solved using a variety of solution techniques, including numerical methods and simulation,

» The frameworkwill use a strategy that is open andaistten in a nodular way thatallows
researchers to perform the easy integration of new formalisms and solution algorithms.

This work will provide useful formalepresentationsand analysismethodsthat can beemployed
to create softwareomponents and architectures that relate specifications to programs arenpso
to behavior. In thisvay, we will be able to wre effectively optimize our designs on the basis of
properties from both realms. Moreover, this work should increase the scientific basis of software
engineering, provide a more reliable process based on such methods for building software to help us
build more dependable software systems.

Keywords: Specification modeling, software design and evolution, verification and validation,
safety and reliability analysis, dependable systems.
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Section C. P

roject Description

ITR/SY+AP: Integration and Validation of Modeling Formalisms for Dependable Software

1.

Introduction

This proposal is submitted in response to the ITR program (BE26). The contents herein are
organized on the basis of the GPG Section 11.D.4, and the MSE26 guidelines for submission of

proposals. Table 1 gives an overview of the project description. Paragraph 4 is directed to satisfy the
GPG concerning the broader issues of advances in the field of Software Engineering and the NSF 00-

126 guidelines concerning the program description urgftiware and improvedechnology for
software creation.

Table 1. Section C Organization.

Para | Paragraph and subparagraph title | Description of contents

ms.

hching,

ation at

the

1. Introduction Overall description of the project goals.
2. Objectives and expected Overall objectives and their significance to the greater
significance mission of the program.
2.1 Relation to long terms goals Objectives / long term goals.
2.2 Relation to the present state of knowledgeObijectives / known solutions (or generally accepted
in software engineering practice).
2.3 Relation to work in progress here (under| How current activities provide a basis for completing
support) and elsewhere stated objectives?
3. General plan of work Activities, tasks, subtasks, sequencing and deadlines.
3.1 Broad design of activities to be undertaken Relation between the activities.
3.2 Experimental methods and procedures Concept validation and issues specific to software
engineering processes and artifacts.
3.3 Expected results Based on the objectives, a discussion of how these
objectives will be satisfied.
3.3.1 Preservation and documentation of Reporting results, access to the research infrastructurg
results experimental data, and repository of project artifacts.
3.3.2 Evaluation and self assessment Measuring the correspondence between the stated
objectives and the results (and unforeseen results).
4. Advancing discovery and Support for fundamental research underlying the
understanding development-evolution of quality software-based syste
4.1 Promoting teaching and learning Integrating research and education by promoting te
training and learning.
4.2 Enhancement of educational infrastructure Augmenting and intensifying the educational foun
WSU in software engineering.
4.3 Dissemination of results Promoting the discovery and broad dissemination of
acquired knowledge.
4.4 Collaborative opportunities Describes the potential for collaborative activities.
4.5 Summary of prior research and education Describes the background of the PI
accomplishments
5. Cited references 71 references are included.

Paragraph 2 gives the overall objectives of the proposed project concerning the broader scientific
impacts. Thus, paragraphs 2—4 provide information regarding the questiwhabis theintellectual
merit of the proposedctivity? Theseparagraphs are developed to establish the importance of the
planned work in advancing knowledge andderstanding iuhin the field of softwareengineering.



The ITR program emphasizes the importance of the knowledge base and the workforce needed to
enhance the value of information technology for everyone, academic careers dedicated to stimulating
the discovery process in which the excitement of resear@mhanced by inspired teaching and
enthusiastic learning. Therefore paragraph 4 is developed to focus bow to improve both our

ability to write software and the quality of the software we write.

2. Objectives and expected significance

In a perfectworld, verificationand validation of a software design specification wouldpbssible
before any code was generated. Indeed, in a perfect world we would know thatpleen@mtation
was correct because we could trust thass libraries, thelevelopment tools, verification tools and
simulations, etc. These features would provide tbafidence needed to know thatl aspects
(complexity, logical and timing correctness) of the requirememse fully satisfied (i.e.,everything
was right). Right in the sense that we built it right (its correct with respets $pecification) and it
solves theright problem. Unfortunately, it's not a perfewatorld, and therefore we must strive to
continue to define, develop and validate useful methods and tools for the creation of sefteraad
software. Therefore, given the realitiestoflay’s world, the correctness, safetynd robustness of a
critical system specification aregenerally
assessedhtough a combination ofrigorous
specification capture and inspectiodprmal
modeling and analysis of the specification; a
execution and/or simulation of the specificatic
(or possibly a model of such). Sudttivities
are conducted to ensure the confidence ¢
quality of certain key attributes (i.e
correctness, reliability, availability, safety
security and timeliness).

p rOJ ect 1Onrthe—ﬂy elimination of vanishing markings -> R! N\

2.1 Relation to long terms goals of the
ost-elimination of vanishing markings -> RG

The long-term goal forthis effort is to  Re-eendedReahaninycraph (Re)
develop and validate methods and tools for 1 Figure 1. OpenDUO will integrate model description
creation of safe and correct softwabmsed languages and analysis techniques.
systems by investigating mechanisms assess
those key attributes. This goal is apparent in the nGofawvare_Bgineering for_[@pendable_gstems
(SEDS) which targets application domains that can benefit from the use of formatigamdus
methods and technology. Given this goal, the general project objective is to create a framework (see
Figure 1) that is open and extensible for composing, analyzing, verifying and validafimgre
system models. The framewomkill address importanissues in the field of softwarengineering:
performance and reliability modelin@Petri netsprocess algebras, model checking), scalability and
the limitations of current methods and technology used for verification and validation. This objective
will provide afoundation and framework fanvestigation, ancexperimentation vthin the realm of
an academic setting.

It is important that this goal and its objectives be significant in terms of the broader impacts to the
state of the practice in software engineering. In light of this, consider the following scenarios. System
designers are oftesonfronted withthe verification problem, i.e.,checking that a specification is
correct with respect to some requirements, ithplementationproblem, i.e., deriving an executable
realization of a correct specification, and herformability problemi.e., under specifiecconditions
(e.g., degraded operation) determining the probability ofoperihg the necessary operation(s) on
time. In these areas, the useanftomated tools tassisthuman work is highly desirable [G&0ra].

Formal description techniques (e.@$SP,Promela, Lotos, Petri nets, Taskaghs) are grerequisite
for the development of automatic methods of reasoning and of analysis.

This effort addresses these scenarios. The PI is experienced in developing models, methods and
tools specifically for stochastic analysis, penfiability evaluation, and solution methods suited to
systems with low latency requirements and rare events. In this vein, the sub-objedtiyEs furnish
theories of correspondence amotig various formalisms (i.e., algorithms fgenerating bisimilar
representations), (2) including the codification and validation of such theories, (3) develop and
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demonstrate compositional techniques for the specification, analysis and design of ensystielad

(e.g., guidance control softneg, and (4) provide inter@pability among logical and stochastic
representation forms by adding translation capabilities from Promela to StocheistitNéts (see
Figure 3). In summary, the objectivedl support the development and enhanced automation of an
open frameworkor modeling (via CSP, Promela, Mosel, and Stochastic Petri nets [using CSPL as the
meta representatiof)]and analysis [Hol93,97, Cha96, Kav96, She96,98,99 Gre98, 95a,b Cia92a,b].

Each objective will be satisfied by demonstrating how a particular example (case dendyhstrates
that it satisfies its (fnctional/non-functional) requirements. The actual and specific negidse
fixed during a requirements elicitation process.

2.2 Relation to the present state of knowledge in software engineering

First, lets consider the basic modelinghilosophy which begins by identifying the essential
components of theystem and the differentaysthey interact. This means that maagsumptions

will be introduced. In makingthese assumptions we must keep in mind the following three basic
modeling considerations: (Bimplicity, (2) ease of evaluation, and (8llequacy of measurements
[Laz84]. The key to a successful modeling examination issKileto introduce assumptions. The
principles of the modeling cycle are shown in Figure 2.

Today's real life systems are typically very complex. This fact prevents us from makiingca
analysis. Therefore aeries of abstraction steps (two basic steps described here) are necessary to
obtain system measures from the real system. All these steps together givedbkngn cycle.

Initially, the system model is created at an abstract level (i.e., abstract model) that specifies the system
at a relativelylow level.2 To do aranalysis of the system we need measures of the systamg

some type of measurement technique (i.e., we start dRehé System place, top of Figure 2). The
Proposed System place is without a real system to compare to and thus, a great deal oheextkds

to explore the parameter space.

The data collected from system measurements are used to parameterize the alostedict m
However, usually the system model will still contain too many details that prevent an efficient system
analysis. In a second abstraction step the computational model is created (relatively high level) which
allows an easier and more efficient system analysis. The computational model can be considered to
be the highestevel of nodel abstraction. The process of refining the computational model is a
matter of building confidence in the model. Thus, in Figure 2 the process of operational validation is
performed that results in a modified system with modified system input parameters/data. This step can
be repeated until the computed performance measures fulfill the requirements.

If there exists no way to gather system measurements for the purpose of parameterizing the
system model then there may be a great deal of more work to do. In addition, the stopping rule for
performing operational validation is now based m@ative comparisons from one iteration to the
next. Different model parameterizations are used to compare the different design (or
implementation) candidates with the goal of making architectural design decisions. In teimyse
using a technique commonly known assstwity analysis to optimize the model's structure toward
achieving critical functional and non-functional requirements [Bla88; Hei88; Cho93; Mai93].

Part of the discovery process that is envisioned concerns gaining experience withh#ébols
support generally accepted practice. The process of developing this project proposal has identified a
small set of available tools (i.e., both commercial COTS and academic research basedTABRS).
tools were selected because (1) the Pl had industrial experience using or evaluating the gauicular
in the context of complex embeddeystems development, or (2) theere encountered in the
process of conducting the PI's research agenda. Acquiring, and usingtaaishwill promote
educational objectives. In addition, theaetivities will provide away to betterunderstand the
limitations and in answering such questions as, how can these approaches be improved?

1 Mosel is a modeling language for describing state transition systems whichvac ssing the Markoanalyzer
MOSES [Gre94a,b]. CSPL is@basedStochasticPetri net [SPN] descriptiohanguage [Cia89,94].

2 Five hundred-foot level is terminology usedhere toassign anumber to thedegree ofabstraction employed.It's a
relativistic term, so if you think of ground level (or zero feet), that is at a very(dagv, the bare machine) systehavel.
The thousand-foot level ignore abstract than say the five hundred-fedtel. The thousand-foot levehere roughly
corresponds to employing additional simplifying assumptions.

3



Some commercially available tools that deal with object oriented (UML) analysisudingl
design and implementation) are RatiorRdse (Rational Inc.) and RapsoditLogix Inc.).

In

addition, Statemate MAGNUMI-Logix Inc.) provides graphical modeling, behavianalysis, and
software synthesis targeted to complex embedded systems. Yet another is SES/workbench (SES Inc.)
for analysis using discrete event simulation based approach (i.e., resource utilizadioghpht, and
response times). In general these products provide a robust environment for developing a visual
specification and an executable model, and in the case of Statemategerusi@tio. However,
these tools provide a narrowly focused paradigm and are limited in the size and kipdsblaims

with which they can deal.

2.3 Relation to work in progress here (under support) and elsewhere

How do current activities provide a basis fmympleting stated objectives? The current work by the
Pl encompasses the development and refinement of a framework called DUO. Figures ghand 3
a general architecture for DUO (so called to indicate interoperability]) [which defines an
architecture that promotes interoperable use of various formalisms (includiegsaionelanguage
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Figure 2. The modeling cycle shows the principle modeling steps (to be formalized and codified in

used in very powerful model checking programs) [Bur92; Hol93; Hol97]. The meta-langisage
as an intermediate canonical representation forr@SPL (C-based t8chastic_tri net _language)

[Cia94].

This environmentvill facilitate the nodeling process andvill provide an interface for

common techniques and method interoperatibhlO aims to provide greateorthogonality (by

3 Non-COTS ARB tools include SPNP, SPIN, CSPN (developed by PI) and a host of others as shown in Figure 2
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adding Promela-to-CSPL) among the formal description techniques, a robust and efficgytic
solver (in addition toSPNP and MOSES) andnhancedautomation[Gre94b]. By the end of the
2001 it is expected thawork by students at the University of Erlangen (and at WSU under the
direction of the Plwill complete a field data analysis tool (FTA) for generatiRBFs (Probability
Density Functions), a Warranty cost analysis tool (GUK), a complete database connectiorstated a
space generator and solver (either analytically or by simulation), and a simulator for(réaid
valued tokens) stochastic Petri nets. Additional efforts are planned to permit the usmn-of
exponential PDFs inthe CSPL file andfurther extendingCSPL to allow forfluid stochastic PNs
constructs. Also, the process of porting CSPN from C to C++ is undérway.

In add|t|0n, the I’eSU|tS Of the Modeling Formalisms Modeling Formalisms Interoperate
Safety and r6|labl|lty ana|ySIS Of a (independentIarguagzsllgelhods,meoriesand (integrated tt)cglfr:l;]e;r:r::r;:;gire\)toolkitwnha
braking, anti-slip/traction control _

- High Level Model High Level Model
a.nd Stabl|lty SyStem (Bke'safe) Descri ption Verification Description Verification
1 1 Language and Validation Language and Validation
will be completed by the PI. lwill

be interesting to compare th

Mosel
. . 3 . . Sto chasti | Exists

fidelity of this analysis against| | "= Analysis wsss | 1] | ofghica MOSES
models using any one of th o

proposedCOTS paradigms.All of

QUK and
FTA

~
~
~
S

a DUO
Solvers

ExisY

[

these functionalities will be lpmme,a Model on (pmmem‘___)_
incorporated into OpenDUO. Checking (N ]

3. General plan of work . Giph
The plan of work will develop lp'csp AraIySTS o (p'csp
several example models using

different paradigms odanguages Figure 3. Open DUO Framework (arrows: dashed -underway, solid -exist).
(Workbench, StatematePromela

and CSP/ SPNs) to deomstrate system-level specification and analysis. dpygoachwill conduct
stochastic and perforability evaluation using techniques previously developed by pifiecipal
investigator [She96, She98, She99]. Variaemse studieswill be developed to understand and
demonstrate the benefits and limitations within epahadigm (e.g.Statemate, SES/workbench, and
academic research based). The results of the analysis from each of the different pandtigens
compared to develop a strategy for overcoming known limitations. Industrial participaitione
invited from the School of EECS Industrial Advisory Council

(http://www.eecs.wsu.edu/~corporat/corprel.htto help refine and prioritize the strategy and case
studies.

SPNP
black box

Foundation: Develop theories and algorithms for generating Bisimilar representation forms
Vv Define canonical translation rules (CTR) and evaluate their correctness
Vv Installation of COTS and Academic Research Based (ARB) tools
Vv Develop baseline (case study) examples on COTS tools and define assessment criteria
Vv Migrate baseline examples to ARB tools and refine/define assessment criteria
Vv Establish guidelines for experimentation

Framework:Develop an extensible framework
Vv Integrate popular text editors (e.g., emacs) and develop an extensible graphica étlifor
Vv Investigate drawing large SPNs and defining net properties in the visual environment

Vv Define reuse strategy to captunell defined mini-models, how to implement multi-level (or
hierarchical) models and facilitate building models from a library of reusable components

4The CSPN tool (developed by the PI) translates the CSP (communicating sequential processes)gaiocessal
SPNs (i.e., CSPL) taxplore the specification/analysis of stochastic propertiescdocurrent systms. The
functional system description (using a CSP-based langua@&PP-is translated into the informatioeeded to
predict behavior as a function of observaiel sbchastic paameters @pology, timeliness, communications and
failure categories).

5 High Level Description Language (HLDL)



Buildup Refining translators and integrating solvers.

Vv CTR refnements (augment and integrate the automation that permits the specification and
translation between formalisms (e.g., Promela and SPNSs))

Further define the Promela-to-CSPtranslations and refine the existent prototype translator
Compare the state space generated from the different formalisms
Refinement of the state space generator (using on-the-fly and post elimination algorithms)

Integrate solvers SOR [Successive Over Relaxation] an@auss Seidel for steady state
analysis,Uniformizationfor transient analysis, and tiMultilevel methodfor Stiff DTMC and
steady state analysis)

Finishing Demonstrate/assess benefits of the OpenDUO against COTS fmrseligms. Build (or
insert into SERC repository) web-basediccess point to the tools, papers and casedy
example(s).

L <

3.1 Broad design of activities to be undertaken

The activitiesdescribed in Figure 4 relate to the plan of work providedgpanagraph 3 above.
These activities provide the primary research focus. To conduhis research the software
engineering toolset and workstations ameeded to provide thenderlying infrastructure. This
infrastructure will additionally support a softwarengineering environment thatill benefit the
software engineering degree programs. Together, both the research and the academic pithgrams

i Yearl Yearl Year2 Year2 Year3 Year3 Year4 Year4
Task Activity isthalf £ 2ndhalf : 1isthalf : 2ndhaf © isthalf © 2ndhaf £ isthalf = 2nd half

1. Define & Design, Hire Students / /

2. Foundation [ 7

. Framework / /

3
4. Buildup / /

5. Finishing ) V4

(e2}

. Assessment & demonstration X X X X
be greatly enhanced.

Figure 4. General schedule of activities.

3.2 Experimental methods and procedures

The OpenDUO toolset will provide a basis for both collaboration within the EEp&rtment among
students and outside collaborative activities among invited industrial partnerships and tiSERIGF
The development of features and refinemenitt be conducted based on softwareengineering
model (much like the spiral model), from requirements elicitation/specificatiadelmg analysis
and architecture, design and implementation to testing configuration and risk management.

This effort is expected to enable deeperderstanding into pedagogistyle based on the
integrated research and educatixtivities (i.e.,classroom-laboratory experience). Thipexence
will help students evaluate how effective an experimentthod is compared to a more traditional
method. This method alsseeks to understand, within the context of experimentalsetting, the
major factors that contribute to the efficiency and effectiveness of the methods being applied, the
factors that contribute to experiential learniagrsus more traditional pedantiearning and the
factors that detract from learnifg.Anotherissueis, what reévant data exists that can be useful for

6 C-based Stochastic Petri net Language

7 One issue from arducational perspective is discovering thtfences bateen collaborative gup or team
learning and individual or isolated learning. Are the best (more highly skilled) programmers (or S/E practitioners)
better on the basis of being self taught or visa versa?
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characterizing software content, complexity and form? Comparing the results of prdduetsped
from classroom project assignments from one team to the next and from semester to sethester
facilitate insight andunderstanding with respect to the efficacy of experimetdals, methods and
teaching [Hal77, McC76, Van93].

In general, the experiments may involve a control group (using a traditional methd&) @@éd
a shadowgroup (using an experimental methodiRB). Another method may compare historical
data (trends and changes) with data obtained from current experiments. It is expected that the
industrial partners will provide problems and data for evaluating the results obtained frofifdhis
For example, the Pl has used the Software Requirements Specification for the Guiiaricel
Software (GCS) of the Viking Mars Lander for variatlass projects in &uirementsEngineering,
Software Design and Formal Methods (made available by NASA LaRC). For exdagtlepring
2000, in CptSh80.1 Software Specification and Analysis a complete Zed specification of the GCS
system. The research &ERC will also be monitored for insights into newechnology and
educational resources that may contribute to teaching effectiveness.

3.3 Expected results

It is expected that this effortill provide a very productive basis for improving afidmly
establishing a strong softwaemgineering program ithin the WSU EECSlepartment. In addition,

the project will have established an appropriate agenda for the purpose of experimentation using the
OpenDUO framework forcomposing, analyzing, verifying and validatirepftware basedsystem
models These resultawill be devoted to investigating software technology, vesll as for the
development and assessment of tools and methods for improving productivity and sgfiakine
throughout the life cycle.

3.3.1 Preservation and documentation of results

The primary method of preserving and documentiing resultswill be via publications in scholarly
journals and conferences. In addition, the artifacts from the student prej#die collected both in
electronic and hard copy media. Annual progress reports as specified in the NSF IGBGE. (&nd
2) will be supplied and will include an update to other external support.

The results from achieving the long term goal of the projedt be made accessible via
publications and disseminatiovia a speialized web site Http://www.eecs.wsu.edu/~sheldgonn
addition, this work is expected to aligmell with the NSFsponsoredSERC (Software Engineering
Research Center) and VirtualSERC (tBERC web sitehttp://www.serc.ngt The Pl is currently
developing a strategy for making WSU an affiliate of SERC. He has met with the direc3&Ra in
this regard at WSU (April 142000). SERC is devoted to investigating the development and
assessment of tools and methods for improving productivity and software gbhatityghoutthe life
cycle. TheSERC program istructured to improve the management of gwftware engineering
process, the productivity of software engineers, and the quality of software engineering products.

3.3.2 Evaluation and self assessment

Evaluation and self assessment measures the porrdsnce beteen the stated objectives and the
results (and perhaps recognizes the value of unforeseen results). This is primarily dependent on (1)
making the solution (results) effitve, affordable and repeatable, (2) understanding and evaluating
how well we have hit the target of our objectives, (3) our ability to optimimenan resources
(students and external collaborators), (4) determining the marketability of fraumework
[technology transfer], (5) establishing research alliances and a concomitant symhgan Vi.e.,

quality and relevance matter most). These factoils be assessed andeported as described in
paragraph 3.3.1.

Self assessmenwill also address the issue of relevance from the standpoinscloblarly
achievements (published work) and industrial participatioAssessmenwill be conducted with

8 Members($30,000/affiliate) benefit via directinvolvement in a highlyleveraged, sponsor-guided reseaprogram;

early access to research reswdfplicable to sponsoneeds;technology transfer via personnel exchange programs, and
seminars, talks, and short courses; opportunities to influence directions in software engineering eddeagbtmaments;

a world wide window on new software engineering technology; and additional specific research under separate "contracts."
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respect to current industrial practice. For example, today, commercial software paokegied in

various levels of granularity, from complete applications to components libraries. Accegstooin

the functionality is changing theoftware landscape. Thus, access to COTS utilities decreases the
need for developers to rewrite functionality that they can license, but it increases the need for analysis,
integration and testing resources. Bad COTS components may be embedded in the applications that
cause widespread failures [Voa99]. How effectivelyhis issue addressed by our worhat role

can such formal methods and tools play in software certificatiodRat are the five mainissues
surrounding software engineering environments?

This last question was discussed by Anthony |. Wasserman in his recent article in IEEE Software:
Toward a Discipline of Softwar&ngineering(Nov. 1996) where he claims that the maissues
include platform integration (the ability of tools to interoperate on a [potentladiterogeneous]
network); presentation integration (commonality of the user interface among tools); process
integration (linkage between tool usage and the software development process); data int@geation
ways in which tools share data); control integration (the ability for tools to notify and initiate actions
among one another. Probably the most important two issues are data and control integration. This is
evidenced by the commercial ventures that have focused on those aspects. Yet one m#yaargue
platform integration is also very important because of the investment in suchevétoby solving
the firsttwo there would be a considerable easing on the problerhetdrogeneous environments.
The big win may eventually come from the development of an open environment that supersedes the
platform problem. These issues will be important questions in our assessment of OpenDUO.

4. Advancing discovery and understanding

This paragraph indicates how the project will integrate research and education to advance the process
of discovery and understanding. To accomplibls vision,the PI recognizes the need focus
attention in the following areas of activity. These areas are actually linked ance@dspendent in
many ways. Further, these areasfotus cannot succeed without a strdiogindation of support in
terms of people, infrastructure and other resources to ensure that learning and discovery can prosper.

v Undergraduate Learningenvironment:Generate innovation in an undergradudérning
environment in ways that promote a sense of discovery and lifelong learning, develop skills in
critical thinking, and prepare students for citizenship and leadership.

v Research and Graduatéducation: Develop a leadership role in advancing knowledge and
understanding through research and graduate education with appropin&tse to
government, business and other institutions through outreach and technology transfer.

v Diversity: Nurture a climate of inclusion, knowledgenderstanding and appreciation of the
full range of the human experience in order to foster a better society.

v Technology: Situate the Softwaré&Engineering program at WSU to be exceptional in
providing state of the practice tools and challenges to en@bfgaduates to compete in the
world market.

4.1 Promoting teaching and learning

This paragraphindicates how the projecwill integrate research and education byorpoting
teaching, training and learning. This effotill enrich the PI's and EECSlepartment’s ability to

offer curriculum usingstate of the practice facilities farndergraduate and graduate education in
softwareengineering. The idea is timvestigate andexperiment with popular methods and tools
within a classroomlaboratory context working on pertinent problems from the industieahain

(e.g., embeddedystems used in avionics, aerospacansportation systems) contributed by way of
industrial partnerships. These methods and tools will offer a baseline state of the practice approach to
sharing and solving complex, yet academic sized, software engineering challenges.

It has been the experience of the PI that students can realize their creative talemprave
their technical skills by participating in group projects that have industrial relevance. For example, the
PI (summer 98) providetivo student stipends for weeklong visits to NASA Ames Reseastiter
where the students made presentations about their projects. The Pl also secuméelnational



scholar visitation stipend at Ames to support collaborative work and promote the exchange of ideas
among colleagues the?e.

In general terms, it is important to establish opportunities for the students to explore their creative
and analytical abilities:

« developing guidelines for practical, challenging and innovative group projects,
» sending outstanding project reports to local conferences,

e recruiting students by sponsoring high school or junior college projects,

» developing new courses related to the PI's areas of research,

» collaborating with internal and/or external faculty on cross-disciplinary courses and projects,
or bringing in industry to motivate and sponsor class topics and semester projects.

4.2 Enhancement of educational infrastructure

This effort will integrate research and education by enhancing the infrastructure for research and
education (e.g.facilities, networksand partnerships). The general project objectiiie provide a
foundation and framework fanvestigation,experimentation and teaching (classroom projabs,

and graduate project, thesis and dissertation undertakings) as discussed above. For example, many of
the projectclasses (e.g., SoftwarArchitecture and Design, or Requirements Specification and
Analysis) could benefit from a floating license for SES/workbench ($2,000 for 20 and no
maintenance fees). For example, the Pl has developed a SES model that represembedoed
architecture for the Guidance and Control Software of the Viking Mars Lander (see
http://www.eecs.wsu.edu/~sheldon/cs580.html). A Statemate ($2,000 flo&hg licenses and no
maintenance fee) model could be developed and for the same type of system giveassgraject.

The students would need to reverse engineer the Workbench model and forward engineer the
Statemate model. This kind of example could be used as a basienfgmarison of other miebds

over the duration of the class. This scenario will be made possible by NSF funding.

4.3 Dissemination of results

This paragraphindicates how the projeatill integrate research and education to enhance scientific
and technological understanding. In addition thare potential benefits from the project thvail

impact the society at largérbugh discovery and implementation of new and advamggaoaches

to characterizing the logical and stochastic properties of high assurance software systems. As
mentionedabove, dissemination of the resultdl proceed throughthe normal channels discussed
above(paragraph 3.3.1) and throughe establishment of a specialized web site. In addition, the
results will provide arexcellentsource and basis for teaching softwargineering and other related
(project oriented) classes.

4.4 Collaborative opportunities

There is a substantial collaborative potential envisioned from the proposed project. Currently the PI
has been working with DaimlerChrysler and the University of Erlangen in developindetimtion

of the OpenDUO framework. One of the PI's students (Shane Holloway) has been offered a job at
DaimlerChrysler in Stuttgart after he delivered his State Space Generator. This internmatetizh

is expected to remain very strong over the duration of the award. In addition, some fresh new
contacts have been established with Boeing bodkheed (Imtas in Fort Worth). #so, refer to
paragraph 2.1 for plans involving the NSF sponsored SERC.

4.5 Summary of prior research and education accomplishments

The dissertation titl&Specification and Analysis of Stochastic Properties for Concurrent Systems
Expressed Using CSWas completed in May of 1996. The Pl was awardedl885-6 Uhiversity of
Texas at Arlington, School of Engineering, Computer Science Engineering Outstéebegrch by

9 Undergraduat@&hane Holloway [ph. 719-471-4378hd Graduat€huck Rodacker [ph.719-5987367]and Ph.D.
Candidate Stefan Greiner [ph. 011-49-711-17-41038] from the University of Erlangen- Nirnberg all participated.
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a Ph.D. Student Award and the Sigma Xi Outstanding Dissertation award (at UTA). He also received
the 1996 IEEE Secondlace Graduate Technical Paper Contest (Fort Worth Section) award.
Additionally, in late 1995 he received a prestigious National Research Council Research Associateship
Award at NASA/Langley Research Center. He has been teaching part-time since 1993 bagkhe

his full-time tenure track appointment at UCCS shortly after his graduation.

Sheldon was the technical lead for a $2 million contracted R&D prdigaled by WPAFB to
define a generic Integrated Diagnostics Software Development Process to address problems associated
with functional deficiencies of avionicsoftware and software maturation using asbasis, the
Software Development Integrity PrograMIL-STD-1803 (including Mil-Std-2167A, 21681815
and 800-xx Series). This project developed a software engineering process model to dpeeifp
and verify diagnostic software and madeommendations to the USAF for Mil-Std-181épdates.
In addition, he authored the first draft of the General Dynamics Software Rislddment Practices
(required by SPWG),collaborated in developing the YF-2Xoftware/SystemEngineering
Environment’s prime requirements document (System Segment Specification) amdtimg the
software requirements specification (SRS) for the YF-22 Vehicle Management Kernel.

Sheldon’s dissertation at ThenlJersity of Texas at Arlington (UTA) wakinded by aNASA
GSRP fellowship. He attended UTA from 1985 while working in industry full time except during the
last 3 years whilesupported by the fellowship. Sheldon has investigateftware engineering
methods and technologfi.e., specification, modeling, simulation, mathematical analylsexry and
methods) for analysis and verification of concurrent real-time systems. In support of his dissertation
research he has developed analytical models for (1) predicting timing failure probability, (2) 3-
dimensional cost analysis for optimizing safety critical design parameters, andex@odred
performability analysis based on tasklependency graphs in conjunction with CSP-based
specifications. His publications and technical reports beginning about 188& the following
topics: (1) software reliability modeling, (2) real-time systems design and analysis, (@at&m
based performancanalysis, (4) specification baseddeling for the purpose of reliabilitgnalysis,
and (5) softwareengineering environments. Sheldon spentlés¢ twvosummers at NASA Ames as
an ASEE Research Associate in the Automated Software Engineering group working issues associated
with verification and validation.

The following is alist of the courses that Sheldon has taughtU@A, UCCS, and WSU: CptS
580.1/483.1Software Specification and Analysis (Spr. ‘00, 'OCptS 422 SoftwareEngineering
Principles (Fall ‘99, '00) Requirements Specification and Analysis (CS531 —'3&)r. Software
Engineering Principles (CS 330 - Spr./Fall ‘98), Computer Architecture (CS 520/420 - SpFEalf7,
‘97), Formal Methods: Software Systems Engineering (CS 533 - Spr. ‘97, Spr.S&f@vareDesign
(CS 532 - Fall 96, '97, ‘98), Discrete Structures in Computer Sci. (€8E/3315 wasSE 1442 -
Fall 93, Spr. 94, Fall 94, Spr. 95), Formal Methods: Software Systems §8BE substitute lectures -
Fall 95, Spr. 96)Fundamentals of Software Engineering (CSE 3310 - Spr. ‘93).
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B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 0)POST DOCTORAL ASSOCIATES 0.00] 0.00| 0.00 0
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PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
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2. FOREIGN 0
F. PARTICIPANT SUPPORT COSTS
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2. TRAVEL 0
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4. OTHER 0
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1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
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Budget Justification

Frederick T. Sheldon
Page 1 of 2

Year 1:

A.

2.0 months PI summer salary

B. Yearly salary for one graduate research assistant (GRA)
C. Standard fringe benefits:
Pl Salary @ 26%
* GRA med aid @ 1.5%, GRA health and GRA qualified tuition reduction
D. Permanent equipment:
e 1 PC (Pentium Ill 256MB 30GB, 19" monitor)
» 1 Software tool set (see page 2 of justification)
* 1 extra SW tool set for the PI's office machine [Sun Ultral0]
E. Travel: One week NASA Langley Research Center (Hamptom, VA in Spring)
F. Participant Support Costs: None
G. Other Direct Costs:
» Materials and supply expenses associated with 2 computers
I.  Indirect costs at 45% MTDC
K. Total amount requested for year 1. $72,205
M. Cost sharing: None other than office space and network connections
Year 2:
A. 2.0 months Pl summer salary
B. Yearly salary for one graduate research assistant (GRA)
C. Standard fringe benefits:
Pl Salary @ 26%
e GRA med aid @ 1.5%, GRA health and GRA qualified tuition reduction
D. Permanent equipment:
» 1 Server class workstation (Ultral0 256MB 12GB, 19” monitor)
» 1 Standard workstation added to the compliment of EECS Dept. supplied machines
* 1 complete software tool set(s) for the
» Additional software tool subsets to be installed on classroom laboratory machines
E. Travel: One week NASA Langley Research Center (Hamptom, VA in Spring)
F. Participant Support Costs: None
G. Other Direct Costs:
* Materials and supply expenses associated with 2 computers
I.  Indirect costs at 45% MTDC
K. Total amount requested for year 2: $69,693
M. Cost sharing: None other than office space and network connections
Year 3:
A. 2.0 months Pl summer salary and one-half course offload during academic year
B. Yearly salary for one graduate research assistant (GRA)
C. Standard fringe benefits:
« Pl Salary @ 26%
* GRA med aid @ 1.5%, GRA health and GRA qualified tuition reduction
D. Permanent equipment:

» 2 Standard workstation added to the compliment of EECS Dept. supplied machines



Budget Justification (continued)
Page 2 of 2

» Additional software tool subsets to be installed on classroom laboratory machines
Travel: One week NASA Langley Research Center (Hamptom, VA in Spring)
Participant Support Costs: None
Other Direct Costs:

* Materials and supply expenses
I.  Indirect costs at 45% MTDC
K. Total amount requested for year 3: $72,284
M. Cost sharing: None other than office space and network connections

©mm

GRA:

Setup, maintenance, experimentation and reportiAtso, 20% will be dedicated tosupporting
classroom laboratory activities. WSU waives tuition and fees.

Computer Hardware/Software:

PC will be needed to host common developmdabls (e.g., Visual Studio). Pl has @nix
workstations thatwill be used the firsttwo years for evaluating various softwan®ols
(SESworkbench, Statemate, SPBENP,etc.). Actually, many of the tools are only available to
run on a UNIX platform. Hence, the planill be to develop a laboratory of Unibased
platforms running thesoftwareengineering toolkit environment.PCs will be also used to the
greatest extent possible.

Software toolset composition (approximate):
SESworkbench

iISPNP (Visual Stochastic Petri Net Package)/ SMART
Sun Scholar Pack + JDK 1.2

Statemate Magnum (from llogix)

Rapsody (from llogix)

MS Visual Studio

Metrowerks Codewarrior

Test Center/Purify

MS Office

Adobe Acrobat

Various free tools (e.g., UltraSan, DSPNExpress, etc.)

PP OO~NOUODM~WNEPER

= O



Current and Pending Support

(See GPG Section 11.D.8 for guidance on information to include on this form.)

The following information should be provided for each investigator and other senior personnel. Failure to provide this information may delay consideration of this proposal.

Other agencies (including NSF) to which this proposal has been/will be submitted.

Investigator: Frederick Sheldon |[NASA LaRC

Support: K Current [OPending O Submission Planned in Near Future O *Transfer of Support
Project/Proposal Title: None

Source of Support:

Total Award Amount: $ OTotal Award Period Covered: 01/01/00 - 01/01/00
Location of Project:

Person-Months Per Year Committed to the Project. Cal:0.00 Acad:0.00 Sumr: 0.00

Support: OCurrent OPending 0O Submission Planned in Near Future O *Transfer of Support
Project/Proposal Title:

Source of Support:

Total Award Amount: $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: OCurrent OPending 0O Submission Planned in Near Future 0O *Transfer of Support
Project/Proposal Title:

Source of Support:

Total Award Amount: $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: OCurrent OPending 0O Submission Planned in Near Future O *Transfer of Support
Project/Proposal Title:

Source of Support:

Total Award Amount: $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project.  Cal: Acad: Sumr;

Support: OCurrent OPending O Submission Planned in Near Future O *Transfer of Support
Project/Proposal Title:

Source of Support:

Total Award Amount: $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project.  Cal: Acad: Summ:

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.
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Facilities, Equipment and Other Resources
Frederick T. Sheldon, NSF 00-126

Laboratory:
Facilities will be provided by Washington State University, School of EECS located in the
Electrical and Mechanical Engineering Building.

Clinical: Not Applicable

Animal: Not Applicable

Computer:

Year 1. One powerful PC, one sever class workstation and one standard workstation (Pl
currently has the a standard). Also, three copies of software tool sets described in the project
description and budget justification).

Year 2-5: 2 additional standard workstations per year (8 total) including the requsite software
tool sets.

Office:
PI's office is located in the Electrical and Mechanical Engineering Building.

Other:

Major Equipment:

Currently, there is one Sun/Solaris Ultral with minimal software available and is located in the
PI's office. There is also a Powerbook G3 400Mhz loaded with professional development tools
and business solutions.

Other Resources:
Computer systems support provided by WSU, EECS.



SUPPLEMENTARY DOCS

None
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