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students, teachers, and researchers interested in formal languages and
automata theory or software engineering, the sophisticated use of
Maple as a programming language, the management of alarge
collaborative learning project, the use of alarge Maple-oriented
project to support education in software engineering (especially
requirements and specification, and software verification and
validation).

This paper outlines how Maple has been employed by the authors over
the past several yearsin graduate-level software engineering education
at Western Michigan University.



Introduction and overview

Two courses are involved:

¢s580 — Theory of Computation  an upper-level coursein formal languages and
automata which uses T.A. Sudkamp, Languages and
Machines: An Introduction to the Theory of Computer
Science (2€), Addison Wesley Longman, January
1998 asits text.

and cs661 — Software Engineering I1:  Verification and Validation which uses the
instructor's lecture notes and an extensive reading list
[B.bbt], [B.stt], [K], [KFN], [M], [Pe].

¢s580 is not primarily a software engineering course; however, software engineering topics are
introduced secondarily viaamajor programming project component focused on ¢s580L ib, a
comprehensive coherent well-planned collection of help pages, procedures, and other Maple
objects, being created at Western Michigan University, that supports research and instruction in
formal languages and automata theory. The ongoing cs580L ib implementation activities provide
students an excellent implicit exposure to the management of alarge industrial quality software
project, especially the requirements and specification aspects. An overview of cs580Lib is
presented at the end of this paper in Appendix 1. Introduction to cs580Lib, and a more detailed
description is provided in [PN].

cs661 is a course focused on software testing (both verification and validation). Many of the
testing exercises associated with this course as we teach it have used Maple-oriented test targets,
known as objects under test, or OUTs. Two kinds of Maple-oriented OUTs have been used in
Cs661:

1 cs580L ib-based OUTs

verification: the readme.txt file
propositional” procedure help pages
non-propositional procedure help pages
propositional procedure code
non-propositional procedure code

validation: help page browser
propositional procedure help page links
non-propositional procedure help page links
propositional procedures (executables)
non-propositional procedures (executables)

At present al the cs580L ib-based OUTs are non-numeric in functionality.

" apropositional procedure is one that returns a boolean value (i.e., false, true).
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2. MINIGOL FSCORE-based OUTs

MINIGOLFSCORE (see[Pi.avvt]) isamodification of the GOLFSCORE case study
and program introduced in Kit [K]. MINIGOLFSCORE-based OUTs can be both
blackbox and whitebox, and include both numeric and non-numeric functionality
components.

The remainder of this paper is organized into the following sections:

* Annotated checklist of software engineering curricular topics
* Historical development

»  Creating ablackbox Maple procedure

* Linksto some associated works

»  Commentary on experiences and future plans

* References

* Appendices

Annotated checklist of software engineering curricular topics

To set the context for discussing the Maple-based content of ¢s580 and ¢s661, we present in the
following table a checklist of typical curricular topicsin software engineering. These topics
have been identified from a survey of content in three typical graduate-level textbooks on
software engineering [Br], [Pr], and [SLB], and some of the lecture notes for cs580 and cs661
[e.g.: Pi.avvt]. Thetopics are presented in a phabetic order.

[ The reader should be aware that Western Michigan University offers a number of courses

dealing with software engineering and this paper considers only the content of ¢s580 and cs661
astaught by the authors.]



Checklist of typical curricular topicsin software engineering

Legend: blue software engineering topics implicitly taught in cs580
red software engineering topics explicitly taught in cs661
green software engineering topics with a Maple orientation

csb80 | cs661 | Maple | topic

activity journals
brainstorming

bug reports

checklists

chief programmer team
collaborative learning
component testing
configuration management
control flow testing
critical path graphs
data flow testing

data structures
data-centered paradigm
documentation

domain testing

editing

executive summary
finite-state testing
flowcharts

formal modeling

formal notation

formal system theory
formal testing

functional decomposition
implementation assumptions
integration testing

legacy code

loop testing
maintenance

metrics

object-oriented paradigm
oral presentation
procedures
programming

project management
proof of correctness
pseudo-code

rapid prototyping
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re-engineering

requirement decomposition

reguirement partitioning

requirements
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research

reverse engineering

robust/non-robust programming

role playing
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structured programming
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test execution

test reporting
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Historical development

€s580 Theory of Computation is arequired course in the Bachelor's and Master's curricula at
Western Michigan University. The course assumes a student's familiarity with discrete
mathematics (e.g., set theory, relations, functions, equivalence, countability, recursion, induction,
graphs, and trees) and devel ops the mathematical foundations of formal languages as generated
by grammars and recognized by automata and as categorized by the chomsky hierarchy. In
recent years, the instruction has been based on T.A. Sudkamp, Languages and Machines: An
Introduction to the Theory of Computer Science (2e), Addison Wesley Longman, January 1998,
augmented by technical material on additional topics such as:

« extended regular expressions — adding the operators of intersection, difference, and
complement;

» cartesian-stylefinite-directed graphs;

« atechnique of directly constructing a deterministic finite automaton (DFA) equivalent
to any extended regular expression without use of non-deterministic finite automata
(NFA);

e mnemonic naming conventions for certain entities, such as variables in grammars and
states in automata.

For several years prior to 2001, students had the opportunity to use Maple in amajor class
project. Typicaly, students would develop a Maple worksheet as atutorial living document in
which they document the design and demonstration of a Maple procedure to:

« testif an arbitrary object is a particular standard data type defined for ¢s580, such as
finite directed graph or finite tree, or

« perform an algorithm associated with ¢s580, such as minimizing the state-set of a
DFA, or

» perform auseful utility related to ¢sb80, such as drawing in elegant format atree
graph or DFA transition graph.

These early projects used Maple as a programming language (rather than as an interactive
mathematical assistant), and were each fairly independent — each student having to design and
implement Maple code that "did it all" (i.e., the student did not take immediate direct advantage
of any other student's complementary work).

In the summer of 2001 the authors decided to embark on a maor and much more organized long-
term pedagogica development project in ¢s580, one using Maple and attempting to:

» develop acompleteindustrial strength library of Maple data structures, procedures,
and help pages to support education in formal languages and automata;

» engage successive classes of ¢s580 studentsin amajor effort of coordinated
collaborative undergraduate and graduate research and projects.

The name currently used to denote both our ¢s580 project effort and the collection of materials
contained initiscs580Lib.



In the winter of 2003, an experiment began in introducing Maple objects under test into cs661.
Two types of Maple objects were used:

1. cs580Lib-based OUTs

verification: thereadme.txt file
propositional procedure help pages
non-propositional procedure help pages
propositional procedure code
non-propositional procedure code

validation: help page browser
propositional procedure help page links
non-propositional procedure help page links
propositional procedures (executables)
non-propositional procedures (executables)

At present all the cs580L ib-based OUTs are non-numeric in functionality.

2.  MINIGOLFSCORE-based OUTs

MINIGOLFSCORE (see[Pi.avvt]) isamoadification of the GOLFSCORE case study and
program introduced in Kit [K]. MINIGOL FSCORE-based OUTs can be both blackbox
and whitebox, and include both numeric and non-numeric functionality components.

Figure 1 illustrates some of the chronological milestones associated with the topics addressed in
this paper.
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Creating a blackbox M aple procedure

One of the desirable techniques in teaching software testing is that of creating blackbox software
implementations to be used as OUTs. When working in a compiled software environment (such
as the UNIX/C environment), thisis easily accomplished by distributing only the executable
object file and not the source code file for any function or program ... relying on the difficulty
most users would have in reverse-compiling the object file into the original source code.

In an interpreted system, like Maple, there is no source code to object code transl ation associated
with Maple worksheets; thus, making it difficult to hide the source code. However, in Maple,
source code is translated into the equivalent of object code when a Maple moduleis converted
into aset of library files. We can take advantage of this feature of the library-creating-processin
Maple (plus afew other techniques) to create blackbox proceduresin Maple.

The general approach isillustrated with the following example module. This material is based
on a 26 April 2002 suggestion from Dr. Jason Schattman and the R&D staff of MapleSoft.

bl ackboxLi b: =nodul e()

export Print;
| ocal PrintPrivate, x;

PrintPrivate: =proc(x)
printf("Tomis %.\n", x)

end proc;
Print:=proc()
X: =ar gs;
PrintPrivate(x)
end proc;

end nodul e;

"blackboxLib" isaMaple module.

» Two procedures are defined in the module —"Print" which is exported and
"PrintPrivate" whichislocal (hidden).

» Thefunctionality of "Print" istotally provided by "PrintPrivate’ —i.e., "Print" passes
its actual argument sequencein acall to "PrintPrivate" which executes with side
effects and areturn. The return value of "PrintPrivate" isin turn returned by "Print".

* Tomake "Print" ablackbox procedure, disseminate the module as alibrary object —

not as aworksheet. Thiswill make the source code representation of the

"PrintPrivate" compiled, if you will, and difficult to reconstruct by any library user.

A Maple worksheet with a more detailed presentation of the above example is provided in
blackboxCreationAndDemonstr ation.mws in http://www.cs.wmich.edu/~piat/cs661/ ...




Linksto some associated wor ks

1.

A directory containing the latest version(s) of cs580L.ib.
Located at http://www.cs.wmich.edu/~piat/cs580...
Each cs580Lib is a self-extracting zipped file.

A directory of files supporting cs661.
Located at http://www.cs.wmich.edu/~piat/cs661/...

Includes:

a

The Architecture of Verification and Validation Testing(pdf), current version of
the major lecture notes supporting cs661, presents aformal theory of testing and
includes details on MINIGOLFSCORE.

csb80LibOut.exe -- A library containing a collection of ten (10) blackbox OUTs
implemented in Maple, each a candidate implementation of the help browser
portion of cs580Lib. A self-extracting zipped file.

This set of OUTsis used in conjunction with popquiz4 which is copied in
Appendix 2.

MINIGOLFSCOREOULtLib -- A library containing a collection of ten (10)
blackbox OUTS, each a candidate implementation of MINIGOLFSCORE.

This set of OUTsis used in conjunction with cs661 assignment8 which is copied
in Appendix 3.

blackboxCreationAndDemonstration.mws -- the Maple worksheet discussed in the
previous section (creating a blackbox Maple procedure).

In http://www.cs.wmich.edu/~piat/cs66L/...

A directory of several chronologically different versions of cs580Lib. Eachisaself-
extracting zipped file. In http://www.cs.wmich.edu/~piat/cs580/...

A directory of files supporting cs661. In http://www.cs.wmich.edu/~piat/cs661/...
Includes:

a

The Architecture of Verification and Validation Testing, one of the lecture notes
supporting cs661, presents aformal theory of testing and includes details on
MINIGOLFSCORE.

A collection of ten (10) blackbox OUTSs, each a candidate implementation of the

help browser portion of cs580Lib. Thisset of OUTs s used in conjunction with
popquiz4 which is copied in Appendix 2.
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A collection of ten (10) blackbox OUTSs, each a candidate implementation of
MINIGOLFSCORE. Thisset of OUTsisused in conjunction with assignment8
which is copied in Appendix 3.

blackboxCreationAndDemonstration.mws, the Maple7 worksheet discussed in the
previous section (creating a blackbox Maple procedure).

Commentary on experiences and future plans

Some observations deriving from the effort to date include:

The process of creating an industrial strength library in support of ¢s580 has been a
very satisfying one. Theinitial hopes for this project as reported in [PN] are being
realized. The resulting library has integrity and usefulness.
Maple continues to demonstrate that it is an excellent programming language and
environment for the cs580L ib application.
cs580L ib as a case study in our graduate software testing course has worked out well.
It is satisfying to be able to use what is now areally large home-grown student-
produced project in such away.
The students of ¢s580 and cs661 have been exposed to a project that is of long
duration, large, and managed with some care for good software engineering practice,
including:

implementing in conformance with rigorous semi-formal specifications,

testing with respect to rigorous semi-formal specifications,

dealing with configuration management concerns,

producing high quality implementation documentation.
The testing of ¢s580L ib has been only partia (afew help pages, afew procedures)
but has, nevertheless, resulted in the finding of afew errorsin the help pages and
procedures of the library.

If the future provides opportunity to continue the multi-dimensional experiments reported on in
this paper, then some of the directions we would hope to explore include:

The topicsin the cs580L ib project can be used as targets in our cs660 graduate
course, Software Engineering |: Requirements and Specification.

The current versions of ¢s580L ib are limited to constructs based on finite sets. In the
future we would like to extend the functionality of our Maple objects to include
infinite sets and constructs built on them.

At some point we would like to begin illustrating the power and elegance of cs580L ib
by applying it to several illustrative problems that are larger and more redlistic than
those treated in the text.
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Appendix 1: Introduction to cs580Lib

A copy of the help page from ¢s580L ib that explains the purpose
and scope of the library, and how to install and link to it.

14



Introduction to cs580L ib

cs580Lib isacollection of procedures and other Maple objects created at Western Michigan
University to support research and instruction in formal languages and automata theory, in
particular our upper-level course: ¢s580 -- Theory of Computation.

The material in cs580Lib is supported by a comprehensive set of help files that are accessible
through the Maple online browser.

csb80L ib has been undertaken for severa reasons, including:

» Thematerialsincluded in cs580L ib are useful in their own right.

* Theactivitiesinvolved in creating the materialsin cs580Lib provide an excellent learning
opportunity for students of formal languages and automata theory.

» Thetotal project isagood educationa exercisein using Maplein an elegant large-scale
application.

csb80L ib is presented to our students, colleagues, and al readers, in the hope that they will find
here a useful toolkit for study and research in the theory of computation, and a paradigm for
using the computer (and especially Maple) in that endeavor.

Current content of cs580Lib

¢sh80Lib contains

* anintroductory help page (i.e., this help page)
» ahelp page on each of the following data structures

CFGDat aStruct ure

CFGDer i vati onDat aStructure
DFAConput ati onDat aSt ruct ure
DFADat aSt ruct ur e

OFTDat aStructure

UFTDat aSt ruct ure

ar cPat hDat aStruct ure
finiteDirectedG aphDataStructure
functi onDat aStructure
nodePat hDat aSt ruct ure
partitionDataStructure
proposi tionDat aStructure
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reDat aStructure
rel ati onDat aStructure
stringDataStructure

a help page on each of the following procedures (in addition, those procedures marked with
asterisks are implemented)

*Ancest or s
*Chil dren
*Descendent s
*Frontier
*N
*NodeVal ues
*Range
*Reachabl eOne
* Reachabl eZer o
*Si bl i ngs
*cart esi anProduct
*cfgDerivabl e
*cfgDerivations
cf gDrawbDeri vati on
*cfgPrintDerivation
*cf gSent ences
*cfgSent enti al Forns
*convert Cs580Stri ngToStri ng
convert DFAToORE
*convert ERToPartition
*convert Functi onToTabl e
*convertPartiti onToER
convert REToDFA
convert REToRestri ct edRE
convert RGToDFA
*convert Tabl eToFuncti on
*dept h
df aConcat enat i on
df abi f f erence
df al nt er sect

df al nver se
16
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df aReachabl e

df aReachi ngl nput s
df aSt ar

df aUni on

equi val enced ass

i nplicit Set

i nDegr ee

sAcycl i cFDG
SsArcPat h

i sCFG

i SCFCGDer i vabl e

i SCFQeri vation
sCFG.ef t nost Deri vati on
sCFGRi ght nost Deri vati on
sConpl et eBi naryFT
sCycl e

i SDFA

sDFAAccept ed
sDFAConput at i on
i SER

i sF

i SFDG

i sFL

sLeaf

sNodePat h

sNul | ArcPat h
sNul | NodePat h

i SOFT

sOneToOneF

sPal i ndr one
sPartition
sProper Subset
sProposition

i sR

i SRE

i SRG

sSRLG
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*i SRR

*I sSR

*IsStrictlyBinaryFT

*IsString

*i sSubset

*i sTR

*i sUFT

*m nCommonAncest or

*m nDFA

*out Degr ee

*par ent

*partitionBl ock

*proj Li st

*proj Li st Set

*r eConpl enment

*reConcat enat e

*rel ntersect
reMenber

*reM nus

*reStar

*reUni on

*stringConcat enat e

*stringReverse

How to get started

Toinstall cs580L ib read the instructions included in the readme.txt worksheet that accompanies
the installation files, and follow the instructions.

Assuming that cs580L ib is already installed (here we assume the installation is on the local
drive C):

* To accessthe cs580Lib help files through the Maple browser and the cs580L ib procedures:
- add c:\cs580Lib to libname, and
- with the cs580Lib module to your worksheet.

» Both of the above steps are typically accomplished by the 2-command-sequence:

li bnane: ="c:\\cs580Li b", i bnane;
wi t h(cs580Li b);
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Appendix 2: c¢s661 popquiz4

Anin-class online exercise to perform ad hoc validation on OUTs comprising
candidate cs580Lib help browsers.
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CS661 (51867) Software Engineeringll: Verification and Validation
of Software Systems

Spring 2004 Piatkowski
popquiz4 cs580L ib ad hoc blackbox validation exercise
open book you can collaborate in any groupings you wish

Preliminaries
The firm is evaluating the programming skills of ten (10) job applicants.

As part of the assessment process we have asked each applicant to create a Maple library
duplicating the navigator only portion of our existing cs580Lib; procedure implementation code
was not requested and is NOT included.

Management requests that the team perform a crash-effort ad hoc validation of the work of these
applicants and that a set of concise evaluation reports be provided.

Theten applicant library files are available to you in the directory ¢s580LibOut which will be
made available to you online; the library files are grouped in the subdirectories:
cs580Libl, csh80Lib2, ..., cs580Lib10.

Assignment
Validate each of these ten implementations and report back to management.
One report per student.

Y ou may organize and collaborate to cover as many aspects of the validation task as time and
other resources permit. BUT, one report per student is required.

Each student's report may be submitted hardcopy or electronically by the end of class.

Consider using the report philosophy and templates proposed in The Architecture of Verification
and Validation Testing. It would be very helpful if, for each (?primitive) validation you
explicitly stated the associated (?primitive) requirement.

Timeislimited; do your best accordingly.
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Appendix 3: cs661 assignment8

An exercise to perform ad hoc validation on OUTs comprising candidate
MINIGOLFSCORE implementations.
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assignment8 -- ad hoc M N GOLFSCORE() bl ackbox validation exercise
made : 2003 March 12 Wednesday
due : 2003 March 17 Monday

*** each student is to work alone on this assignnment ***

The cl ass subdirectory
[ home/ cs/ pi at/ 661/ M NIl GOLFSCORE/ bl ackboxLi b/
contains two library files

mapl e. i nd
maple.lib

Downl oad these two files to a local directory of your
choi ce, denoted by <yourLocal Dir>.

When in a Mapl e worksheet you can then link to the library via:

I'i bname: =" <your Local Di r>", | i bnane;

The library contains ten different inplenentations of M N GOLFSCORE,
nanmed:

M NI GOLFSCOREL, M NI GOLFSCORE2, ... , M N GOLFSCORE10

Your assignnent is to validate each of these ten inplenentations and
report back to nmanagenent. One report per student.

Turn in two (2) copies of your report.
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