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theory in computer science, for consideration for the 2006 NEEDS Premier Award. Included
are 15 copies of the submission packet. JFLAP 4.0bl4 was submitted to NEEDS. That
version and the new Beta version can both be downloaded from www.jflap.org

I am the sole faculty member who has developed JFLAP and related tools over the past
16 years, supervising many undergraduate and graduate students at Duke and previously
at Rensselaer. I'm including several former and current Duke students who worked on
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Ryan Cavalcante (RyanCav@microsoft.com, now at Microsoft). I am authorized to submit
the software for the Premier competition. My contact information is above. I hold the
copyright on JFLAP.

Susan Rodger authorizes NEEDS to become a non-exclusive distributor of the JFLAP
software as submitted.

JFLAP is software for experimenting with formal languages and automata theory and can
be used with a course in Formal Languages, Discrete Mathematics, or Compilers. With
JFLAP one can create and test automata, pushdown automata, multi-tape Turing machines,
regular grammars, context-free grammars, unrestricted grammars and L-systems. One can
also experiment with LL and SLR parsing and proofs such as converting an NFA to a DFA,
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has additional resources available including the most up-to-date version of JFLAP, JFLAP
file examples, information on a JFLAP book, and papers and presentations on JEFLAP.
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Susan H. Rodger
Associate Professor of the Practice
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JFLAP - Software for Experimenting with Formal Languages

1 Introduction

A major problem in computer science education is that many students obtain only a superficial understanding
of theory, even though theoretical concepts provide the fundamental basis for most areas of computer science.
In particular, a thorough understanding of the theory of formal languages and automata (FLA) is crucial
in designing programming languages and compilers. However, the traditional FLA course is taught in a
nonvisual and pencil-paper problem solving manner with no programming component. Students find this
approach frustrating as they have no visualization to relate to, they do not receive immediate feedback on
problems, and furthermore it is tedious and uninteresting to them to determine if their solutions are correct.
Many students turn in homework with errors as they do not bother to verify their solutions by hand. This
contrasts starkly with the hands-on nature in most of their other computer science courses which contain
programming assignments. In addition, many students leave the FLA course without understanding the
importance of this material. They are told it has applications in other areas, but they don’t experience the
applications.

The material in the traditional FLA course is important to the computer science major, as mentioned in
the Computer Science Volume of the ACM IEEE Computing Curricula 2001 document in several places.
Under intermediate courses, the core course CS 210, Algorithm Design and Analysis, includes topics in “an
introduction to automata theory and its application to language translation.” Under advanced courses there
is a course called CS 311 Automata and Language Theory. This course already includes such topics from
the Introductory Courses including discrete mathematics, formal proofs, algorithmic thinking and testing
and debugging.

We have developed a tool, JELAP, that allows students in an FLA course to experiment with the theory in
this course, receiving immediate feedback, and making the course more interesting to students. JELAP (Java
Formal Languages and Automata Package) is a long term NSF-supported software project. With JFLAP
one can interactively build automata and grammars and run test input on them. Also with JFLAP one can
experiment with many of the construction-type proofs taught in this course.

JFLAP is freely available and has been used in several types of computer science courses around the world.
We have published papers, given presentations, and held JFLAP workshops. We recently published a book
on JFLAP that is to be used as a supplemental book for an FLA course. This book guides the user through
the many algorithms in JFLAP and includes exercises and a large number of JFLAP files for loading and
experimenting with.

2 Background

The development of JFLAP began back in 1990 when I was teaching automata theory at Rensselaer and
students were turning in homework using pencil and paper. Problems to create an automaton and grammar
were almost always incorrect as it was too tedious to test and trace inputs on a handwritten model. JFLAP
began as several smaller tools (NPDA, LR Parser, LL Parser, TuBB, FLAP) for different concepts in formal
languages, written in C++ and X windows. We made these tools freely available and universities started
using them. However, with the many versions of C++ and X windows, some people had difficulty installing
it. Around 1996 at Duke University, FLAP was rewritten in Java and became JFLAP. Other smaller tools
were continually developed (JeLLRap, Lsys, Paté) and eventually integrated into JFLAP. Around 2002,
JFLAP was rewritten using Swing and has continued to evolve.

I have supervised many undergraduate and graduate students in the development of JFLAP and related tools



at Rensselaer Polytechnic Institute from 1990-1994 and at Duke University from 1994 to the present. Those
students who have worked on JFLAP related tools at Rensselaer include Dan Caugherty, Mike James, Steve
Blythe, Bhasker Vasudevan, Grant Poladian, Eric Luce, Danny Daglas, Jeffrey Nesheiwat, and Jasper Wong.
Those students who have worked on JFLAP related tools at Duke include Greg Badros, Steve Wolfman, Ben
Hardekopf, Ken Leider, Jason Salemme, Anna Bilska, Edwin Tsang, Magda Procopiuc, Octavian Procopiuc,
Alex Karweit, Robyn Geer, Eric Gramond, Lenore Ramm, Ted Hung, Ryan Cavalcante, Thomas Finley,
Bart Bressler, Stephen Reading and Jinghui Lim. Many of these students are co-authors with me on JFLAP
papers and one (Finley) is a co-author on the JFLAP book.

JFLAP has been supported by four NSF grants. The first three grants, NSF DUE 9354791 from 1994-96
(this grant was transfered to Duke as NSF DUE 9596002), NSF DUE 9555084 from 1996-98, and NSF DUE
9752583 from 1998-2002) were focused mostly on the development of JFLAP and dissemination. The fourth
and current grant, NSF DUE CCLI 0442513 from 2005-2008, continues the development of JFLAP but
focuses on the evaluation of JFLAP and includes fourteen faculty adopters. More information on the study
is described in Section 6.

3 Objectives

The educational objectives of the JFLAP software are the following.

e To provide students with a tool for visualizing and interacting with theoretical models and concepts
in computer science.

JFLAP provides visualizations of automata and grammars; transition diagrams (graphs) of the three
types of automata and visual parse trees for the grammars. With JFLAP one can construct, test and
debug several theoretical models of computation.

e To provide students with the means of experimentation of construction-type proofs in formal languages.

After learning about the proof that the class of nondeterministic finite automata (NFA) are equivalent
to the class of deterministic finite automata (DFA), one can use JFLAP to construct an NFA and
then in steps construct the equivalent DFA. One can then run inputs on both of them to see their
equivalence.

e To provide students with the means for experimenting with formal languages in a computational
manner that can only be done with the use of a computer.

Besides the ability to construct an automaton and run it on multiple inputs, JELAP has many other
uses that would be too tedious to do by hand. For example, JELAP comes with a Universal Turing
machine students can run. It would be too tedious for students to draw one on paper and try to trace it.
As another example, in Section 3.7 of our SIGCSE 2006 paper included in the appendiz, we present two
grammars that are equivalent, the first with a A-production. On input aaababaabbb, the first grammar
generates 13286 nodes in the derivation tree, and the other grammar derives only 335 nodes.

e To provide students with hands-on experimentation of applications in theoretical computer science.

L-Systems are used to model biological systems and fractals. With the L-Systems in JELAP, students
use another type of grammar that researchers use to model plants in environments. With SLR Parsing,
students see how DFA and pushdown automata can be used in writing a compiler.

e To enhance (not replace) the theoretical nature of the formal languages course.

JELAP is not meant to replace the theoretical proofs taught in a formal languages course, but to
complement them. Students should still study a theoretical proof with its mathematical notation, and
then JELAP will enhance and reinforce the theory with visualizations and experimentation with a
concrete example



4 Overview of JFLAP

JFLAP (Java Formal Languages and Automata Package) is an extensive visual and interactive tool for design-
ing and experimenting with different types of automata and grammars, studying proofs by the construction
of examples, studying parsing through LL, SLR and brute force methods, and transforming grammars.

Automata in JFLAP

With JFLAP one can graphically design and animate three types of automata: finite automata, pushdown
automata, and multi-tape Turing machines. These machines can be deterministic or nondeterministic. In
using the tool, one graphically draws one of the machines as a transition diagram, enters an input string,
and then controls the tracing of the input string through the machine. There are four simulation modes for
testing input including two types of step run that allows one to step through the automaton, a fast run that
returns information and validity of acceptance, and a multiple input tester that will check the acceptance
of many input strings at the same time. In addition, students can save and retrieve their designs and load
examples provided.
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Figure 1: JFLAP NPDA example simulation

Figure 1 illustrates an NPDA created in JFLAP that represents nonempty palindromes of even length. This
NPDA was created in the editor mode (see the editor tab faded out) but is now in simulation mode. This
figure illustrates the nondeterminism in JFLAP. It shows one step in the execution of this NPDA on the
simulation of input string a'%bba'®, showing five possible configurations at this time step. Each of the five
configurations show the current state (shown as a circle), the input string (shown to the right of the state)
with the part of the input already processed shaded, and the current stack contents (shown below the state).
Notice that three of the states in the NPDA are shaded at this time step as these three states all have an
active configuration. With nondeterminism, JFLAP creates a tree of all configurations (not shown to the
user). At each step it expands any configuration that is a leaf node in the tree (with pruning), and then
shows the current configurations (the current leaf nodes). Another type of simulation mode, fast run (not
shown), with this same input string results in the input accepted, and displays only the acceptance path,
which in this case would be of length 24. Also shown in the figure is the ability to annotate states. A
annotation has been added to state gl (store symbols) and an annotation has been added to state ¢2 (match
symbols).



Studying Proofs in JFLAP

JFLAP has been enhanced to allow one to study the proofs of several theorems that focus on conversions
of languages from one form to another by constructing an example and transforming the example into the
other form. With JELAP one can enter an NFA and convert it to a DFA and then to a minimum state DFA,
or to a regular expression or a regular grammar. One can enter a regular expression and convert it to an
NFA, or one can enter a regular grammar and convert it to an NFA. One can enter a context-free grammar
and convert it to an NPDA in one of two formats, either an NPDA that models LL(1) parsing or an NPDA
that models SLR(1) parsing. One can enter an NPDA and convert it to a CFG. The conversion process is
interactive and provides helpful error messages as the user constructs the new form.

For example, in the conversion from NFA to DFA, the user would first construct an NFA. After selecting the
conversion to DFA option, the user would start constructing the new DFA by adding states. For each state
in the DFA, the user must enter the number from the corresponding states from the NFA. If the user enters
the wrong state number, JFLAP informs them. The user must connect the states with the appropriate
transition arc. JFLAP informs the user when their DFA is complete and the user has the option of placing
the newly constructed DFA in a new editor window.

Parsing in JFLAP

There are three types of parsing in JELAP, a brute-force parser, LL parser and SLR parser. These were
incorporated from our tools JeLLRap and Paté.

The brute-force parser allows one to parse restricted (regular and context-free) and unrestricted grammars,
showing the derivation and parse tree (including a “parse tree” for unrestricted grammars!). The LL and
SLR parser tools construct parse tables through a series of steps for LL(1), and SLR(1) grammars, and then
simulate the parsing of input strings using the constructed table and a stack, at the same time building the
parse tree. One can still build the parse table and also parse non-SLR(1) grammars by selecting choices for
conflict items.

For example, one enters an SLR(1) grammar, a window appears and one enters in FIRST sets. When correct,
one enters in FOLLOW sets. When correct, one builds the DFA that models the stack, including selecting
marked rules for each state. When correct, one enters in the entries of the SLR parse table. When correct,
one enters an input string, and steps through the parsing of the string seeing the stack and the parse tree
being built.

Transforming grammars in JFLAP

JFLAP allows the transformation of grammars from one form to another. The transformation component
is an instructional tool for converting a context-free grammar to CNF, including steps for removing lambda
productions, unit productions, and useless productions.

L-systems in JFLAP

With JFLAP one can create and render L-systems. One enters an L-system including an axiom, grammar
and graphical parameters. The strings of the L-system can then be visually displayed in order. For example,
an L-system can be used to describe the growth of a tree or plant. When rendered the strings generated
from the grammar are visually displayed showing the tree or plant growing.

Beta Version of JFLAP and Current JFLAP work



We have included the Beta Version of JFLAP to show that JFLAP is a continuing effort. The Beta Version
has a prototype of Turing Machine Building Blocks that should be released in late 2006, and which is
explained in our SIGCSE 2006 paper in the appendix. In the JFLAP Beta version, one can build a Turing
machine, name it and then reuse it as a submachine or building block in another Turing machine. The run
control allows one to control the simulation, executing the building block in one step, or entering the building
block and stepping through state by state. This allows one to create more interesting Turing machines easily
such as multiplying two unary numbers.

We receive a steady stream of email from our users with requests for additions to JFLAP. Some of the
requested features we are currently working on this summer that are not in the current Beta version but we
plan to release in the next version of JFLAP in late 2006 include batch grading, Moore and Mealy machines,
a profile to set attributes of JFLAP to make it fit with more automata textbooks (such as setting the empty
string to be epsilon or lambda) and an interactive component to experiment with the pumping lemma.

5 Use of JFLAP Software

5.1 Types of Courses that use JFLAP

JFLAP’s target audience is for an undergraduate formal languages course that includes any of the topics
on automata, grammars and parsing. The majority of the letters in the appendix is for this type of course.
JFLAP has been used in more than five other computer science courses. Berwick at MIT states in his letter
that he uses JFLAP in an Artificial Intelligence course and a Natural Language Processing course. Brown
at the College of Wooster and Harvey at Robert Morris University state in their letters they use JFLAP in
a Discrete Mathematics course. Dooley at Knox College states in his letter that he uses JFLAP in three
courses: Algorithm Design and Analysis, Theory of Computing and Software Development, and Software
Design. Wallingford at University of Northern Iowa and Walker at Hiram College state in their letters that
they use JFLAP in a Compiler course.

JFLAP is also being used in high school. Andreas Rittershofer, a mathematics, physics and computers
science high school teacher at Dietrich-Bonhoeffer-Gymnasium in Metzingen, Germany writes in a letter
“One part of the courses in computer science is about regular expressions, grammars, finite automata, stack
automata, turing machines, ... In the case of some spare time we also create some flowers und bushes with
L-Systems. ... JFlap is the ideal tool for my computer science courses... [JFLAP is] very easy to use, my
students are familar with its handling in only a few minutes. I cannot image how to deal with automata
without JFlap - and so do my students too.”

5.2 The Usage of JFLAP in Courses

Instructors use JFLAP in many ways as shown in the letters of support and the included JFLAP publications
in the appendices. One of the main uses is to use JFLAP during lecture. Instructors use JFLAP in the
classroom to demo the use of JFLAP and to explain an algorithm by working through an example in JFLAP.
Instructors can use JELAP during lecture to work problems with students. For example, a Turing machine
in JELAP can be shown for a particular language and students are asked to determine if the Turing machine
is correct and if not to correct it. Students can make suggestions and the instructor can make the changes
and test them out in front of the class. Instructors can answer questions by “showing” the answer with
JFLAP. JFLAP examples shown in class can be saved in files and made available for students to recreate
the lecture.

Other uses of JFLAP by an instructor include the following. Instructors can use JFLAP in office hours
one on one to help a student understand a concept. Baruah from UNC states in his letter that he uses



it extensively in office hours. Instructors can use JFLAP to create pictures for slides for a lecture or for
pictures in a homework writeup. JFLAP can be used as a separate lab. JFLAP can be used for homework
assignments in a variety of ways. Students can load a JFLAP file and experiment with it to determine the
language it represents. Students can construct their own examples of automata or grammars for a particular
language and then turn in the file. Graders can have a set of test strings, load student files, and run them
in the multiple run window easily determining the correctness. There are several examples of problems
that could be used as homework that explore formal languages in computational ways included in the 2006
JFLAP publication in the appendix. The JFLAP book has many exercises and all the files used in this book
are available on the www.jflap.org site.

We have used FLAP/JFLAP since 1994 at Duke in the course CompSci 140, Mathematical Foundations
of Computer Science. We use JFLAP extensively during lecture for demos and explaining algorithms
and students use JFLAP for homework assignments, turning in JFLAP files. The course web site at
www.cs.duke.edu/courses/spring06/cps140 contains our lecture notes and homework assignments for
the most recent version of this course. Many of the homework assignments have two parts, a theoretical part
and a hands on experimentation part. Seven of the eight homework assignments used JFLAP.

Students use JFLAP in many ways. Students use it for homework whether it is required or not. Some of the
letters in the appendix state that the instructor does not require JELAP use, but instructors know students
are using it as they turn in homework with JFLAP pictures. Students use JFLAP for recreating concepts
learned in class and for working additional problems to understand a concept or to study for an exam.

5.3 JFLAP’s use in Research

The JFLAP source is available and users are free to modify it for their needs. JFLAP has been used with
modifications for research. A letter from Mariani from the University of Milano Bicocca states that he used
JEFLAP for his PhD Thesis, integrating it into a technique called BCT, for synthesizing models of component
interactions from traces. JFLAP was successfully integrated into BCT to reuse its functionalities for handling
and visualizing automata. A letter from Siamak Kolahi at Concordia University shows he used JFLAP in
his MS thesis, as part of the interface for his automated composition platform. Tabakov, a PhD. student at
Rice University states in his letter he used JFLAP for visualizing automata as part of his research. Bidder,
a faculty member at the Swiss Institute of Technology in Zurich state in her letter that a student named
Hildenbrand used JFLAP for his thesis, extending JFLAP to Mealy Automata.

5.4 'World Usage

JFLAP is used around the world. When we released JFLAP 4.0 in January 2003, we created a user form to
track and collect information on the downloading of JFLAP. Since January 2003 there have been over 35,000
downloads of the software JFLAP from over 160 countries. On www.jflap.org selecting “World Usage”
gives statistics on these forms. All the countries in which someone has downloaded JFLAP are listed. The
top five countries (from those who filled out the form) have the following number of downloads: USA (7779),
Germany (2455), Brazil (2059), Mexico (1610), and Spain (1172). The number of downloads from each
US institution are listed (from those who filled out the form). The top six number of downloads from
US institutions have the following number of downloads: Harvey Mudd (325), RIT (276), Houston (224),
Millersville (241), Duke (181), and UC Davis (161). 50 US schools have 20 or more downloads. Another 55
US schools have 10-19 downloads.

The JFLAP web site (www.jflap.org) and its predecessor page combined have received over 88,000 hits since
1996. A search of JFLAP (which appears to be a unique name, and not a word in any language) on Google
returns over 20,000 pages. These pages list JFLAP on several types of web pages including course web sites
as a resource or as part of a homework, and as a reference to JFLAP as educational software such as Citidel.



In some cases, the JFLAP web pages have been translated into another language. Note that Google can only
search publicly available web sites and many schools use a system such as Blackboard for their courses which
is password protected, so we expect that JFLAP appears on many more course websites. In the appendix
we have included letters from mostly faculty and a few graduate students from fourteen countries who have
used JFLAP.

6 Assessment of JFLAP Software

As shown in the previous section, JFLAP has obtained widespread use and as shown in the appendix, JFLAP
has received positive feedback from faculty from a large variety of computer science courses and from high
school to graduate school courses.

The current NSF grant supporting JFLAP, NSF DUE CCLI 0442513, includes an assessment of JFLAP.
Eric Wiebe, Associate Professor in the Mathematics, Science and Technology Education Dept at North
Carolina State University is in charge of the JFLAP study which will run from 2005-2007. In the first year
there were twelve faculty adopters including Duke. The other eleven schools are University of California
Dayvis, University of North Carolina Chapel Hill, Emory University, University of Richmond, Fayetteville
State University, Winston-Salem State University, United States Naval Academy, Norfolk State University,
Virginia State University, Rensselaer Polytechnic Institute and University of Houston. Four of these schools
are predominately minority institutions. The faculty adopters attended a 2-day workshop in June 2005 and
used JFLAP in their courses during the academic year 2005-2006.

We show some partial results from the first year of the study on the usage of JFLAP from 36 students from
6 institutions. See the appendix for more results.

e 20 of the 36 students replied that they used JFLAP to study for in-class exams.
e 30 of 36 students replied that it was easier to use JFLAP software than to draw it out by hand.

e 31 of 36 students replied that it was easy to install JFLAP and the other 5 stated it was neither easy
nor difficult.

e When asked what the overall assessment of JELAP was, 10 replied very good, 24 replied good, 2 replied
neither poor nor good, and 0 replied poor or very poor.

For 2006-2007, we have added two additional schools to our study, San Jose State University and Rochester
Institute of Technology. Each of these schools have approximately 200 students taking their formal languages
course. Faculty adopters met for a second time in June 2006 at Duke for a 2-day workshop to discuss strategies
and experiences with JFLAP.

Ross, a Professor from Montana State University is a developer of educational software systems and a
computer science evaluator on our current JFLAP NSF grant. He is also the editor of SIGACT News and
the former editor of the SIGACT News Educational Forum. He includes a letter in the appendix stating 10
highlights of JELAP. Four of those are:

e JFLAP is the only currently generally distributed software that animates the theory of computing.

e There is a class of students who find it relatively easy to master abstract concepts and do not really
need a system such as JFLAP to help them learn. Such students nonetheless find such animation tools
engaging and are often the ones who can be utilized to extend the software (i.e., enhance JFLAP).



e There is a much larger class of students who find it moderately to highly difficult to master abstract
concepts. Many of these students are quite definitely helped by JFLAP. Perhaps the most appreciated
aspect of JFLAP by these students is that they receive immediate and consistent feedback on exercises
they perform within the software.

e A general trend noticed from the use of JFLAP is that most students, regardless of their innate talent,
are more motivated and excited about learning the theory of computing when JFLAP is incorporated
into the course. This may actually be the most important contribution of JFLAP.

He also states the following in his letter. “As already noted, JFLAP is a software system that supports the
teaching and learning of the theory of computing. This subject is the foundation of the study of computer
science, yet it is widely viewed by computer science students as the most dreaded and/or dry course in the
curriculum due to its abstract, theoretical nature. In a nutshell, JFLAP aids the teaching and learning of
many of the abstract concepts of the subject by brining them to life. That is, students are presented with
computer-animated, visual depictions of the key abstract models of the theory, and they are allowed (and
often required) to work with the models an active-learning mode as they progress through the material.
The abstract models animated in JFLAP include deterministic and nondeterministic finite state automata,
deterministic and nondeterministic pushdown automata, Turing machines, and grammars-the essential, key
computational models of the theory of computing. In visualizing and animating these concepts, JFLAP
effectively provides students with functionally correct mental models of these concepts with which they can
interact until the concepts are understood. No static textbook presentation can match this kind of active
learning environment.”

7 Publications and Presentations

Rodger and her students have been publishing papers and giving presentations on JFLAP and related tools
since 1992. This includes one book and eleven papers, sixteen talks, three posters, two panels, one tutorial,
and two demonstrations on JFLAP.

We have included two JFLAP papers in the appendix. The SIGCSE 2006 paper includes a section on
problem solving with JFLAP, describing thirteen ways to use JFLAP computationally that would be too
tedious to do with pencil and papers. This paper also describes the new Turing machine Building Blocks
and includes an example. The SIGCSE 2004 paper describes how JFLAP’s topics fit into a formal languages
course, describes many of the algorithms in JFLAP, and describes how we use JFLAP in CompSci 140 at
Duke. This paper also illustrates the explosive use of JFLAP. The paper was completed in November 2003
and it states that JELAP appears on over 2000 web pages and has over 3800 downloads since January 2003.
In Section 5.4 we state that JFLAP now appears on over 20,000 web pages and has been downloaded over
35,000 times.

There have been three JFLAP workshops. In March at SIGCSE 2006, Rodger, Finley and Linz gave a 3-hour
workshop on getting started with JFLAP. In June 2005 and June 2006 JFLAP faculty adopter workshops
were held at Duke. Information on these workshops and the slides from the SIGCSE workshop are available
on the www. jflap.org website under “Workshops”.

Other people are citing and using JFLAP. Ganesh Gopalakrishnan states in his letter that he has just
published a new textbook entitled “Computation Engineering: Applied Automata Theory and Logic”. He
states “in the treatment of finite automata, and especially pertaining to Turing machines, I have employed
JFLAP to illustrate numerous subtle details.” He has exercises in his book where he encourages the use of
JFLAP to solve the exercises. Rakesh Verma at University of Houston received an NSF CCLI A&I Grant
0311407 that built on JFLAP and used Rodger as a consultant on the grant. Valerie Harvey from Robert
Morris University in her letter lists four presentations/publications in which she has cited or demoed JFLAP.



8 Summary of How JFLAP Addresses NEEDS Criteria

1. Instructional Design

e Learning Objectives

Learning objectives are presented in this submission packet and are given in some detail in the
preface of the JFLAP book which is included in the Appendix.

Coomes from William Patterson University states in her letter “When I first took over the course
(CS 445), the student interest in it was dying. The course was very theoretical and abstract and
it was failing to make connections with other topics and other courses. While I have maintained
a substantial portion of theory and proof, there is now a healthy dose of application, experimen-
tation, and project and presentations. JFLAP has become an integral part of the course. It has
helped to make CS 445 a vital course again.” Chaudhary from Millersville University states “I am
certain that JFLAP improves the students’ algorithmic thinking and thereby helps them better
understanding the theory.”

e Interactivity
JFLAP has been designed with interactivity in mind as students must construct models, design
input, and run simulations. Students can create their own examples if they want to spend more
time on a topic. JFLAP is helpful with its error messages in trying to guide the user through
construction proofs. In combination with the JFLAP book, there are different types of exercises
to guide the user through a topic. Different forms of exercises include 1) load an NFA file and
determine the language, 2) load an NFA file and determine what is wrong with it and fix it, and
3) construct an NFA for a particular language.
Brown from USNA states in his letter that “the fact that these models can be run on inputs [with
JFLAP] encourages students to question whether the machines they construct are correct, test
them and debug them”.

e Cognition/conceptual change
With JFLAP one can study a concept in multiple ways. For example, with SLR parsing. One can
build a pushdown automaton for a language and run inputs on it, seeing that it is nondeterministic.
For the same language, one can build an SLR(1) parse table for it, and run the same inputs, seeing
how the lookaheads help in removing the nondeterminism.
Many of the letters in the appendix state that JELAP has improved student interest in computer
science and in learning. For example, Busch from RPI states in his letter “In the past... I taught
the same course without JFLAP where I noticed the student had a hard time in learning basic
concepts...JFLAP helped to make a better connection between the basic theoretical concepts of
the course and their applications in the practical domain”. See Section 6 for more information on
our current JFLAP study.

e Content
JFLAP’s content covers a large number of topics in a formal languages course including the
main computational models (finite automata, pushdown automata and several versions of Turing
machines), and all the related grammars (regular, context-free and unrestricted). In addition,
JFLAP covers many of the connections between them such as the proof that the class of context-
free grammars are equivalent to the class of nondeterministic pushdown automata and vice versa.
Furthermore, JELAP covers the applications of L-systems and SLR parsing.

o Multimedia Use

The graphical editor has been designed with simplicity in mind, few colors are used. When
simulating an NFA, red is used to indicate a configuration is stuck and green (and also a picture
of a final state) is used to indicate acceptance. States can be annotated so the user can assign a
meaning to it. Some windows have multiple panes that can be resized.

e Instructional use/adaptability

JFLAP has extensive help pages built in that explain how to use the graphical editor and explain
the algorithms for the proofs. The preface of the JFLAP book explains the intended use of



JFLAP and the chapters in the book are tutorial in nature. The JFLAP 2006 SIGCSE paper in
the appendix explains many computational uses of JFLAP.

Section 5 on the usage of JFLAP shows the wide use of JFLAP by others in five different courses
and even high schools. JFLAP is freely available and this section also shows how users have
modified JFLAP for their needs.

Instructors have found JFLAP easy to use during lecture and many state in their letters that
JFLAP has enhanced their teaching. Brown from The College of Wooster states “[JFLAP] has
substantially enhanced the effectiveness of my teaching in the classes where it applies.” Sloan from
University of Illinois at Chicago states that “[JFLAP] has helped me to win a major teaching award
at my university”.

2. Software Design

e Engagement

JFLAP provides immediate feedback. Students want feedback and will use it whether it is required
or not. Brown from USNA states “From that point on [JELAP’s] use is optional, but most students
keep using it, as evidenced by the JFLAP screen captures that they turn in as part of their later
homework assignments.” The multiple run window encourages students to do thorough testing of
their constructions.

e Learner interface and navigation

The JFLAP editor for all types of automata is very similar, making it easy for a user to learn the
next type of automaton. The editor for grammars is also similar for all the types of grammars.
For the complicated algorithms such as SLR parsing, grammar transformation to CNF, or NFA
to DFA, JFLAP has multiple tabs, making it easy for the user to backtrack. Many of the letters
included state that students find JFLAP easy to use.

e Technical reliability

Elenbogen at the University of Michigan Dearborn states “’I have been using JFLAP for over 10
years and am writing concerning its benefits to teaching my classes. ... Its visual interface is so
easy to use that it is wonderful for demonstrations in class. .. The output of JFLAP has improved
over the years but it was always of such high quality that, I proudly posted the examples I did in
class to the class website for examples. The interface is so well designed that students use it for
homework problems even when it is not required.”

3. Engineering Content

e Accuracy of Content
JFLAP covers general definitions of models to fit more closely with multiple formal languages
textbooks.

e Appropriateness of content

JFLAP covers the majority of material from a computer science formal languages course, and
others have found it useful in four other types of computer science courses.

9 Appendices

Following are five appendices that include a list of JFLAP publications and presentations, 2 JFLAP publi-
cations, the preface from the JFLAP book, some partial results from our JFLAP study in 2005-2006, and
68 letters from 14 countries in support of JFLAP.



From: "ralph zegarelli" <zegarelli@hartford.edu>

To: "’Susan H. Rodger’" <rodger@cs.duke.edu>

Date: Tue, 23 May 2006 17:17:19 -0400

Name: Ralph Zegarelli

Institution: University of Hartford

Your Position: Computer Science Faculty

Course JFLAP is used in: CS 340 Formal Languages and Automata

When did you use JFLAP? . Last used in Fall semester 2005

How long you have been using JFLAP: I began using JFLAP in Fall 2002. I
teach CS 340 every Fall and have used JFLAP in every class.

How is JFLAP used? JFLAP is required for homework and in class problem
solving/testing

Anything you would like to say about JFLAP? This is a great tool. It gives
students the ability to code and debug solutions in the same way a compiler
is used to teach computer languages. I do assign coding problems to students
but use JFLAP for all other assignments.

12



From: "Zimmerman, Jill" <jzimmerm@goucher.edu>
To: "Susan Rodger" <rodger@cs.duke.edu>
Date: Thu, 15 Jun 2006 09:45:33 -0400

I have used JFLAP for several years in teaching CS250, Theory of
Computation, at Goucher College. I have used it both in class
demonstrations on all the various automata and in required homework
assignments. The feedback that I have received from students is
uniformly positive, and I have been told by at least one student that it
was his favorite part of the course. It definitely motivates the
learning in the course.

Jill Zimmerman, Ph.D.

Associate Professor

Mathematics and Computer Science Department
Goucher College
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From: "Fereydoun X Kazemian;;;" <fxk@cs.rit.edu>
To: rodger@cs.duke.edu
Date: Mon, 10 Jul 2006 17:05:39 -0400 (EDT)

This letter is in support of JFLAP software. My students have been using
JFLAP for the last two academic years in "Introduction to CS Theory" course
(4003-380) that I teach. Although using JFLAP is optional, all the students
use many of its features for a number of homework assignments dealing with
different types of automata. I demonstrate how to use the basic features of
JFLAP in class. On a number of occasions during the lecture, I use JFLAP to
show examples or demonstrate concepts relating to automata theory and formal
grammars. I have found JFLAP to be an excellent educational tool for discussing
and demonstrating many aspects of those topics. Based on the feedback that I
have received from students, they find JFLAP very helpful in understanding
concepts and doing exercises relating to finite automata, regular grammars,
regular expressions, pushdown automata, context-free grammars, parsing, and
Turing machines.

Overall, I consider JFLAP to be a high-quality software designed to enhance
computer science and engineering education.

Fereydoun Kazemian

Associate Professor

Department of Computer Science
Rochester Institute of Technology
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From: Maria Gabriel <cgabriel@Radix.Net>

To: "Susan H. Rodger" <rodger@cs.duke.edu>

Date: Wed, 24 May 2006 14:48:25 -0400 (EDT)

Subject: Re: JFLAP user: Need letter of support from you!

To Whom It May Concern:

Institution: Park University

Postion: Faculty

First Used: 2002

Use: Required in Lab assignments, used in class room demos
Comments: Very useful! We use the Finite State Machine and Grammar

Generator in our CS 380 Compiler class.

/signed/
Harry C. Harrison

15
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To whom it may concern

I am an Associate Professor at the Department of Computer and Systems Sciences, Stockholm
University, Sweden. As a faculty at the department | am among other things responsible for a
course on “Formal Languages and the Theory of Computation” (DSV2:B/*:2B) that was last year
given for approximately 160 students as part of their undergraduate education. I write this letter to
express my appreciation of the JFLAP software package which was used by me for the first time
during last years course. JFLAP was used both during lectures, as a convenient tool to demonstrate
and provide insight into formal languages and automata theory, and also by the students when
working with the course assignments. The software has been extremely appreciated by both myself
as well as by the students and will be used also during this years course. | think it is safe to say that
the quality of the course has increased considerably compared to previous years due to the fact that
we started using JFLAP. It provides an excellent teaching framework that gives both instructors
and students a better opportunity to focus on the core of a complex subject.

Best Regards

Dr Lars Asker

Associate Professor

Department of Computer and Systems Sciences
Stockholm University/Royal Institute of Technology
Email: asker@dsv.su.se

Postadress: Besoksadress: Telefon: Telefax:
Stockholms Universitet/KTH Isafjordsgatan 39 08-16 20 00 08-703 90 25
Forum 100 Kista

164 40 KISTA
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Zuivere Wiskunde en Computeralgebra
Voorzitter: Prof. Albert Hoogewijs

To who it may concern

June 14, 2006

Letter of Appreciation on JFLAP

I have been using JFLAP (and JellRap) for about 10 years, as support for my course on Formal
Languages and Automata.
Today the course notes mainly consist of the book:
e An Introduction to Formal Languages and Automata, Third Edition Peter Linz, University of
California, Davis ISBN: 0763714224
e + extra chapters on LL(1) en SLR(1) parsing

This course is taught in the Third Year Bachelor of Informatics and

Master of Mathematical Informatics at Ghent University.

Current name of the course: Formal Languages, Finite Automata and Complexity
(Reference CBINFO03000006).

Over this period about 50 students per year took this course.

JFLAP is used to support the following topics:
Finite automata

Pushdown automata

LL(1) parsing tables

SLR(1) parsing tables

Turing Machines

It is required for solving the problems the students get during the semester and the final examination.

JFLAP is an excellent tool and is very much appreciated by the students. It provides
facilities for integrating automata theory with corresponding grammars. Lecturing LR parsing becomes a
real pleasure for both teacher and student.

Albert Hoogewijs

tenured academic staff

head of department of Pure mathematics and computer algebra
Ghent University

albert.hoogewijs@ugent.be

Wetenschappen — Vakgroep Zuivere Wiskunde en Computeralgebra
Krijgslaan 281, S22, B-9000 GENT www.UGent.be



From: James Harland <jah@goanna.cs.rmit.edu.au>
To: "Susan H. Rodger" <rodger@cs.duke.edu>
Date: Tue, 23 May 2006 14:01:48 +1000

G’day. Hope this is what you need. All the best with the award!

Cheers,
James.

To Whom It May Concern,
Re: JFLAP software

I am an Associate Professor in Computational Logic in the School of Computer
Science and Information Technology at RMIT University in Melbourne, Australia.
I have been using JFLAP as a teaching tool in my Computing Theory course for
several years. I find it has been an invaluable asset for the teaching of this
material. There are a number of laboratory exercises that students are
strongly encouraged to complete which use this tool as a means of designing
and executing finite state machines, pushdown automata and Turing machines.
Apart from the concrete experience of seeing what a particular automaton does
on a computer screen (rather than working it out painstakingly with pen and
paper), I find the suite of algorithms implemented in JFLAP to be particularly
useful. For example, students often find it difficult to understand the
algorithm for converting a non-deterministic finite state automaton into a
deterministic one. JFLAP is very helpful here, as the students can use it to
perform this conversion on various examples, which they can make up
themselves, rather than relying on a small set of pre-worked examples from a
textbook. This instantaneous feedback on individualised examples makes an
enormous difference to the student’s conceptual understanding.

JFLAP continues to be an important part of the teaching material of this
course, and the continual improvement of the package ensures that it does not
become dated. In short, JFLAP has made it easier, for both students and
lecturers, to concentrate on what is important rather than getting lost in
details.

Yours sincerely,
James Harland



From: Lila Kari <lila@csd.uwo.ca>

To: rodger@cs.duke.edu

Date: Wed, 14 Jun 2006 16:25:49 -0400 (EDT)
Subject: JFLAP letter

To Whom it May Concern:

I am writing this letter in support of JFLAP as an educational tool. My
name is Lila Kari and I am Associate Professor and Canada Research Chair
in Biocomputing in the Department of Computer Science, University of
Western Ontario, London, Canada. JFLAP is used in CS331, Foundations of
Computer Science (required textbook John E. Hopcroft, Rajeev Motwani and
Jeffrey D. Ullman. Introduction to Automata Theory, Languages and
Computation. 2nd Edition, Addison-Wesley, 2001. ISBN#0-201-44124-1). I
used JFLAP for the first time in the 1997-1998 school year. I intend to
use it again this coming academic year, 2006-2007.

In CS331 the use of JFLAP is required and several of the assignments are
based on its use. In one of the first classes, a demo of the software is
presented. JFLAP is mainly used for the illustration of regular languages
and construction of automata as well as for the construction and
illustration of Turing machines.

I found JFLAP to be an extremely useful and motivating tool for students,
who in general have a low tolerance for theory courses. The fact that
JFLAP is interactive made the whole theory course have a more concrete
hands-on flavour. The fact that the students could actually see the steps
involved in parsing a word by their designed automata made all the notions
tought in the course more palatable and real to them. I think JFLAP was
crucial in making students understand and appreciate theoretical concepts.

Thus, I found JFLAP to be an invaluable tool in teaching theoretical
computer science. The students expressed both to me, verbally, and in
their teaching evaluations how they found that JFLAP helped them conquer
their fears and in fact enjoy theoretical computer science.

I would not consider teaching again without it.

Sincerely yours,

Lila Kari

Lila Kari, Associate Professor and Canada Research Chair in Biocomputing

Department of Computer Science Tel: 1-519-661 2111 ext.86894
University of Western Ontario Fax: 1-519-661 3515
London, Ontario Email: lila@csd.uwo.ca

N6A 5B7 Canada http://www.csd.uwo.ca/"lila
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To

Professor Susan Rodger
Computer Science Dept. Box 90129, Duke University, Durham NC 27708-0129

My name is Germana Menezes da Nobrega, | take part as a professor both in the
undergraduating program on Computer Science of Universidade Catodlica de Brasilia,
Brasilia, Brazil, and at the Master program on Knowledge Management and Information
Technology at the same University. Since 2004 me and some colleagues have been
exploiting JFLAP with undergraduating students (on Formal Languages and Automata
Theory, Theoretical Computer Science, and Compilers) in several situations: during
lectures running demonstrations, in laboratory classes, and also recommending it for
homework. The topics we mainly use include Finite Automata, Pushdown Automata,
Turing Machines, Regular Expressions, and Grammars. | think the tool is really helpful for
students to workout the constructs underlying Theoretical Computer Science. Yet,
students seem to appreciate it a lot, so that we are exploiting JFLAP also from a research
perspective within Computer Supported Collaborative Learning. We think to be able to
assign the tool beyond the optional character it takes today in our courses.

Kind regards,
Germana Menezes da Nobrega.

Germana Menezes da Nébrega — Professor Adjunto

SGAN 916 — M6dulo B — Asa Norte — Brasilia, DF - CEP 70.790-160

Tel.: (61) 3448 7121 Fax: (61) 3347 4797

e-mail: gmnobrega@pos.uch.br Homepage: http://www.ucb.br/prg/professores/germana




Dear Dr. Rodger,

I applaud your great software “JFLAP”. 1 use it in a course and find it very helpful for the
students. JFLAP helps students to understand the related topics in shorter time and also to
make sense.

Another feature of JFLAP is its user interface which makes it easy to use. Hence we
didn’t spend any class time to show any demo to the students.

I asked my students about how they found the JFLAP and the statistic result shows that
95% of them agree on the benefits of it in their learning.

The lines below describe more how we use jflap in our course:
1. Course Name : Formal languages and automata
2. JFLAP was required in some computer assignments and in some other ones it was
optional.
3. The topics that we use JFLAP for are as below:
e Finite automata
Pushdown automata
Turing machine
Regular expression
Grammar

Best regards

Mina Zolfy Lighvan

Lecturer of Information Technology Dept.
Faculty of Electrical and Computer Eng.
University of Tabriz, Tabriz, IRAN.



From: Antonio Dourado <dourado@eden.dei.uc.pt>
To: rodger@cs.duke.edu
Date: Tue, 23 May 2006 15:26:18 +0100

To whom it may concern

I am Full Professor at the Department of Informatics Engineering of the
University of Coimbra, Portugal, the third oldest University in Europe. I
am teaching Theory of Computation , a compulsory course for the 150
students of BSc in Informatics Engineeering. I have been using JFLAP for
three years in the classroom and my students have it in their computers.
The software has been very useful and important for learning automata
theory. As a teacher I benefited from it to plan exercises and to solve
them. It is a very good support for prepairing studying materials and
examinations. My students all of them mandatory use the software in
classroom and (I hope) at home for supporting their learning activities.

I think that JFLAP is the best free software for automata theory and I hope
that it will continue to be supported to become still better, since to
teach this subject without a good software is not advisable.

Coimbra, May 23th 2006.

Antonio Dourado
Full Professor



From: =7is0-8859-27Q7Piotr_Dziurza=F1ski?= <pdziurzanskiQwi.ps.pl>
To: "Susan H. Rodger" <rodger@cs.duke.edu>

Date: Tue, 23 May 2006 13:34:48 +0200

Subject: Re: JFLAP faculty: Need letter of support from you!

Dear Ms. Rodger,

As I highly value JFLAP, here is some information about my usage of your
tool. I hope you’ll find it helpful and you’ll get the award.

Regards,
Piotr Dziurzanski

Name: Piotr Dziurzanski

Institution: Szczecin University of Technology (Poland)

Position: assistant professor

Course: Theory of formal languages

No. of students (annually): 180

Used for: 4 years

JFLAP is used during lectures and students are encouraged to use it at home
in order to deeply understand the subject. For me, JFLAP is a tool that is
helpful in making more interesting lectures what is essential in such
theoretical-oriented courses as formal languages. Moreover, it is good way
for students to prepare to our table & chalk exercises, as they can check
whether thay understand the matter.



From: Stefano Crespi <stefano.crespireghizzi@polimi.it>
To: "Susan H. Rodger" <rodger@cs.duke.edu>

Date: Tue, 23 May 2006 13:10:40 +0200

Subject: Re: JFLAP user: Need letter of support from you!

To Susan H. Rodger
Dear Colleague,

it is my pleasure to report to you the use I have been making of the
package JFLAP.
At the Universit della Svizzera Italiana (Lugano, Switzerland) I have
taught for some years the introductory course on
Formal Languages to students majoring in Communication (a blend of
humanities and technology) .
Students were requested to use JFLAP in supervised hand-on sessions.
Due to the elementary level of the course, we did not use parser
generation tools.
We found that the friendly interfaces of JFLAP were very helpful for
this kind of student population.
At Politecnico di Milano, Dipartimento Elettronica e Informazione,

I currently teach the graduate course on Formal Languages and Compilers
to computer science majors,
over 200 students per year.
Here the use of JFLAP is also important though less systematic, because
students are requested to attend lab sessions to practice with
classical compiler generation tools such as Flex/Bison. I tell students
to use JFLAP for checking the exercises on
finite automata, regular expressions and grammars, when preparing for
the written exam.
Personally, I resort to JFLAP to check problems and solutions.

In my opinion JFLAP is a very nice toolset, especially attractive for
undergraduate teaching and also very valuable for teaching
theoretical computer science concepts to non-computer majors.
The enduring committment of the JFLAP staff to maintenance and
development of this reach and complex toolset

is unusual and much appreciated.

Yours
Stefano Crespi Reghizzi
(Full professor of Computer Science at Politecnico di Milano
Ph.D. UCLA
Chairman of the Ph.D. programme in ICT

Professor Stefano Crespi Reghizzi

Dipartimento Elettronica e Informazione - Politecnico di Milano
Piazza Leonardo 32, Milano I-20133

Tel. 0039 02 2399.3518 / 3405 - Fax 0039 02 2399.3411
crespi@elet.polimi.it -  http://www.elet.polimi.it/



From: Andreas Rittershofer <andreas@rittershofer.de>
To: Susan Rodger <rodger@cs.duke.edu>
Date: Thu, 22 Jun 2006 13:44:38 +0200

Hi,

my name is Andreas Rittershofer. I’m a teacher for mathematics, physics and
computer science at the Dietrich-Bonhoeffer-Gymnasium in Metzingen (Germany) .

One part of the courses in computer science is about regular expressions,
grammars, finite automata, stack automata, turing machines,

To make a good course at school I need a tool to demonstrate all these
things and also to let the students work for themselves. At our school this
tool is JFlap since two years.

The following example shows the usage:

- First I make a short introduction, i.e.
explanation of what a turing machine is, how

it works,

- This is accompanied with a demonstration via
JFlap and a beamer, so that my students can see
how a turing machine works and also how JFlap
is used to simulate a turing machine.

- Now my students have to do some exercises

(a turing machine as a parity checker, a turing
machine as a binary counter, ...) with JFlap
and put their result in a Moodle-course.

The homework of my students is similar.

We begin with regular expressions and regular grammars, followed by finite
automata and stack automata and finally turing machines. In the case of
some spare time we also create some flowers und bushes with L-Systems.

JFlap is the ideal tool for my computer science courses: It offers more
than I will ever need at school and is nevertheless very easy to use, my
students are familar with its handling in only a few minutes. I cannot
image how to deal with automata without JFlap - and so do my students too.

E-Learning in der Schule:
http://www.dbg-metzingen.de/Menschen/Lehrer/Q-T/Rittershofer/E-Learning/



From: Jairo Rocha <jairo@uib.es>
To: "Susan H. Rodger" <rodger@cs.duke.edu>
Date: Tue, 23 May 2006 11:13:14 +0200

Dear Susan Rodger,

I take advantage in this letter to thank you for the first time on
behalf of my colleagues and students for the wonderful tool you have
created to teach automata, grammars and Turing machines.

I have used JFLAP in the past three years in my Formal Languages and
Automata theory class. It allows my students to really understand

that there are blind methods to solve certain symbolic problems so that
computers can really solve them. I just show in class how JFLAP allows
to, for instance, build completly a minimim automata from a regular
expression, that,

of course, is correct. Usually, I bring my portable with JFLAP at the
end of

each subject: automata, grammars, push down automata and Turing
machines. Since it is in Java,

they can use it and play with it easily off class.

Please keep up with your interest on teaching.
Sincerely,

Jairo Rocha, PhD

Associated Professor

Department of Mathematics and Computer Science
University of the Baleric Islands,

Palma, Spain.



From: "Kamilla Klonowska" <kamilla.klonowska@bth.se>
To: "’Susan Rodger’" <rodger@cs.duke.edu>
Date: Wed, 14 Jun 2006 15:33:16 +0200

Hello Susan,

I’m sorry for a late e-mail. I work only 207% this season and I was very
busy. You have an excellent idea! I think JFLAP should get an award because
it is VERY useful in teaching and studying.

Name: Kamilla Klonowska

Title or Position: Ph.D. student

Department: The School of Engineering

Institution: BTH (Blekinge Institute of Technology), Ronneby, Sweden

Course (title and number) JFLAP is used in at your school

I teach "automata and formal languages" course (in Swedish: "automata och
formella sprk") which has the number DVCOO5. It is the C-level at the
university. You can check the Swedish version on the university home page:
https://idenet.bth.se/servlet/courseoccasion?course=2879.

How long have you been using JFLAP?

I started to use JFLAP in 2002 after I used this program when I studied a
Ph.D. course "Algorithmics and Complexity" at Dalarna University in Sweden.
It was a very useful and I realize that I also can use it in my course.

How JFLAP is used

- is it required or optional, if optional do you think students use it?
It is optional. They have two options: JFLAP or a pencil.
I hardly recommend JFLAP because they can check if they fault or not.

- is it demoed in lecture?
If the students need it - yes. But very shortly.

- assigned or optional to use for homeworks?
I hardly recommend it to use as a key to the right answer.

- which topics do you use JFLAP with?
DFA, NFA, PDA, TM and grammars,

Your opinion on or praise for JFLAP.

I am in a hurry right now so the answer is very short.

I think it should get the praise. It is a VERY useful tool that helps with
teaching and understanding Automata and formal languages.

Do you think JFLAP is helpful in learning material?
YES

Opinion on how the students like it.
They liked it. They also think that it is a very useful tool.

Best regards
Kamilla Klonowska



National Taiwan University 23]
Department of Information Management 7

June 7, 2006
Prof. Susan H. Rodger
Associate Professor of the Practice
Department of Computer Science
Duke University
Durham, NC 27708-0129
US.A.

Dear Prof. Rodger,

With this letter I wish to express my deepest gratitude to your creating and making freely available
the JFLAP tool. | have used JFLAP for several years in my Theory of Computation course, which is an
introductory course for junior and senior undergraduate students. Both my students and | have enjoyed
and benefited from the illustrative visualization that the tool provides. Being able to see how an
automaton, particularly a nondeterministic one, runs on an input greatly helps the students understand the
subject matter. As the diagrams can be exported with a PDF printing support, the tool has also saved my
time when preparing handout material and students’ when writing up their homework.

As a foreign researcher and teacher, | greatly admire your tireless effort on developing JFLAP over
the years and the generosity of NSF in providing the financial support. JFLAP has breathed life into an
important foundational computer science course that would otherwise be dull to most students. | earnestly
hope that the effort and the support will continue.

My best wishes to the continuing success of JFLAP!

Sincerely,

Yih-Kuen Tsay
Associate Professor

Tel : +886-2-33661200 Fax : +886-2-33661199 No. 1, Sec. 4, Roosevelt Rd., Taipei 10617, Taiwan, R.O.C.
* 3% 1 (02)33661200 & E : (02)33661199 4k 1 s AH 10617 < % F R frimiew 1 5L
Fenb o http://www.im.ntu.edu.tw



From: Frank Neven <frank.neven@uhasselt.be>

To: rodger@cs.duke.edu

Cc: Geert Jan Bex <gjb@uhasselt.be>, Dirk Leinders
<dirk.leinders@uhasselt.be>

Date: Wed, 24 May 2006 15:32:42 +0200

Subject: JFLAP

Dear Susan,

JFLAP is a great and fun tool to use in class. We have used it in our
TCS course (although only the finite state machine part).
Thank you for developing such a tool!

I attach an interesting paper where the authors use NFAs to model
adventure graphs.

In one of our projects we have let the students transform
temporal logic formulas representing constraints on these

graphs to NFAs. It would be very appealing if such a thing

could be added to JFLAP (especially with the nice pictures).

all the best,
Frank Neven



Granada, 05/23/06

Name: Rosa M* Rodriguez Sanchez
Institution:E.T.S.I Informatica. University of Granada. Spain

Position: Faculty

I have been using JFLAP since four years ago. JELAP is used as a tool for illustrating the basic of
the computation models.

It helps to students to write the solutions for problems involving automatas, grammars and
regular expressions, etc. Also the students are able to understand the relations among the different
models.

Sincerely,
Rosa Rodriguez.



Rockford J. Ross

- Computer Science Department
MONTANA EPS 357
STATE UNDERSTY Montana State University

BOZEMAN Bozeman, MT 59717-3880
June 11, 2006

Phone: 406-994-4804

Fax: 406-994-4376

E-mail: ross@cs.montana.edu
URL: www.cs.montana.edu/ross

To Whom It May Concern:

I am writing this letter in support of Dr. Susan Rodger’s software system, JFLAP, for the Needs
Premier Award 2006 competition. JFLAP is a software system that supports the teaching and
learning of the theory of computing, the foundational subject of computer science.

First, I should introduce myself. I am Rocky Ross, Professor of Computer Science at Montana
State University. | have known Susan since she first began working on JFLAP. | have been
working in a similar area since the late 1970s and first met Susan at the SIGCSE (the Association
for Computing Machinery’s Special Interest Group in Computer Science Education)
Symposium, the world’s premiere conference for computer science education, where we were
both presenting our related educational software systems. Since that time we have maintained a
productive professional relationship. I have followed Susan’s work closely and have served as an
evaluator of her JFLAP project. | am also the editor of SIGACT News, the newsletter for the
Association for Computing Machinery’s Special Interest Group in Algorithms and Computation
Theory, which is the primary professional society of theoretical computer scientists.

As already noted, JFLAP is a software system that supports the teaching and learning of the
theory of computing. This subject is the foundation of the study of computer science, yet it is
widely viewed by computer science students as the most dreaded and/or dry course in the
curriculum due to its abstract, theoretical nature. In a nutshell, JFLAP aids the teaching and
learning of many of the abstract concepts of the subject by brining them to life. That is, students
are presented with computer-animated, visual depictions of the key abstract models of the theory,
and they are allowed (and often required) to work with the models an active-learning mode as
they progress through the material. The abstract models animated in JFLAP include
deterministic and nondeterministic finite state automata, deterministic and nondeterministic
pushdown automata, Turing machines, and grammars—the essential, key computational models
of the theory of computing. In visualizing and animating these concepts, JFLAP effectively
provides students with functionally correct mental models of these concepts with which they can
interact until the concepts are understood. No static textbook presentation can match this kind of
active learning environment.


mailto:ross@cs.montana.edu

I will not attempt to include a thorough analysis of JFLAP here. Instead | will highlight some of
its main contributions and impacts.

1. JFLAP is the only currently generally distributed software that animates the theory of
computing.

2. JFLAP is widely used and attracts more adherents each year worldwide.

3. JFLAP has garnered substantial support from the National Science Foundation for
development and dissemination.

4. JFLAP has been published in numerous venues, including regular presentations at the
annual SIGCSE Symposium, where it has consistently attracted attention.

5. Many instructors who are asked to teach the theory course, particularly at smaller
institutions, are themselves somewhat unsure of the topic and find JFLAP a very nice
tool to help illuminate relevant concepts.

6. There is a class of students who find it relatively easy to master abstract concepts and do
not really need a system such as JFLAP to help them learn. Such students nonetheless
find such animation tools engaging and are often the ones who can be utilized to extend
the software (i.e., enhance JFLAP).

7. There is a much larger class of students who find it moderately to highly difficult to
master abstract concepts. Many of these students are quite definitely helped by JFLAP.
Perhaps the most appreciated aspect of JFLAP by these students is that they receive
immediate and consistent feedback on exercises they perform within the software.

8. A general trend noticed from the use of JFLAP is that most students, regardless of their
innate talent, are more motivated and excited about learning the theory of computing
when JFLAP is incorporated into the course. This may actually be the most important
contribution of JFLAP.

9. JFLAP is a complete system that comes with a manual, not just a “one-off” toy system
that has no support.

10. JFLAP will continue to evolve and is anticipated to become an integral part of an
established textbook (by Peter Linz) on the theory of computing.

All of these points substantiate the fact that JFLAP is a uniquely valuable software system for the
teaching and learning of the theory that underlies computer science. Without doubt it meets the
criterion of being “high quality, non-commercial software designed to enhance engineering
education.” | heartily recommend it for the Needs Premiere Award.

If you have any questions, feel free to contact me.

Sincerely,

Rockford J. Ross
Professor



Appreciation Letter is Support of
Java Formal Language and Automata Package
(JFLAP)

To whom it may concern:

I am writing this letter of appreciation in support of JFLAP. | have not used JFLAP for a
teaching purpose, but instead | used it as a tool for my research. The JFLAP in my
research acted as a part of the interface to my platform and its designing section for
automata is used as a feature and the data structure of the automata used in my platform.
My system is an automated composition platform and JFLAP, more specifically automata
and NFA design section of that is used as a part of the interface of my tool.

My first encounter to JFLAP was through the search in the internet, looking for an open
source interface to automata. Finding few platforms doing so and testing them for a
while, JFLAP comparing to other systems showed a very good and clean performance. |
then went further to its documentations and papers, and found it a comprehensive and
trustable tool to work with.

The source code of JFLAP is well developed and designed. Also lots of comments and
documentations can be found within the code which helps understanding it much easier.
The clean and well developed source code of JFLAP makes it well pleasant to work with
and also give the ability to further customize and extend it according to your own needs
and future works. The data structure of JFLAP is well designed and the hierarchy of
grammars and languages is well reflected in an object oriented environment like Java. It
also provides a lot of interesting features which can be used during the development and
many famous algorithms for processing automata are well implemented in it. It covers all
the aspects in the automata and formal languages theory and you can find things which
fits to your needs within it. I am sure that with its beautiful and user friendly interface,
students can surf within the automata world and experience all the features from their
formal language courses. | wish the bests for Susan and all the students using this useful
tool, both as a research or teaching material.

Therefore, | strongly recommend and support JFLAP from my successful experience with
it. Please don’t hesitate to contact me, should you require any further reference and
information regarding my experience with JFLAP.

Best Regards,
Siamak Kolahi
Email: s kolahi@cs.concordia.ca

Masters Student

Telecom Science Research Lab
Department of Computer Science
Concordia University

Sir George Williams Campus.

1515 St. Catherine W., EV010.139
Montreal, Quebec, Canada, H3G 2W1

Office: (514) 848-2424-7176
Home: (514) 570-3596
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Letter of support to JFlap

name: Leonardo Mariani

institution: University of Milano Bicocca

position: Researcher

use of JFlap: Leonardo Mariani used JFlap during his PhD Thesis. Leonardo Mariani developed a
technique, called BCT, for synthesizing models of component interactions from traces. One kind of
synthesized model is a finite state automaton, which represents sets of legal invocation sequences.
The implementation of BCT includes an inference engine and a visualization tool. JFlap has been
successfully integrated within the BCT implementation to reuse its functionalities for handling and
visualizing automata.

Leonardo Mariani began to use JFlap about at the beginning of the year 2004, and he is currently
using the tool.

The experience of Leonardo Mariani with JFlap has been extremely positive for three main reasons:
1) JFlap implements a complete set of API for manipulating automata
2) JFlap code is implemented in a way that is simple to inspect, understand and use, so that
people can easily design new applications that integrate with JFlap
3) The visualization tool allows to visualize models derived with any technique, in this case it
has been used to visualize models obtained from the BCT inference engine

Since of the positive experience with this high quality and helpful tool, | recommend JFlap to obtain
its software award.

Sincerely,
Leonardo Mariani



From: Diana von Bidder <diana.bidder@inf.ethz.ch>
To: Susan Rodger <rodger@cs.duke.edu>
Date: Fri, 02 Jun 2006 15:35:45 +0200
Subject: Re: Request letter in support of JFLAP?

Hi Susan

I’m interested in specification-based firewall testing. For this test
cases need to be generated from Mealy Automata. As it is easier for
people to specify automata graphically, we wanted to implement a tool
which allows graphical specification of Mealy Automata and then computes
test cases for these. It showed that JFLAP was an optimal starting point
for this. The student, Stephan Hildenbrand, completing this work for me
(Title of Thesis: Generation of Test Cases from Automata) found it very
easy to extend JFLAP to Mealy Automata, and also to add the test
generation code.

Greetings

Diana von Bidder

Diana von Bidder

Dipl. Informatik-Ing. ETH

Information Security Group, ETH Zurich
http://www.infsec.ethz.ch/people/dsenn



From: Deian Tabakov <dtabakov@rice.edu>

To: "Susan H. Rodger" <rodger@cs.duke.edu>

Date: Wed, 31 May 2006 08:36:19 -0500 (CDT)

Hi Susan,

Here you go:

Deian Tabakov, Ph.D. student from Rice University

I have been using JFlap to visualise automata as a part of my research. It
proved to be quite useful in our Automata Theory class (Comp 482). The
ability to draw automata quickly and in a WYSIWYG mode is a breather from
tools like fig.

Cheers,

Deian



