
comp11 Assignment 1: Tractor Graphics Due Wed, Feb 1 11:30PM

Problems, Procedures, Programs, Patterns

In lab we learned the Tractor Control Language and
used that language to write programs to solve graphi-
cal problems. We also discussed and evaluated pro-
grams, applying criteria including length, clarity, effi-
ciency, and the elusive quality of elegance.

We learned about using abbreviations to stand for
longer strings of commands. In C++, an abbreviation
is called a function. You define an abbreviation by say-
ing a single letter stands for a string of commands.
You use that single letter as a short-hand way to tell
the machine to perform that string.

Functions do two things. They make code shorter
although not necessarily more efficient. More impor-
tantly, abbreviations make code clearer by represent-
ing complex patterns of action with a single name.
This technique of creating new vocabulary words and
using them is extremely important. Therefore several
of these problems require this technique.

As we saw in lab, you can define several different
abbreviations and you can also use abbreviations
within the definition of other abbreviations.

Furthermore, you can use numbers to repeat blocks of
code. (see next page for details). By combining basic
instructions, abbreviations, repetition, and blank
spaces, you can express complex solutions in fairly
clearly.

Using the Tractor Simulator

The Tractor Simulator we used in class can be found
on the course website

http://www.cs.tufts.edu/comp/11/labs/01

There are four buttons to execute code. The first but-
ton runs the program. The second button runs the
program and also reports several useful numbers
about the program and its operation. Try it to see
what it tells you. The other buttons present the action
in other formats.

Exercise 1-1: Tetris Shapes

These four shapes appear in the computer game Tetris:

For each of these four shapes:

a. Write a program to draw it in the orientation shown

b. The program must use two or more functions

c. In at least two of the shapes, one function
must include another function in its definition

d. What visual pattern does each function represent?

e. What is the minimum number of retraces possible?

(Note: The component squares in these pictures are each
one tractor unit long. When drawn in the simulator, these
shapes do not look as square. Don’t worry.)

Exercise 1-2: Programs and Pictures

Computer scientists do more than devise procedures.
They analyze the world of problems and the world of
programs. And they compare those two worlds to see
how to match up programs and problems. For this
exercise you will explore some connections between
these two worlds.

Consider programs that are one character long. There
are only two of them. There is the program R and
there is the program F. Each of those programs creates a
picture. Thefirst creates a blank picture. The second cre-
ates a single vertical line. Got it?For these problems,
ignore abbreviations and consider only programs that con-
sist of F and R commands.

a. Now, consider programs that are two characters long.

• How many different 2-letter programs are there?
• List all those programs.
• For each of the programs, what picture does it draw?
• How manydifferent pictures are there?

Note: The same shape in different places are the same,
but the same shape at different rotations
are not the same.

b. Now, consider programs that are three letters long.

• How many different 3-letter programs are there?
• List all those programs.
• For each of the programs, what picture does it draw?
• How manydifferent pictures are there?

c. Now, consider programs that are four letters long.
• Answer the same four questions

d. Now, consider programs that are five letters long.
• Answer the same four questions

e. Is the following statement true or false:

"Every shape you can draw with a a four-letter program
can also be drawn with a five-letter program"

Give a clear explanation or a formal proof.

Can you generalize this statement?
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Exercise 1-3: Mystery Functions

There are two ways to repeat code in our tractor lan-
guage. The first way is to use the repeat count nota-
tion. For example,

4FFR:3FFFRF:F

repeats the code FFR four times, then repeats the code
FFFRF three times, then does a single forward.

There is a second way to get the computer to repeat a
set of instructions. Here are two mystery programs.
For each one (1) describe what pattern the program
produces, and (2) explain why that the program pro-
duces that pattern.

a. AMFRM. M

b. AMMFR. M

Exercise 1-4: Shortest Program

In lab, we discussed criteria for comparing programs.
One of the criteria is length of the program. Given a
problem, there are lots of possible programs that solve
it, some are longer, some are shorter.

Here is a new pattern to explore:

(Note: The height is three tractor units and the width
is three tractor units. In the tractor simulator, the
ratios will not look as nice as this drawing.)

There are lots of programs that will produce this
shape. Some are shorter than others. How short can
you go?

a. Using only F and R, what is the minimum length
that will produce this shape? (note: we are asking
for program length, not program code.)

b. Support your answer with an explanation

c. If you can use abbreviations and repetition, what is
the minimum program length that will produce
this shape?

d. What is the shortest program you can write to pro-
duce this shape? (note: we are asking for code, not
length)

Submitting Your Work

There will soon be a webpage you will use to submit
your work. Check the announcements on the course
site in a few days for details. For now, just work on
the problems using the tractor page and paper and
pencil.

Repeating Code Sequences

In the tractor language, you can put a digit in front of
any sequence of instructions. For example, the code:

4FFR:

tells the tractor to do FFR four times. It’s that simple.
Put a digit in the front, then a sequence of instructions,
then a colon to mark the end of the repeated section.
The colon here plays the same role this notation:

plays in musical notation.

Examples:

With this piece of the language, you can write clearer,
shorter programs. Here are some examples:

example one - a box

3F:R 3F:R 3F:R 3F:R

draws a box with sides 3 units long.Here, the 3
causes theF command to repeat. This program con-
tains repetition.We could simplify it with an abbre-
viation to write:

AS3F:R. SSSS

or use a repeat to make it even simpler as:

AS3F:R. 4S:

example two - steps

AL3R:. 4FRFL:

draws a staircase going upward to the right.First, we
defineL to stand for `left´. This abbreviation for L
contains 3 repetitions ofR , and the main program
repeats code to draw one step in the staircase.

More than 9?

The notation only allows one digit. What if you
wanted to repeat something 15 times? There are two
ways to do that.

The first way is to do repetitions in a row as in:

ASFRFRRR. 8S: 7S:

which does 15 steps by doing 8 then 7.

Another way is to think of 15 as 3 groups of 5. Using
this perspective, you can write:

3 5S: :

which uses 3 to repeat an instruction. But that
repeated instruction is a set of 5 steps. The spaces help
make the structure of the program clear. You could
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have left out the spaces and written:

35S::

which looks like you want 35 of something. Which is
confusing, because you really get 15.

Abbreviations and Repeats

As the previous examples show, you are allowed to
mix abbreviations and repeats in any combination. An
abbreviation can refer to a piece of code that contains a
repeat, and you can repeat things that contain abbrevi-
ations. Also, you can repeat things that contain
repeats.

Use Spaces for Clarity

As the previous example shows, spaces help clarify
the structure of your code. The computer does not
care if you use spaces. You, though, will find your
programs easier to read if you put spaces in to sepa-
rate abbreviation definitions from each other and to
separate sections of the program.
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