Programming Languages
Lisp Implementation Project
Due Wednesday, November 14th, 2001 5:00 p.m.
| mplementing Lisp

For this assignment you are going to implement a piece of alisp interpreter -- the memory
management system. Y ou will write code that maintains a free list, allocates memory when it is called for,
and does mark and sweep garbage collection.

Representing Memory

The lisp interpreter iswritten in C, and the heap will be represented asa C array. Each memory
location will be able to store type information, and either:

e Thecar and cdr, if the memory location stores alist

e asdtring and value, if the memory location stores an atom, or

* aninteger if the memory location stores a number (thisisasimplified lisp interpreter that does not
handle rational numbers) .

The C declarations are as follows:

typedef int nenptr; Pointers are just integers --
indices into the Memory array

struct nencell {

int used; Used for garbage collection
enum { Atom List, Nunber} kind; What kind of memory location isit?
uni on {
struct {
menptr car;
menptr cdr;
} list;
struct {
char *nane; Name of the atom (symbol)
i nt val ue; Value of atom (used for function
} atom parameters)
i nt numnber; Value of the number
}ous

};

struct mentell Menory[ MEMSI ZE] ; The Heap



What You Need to Write

Y ou need to write the following C functions, as defined in the file memange.h (you also will
probably need to come up with some of your own helper functions)

/* Function: I ni t MenorySystem */
/* Input Params: None */
/* Return Val ue: None */
/* Purpose: This function nmust be called before */
/* any other nenory functions (New, */
/* Print Menory, Coll ectGarbage) are */
/* called. This function initializes the */
/* freelist, and does any other necessary */
/* initialization */

voi d | ni t MenorySyst em(voi d);

The function InitMemorySystem initializes the memory system. It needsto
e setupthefreelist
» setthe SP, FP, and functionStackPointer to O

/* Function: New */
/* Input Parans: None */
/* Return Value: a pointer to a free block of nmenory */
/* Purpose: This function returns a pointer to a */
/* free menory bl ock (possibly doing sone */
/* garbage collection to free up sone */
/* menory first) */

menptr New( voi d) ;

The function New finds an unused memory cell on the free list, removes it from the free list, and returns a
pointer to it. New may need to call CollectGarbage if the free list isempty. If thereisno memory
available (even after a garbage collection step), then New should return 0. (Thus, you will never use
Memory[0])

/* Function: Col | ect Gar bage */
/* Input Parans: none */
/* Return Value: none */
/* Purpose: This function forces a garbage */
/* col l ection */

voi d Col | ect Gar bage(voi d);

The function CollectGarbage does mark-and-sweep garbage collection
Programming Environment

For this project, you can use any ANSI C compiler that you wish, though it needs to compile and
execute correctly using the lab PCs. Though you only need to write a small piece of the code, the
interpreter isfairly large (athousand or so lines of code), so it is broken up into several filesto make it
more manageable.



What You Are Given

On the website for the class, you can find the following files:

* makefile A makefile for your interpreter. If all your files are in the same
directory, then the command:
% make
will compile al the necessary files, and create the executable lisp.
The command
% make clean
will remove all object files, which will force a complete recompilation
the next time make is called.

* mainloop.c This function handles the bulk of the work for the interpreter

» hashtableh Header file for a standard hash table

* hashtable.c C file for astandard hash table

o samplelisp An executable of acomplete interpreter (with the memory management
system included and working, so you can see how the project is
supposed to work)

* memmanage.h Header file for the memory manager (Take a close look at thisfilel)

* memmangage.c A skeleton file for you to complete. This file also has the definition of

PrintMemory, which you might find useful for debugging. The
function call (printmem n) prints the first n elements of the heap.

Defined Lisp Functions

wW

The following lisp functions are defined in the mini-interpreter:

e car, cons, cdr, null, standard lisp functions
not, and, or,
number, equal
cond defun
e gcC run garbage collection now
e + %% in this interpreter, these functions take only 2 arguments
* load in thisinterpreter, path names do not work. Thefileto load
needs to be in the same directory as the interpreter
e trace, notrace Turnstracing on and off
e printmem Takes an optional argument, the number of heap elementsto
print

hat toturnin

A hardcopy of the file memmange.c. Be sureto add commentsto all of your functions, telling what
each of the input parameters are, and what the function returns.

Also, you need to turn in an electronic copy by copying everything your program needs to run
(makefile, al .c and .h files) to your submit folder. Be sure permissions are set correctly, and do not
use subfolders!



