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ABSTRACT
Language engineering – the theory and practice of building
language processors and compilers, has long been recognized
as important subject in Computer Science curricula. How-
ever, due to lack of suitable target systems, educators face
significant challenges to teach language engineering classes
effectively.

Leveraging the emerging inexpensive robot devices, this
paper presents a new approach of using robots as system
context to teach language engineering topics. We designed
the Chirp-Scribbler Language, which targets the popular
Scribbler robot; combined together, they provide an engag-
ing and feature-rich platform to teach a wide range of topics
in language engineering.

This paper describes the Chirp-Scribbler Language, its
integration with the target robot, and the teaching practice
of using them to teach language translation basics in an
undergraduate programming course.

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

General Terms
Language Engineering, Compiler, Microcontroller, Robotics,
Embedded Systems

Keywords
Language Translation, Compiler Construction, Educational
Robotics

1. INTRODUCTION
Language engineering – the theory and practice of build-

ing language processors and compilers, has long been rec-
ognized as important subject in Computer Science curric-
ula. Knowledge of language engineering and compilers is
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key to understand modern programming languages and sys-
tems. However, due to limited resources and time con-
straints, many institutions can only teach language engi-
neering with a selective number of concepts and students
work on exercises to understand the concepts, but rarely
do they have the opportunity to explore these concepts and
their interactions in the context of realistic target systems.
We have used the conventional approach to teach language
engineering, but the students are disengaged and are unclear
of the relevancy between the taught concepts and real-world
language applications.

Leveraging the emerging inexpensive robot devices, this
paper presents a new approach of using robots as system
context to teach language engineering topics. We designed
the Chirp-Scribbler Language, which targets the popular
Scribbler robot; combined together, they provide an engag-
ing and feature-rich platform to teach a wide range of topics
in language engineering.

This paper describes the Chirp-Scribbler Language, its in-
tegration with the target robot, and our teaching practice of
using them in an undergraduate programming course. This
paper makes the following contributions:

1. We examine the current teaching practice of language
engineering and identify the lack of suitable realistic
target systems as the biggest limitation factor;

2. We present the new robot-based approach of using
inexpensive robot devices as system context, and de-
signed the Chirp-Scribbler Language as teaching tool;

3. We present teaching practice of using Chirp-Scribbler
platform and demonstrate its effectiveness.

The rest of the paper is organized as follows: Section 2 de-
scribes the motivation of using robots as the target system.
Section 3 gives the background of robots in CS education and
the Scribbler robot. Section 4 describes the target robot sys-
tem, the Chirp-Scribbler Language, and their use as teaching
tool for language engineering. Section 5 describes the teach-
ing practice of using Chirp-Scribbler in an undergraduate
programming course to teach language translation basics.
Section 6 looks at future work. We conclude in Section 7.

2. MOTIVATION

The importance and benefits of language engineering –
the theory and practice of building language processors and
compilers have long been recognized in Computer Science
curricula. All past ACM Computing Curricula (CC ’68, ’78,



Figure 1: Parallax Scribbler robot and BASIC Stamp Editor

’91) listed compiler and language implementation as main
curriculum topics [1, 2, 3]; the latest Computing Curricula
2001 (CC’2001) includes the Language Translation Systems
and Compiler Construction unit as a single upper-level elec-
tive course (Unit PL8) and the Introduction to Language
Translation unit (Unit PL3) as required core subject [7].

Such courses teach the concepts, techniques and tools of
programming language translation and processing. Through
these courses, students can gain in-depth knowledge on lan-
guage implementation, deepen understanding of language
features as related to the underlying system, and develop a
comprehensive view of software and hardware interactions
in modern systems [13, 26, 8]. This knowledge is crucial to
tackle problems in both application and system areas [6].
The techniques learned from these courses are also broadly
applicable to other domains and enable students to develop
language-based solutions which are often more flexible and
powerful[8, 4, 9].

Although language engineering brings tremendous bene-
fits and value to the CS curriculum, however, to realize such
benefits and achieve objectives of these courses, as well as to
fit with the mandate of CC’2001, compiler and language ed-
ucators need to address the following significant challenges:

1. Curriculum and time constraint. In CC’2001,
language engineering topics are taught either as one-
semester compiler elective or part of a language intro-
duction course, and need to cover a broad scope of
subjects, including lexing, parsing, semantics analysis,
storage management, code generation and optimiza-
tion. Such a tight schedule with a wide range of topics
leads to significant pressure on how to present the top-
ics coherently [28].

2. Topics selection. Language engineering and com-
piler design have become a rich and sophisticated sub-
ject of study in its own right [4, 8]. Instructors must
carefully choose a selective set of key concepts and bal-

ance the depth and breadth of topics.

3. Resource constraint. Compilers are increasingly
used as an integrated component in a larger system
context rather than as a standalone artifact [13, 6].
However, in typical academic environment, due to re-
source constraints, it is often difficult to provide real-
istic systems as the target of student compilers.

4. Teaching projects. In order to give students hands-
on experience in language engineering, instructors must
design useful teaching projects to demonstrate course
topics. Due to the above time and resource constraints,
this is no easy task.

Due to the above limitations, language engineering courses
often focus on limited front-end topics such as lexing and
parsing, and are taught without real systems as the con-
text; as results, important system-related topics, such as
back-end design, system integration, etc, are de-emphasized
or totally ignored. In the courses, students implement con-
trived languages and use simulators, rather than use real
language and real system as the target; teaching projects
are designed to understand the selected concepts, but rarely
do students have the opportunity to explore those concepts
and their interactions in the context of real systems.

We have used this conventional approach to teach lan-
guage engineering classes at UMass Lowell, but our students
were disengaged and were unclear of the relevancy between
the taught concepts and real-world language applications.
Our difficulties are reported by other educators in similar
courses [14, 9, 28].

In examining the current practice, we identify the lack of
system context as the biggest limitation to teaching language
engineering effectively. To address the above challenges and
difficulties, we have developed a new approach of using in-
expensive educational robots as the system context to teach
compilers and language engineering topics. Such robots pro-
vide an affordable, yet highly engaging, and feature-rich tar-



get platform which can be used to teach both introductory
and advanced language and compiler subjects. We present
our methodology and experience in this paper.

3. BACKGROUND

3.1 Robots in CS Education
Robots have long been used to teach related Artificial In-

telligence and Robotics. The emerging inexpensive robot
devices greatly lower the barrier for educators to adopt them
as valuable teaching tools. Products such as LEGO Mind-
storms RCX and NXT robot kits [21], Parallax Scribbler
robot [25], and MIT Handyboard and Handy Cricket [23]
have been widely used to teach AI and Robotics [20, 5,
19, 17, 16], and more recently general Computer Science
courses [11, 10, 27, 12, 18, 15].

We believe these inexpensive educational robots can play
an equally valuable role in compiler and language engineer-
ing courses and provide the long sought “missing” system
context. Their affordable price makes it possible for large-
scale use in an undergraduate course. More importantly, the
new generation robots also provide considerable processing
power and resources capable of sophisticated applications;
yet their simple structure lend themselves well to pedagogi-
cal use in language and system courses. In our class, we use
the Parallax Scribbler robots (under $100 per unit) to teach
both introductory and advanced topics in compiler design.

3.2 Scribbler, BASIC Stamp and Tools
Scribbler robot is fully assembled and can be used imme-

diately. It features a BASIC Stamp 2 (BS2) microcontroller
with an array of sensors, two DC motor wheels and a top
Pen Port to insert marker pen, so the robot can “scribble”.
Scribbler can be programmed through PBASIC commands
using the Stamp Editor – GUI programming tools developed
by Parallax [24]. The Scribbler robot and the Stamp Editor
are shown in Figure 1.

4. LANGUAGE ENGINEERINGWITH
SCRIBBLER

Scribbler provides an inexpensive, yet feature-rich, and
ready-to-use, target system to teach language engineering
topics.

4.1 System Features
Scribbler includes a Parallax BASIC Stamp 2 (BS2) mi-

crocontroller. The BS2 controller is based on a Microchip
PIC processor and runs PBASIC interpreter: Scribbler PBA-
SIC commands are compiled into byte codes (“tokens”) and
executed by the interpreter. BS2 microcontrollers have been
used to build a wide range of embedded systems, including
industrial applications such as environment monitoring and
automotive control [22].

The BS2 controller has 2K bytes EEPROM to store PBA-
SIC byte codes and user data, and 32 bytes (6 bytes re-
served) RAM which can be used as general-purpose regis-
ters.

The BS2 controller has 16 I/O pins which control Scrib-
bler sensors, motors, LED lights and on-board speaker. The
system spec is listed in Table 1.

Components Spec
Processor 8-bit Microchip

PIC16C57c
Speed 20 MHz
RAM 32 Bytes
EEPROM 2K Bytes
I/O Pins 16
PBASIC Commands 42
Light Sensors 3
Obstacle Sensors 3 (2 emitters,

1 detector)
Line Sensors 2
Stall Sensor 1
DC Motors 2
LED Lights 3
Speaker 1
Serial Port 1

Table 1: Scribbler System Spec

const int do = 391; // note Do’s frequency
const int re = 494; // note Re
const int mi = 523; // note Mi
int tune_time;

bit stalled;
pin(11) speaker;

void startTune() {
tune_time = 200; // 200ms
System.sound(speaker, tune_time, do);
System.sound(speaker, tune_time, re);
System.sound(speaker, tune_time, mi);

}

void checkState() {
Scribbler.senseStall(stalled);
if (stalled) {
Scribbler.setLED(1, 1, 1);
Scribbler.moveBackward(5, 5, 1000);
Scribbler.moveLeft(5, 5, 1000);

} else {
Scribbler.setLED(0, 0, 0);

}
}

void main() {
startTune();
loop {
Scribbler.moveForward(5, 5);
checkState();

}
}

Figure 2: Chirp-Scribbler Sample Program



4.2 The Chirp-Scribbler Language
To teach language engineering with Scribbler, drawing in-

spiration from the Chirp language [29, 30], we have designed
the Chirp-Scribbler Language for programming the Scribbler
robot.

Chirp-Scribbler has syntax similar to C. It defines data
types and control constructs to target the BS2 architecture.
A sample Chirp-Scribbler program is shown in Figure 2. It
consists of variable definitions and three functions (including
main function): the robot starts by playing music notes on
the speaker pin (Pin 11), then moves forward; it checks the
stall sensor to see if it hits obstacles, and if so, it turns on
all three LEDs, backs away and turns left.

Chirp-Scribbler’s data types matches those of BS2: it has
int (16-bit) and byte, also the nib (4-bit), bit and special
I/O pin (1-bit) types, as BS2 RAM variables are bit and
nibble addressable and BS2 allows direct pin access. It also
has rom int and rom byte types to access EEPROM data.

Chirp-Scribbler supports expressions on variables and con-
stants using common arithmetic, logic and comparison oper-
ators. Due to lack of stack on BS2, all Chirp-Scribbler vari-
ables are global, and functions do not have local variables or
return value. Function body consists of statements, includ-
ing assignment, if-else statement, conditional and uncondi-
tional loop, for-loop, function call and return statements.
Functions with System and Scribbler prefixes are special
system functions for I/O control and robot operation.

4.3 Chirp-Scribbler As Teaching Tool
Chirp-Scribbler can be used to teach a wide range of topics

in language engineering:

• It can be used to teach traditional front-end design
such as lexers and parsers. The small size of the Chirp-
Scribbler language makes it easy to build lexers and
parsers, and fits well with the tight schedule of lan-
guage courses; it also has common language constructs
to demonstrate key lexing and parsing techniques.

• It provides a realistic target to teach back-end design.
Instructors can develop teaching projects to generate
PBASIC commands which can then run on Scribbler.
The simple and easy to understand BS2 command set
greatly reduces the learning curve to target Chirp-
Scribbler; students can experiment with code gener-
ation by testing their output directly using the BASIC
Stamp Editor and Scribbler robot.

• It serves as concrete examples for advanced topics, in-
cluding compiler optimization, language design, and
system integration. For example, BS2’s small RAM
register set can be used as real example for register
allocation; the System and Scribbler functions ex-
pose interactions of systems and language design; by
building their Chirp-Scribbler translator, students gain
first-hand experience on compiler tool integration.

In summary, Chirp-Scribbler provides a rich and versatile
environment for language engineering courses.

5. TEACHING EXPERIENCE

We have been using Chirp-Scribbler to teach language
engineering components in an intermediate undergraduate

Figure 3: Chirp-Scribbler Compiler

programming course at UMass Lowell. The class includes
introduction to language translation as listed in Unit PL3
in CC’2001.

In comparison with our previous practice, using Chirp-
Scribbler enables us to teach similar topics in a more hands-
on, system-oriented approach. Specifically,

1. It provides students an easy to understand and fully
accessible target system. In the class, each student is
given a Scribbler robot for use during the semester.
Students learn Scribbler and the PBASIC commands
quickly by experimenting with the Stamp Editor tool,
which itself is a real-world example of production com-
piler.

2. The small size of Chirp-Scribbler allows us to develop
lexer and parser projects with much manageable com-
plexity. The grammar consists less than 30 nonter-
minal symbols and around 70 production rules, yet it
realizes majority BS2 features, including all sensor and
motor control of Scribbler robot.

3. Previously, the code generation subject is only men-
tioned briefly due to lack of suitable target; using Scrib-
bler, such back-end topics can now be explored in much
greater depth. For example, the System functions are
directly mapped to PBASIC command: System.sound
(pin, time, freq) is translated to FREQOUT in PBA-
SIC. Students can learn such target code generation
through an iterative exploratory process: first target-
ing individual construct; then testing the code imme-
diately on Stamp Editor and Scribbler; after it works,
moving on to larger constructs. Students feedback
indicated such method makes the otherwise difficult
code-generation topic much more accessible.

4. Chirp-Scribbler illustrates language design issues in



the context of real systems. The Scribbler functions
are in fact system libraries implemented through com-
piler translation [13]. Such usage requires a real system
context to demonstrate.

5. Finally, Scribbler conveys the impressionable modern
whole-system perspective which compiler and language
tools belong to. In the class, students integrate their
compilers into robot development suite by modeling
the Stamp Editor tool. Students build GUI inter-
face with program editor and message panes similar
to Stamp Editor. The student Chirp-Scribbler Com-
piler is shown in Figure 3.

Our preliminary results indicate Chirp-Scribbler has been
an effective teaching tool for language engineering topics. In
addition, students interest levels are high, and students love
to explore their code on Scribbler. We are currently evalu-
ating our findings and will publish the results in a followup
report.

6. FUTUREWORK
Chirp-Scribbler opens up many exciting possibilities in

language engineering and other Computer Science system
courses. As future work, we are interested in adapting it to
support more courses and evaluate its effectiveness.

We are also looking at targeting other popular educational
robot platforms, such as LEGO NXT. This will make the
Chirp-Scribbler approach applicable by educators on other
platforms.

7. CONCLUSIONS
Leveraging the emerging inexpensive robot devices, this

paper presents a new approach of using robots as system
context to teach language engineering topics. Targeting the
popular Scribbler robot, we designed the Chirp-Scribbler
Language; combined together, they provide an engaging and
feature-rich platform to teach a wide range of topics in lan-
guage engineering. The preliminary results demonstrate that
the Chirp-Scribbler Language and the target robot system
can help students learn language engineering basics quickly,
and provide useful context to explore more advanced topics.
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