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ABSTRACT

Traditionally, the topic of compiler construction/language
processing has been taught as a selective advanced course
in Computer Science curricula, due to its rich content and
subject complexity. However, under such an approach, stu-
dents may opt not to take the course and graduate with
little understanding and experience with the highly use-
ful techniques embodied in modern compiler construction.
In this paper, we present an embedded robot controller-
based teaching framework to teach the fundamentals of com-
piler/language processor in intermediate-level undergradu-
ate programming course.

Our approach leverages the simple yet versatile Cricket
educational robot controller. We designed the Chirp lan-
guage to expose the capabilities of the Cricket virtual ma-
chine. Students will build the Chirp compiler and gener-
ate Cricket bytecode running on both Chirp simulator and
real robot. The Chirp compiler design is organized as a se-
ries of components in Java, which demonstrate key compiler
construction techniques including lexing, parsing, semantic
analysis, error handling and code generation. The Chirp
framework provides a balanced and realistic engaging envi-
ronment to teach compilers in undergraduate core program-
ming courses.

Categories and Subject Descriptors

K.3.2 [Computer and Information Science Education];
D.3.4 [Programming Languages|: Compilers

General Terms

Languages, Compilers, Robot Controllers

Keywords

Compiler Construction, Embedded Processor, Educational
Robot
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Compiler Construction has long been included in the com-
puter science curricula. However, due to the rich content
and subject complexity, the compiler course is usually rele-
gated as an upper-level selective class. Under such a teach-
ing format, students often opt not to take the course, thus
miss the opportunity to acquire the knowledge and skills
embodied in a compiler class — which are essential for un-
derstanding the concepts and inner workings of languages
and programmable systems.

This paper presents a teaching framework to integrate
the fundamentals of compiler/language processing into an
intermediate-level undergraduate programming course. We
leverages the Cricket embedded robot controller and the C-
like Chirp language for robot programming, which provide a
simple, realistic and engaging platform to teach the basics
in compiler design in a core programming course. This com-
piler teaching framework allows us to present a balanced and
accessible coverage on the broadly applicable compiler tech-
niques, including front-end, back-end and intermediate rep-
resentation in typical compiler development. Software tools
and programming techniques are employed to reduce con-
ceptual complexity, so the basics in compiler construction
can be effectively taught in a core CS2-level undergraduate
class.

The rest of the paper is organized as the following: Sec-
tion 2 describes the motivation of our approach; Section 3
describes the Cricket embedded robot controller and its pro-
grammable interface; Section 4 describes the Chirp language
to program cricket robots; Section 5 describes the Chirp com-
piler design and the approach to teach it in the undergradu-
ate class; Section 6 describs the tools and techniques to ease
the learning complexity; Section 7 summarizes related work.
Finally we conclude in Section 8.

2. MOTIVATION

Since the early days of computing, Compiler Construc-
tion has been a standard offering in the undergraduate Com-
puter Science curricula. However, due to its rich content of
theory and practice, and the subject complexity, compiler
courses are routinely designated as advanced elective in the
curriculum. Both ACM curricula ’68 and "78 included Com-
piler Construction in Computer Science Electives [9, 10]. In
ACM Computing Curricula 2001 [5], Compiler Construction
is listed as advanced level in the Programming Language
block. The widely used compiler textbooks also suggest pri-
mary teaching format of dedicated compiler class to cover
the main materials, and a second class to teach more ad-
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Figure 1: The Cricket controller and maze-crawling
Mini-Bot

vanced topics such as program analysis and optimization.
This elective class approach, though may provide in-depth
coverage of compiler design, however, it often limits the au-
dience to a small number of students, as the majority stu-
dents have little exposure to compiler topics, and opt not
to take the class at all. At UMass Lowell, Compiler Con-
struction is taught as an upper-level selective course and
the undergraduate enrollment is routinely one third or less
of the size of required core programming courses. Most stu-
dents graduate without acquiring the techniques and skills
provided in the compiler class. In other institutions, educa-
tors [6, 4] report similar experiences.

Although few students will likely become professional com-
piler writers, the principles and techniques introduced in
compiler class are broadly applicable. For example, com-
piler front-end has its foundation in automata, grammar
and parsing theory, compiler design involves non-trivial use
of common data structures and algorithms, and the tech-
niques of language processing can be used to solve many
non-compiler related problems [3, 2, 4]. Good knowledge
of these topics are essential for students to understand con-
cepts and inner workings of languages and language-based
systems. In this sense, Compiler Construction plays simi-
lar role as a computer organization class: though not many
students will design computers, the class helps them better
understand computer systems. As programmable systems
become increasingly used in daily lifes, knowledge in funda-
mentals of compilers is as important to understand and use
such systems.

Furthermore, compiler is often the first piece of “real”
software a student would write and serves as an illuminating
example to apply program design and software engineering
techniques, such as design patterns. To realize such ben-
efits and make compiler techniques accessible to students,
in this paper, we present a teaching framework to integrate
compiler fundamentals into CS2-level intermediate program-
ming course.

3. CRICKET AND CHIRP

As discussed in Section 2, it is desirable to introduce the
basics of compilers in the core curriculum. However it is
often challenging to do so, due to the large array of po-
tential topics. Often, due to time restriction, only some
parts of front-end are covered, such as lexing and parsing,
and simple examples like arithmetic expression parsing are
used to illustrate principles and the use of parser-generator
tools. This approach shows only one piece of the puzzle and

int sum;
int i;
void main()
{

sum =
i = 0;
loop (100) {

i = i+1;

sum = sum+i;

0;

}
System.Sound.beep() ;
System.IR.send(sum);

Figure 2: Example Chirp program

students often walk away with the perception that compiler
construction is mostly about the grammars and parsing It is
therefore important to present the whole picture of modern
compiler construction, and to do so, educators must balance
the selection of topics and take advantage of compiler build-
ing tools and software techniques, so students can grasp the
fundamentals effectively without being overwhelmed by the
complexity of the subject.

In our compiler teaching framework, we leverage the Cricket
embedded robot controller [7] and Chirp language [11] to
provide a simple and realistic engaging platform to teach
compiler construction. Students will build a working Chirp
compiler through a three-phase class project. The compiler
will compile robot control programs written in Chirp into
bytecode and upload and run on Cricket-driven robots. In
this section, we describe the Cricket embedded controller,
its virtual machine, and the Chirp language for Cricket.

TODO: summary of Cricket here. (Overview of Cricket.
Motors, sensors, virtual machine, bytecode.) Figure 1 shows
the Cricket controller and a maze-crawling robot with wheels
driven by the two motors and light sensors to detect route
in a maze.

Chirp is a simple high-level language designed for pro-
gramming educational robots, in particular, the Cricket based
embedded robots. The Chirp syntax is similar to C and stu-
dents with C/C++ and Java experiences can quickly learn
to use Chirp. However, as Chirp is designed to support robot
control, the language features of Chirp have been greatly
simplified and only include data types and language con-
structs esstial for writing cricket control programs.

e Data types: Chirp supports two basic data types: in-
teger and byte. Integer types are 16-bit numbers and
byte types are 8-bit. Boolean values are similar to C: 0
represents logical false, and any non-zero values repre-
sent true. Chirp also supports single dimension arrays
of the basic types. There are no pointer or reference
types in Chirp.

e Variables: Chirp has only global variables and there is
no function local variables.

e Functions and statements: Chirp functions are similar
to C functions, which can take formal arguments, re-
turn a result or have void return type. The function
body is a sequence of Chirp statements, including as-



signment, if-else statements, unconditional loops, loops
with a calculated loop count and function returns.

e Interfaces: to support robotic control, Chirp provides a
special construct — interface. An interface aggregates
related I/O functions within a single namespace. Chirp
defines built-in System interfaces, which are directly
mapped to Cricket bytecodes for motor, sensor and
other hardware controls.

e Expressions: Chirp supports arithmetic, boolean and
relational expressions.

The details of Chirp are described in [11]. An example
Chirp program is shown in Figure 3, which uses a loop to
compute sum of 1 to 100 and call System interface func-
tions to make alert beep sound and send the result through
Cricket infrared interface.

Cricket and Chirp platform makes an simple yet realis-
tic and engaging platform to teach fundamentals of com-
piler design. Chirp is small enough for students to build a
compiler, and it represents common language features such
as data types, control statements, expressions and func-
tions/procedures. The unique features of Chirp such as in-
terfaces serve the example of idiosynchracy of real languages.
Chirp has close ties to Cricket bytecode and virtual machine,
students will explore how high-level language features are
mapped and translated to low-level primitives — the core of
compilers/language processor design, with the easy to un-
derstand Cricket as the target. Furthermore, the generated
code can be directly uploaded and run on Cricket robot or
the Chirp simulator (Section 5), giving students an engaging
platform to see their compilers into action. The compiler is
no longer just about grammar rules and parsing of strings,
it is the real force to run embedded robots. This will excite
the learning experience and demonstrate the usefulness and
power of compiler techniques.

4. BUILDING CHIRP COMPILER

Using Cricket and Chirp, we can teach students the core
techniques of compilers: the front-end including lexing and
parsing, the intermediate representation and semantics check-
ing, and the back-end of code generation. This gives stu-
dents a complete view of compiler construction, instead of
the narrow scope when the focus is limited to parsing or simi-
lar topics. Experiences gained in building the Chirp compiler
enable students to consolidate knowledge on language and
programmable systems and prepare them to use compiler
techniques to solve other language-related problems. In the
following, we describe the framework to teach the construc-
tion of Chirp compiler. We will follow the general structure
of modern compilers [3].

41 Front-end

The front-end consists of Chirp lexer and parser. Students
will learn the basics of regular expression and grammar the-
ory and move quickly to use modern compiler tools to build
the lexer and parser for Chirp. The compiler tool we use is
ANTLR [1]. Students will write specification of Chirp tokens
and grammar rules in ANTLR grammar file and ANTLR
will generate lexer and parser classes in Java. The simplic-
ity of Chirp and high-level ANTLR specifications make the
front-end easy to understand and construct. In our refer-
ence implementation, the full spec of Chirp lexer tokens and
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Figure 3: AST Tree IR

grammar rules takes about 80 lines. The generated Java
lexer and parser classes can then be used directly to build a
fully functional front-end.

4.2 Intermediate Representation

The second phase of Chirp compiler is to build interme-
diate representation (IR) and carry out semantic checking.
A key component of modern compiler is IR representation
which facilitates program analysis and transformation. We
adopts the abstract syntax tree (AST) as IR representation,
which encodes grammar constructs and is conceptully easy
to understand by students. A nice feature of ANTLR tool is
that it can construct AST tree node when the parser matches
a grammar rule. Each rule representing Chirp language con-
structs such as assignments, if-else conditionals, loops and
expressions will be extended with AST tree building annota-
tion. The AST tree representation for the example program
in Figure 3 is illustrated in Figure 4.2.

After AST IR is constructed, an AST tree walker will walk
down the tree node, checking semantics of each node. Dur-
ing the front-end parsing, symbol information is collected
into a symbol table, such as type information, variable and
function declarations. The IR Verifier tree walker will look
up symbol tables and verify the usage of symbols is correct
and consistent.
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4.3 Back-end

After IR Verifier runs successfully, the back-end will make
a second tree walk on the AST tree and generate Cricket
bytecode.

TODO: more details here.

5. ASSISTING TOOLSAND TECHNIQUES

TODO: discuss chirp simulator, ANTLR, Java generics,
design patterns here.

6. RELATED WORK

TODO: compare with other compiler teaching work.
Recently, Nguyen et aldescribed teaching recursive- de-
scent parsing using design patterns [8].

7. CONCLUSIONS
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