CS 131: Programming Languages, Spring 2003

Assignment 2

Random Art
Due: Wednesday, February 5

Goals for this Assignment
1. Practice working with higher-order functions and modules in Standard ML.

2. To create interesting pictures!

Office Hours

The purpose of office hours is to provide you with a chance to discuss class-related topics, to
ask questions about material you find particularly interesting or particularly confusing, and
to provide comments about the class.

You can drop by Olin 1253 any time to see if the professor is around; times specifically
set aside are Tuesday, Thursday, and Friday from 2:30-4pm. Grutors are available in the
Terminal Room on Tuesdays 7-9pm and Sundays 2-4pm. Questions can also be sent to
cs131help@cs.hmc.edu .



Startup
To begin, you should make a copy of all the files from the directory
/cs/cs131/src/2

The files are as follows:

lib-base-sig.sml Used by the random-number-generator; you should ignore it

lib-base.sml ditto

random. sml Implementation of Random structure; should also ignored
random-sig.sml Interface of the Random structure

expr-sig.sml EXPR signature, describing expressions in = and y
dexpr.sml An implementation of expressions satisfying EXPR
art.sml Main routines for creating pictures (partial)

sources.cm The makefile-equivalent for the Compilation Manager

Because this assignment involves a number of files, instead of loading code with use you
should use the SML/NJ Compilation Manager. This system automatically figures out what
files need to be recompiled and, quite usefully, in what order. The file sources.cm contains
the list of files to be loaded, and is read by the re-compilation command:

CM.make();

Submission

The submission process has two parts:

1. You must submit all of the .sml and .cm code files, even those you haven’t changed,
so that the graders can easily compile and run your program. You can do this by
submitting each of the files individually with cs131submit, or by running

cs131submitall
which submits all the .sml and .cm files in the current directory.

2. To get credit for this assignment, you must also provide your favorite output
file, but not via submit. To safe space and improve portability, first convert your
picture to jpeg format, using the command

/cs/cs131/bin/ppmtojpeg picture-filename > your-user-id. jpg

Don’t leave out the >. Despite the name of this command, it will work for both .ppm
and .pgn files. Then copy this jpeg file to the following directory on turing:
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/mnt/web/www/courses/current/cs131/assignments/pictures
Finally, make sure that this file is world readable:

chmod 644 your-user-id.jpg

You can look at everyone’s pictures (or show yours to your friends) by either loading
these files into xv, or pointing a web browser at this directory via the URL

http://www.cs.hmc.edu/courses/current/cs131/assignments/pictures

1 Finishing the Driver Code (10%)

The code in art.sml is the driver for the entire program; it includes the doGray and doColor
functions, which generate grayscale and color bitmaps respectively. These functions want
to loop over all the pixels in a (by default) 301 by 301 square, which naturally would be
implemented by nested for loops. The bad news is that SML does not include for loops.
The good news is that we can use higher-order functions to implement them.

In art.sml, fix the definition of the function:

for : int * int * (int->unit) -> unit

The argument triple contains a lower bound, and upper bound, and a function; your code
should apply the given function to all integers from the lower bound to the upper bound,
inclusive. If the greater bound is strictly less than the lower bound, the call to for should
do nothing.

2 Generating the Random Expressions (40%)

The interface EXPR for a structure implementing expressions is given in the file expr-sig.sml.

Read over this file. Since the expression values and expression-generating functions like x

and sin are not defined to be datatype constructors, this interface does not permit you to use

them in pattern-matching. You may also want to look at the file dexpr.sml which contains

a structure Expr satisfying the EXPR signature by using datatypes to represent expressions.
Your next programming task is to fix the definition of

build : int * Random.rand -> Expr.expr

in art.sml, which you may implement in any way you like. The first parameter to build
is a maximum nesting depth that the resulting expression should have, and the second pa-
rameter is a random-number generator. (A bound on the nesting depth keeps the expression
to a manageable size; it’s easy to write a naive expression generator which can generate
incredibly enormous expressions.) When you reach the cut-off point, you can simply return
an expression with no sub-expressions, such as Expr.x or Expr.y.

3



The second argument, a value of type Random.rand, is a random-number-generator
(which might be though of as an infinite stream of random numbers). You can use the
functions in Random to extract numbers from this generator. The implementation of Random
shouldn’t matter to you at all, but you will want to look at its interface, specified in
random-sig.sml.

Now, if every sort of expression can occur with equal probability at any point, it is very
likely that the random expression you get will be either Expr.x or Expr.y, or something
small like Expr.times (Expr.x,Expr.y). Since small expressions produce boring pictures,
you should find some way to prevent or discourage expressions with no subexpressions from
being chosen “too early”.

Once you have successfully recompiled with CM.make (), you can test your code by running
the function

Art.doGray : int * int * int -> unit

which, given a maximum depth and two seeds for the random number generator, generates
a random file and emits it as the grayscale image art.pgm, or by running the function

Art.doColor : int * int * int -> unit

which, given a maximum expression depth and two seeds for the random number generator,
creates three random functions and uses them to emit a color image art.ppm (note the
different filename extension). A depth of 10 or 11 is reasonable, but experiment to see what
you think is best. The seeds for the random number generators determine the eventual
picture, but are otherwise completely arbitrary.

You can view these files under X-windows with the xv program. (You get to the menu in
this program by right-clicking on the picture.) To view the output from a non-Unix machine
you might need to first convert the file to jpeg format; see the submission information above
for details.

3 An Alternate Representation (30%)

Create a new file fexpr.sml which, like the file dexpr.sml that you were given, contains a
structure Expr satisfying the EXPR signature. In this version, the definition of the type expr
should be not a datatype, but:

type expr = real * real -> real

That is, instead of the symbolic representation used by dexpr.sml, this implementation will
represent each function in z and y directly as an SML function of two real arguments.
You should define all the functions required by the EXPR interface. The eval function in
particular becomes much simpler than in dexpr.sml, but the ppexpr function cannot be
written successfully, since there’s no way to convert an ML function to a string. Thus,
your implementation of this function should return something like the empty string "" or
"unknown". To test your code, remove the name dexpr.sml from the file sources.cm and
replace it with the name fexpr.sml.



In this one file, it’'s best not to depend on type inference for the expression-creating
functions. That is, write explicitly

val X : expr = ...
and
fun sin(e : expr) = ...

and so on.

4 Extensions (10%)

Extend the EXPR signature with at least three different expressions forms (or more if you
feel like it), add the corresponding implementations to both the dexpr.sml and fexpr.sml
files, and extend the Art.build code to use these new forms. The only requirement is
that these expression forms must return a value in the range [—1.0,1.0], assuming that all
subexpressions (if any) return values in this range. There are no other constraints; the new
functions need not even be continuous.

You may want to look at the structure Real.Math (which can also be referred to simply
by the name Math) in the SML Basis Library (the last link on the main course page) to see
what other mathematical functions are available.

Make sure to comment your extensions to the EXPR signature. Also, state whether you
think there was a visible change in the sorts of pictures generated due to the extensions you
added.



