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Assignment 2
Assigned: Wednesday Mar 7, 2001

Deadline: Wednesday Apr 4, 2001, 5:00pm.

This is a programmingassignment.For assignmentsthat aresubmittedat or beforedeadline,
submityourassignmentbyusingthehandincommand.For assignmentsthatarelatefor atmost
48hours,sendamail to thetutordirectly. In thelattercase,themarkswill bemultipliedby 0.8.
Assignmentsthataremorethan48hourslatearenotaccepted.

1. Functional requirement: Lisp engine prototype

Lisp (LISt Processing)is a very commonprogramminglanguage.Lisp andits derivativesare
usedin a lot of tools,includingEmacs,xcin (theX Chineseinput server),sawfish (thewindow
managerfor Gnome),andmany other tools. In this assignment,you write a prototypeLisp
interpreterthat implementsa smallsubsetof Lisp, in a way thatallows easyextensions.This
allowsyou to practicewriting abstractclassesandderiving concreteclassesfrom them. It also
makesyoufamiliarwith theUnix programmingdevelopmenttools,includingmake andCVS.

1.1. Objects: Nouns in LISP

Theinterpreterhandles4 typesof objects.

• INTEGERS. They representa32-bit signedintegervalue.Examplesare0,-5 and1024. For
easeof implementation,negativenumberscannotappearin a Lisp program.

• SYMBOLS. Theseareobjectsthat consistof a stringof charactersotherthanwhitespaces,
periodsandparetheses,with therestrictionthat it cannotbegin with a digit. Symbolsare
case-sensitive.ExamplesincludeList_Of_Silly_Parentheses, +1 andcu2molo.

• NIL. Thismeans“nothing”. It is usuallyusedto terminatelists(seeSection1.2).

• CONS-CELLS. Theseareobjectsthatconsistof two references.Traditionallythereferences
arecalledthecar andcdr partof thecons-cell.Eachpart refersto oneLisp object. We
write it like(a . b), which is thecons-cellreferingto two objectsa andb:

1.2. Lists: Noun phrases in LISP

Eachpartof a cons-cellcanreferto anothercons-cell.Socons-cellscanbeusedto build lists.
In Lisp, thecarcomponentof a cons-cellis thefirst elementof thelist, andthecdr component
of acons-cellis theremainderof thelist. For example,thefollowing is a list:
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(a . (b . (c . (d . ()))))

Thelist hasthefollowing structure:

It canbewritten like(a b c d). TheNil valueis consideredtheemptylist (). Sincethecar
partof acons-cellcanreferto a list, wecanhavea list of lists. For example,

((a . (b . ())) . (c . (d . ())))

is a list ((a b) c d), containing3elements(a b), c andd.

Thecdr partof a cons-cellneednot bea cons-cellor a Nil. In thiscaseit doesnot representa
list. Wewrite it with thehelpof a “.” part. For example,thecons-cell

(a . (b . (c . (d . e))))

canbewrittenas(a b c d . e) (or (a . (b c d . e)), or (a b .(c d .e)), etc).

1.3. Forms: Verbs in LISP

Theoperationssupportedby Lisp arecalledforms. Therearetwo typesof forms,onecalled
functions,theothercalledspecial-forms.Eachform takesomeargumentsandreturnsanobject.
Herearethesupportedfunctions:

• Addition:adduptwo or morearguments.All argumentsshouldbeintegers.For example,
if theargumentsare1,2,3and4, thefunctionreturns10.

• Subtraction:subtractthe secondargumentand all argumentsfollowing it from the first
arguments.Again,all argumentsshouldbeintegers. For example,if theargumentsare1,
2,3and4, thefunctionreturns-8 (theresultof 1- 2 - 3 - 4).

• Multiplication:similarto addition,exceptthattheoperationismultiply.For example,if the
argumentsare1,2,3and4, thefunctionreturns24.

• Division:similar to subtraction,exceptthattheoperationis integerdivision. For example,
if theargumentsare50,2 and3, thefunctionreturns8.

• Make-Cons:acceptstwo arguments,andreturna cons-cellreferingto them. For example,
if theargumentsareaandb, it returns(a . b).

• Find-Car:acceptsacons-cellor Nil asargument,andreturnsthecarpartof theargumentif
it isacons-cell.For example,if theargumentis (ab c),thenthefunctionreturnsa. In case
theargumentis Nil, it returnsNil.

• Find-Cdr:similar to theFind-Carfunction,exceptthatit returnsthecdrpart. For example,
if theargumentis (ab c), thenthefunctionreturns(b c).

• Make-List:acceptsany numberof arguments,andreturnsa list of them. For example,if
theargumentsare(a . b),c and5, thenthefunctionreturnthelist ((a . b) c 5).

• Set-Variable:acceptsa symbolandanotherobjectasarguments.It setsthe objectasthe
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value associated with the symbol (see the next section). For example, if the arguments are
a and (b c), then the value associated with symbol a is set to (b c). The function returns the
value set.

• Set-Form: accepts two symbols as arguments. It sets the function associated with the first
symbol to be that associated with the second symbol (see the next section). For example, if
the arguments are a and +, and + is originally associated with addition, then a is associated
with addition as well. The function returns the second argument.

Special-forms differ from functions only in the way they interpret arguments (see Section 1.5).
One special-form is supported:

• Quote: accepts at least one argument, and return the first of them.

1.4. Associations: Pronouns in LISP

Each symbol can be associated with a value and a form, which are set by the set-variable and
set-form functions. There is one symbol which has a constant value association. It cannot be
modified by set-variable.

• nil: the Nil object. There should be only one Nil object in the program.

Some symbols have default form associations, which can be changed using set-form.

• quote: associated with the quote special-form.

• +, -, *, /: associated with the addition, subtraction, multiplication and division
functions respectively.

• cons, list: associated with the make-cons and make-list function.
• car, cdr: associated with the find-car and find-cdr functions respectively.

• set, fset: associated with the set-variable and set-form functions respectively.

1.5. Programs in LISP

A Lisp program is a sequence of objects, called expressions. The interpreter reads each of these
expressions and construct the Lisp object(s) corresponding to the expression in the memory.
After each expression is read, it is evaluated (see below), and the result is printed to cout.

When an object is evaluated, either a result is returned, or an error is triggered:

• If a symbol is evaluated, its associated value is returned.

• If a list is evaluated, the first element of the list must be a symbol with an associated form. If
the associated form is a special-form, the remainder of the list is passed to the special-form
directly as arguments. If the associated form is a function, each list remaining element is
evaluated, and the results are passed as the arguments of the function. In either case, the
value returned by the special-form or function is returned as the result of evaluation.

• If a cons-cell that does not represent a list is evaluated, an error is triggered.

• If anything else is evaluated, the object itself is returned.
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Someobjectscanbewritten in morethanoneway. Theinterpreteralwaysusethe“standard”
way:If theNil objectis printed,it is printedlike(). If a conscell is printed,it is printedin a
waythatminimizesthenumberof parenthesisrequired,andonespaceis insertedonly between
two list elements,or betweenan elementand the “.” symbol. For example,the cons-cell
“((a.(b)).(c.d))” is printedlike“((a b) c . d)”.

If any of the operationfails, an error shouldbe written to the standarderror stream,andthe
evaluationof thewholeexpressionstops.

Theinterpretermaygenerateobjectsduringitsevaluation.Noattemptsisneededtodestroy these
objects(i.e.,it is okayfor theinterpreterto leakmemory).

2. Example input and output

A samplerunof theinterpreterlookslikethis(input linesarein bold):

a
Error: Symbol’s value as variable is void: a
(quote a b c)
a
nil
()
12
12
(set (quote a) 12)
12
a
12
(a 2)
Error: Symbol’s function definition is void: a
(fset (quote a) (quote quote))
quote
(a 2)
2
(cons a (a ()))
(12)
(list a b c)
Error: Symbol’s value as variable is void: b
(list a (quote b) (a c))
(12 b c)
(+ (* (- 5 12) a a) 12 5)
-991
(set (a c) (a (a (b . c) d . e)))
(a (b . c) d . e)
(car (cdr c))
(b . c)
(cdr (car c))
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Error: Wrong argument type - not a list: a
(cdr nil)
()
(+ 2 c)
Error: Wrong argument type - not a number: (a (b . c) d . e)
(fset (a +) (a *))
*
(+ 3 4)
12

3. Extensibility requirements and Program structures

We expect that the program will be extended to handle new types like strings, vectors or maps;
and new forms like setting the car part of a cons-cell, finding the square root of a number, per-
forming a if-else construct, etc. The set of default associations will also be changed frequently.

The program should be readily extensible. To implement a new function, it should not require
more than writing a new C++ source file and a new header file, adding one line of #include
directive in the main source file, modifying one line of the main source file to make the default
association, and modifying one line in the Makefile. To add support for a new object type, we
should only require similar changes, plus to modify the input parser, the function or object that
parse the Lisp program.

Separate source files should be used for independent functions and object types, and each source
file should be separately compiled using Makefile. The whole project thus consists of some C++
source files, some header files and a Makefile. It should also has a file test.lisp that contains
a Lisp program and illustrate the capability of the interpreter, and another file README
(see below).

You should hand-in a gzipped tar archive of the CVS repository containing only the above listed
files (plus perhaps a .cvsignore file). The README file may specify the name of a branch that
contains the most “stable” version of the program (i.e., contains the least bugs), while the main
trunk should contains the version with the most functionality. This is to give you a chance if
a bug in an advanced features make some of the simpler features to fail. The file should also
contain a description of the supported functions of both versions, and any known problems.

4. Design and implementation hints

Big hints

The program repeatedly does three things: read an object, evaluate it, and print the result. We
do not expect the interpreter to change by requiring one more step in it. So the main program is
never extended, and it is okay to write the whole process into the main function.

On the other hand, we do expect that the program will be extended by adding new data types, and
also adding new forms. So it is no good for the main program to specify how to evaluate or print
a Lisp object.
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Instead, we create an abstract class that represents any Lisp object, and from this class we derive
concrete classes that represent each Lisp object type. A concrete class should contain a method
to print an object of that type. We can thus ask an object to evaluate itself in the main program,
no matter what is the real type of object. Printing is just similar.

Reading is more complicated, since we need to create an object without the knowledge about
what is the type of object. Note that if we know the first character, we know the type of the
object, with the only ambiguity between the Nil type and the cons type. So we can split the object
reading code into three functions, one reading an integer, one reading a symbol, and one reading
a list. Each of them is contained within the implementation C++ source file of the corresponding
object type. It is also good to group the Nil type and the cons type to the same file, since they are
highly related. An input parser can then call these functions after looking at the first character
using cin.peek(). This input parser must be visible by the function that reads a list, since it
need to call the parser recursively.

One small hint for reading:completely parse a list and turn it into cons cells when it is read. The
hint of Milestone 5 below should tell you exactly how this can be done. Don’t delay this until
the object need to be evaluated. Such delay will make your evaluation function very complicated
and error-prone.

Since we expect that the available forms are extensible, we cannot specify all the possible forms
in the evaluation function of the cons-cell class. Instead, we must have an abstract class that
represents a form (Read the command pattern!). Each specific special-form and function
then derive from this abstract class. One global object is created for each of these classes, and
a form table maps strings into such objects. When a cons-cell is evaluated, it should check that
the object is really a list (i.e., repeatedly finding the cdr part of the cell until it is not a cons-cell,
and make sure what remains is the Nil object). Then we check that the car part is a symbol, find
the corresponding form object, and ask it to evaluate the cdr part of the cons-cell.

One final hint: we usually need to check whether a Lisp object is of a particular type. This can
be done using dynamic_cast. However, this is not needed for the Nil type, since there should
only be one Nil object. We can do simple pointer checking to check whether an object is the
Nil object.

Small hints

• Emacs is a good reference. Just type in a Lisp expression and evaluate it with ^U ^X ^E.

• Exceptions are very useful in this assignment.

5. Milestones

When writing a extensible program like this, it is usually the case that the progress seems to be
slow until nearly the end of the project, when all at a sudden everything seems to pop out from
nowhere. To give you an idea about how good you are doing, we define the following milestones.
Each milestone is marked with a pair of score, in the form (x%, y%) below. It means that if you
complete this step without failing any previous step, x% will be rewarded;and if you fail this step,
at most a further y% will be rewarded. Use CVS to manage the code, and check-in frequently.
After you complete each step, make sure that the program works. Create a tag in the CVS, so
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thatyoucaneasilyidentify agood“stable”versionat theend.

• Milestone1(20%,10%). DefinetheLisp objectsclassin aheaderfile, makeamainsource
file to includethis. Implementtheevaluationfunctionby just returningitself.

• Milestone2 (15%,10%). Implementtheintegertype. Implementasimpleparserthatonly
readsintegers. Implementa simpleLisp enginein themainsourcefile to repeatedlyparse
aLisp expression(currently, integer),evaluateit andprint it.

• Milestone3(10%,10%). ImplementtheNil type. Createaglobalobjectof thistype,which
is usedwheneverweneedaNil value.

• Milestone4(15%,30%). Implementthesymboltype. Modify theparserasneeded.Create
atableto holdtheassociationsfrom symbolsto theirvalues.Hint: useanSTL mapto map
astringto astructurethatholdsaLisp objectandaconstantflag.

• Milestone5 (15%, 10%). Implementthe cons-celltype. Modify the parserasneeded.
Leave the evaluatefunction unimplemented(i.e., it returnsitself). Hint: the following
recursiveproceduresreadandprint acell in a list form.

Print cell:
print ’(’
print−half −list cell

Print−half −list cell:
print cell->car
if (cell->cdr is Nil)

print ’)’
else if (cell->cdr is a

cons−cell)
print ’ ’
print−half −list

cell->cdr
else

print " . "
print cell->cdr
print ’)’

Read:
get the ’(’
return read−half −list

Read−half −list:
skip spaces
if the next character is ’)’

get the ’)’
return Nil

create cell
cell->car = read
skip spaces
if the next character is ’)’

get the ’)’
cell->cdr = Nil

else if the next character is ’.’
get the ’.’
cell->cdr = read
skip spaces
get ’)’

else
cell->cdr =

get−half −list
return cell

• Milestone6 (5%,5%). Definetheabstractbaseclassof Lisp forms,andderive thequote
special-formclassfrom it.

• Milestone7 (10%, 0%). Implementthe symbol table to hold a form table to hold the
associationsfrom symbolsto theirvalues.Fill in theevaluationfunctionof acons-cell.

• Milestone8 (10%,0%). Derive anabstractfunctionclassfrom theform class,andderive
concretefunctionclassesfrom it. Implementtheremainingfunctionsandfiles.
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Enjoy the new way to code!


