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Chapter 1: Introduction to Cambridge LISP 68000

1.1 General

This manual describes the main features of the Cambridge LISP 68000 system, and comments on the
facilities provided.

Lisp exists in many dialects of which there are four major "families". The best known are InterLisp,
Common Lisp, Maclisp, and Standard Lisp. To a large extent this system falls somewhere between the
Common and Standard Lisp families. Standard Lisp dates back to 1966 when A C Hearn (University of
Utah and Rand Corporation), wrote out a minimal list of functions. This standard basic set ensured
that implementations could be made portable. By 1978 (see SIGPLAN Notices MartiJ.B. et al.
vol. 14, no. 10, p. 48-68) Standard Lisp had been upgraded but still remained a kernel-level Lisp.
Subsequently it was extended and further work carried out on portability to produce an
implementation known as PSL (Portable Standard Lisp). Both Cambridge LISP and PSL agree largely
with the 1978 report and even share some code.

Cambridge LISP was originally developed for the IBM mainframe range of computers to provide
support for a research project in computer algebra. The 68000 implementation forms a reliable base
for functional style programming on this microprocessor. Cambridge LISP 68000 is intended for
program development, and so it makes a policy of checking for exceptional cases (for example, car or
cdr of atoms) and provides clear and concise diagnostics. A compiler is included in the package which
can make dramatic improvements in execution speed. Function tracing is provided in both interpreted
and compiled code. The arithmetic package puts consistency above efficiency: integers can grow to be
any size; the normal arithmetic primitives know about rational numbers; and there is a well-defined
interface between exact and floating point number representations. The Cambridge LISP system
provides a number of character handling facilities, can select and use several input/output streams,
and has a built-in LISP prettyprinter.

Cambridge LISP is a large system that provides a great deal of support for the LISP programmer; it
does not attempt to use the minimal amount of store and it requires at least 512K bytes.

Note that Cambridge LISP does not support functional closures or environments (that is, the
FUNARG device of classical LISP).
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1.2 Definition of Conventions and Terms

Conventions:

In order to distinguish the names of LISP functions from the rest of the text, all functions appear in
bold typeface - like this. However, function names found in examples appear exactly as they are used
and in the same typeface as the rest of the example. Keywords appear in upper case, although you can
type them in either upper or lower case. In some examples the name *foo’ appears, this is a nonsense
name that can be used for any name. You can use this standard non-name yourself when trying things

out.

The following standard abbreviations are used to define syntax:

arg argument.

fe flag - replaced by flags such as t, for nil.

fos function.

fp {loating point number.

lev level - replaced by a number indicating expected level of response.

n number - usually an integer.

var variable.

<> used to surround text describing the type of thing to be inserted rather than
an actual name. That is, (print <function name>) where <function
name > should be replaced by the actual name of the function to be printed.

[1 used to surround anything that is optional.

Terms:

alist an association list or list with each member being a dotted pair. That is,
((a.b)(c.d)..).

arguments things a function has to work with. (See section 4.2 for a full list of argument
types).

atom the smallest data object that can be manipulated in LISP. It can be a
character, any type of number, a string, identifier or compiled function.
Vectors are also called atoms.

bound variable an atom that appears in a function's argument list.
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circular list a list that contains a pointer back to itself.

dotted pair the fundamental non-atomic data object in LISP. A dotted pair has two
components, called car and cdr. The dotted pair whose car is 'a’ and whose
edris'b'is wriften (a . b).

dump that directory to which the function preserve writes the LISP "world".

filenames a name up to 255 characters the format of which is system dependent.

floating point used for representing real numbers (for example, .3333333 or 2.0).

function a named procedure that may be defined and called. It takes arguments as
input and gives a value as output.

garbage collection returning old used cells to free storage.

identifier a named atom, which can have a value and various properties.

image that directory from which the LISP "world" was loaded.

integer fixed point number.

lambda marker atom used in anonymous functions. lambda identifies a piece of
LISP structure as representing a function.

lambdagq behaves like lambda, but identifies functions whose arguments are not to be
evaluated. lambdagq takes the place of the fexpr/fsubr activity found in other
systems.

list groups of atoms surrounded by matching brackets. You can also group lists
together to form further lists. Thus (a), (abc), and ((a) (abc)) are all lists.
Lists are, in fact, dotted pairs (a) being short-hand for (a . nil), and (a b ¢) for
(a.(b.(c.nil)).

macro a function whose output is automatically re-evaluated by the system.

number any type of number, integer, floating point, or rational.

quotes () the quote symbol ' before an s-expression prevents its evaluation. This is
equivalent to quote. A q at the end of certain (but not all) functions implies a
quote symbol, for example, setq for set'.

rational number expressed in the form 1/3, or 6/7.

real represented by floating point number.

s-expression

strings

atoms and lists collectively form s-expressiohs (or symbolic expressions).

" w

characters and spaces enclosed in " " and treated as single atoms.
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unbound variable
or free variable

vectors

an Identifier that is used in a function, but does not appear in the function's
argument list.

ways of grouping s-expressions that are superficially similar to lists. Lists
can have variable numbers of elements and new ones can be added or
deleted. A vector always has a fixed number of elements, which can be
extracted or replaced. Finding, for instance, the 10th element of a vector is
much more efficient than the 10th element of a list. You normally use
vectors to improve the efficiency of parts of programs.
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1.3 Loading LISP

LISP, unlike other languages such as FORTRAN and Pascal, is essentially an interactive language.
Whatever LISP is given it attempts to evaluate and obey. This means that, for most purposes, you
enter and use LISP directly taking input from, and returning a value to, the terminal. For more
complex use, you can enter a program from a file, and return the results to another file, while you are
still in LISP.
To run LISP in a simple fashion, type

lisp
This command loads the LISP system after displaying a short message. After you have loaded LISP,
another message appears giving an indication of the amount of store in use. Then an initial core image
is loaded from the directory image, or if that is not found, from sys:l/lisp/image. Once loaded, LISP
accepts instructions and evaluates them,
To finish using LISP, type

(stop)
or

fin

after which a short message appears, the normal prompt returns, and control goes back to the
operating system command level.

LISP always attempts to take as much space as possible on loading. This means that there is little or
no space at all left for anything else - such as opening files or running another program. To allow for
this, LISP takes two keywords on loading called LEAVE and STORE. LEAVE specifies how much
store should be left after loading; STORE specifies how much store LISP may run in.

lisp LEAVE 100K
means leave 100K for everything else to run in once LISP is loaded.

lisp STORE 400K
means run LISP in 400K. Note that the 'K’ is not essential. It is acceptable to use the following form:

lisp STORE 400000

The keywords FROM and TO govern input and output. Initially, FROM and TO are set to the terminal
(that is, the default input and output). TO directs output to a file; FROM takes input from a file.

lisp FROM <name>
lisp TO <name>

You use the keywords DUMP and IMAGE to name the directory where LISP is to write the present
LISP "world," and the one containing the new LISP "world" that LISP is to load. That is to say, DUMP
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directs the core image and fast load modules generated in the run to a directory by using module and
preserve. IMAGE takes the name of a directory containing the initial core image and fast load
modules. The defaults are the image directory and image. To dump and load your lisp world, you type

lisp DUMP <name>
lisp IMAGE <name>

Note: Cambridge LISP only accepts names up to 255 characters in length. If LISP receives filenames
longer than 255 characters, it truncates them.

A full list of the keywords that the command "lisp' accepts, including all the options, appears in i
Appendix B. |
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1.4 Example Session
This section provides a listing of a very simple Cambridge LISP session. It shows how LISP attempts to

evaluate everything it receives. The session also demonstrates the basic concepts of list processing as
described in this chapter.

> lisp
Cambridge LISP 68000 entered in about 380 Kbytes
Store image was made at 18:15:35 on 23-Apr-85
Lisp version - Ver X image size = 79856 bytes
Started at 15:10:41 on 10-Jul-85 after 27.00

= 55.2% store used
Input: 56
Value: 56

Input: "A string”
Value: "A string"

Input: oranges

error T43: Unset variable oranges
style 5 backtrace follows:

end of backtrace

Input: (set 'fruit '(oranges lemons apples))
Value: (oranges lemons apples)

Input: fruit
Value: (oranges lemons apples)

Input: (car fruit)
Value: oranges

Input: (cdr fruit)
Value: (lemons apples®

Input: (plus 1 3)
Value: 4

Input: (set 'a 15)
Value: 15

Input: (plus a 5)
Value: 20
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Input: (plus a fruit)
error Tl: Bad argument for plus (oranges lemons apples)
style 5 backtrace follows:
plus (being interpreted)
end of backtrace
Input: (set 'flavors '(orange apple
"passion fruit" 123))

Value: (orange apple "passion fruit" 123)

Input: flavors
Value: (orange apple "passion fruit" 123)

Input: (stop)

The LISP session starts with the simple command:
>lisp

which invokes a short message from the system followed by the prompt:

Input:
After the atom 56 was entered, LISP returned the corresponding value:

value: 56
The string "A string" also returns the same value as itself. However, the third example returns an
error because the input 'oranges’ was treated as an unset variable. The error then gave rise to a code
number, message, and backtrace.
The fourth input shows how you can set a variable to contain a value - in this case a list. Simply typing
the name of this variable causes LISP to display its value. Since the value is a list, (car fruit) is the first
element and (edr fruit) is all the rest.
The next example demonstrates a very simple evaluation of the arithmetic function plus on the atoms
1 and 3. The following input shows how you can set a variable with a numerical value and the next
shows how you can use this value in a subsequent calculation. The next input shows how the mixing of
symbolic and numerical variables is nonsensical when you use an arithmetic function.
The following two inputs show how lists can contain words, strings, and numbers.
The final input gets you out of the session:

Input: (stop)

This is the correct method of signing off, lazy users often finish with the end-of-file marker fin.
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2.1 Character Set

In Cambrige LISP, as in most languages, certain characters have special properties associated with
them. However, you can change them with the setsyntax function, although this is not recommended
for anyone who is not an expert to try. The character types and their properties are as follows:

break-character causes the character to terminate identifiers.
digit initially applies to 0.. .9
escape causes the character to force any character following it to be treated as a

letter. This is useful for including special characters in names, for
example, O!'Donnell (without the escape marker !, ' would be treated as

quote).
ignore causes a character to be ignored.
letter initially appliestoa...z. A.. .Z
macro causes a function to be associated with a character. This is called (with no

arguments) whenever the character is encountered in the input. The
result returned by this function becomes an element of the list being read.
This is the same as read-macro.

may-start-number causes a character to be accepted before a number without being
evaluated or returning an error.

splice as macro except tha the function returns a list of items to be included in
the list being read. This is the same as splice-read-macro.

upper-case initially applies to A. . .Z

Characters that initially have special input properties are as follows:

break-character $eol$, $13, blank, tab, $eofP (){#$%&=-"""N]+;,*:0%
digit 0123456789
. eacape !
Ignore $eol$, $11%, blank, tab
lettor abcdefghijklmnopqrstuvwxyz ABCOEFGHIJKLMNOPQRSTUVWXYZ
~ Mmay-start-number +-.
Uppor-case ABCDEFGHIJKLMNOPQRSTUVWXYZ
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To force strange characters to be treated as letters, you prefix them with the escape character !. For
instance, as in the following example, you must type a ! before a minus sign.

(set 'a '(!1-1 0 1))

The following characters also need to be prefixed in this way unless you first make them into a letter:
\N*s<>[1+-4;:2/]&s"",

The following have special meaning when not prefixed:
ey (3.

All input should be in lower case (that is, a . . . z). However, you can make Cambridge LISP ignore case

(which is useful if you want to convert a program from another Lisp). To do this, you set the flag *lower
to true by typing

(set '"!*lower t)

Note the use of the escape prefix before the character *. LISP accepts both upper and lower case letters
interchangeably after you set *lower.

The break character % instructs LISP to ignore anything that follows. This is useful because it means
that you can use % to initiate a comment. Here is an example of % introducing a comment.

$setting var 'fruit'
(set 'fruit '(oranges "passion fruit"))

For backquote macros, you use the characters ° (backquote), , (comma), and @ (at).

To type in vectors, you use the character [.
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2.2 Language Elements
Every LISP datum is either a dotted pair (so that you can apply car and edr), or an atom (so that car
and cdr give errors if you try to apply them). Various special structures built up from dotted pairs have
special uses.
association lists (alists)
((al . vl) (a2 . v2)..... )
lists
((a . (b. (¢ . nil)))
property lists (plists)
(flagl (al . vl) (a2 . v2) flag2....)
Every identifier has a property list that you access with the function plist. For example,
(plist 'lpar)
might return
((pp!-char . 40) constant global)
where the number it returns is an internally used global number. Note that (2.1) is a list of one

element, the floating point number 2.1, whereas (2 . 1) is a dotted pair, whose car is 2 and whose cdr
is 1.
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Atoms can be

complied programs tested by the predicate codep

identifiers tested by the predicate idp

numbers tested by the predicate numberp. (You can discriminate among
different types of numbers with fixp, floatp, rationalp, and smallp)

strings tested by the predicate stringp

vectors tested by the predicate vectorp

Uncompiled functions take the form, for example,

(lambda (x) (plus x 1))
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2.3 Evaluating S-Expressions

The example session at the end of Chapter 1, Introduction to Cambridge LISP 68000, demonstrates
how Cambridge LISP evaluates simple atoms and lists. It covers the following: returning a value for an
atom or string, setting variables, and carrying out the arithmetic function plus. This section attempts
to take you a bit further by describing the particular features of Cambridge LISP concerning the
definition and evaluation of functions.

Defining Functions

You can define a function in Cambridge LISP by using (de ...) or (df ...). The syntax for de is as follows:
(de <function name> <argument list> <body>)

For example,
(de mycons (a b) (cons a b))

where ‘mycons' is the function name to be defined, a b the arguments, and (cons a b) the body or action
of the function. Note that de is a special form that does not require you to put quote marks in front of its
arguments.

As well as functions that have their arguments spread out, you can define functions that expect an
evaluated list. These are sometimes known as lexprs. In Cambridge LISP they are defined, for
example, by

(de myfunc arglist
(mapcar arglist (function print)))

Note that de automatically invokes the compiler if you set the global flag *comp to non-nil. (See
Section 3.2, The LISP Compiler, for a description of the compiler.) df is just like de, except that the
function defined does not have its arguments evaluated. For example, you could define de by typing the
following:

(df de (name args body)
(set name (list 'lambda args body))
(cond
(!*comp (compile (list name))))
name)

Remember that you must prefix *comp with the escape ! (! introduces any unusual character, such as
*). As with de, Cambridge LISP allows you to define functions that take a list of unevaluated
arguments with df.

(df mylffun arglist
<body>)

de expects its arguments to be evaluated, this is known as being of type EVAL; df takes unevaluated
arguments, this is known as type NOEVAL. Functions can also be of type SPREAD or NOSPREAD. A
BPREAD function can be defined as follows:
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(de foo (X...))

if evaluated, and

(df foo (x...))

if unevaluated. A NOSPREAD version of foo can be defined as follows:
(de £00 xX...)

if evaluated, and
(df foo x...)

if unevaluated. That is to say, NOSPREAD functions receive their arguments as a single list, while
SPREAD functions receive their arguments in a one to one relationship with their argument list.

EVAL NOEVAL

I l
SPREAD | (de foo (X...)) | (df foo (%x...))

i D =

NOSPREAD| (de foo x...) | (df foo x...)

Table 2-A: Function Types

These forms of de and df are similar to certain constructions found in other Lisps which use the words
lexpr, fexpr, and expr. Following the same format as Table 2-A, Table 2-B indicates the constructs that
apply to the four 'foo' functions described above.

——— —————————— — -

lexpr | fexpr

Table 2-B: LISP Constructs

As well as functions there are macros. In macros, LISP evaluates the body to give a form that it can
then evaluate. The arguments to a macro can be either SPREAD or NOSPREAD, but in both cases the
name of the macro is not available (that is, arglist would be (abe¢) in the call (macconsabc)). The
following macro definition:

(dm maccons arglist
(list 'cons (car arglist) (maccons (cdr arglist))))

defines a function that is similar to list.
As well as dm, Cambridge LISP has another method of defining a macro - dmm. dmm is identical to the

macro definition function found in MACLISP. Cambridge LISP has this function to help you transfer
your programs from other Lisps. In MACLISP, you define a macro using this syntax:
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(DEFUN <function name > MACRO (<single parameter >) <body>)

In Cambridge LISP, you omit the DEFUN and MACRO and use dmm instead; otherwise, the macro
definition is similar to the MACLISP form.

Whenever you redefine an existing function with de, df, dm, or dmm, LISP displays the following
warning message:

**% <function name> redefined

LISP is very flexible in that it allows you to redefine existing names. An existing name might be one
you previously defined, or one known to the system. It is obviously dangerous to redefine those names
that LISP uses internally and so a list of these 'reserved words' appears in Appendix F.

Although some other LISP systems use constructions built around the word fexpr to achieve the effect
of df, fexpr is not part of Cambridge LISP. A bound variable list that is, in fact, a single (non-nil) atom
is treated specially by both lambda and lambdaq. The variable gets bound to the complete list of
arguments given to the function, and there is no check or constraint on how many arguments are
given. This makes it reasonably easy to define functions, like list and plus, that can cope with any
number of arguments.

Evaluation of Functions

When you give LISP something to evaluate, it has to decide what to do with it. The Cambridge system
works in the following way:

a) ifthe 'function part'is a list of the form (lambda ...) or (lambdagq ...), or if it is the entry-point of a
piece of compiled program, LISP processes it directly

b)  otherwise, LISP replaces the function part with its value and goes back to step (a).
LISP repeatedly evaluates functions until they make sense. All LISP built-in functions are just
variables that have been given initial values that are the entry-points of the corresponding pieces of
code. It is an error to try to apply an expression that does not turn into a recognizable function when
evaluated enough times - LISP can detect this in most simple cases, but can be put in a loop sometimes.

Note: An evaluation loop as described above has just the same status as a loop of the form XX (go XX):
it is a user error and NOT a failure in the LISP system.

Some other LISP systems only evaluate function parts once, or perhaps twice before demanding that a
recognizable form has been reached. For example, in Cambridge LISP, although it traps an attempt to
use the function 'a' after

(setqg a 'a)
as being a simple circular definition,

(setq a '(a a))

sets up an infinite loop when you use the function 'a’

Cambridge LISP uses the symbol lambdaq when 2 function must avoid evaluating its arguments too
soon. The use of lambdaq is just like that of lambda, except that it inhibits the evaluation of its
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arguments. Therefore, you can redefine the (built-in) function quote without disturbing the system by
typing

(setq quote '(lambdag (a) a))

To get things explicitly evaluated, you can call eval within the body of a function introduced in this
way.

Note that the previous use of setq to introduce a special form is not recommended, in that the LISP
compiler requires all special forms to be flagged as such, so really an extra

(flag '(quote) ‘fexpr)

would be needed. If you define functions using putd, de, and df, LISP automatically takes care of this
technical point.

The Cambridge LISP interpreter implements the 'implied progn’ feature of many LISP systems, where
you can omit the function progn (used to group LISP statements) in nearly all circumstances. If you
give a function too few arguments, then LISP supplies additional arguments of nil. If you give too
many arguments, then LISP ignores excess arguments after it has evaluated them (that is, in the case
of EVAL functions). For example, using progn, you could type

Input: (de test()
(progn

(print 'This)
(print 'is)
(print 'a)

(print 'test)

)

)
value: test

Input: (test)
This

is

a

test

Value: test

and without progn

Input: (de test()
{(print 'This)

{print 'is)
{print 'a)
(print 'test)
)

*x* tegt redefined
Value: test

Input: (test)
This
is
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a
test
Value: test

This can then be compiled and run:

Input: (compile '(test)
)

** 64 bytes 60 msecs compiling test
Value: (test)

Input: (test)
This

is

a

test

Value: test
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2.4 Arithmetic, Logical, and Elementary Functions

In Cambridge LISP integers can grow to be any size (up to store limits). Rational numbers can have
arbitrary numerators and denominators. Floating point numbers are single-precision in IEEE format.
(rational fp) calculates that rational number corresponding to the interpretation of the fp number as a
certain integer multiplied by a power of 2.

There are faster versions of the arithmetic routines, ones that only work on smallish numbers, which
all start with the letter i, for example, iplus. These allow numbers to be in the range -2**24 to 2%*24
(yes, 25 bits including the sign). (Note that smallp checks if a number is "smallish"). In compiled code
most of these are turned into open code which goes much faster than normal LISP arithmetic but which
does not check for valid arguments or overflow. These are normally only used in time-critical compiled
code.

Arithmetic functions
Function Description
difference subtract two args
divide value is cons of quotient and remainder
expt raise to a power (incl. floating point)
minus negate one thing
plus add any number of args
quotient Jtruncate if given integer args
remainder )
rational exact rational quotient
or convert to rational form

sqrt floating point function
times multiply any number of args

Predicates on numbers
Predicate Description
fixp true if arg is an integer
floatp true ifargisfp.
greaterp test >
lessp test <
eqn test = (numerical equality, for example, 1=1.0)
equal test = (exact equality only, but 1=1.0)

Table 2-C: Arithmetic Functions, Numeric Predicates, and Logical Operations
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Logical operations
Operation Dess:ription
leftshift UV U is shifted left by V spaces
logand U1 U2 ... logical and of all its arguments
logand2 UV as logand but taking only two arguments
logor U1 U2 ... logical or
logor?2 as logor see logand2
logxor U1U2... logical exclusive or
logxor2 as logxor see logand2
setdiff UV set difference (U - V)
union UV set union (U + V)
xnUV set intersection (U . V)

(continuation of Table 2-C)

Cambridge LISP assumes logical numbers to be 24-bit; if they are not, it takes the bottom 24-bits of
internal representation. This feature can provoke some strange results if you use very big numbers.
For instance, logand, logor, and logxor do 24-bit boolean operations on small integers. If you give these
functions a big number, they first reduce the number modulo 2**24. leftshift shifts a 24 bit integer left
(or right if second arg is negative) a specified number of places. leftshift keeps within 24 bits, though,
and it is not a general multiply routine for powers of 2. As described above, there are faster versions
that only work on small integers: ileftshift, ilogor, ilogxor, ete.

The following elementary functions are all floating point:

sin cos exp log
logl10 tan cot atan

Table 2-D: Elementary Functions
Examples:

Input: (rational 1 3)
Value: (1/3)

and
Input: (float 3)
Value: 3.0

Input: (float (rational 1 3))
Value: 0.3333333
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2.5 Input and Output

Input and output in LISP is based on the idea of selectable streams. You can select these streams when
you load LISP by using the keywords FROM and TO. (For further details on the use of these keywords,
see Section 1.3 Loading LISP.) At the start of a run, the stream you specify with the keyword FROM is
open and selected for input (the default input is the keyboard of your terminal) and TO is open and
selected for output (the default output is the screen of your terminal). Thus, you type input in directly
to the terminal and, similarly, all values appear on the terminal screen.

One common occasion when you should change the default streams is when you run a LISP program.
Usually you run LISP interactively: you type the instructions at the terminal and the values return
directly to your screen. But what if the program is large, or if the code exists in a file on disk? In fact,
you can still run LISP interactively. All that you need to do is to use the function rdf. This function
takes one or two arguments: the first argument to rdf indicates the file you want to read from; the
second argument indicates the file you want to write to. If you only give one argument name, then rdf
assumes the TO to be the terminal (that is, the default). Note that, as you refer to the files from within
LISP, the rules governing the prefixing of strange characters are in force. Also, LISP only accepts
filenames of up to 255 characters in length (excluding any escape characters); ones longer than this are
truncated.

Here is the syntéx you use for rdf:

(rdf ‘'<filename> ['<filename>])
For example,

(rdf 'my!-test)
attempts to locate a file with the name "'my!-test’ in the current directory. If you can open the file, you
can read in and execute the code stored there. In the example, as no second filename is quoted, the
results return to the terminal. After the code in the file is executed, control returns to the state it was

before you ran the program (that is, LISP is still running and interactive use can continue).

You should end each file of code with the end-of-file marker fin. It is usually a good idea to add a
number of extra closing brackets as well, for example,

Ein))NNNNNIMININN)

If you forget fin, the system stops at the end of the file, but it also gives a warning message to that
effect.

To change the stream selection temporarily and return to using interactive LISP, you use rdf from
inside LISP. rdf, however, expects the contents of the file to be in LISP code. Entering data requires the
use of the more sopisticated form of stream selection described below.

Apart from using the read-file rdf, you can also select streams with the read-stream rds and
write-stream wrs. However, before you can select another stream using these commands, you must
first open the stream for input or output.

To open a stream for input, you use the following syntax:
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(open ‘'<filename> 'input)
To open a stream for output, you use the following syntax:
(open '<filename> 'output)

Note that a stream must be open before you can select it. The second argument to open specifies
whether it is read to, or written from.

After you have specifically selected and used a stream, you should close it. To close a stream, you use
the following syntax:

(close '<filename>)

Once you have opened a stream, you can select it. To select a stream to be written to, you use the
following syntax:

(wrs '<filename>)

To select a stream to be read from, you use the following syntax:
(rds ‘'<filename>)

To un-select the output stream and return to the terminal, type
(wrs nil)

To un-select the input stream and return to the terminal, type
(rds nil)

Although it is easiest to access files from within the current directory, you can also open a file within
another directory using the following format:

(open '(<dirname> '<filename>) ‘'input)

Each directory name and filename can be up to a maximum of 255 characters. (Of course, if you give
each name 255 characters, you can build a full name of directories, subdirectories, and files that is as
long as you like.)

rds and wrs alter all input and output (with the possible exception of diagnostics which should always
appear on the terminal). In particular, both rds and wrs fail to keep the data to be read in, and the LISP
statements for execution, apart from each other.

The stream that you select for output need not necessarily be either a file or directory name; a device

name is equally acceptable in certain circumstances. For instance, if you wanted to send output to the
printer, you could type
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(open 'prtl: 'output)
(wrs ‘'prti:)
(close 'prt!:)

If you change the TO stream from the default (the terminal) to the printer, it is essential that you leave
the printer enough room in which to work. To do this, you use the keyword LEAVE when you load
LISP.

lisp LEAVE 100K

As soon as you use rds, LISP stops listening to the terminal and reads from the named file. It continues
to read from the file until it meets either another rds or an end-of-file. On finding an end-of-file (either
explicitly with fin or implicitly by exhausting the data or code in the file), control passes back to the
primary state - in most cases the system control level and not interactive LISP. One common use of rds
and wrs is inside programs, for example, to read in data.

Output

There are four printing styles available in LISP. The names of the printing functions that make up
these four styles are specific to Cambridge LISP; other Lisps tend to refer to the different sorts of print
by a numerical suffix. The first of these styles produces output that you can read back into LISP at a
later stage, as described above. This style prints strings with " marks around them and prefixes any
unusual characters in atoms with escape marks (that is, with ). To specify this print style, you can use
the following:

Function Description

prin prints an atom or list (and does nothing else)

print as prin but then ends the print line

printm as print but it attempts to leave a left margin when an expression takes

many lines to print.

The next set of routines print in a way that is useful when the program is trying to produce
non-LISP-like output: they just print the characters of atoms and strings without any extra markers.

Function Description

prine basie print routine

princs as princ but starts new line if not 2 beginning
printc as princ followed by call to terpri

printcm as printe but leaves a left margin of specified width.

Sometimes you may find it useful to produce circular structures. The previous print styles go into an
infinite loop if you ask them to print such a list. The following family, however, is safe

Function Description

prinl basic print for looped structure
printl as prinl terminated by a terpri
princl as prinl with no escapes
printcl as princl with terpri.
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You use the last style of printing for displaying LISP programs, as they provide a consistent style of
indentation.

Function Description

superprint print with indentation

superprintm as superprint but with a left margin
prettyprint similar to superprint (see below).

For explicit control of page layout, you can use the following functions:

Function Description

terpri end a record (with a newline)

eject as terpri but prints 'end-of-page’, if available
linelength set the logical width of paper that print can use
spaces synonym for xtab

ttab tab to specified column

xtab tab by a given number of columns.

Input

The read routines are as follows:

Function Description

readch get next character

read get next s-expression or atom.

readq read quiet - like read but with no echo
readchq readch quiet - like readch but with no echo.

Characters obtained by calls to readch can be classified by:

Function Description

digit isit0,1,2,3,4,5,6,7,8 or 9?

liter isitA,B,...,Z,a,b,...,2?

breakp detects blank, comma, brackets, etc. The exact definition depends on the
results of setsyntax.

Characters can be packed in a buffer and then assembled into complete atoms. Buffer-handling
routines are as follows:

Function Description

clearbuff clear the buffer (must be called first)
pack puts characters in the buffer
mkatom convert buffer contents to an atom
numob convert buffer contents to a number
mkstring converts buffer into a string.
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numob is not happy if the buffer contents are anything other than a sensible string of digits, possibly
with a leading sign. You must not call pack before you have used clearbuff to set things to a standard
initial state. read, either called explicitly by you or called by the system to read in some more LISP
code, destroys the buffer contents. You should, therefore, only call pack, ete., from within a nest of
routines that both starts and finishes the atom assembly process.
explode takes any argument and returns a list of characters. The characters are similar to those prin
would produce if you gave it the same list or atom as an argument. In particular, explode converts
numbers into characters.
Two special print functions can be confused - superprint and prettyprint. Both superprint and
prettyprint print with indentation. The difference lies in where they start. prettyprint is exactly the
same as superprint, except that it starts at the position on the page that the last print command left the
cursor. prettyprint is roughly defined as follows:

(de prettyprint (x) (superprintm x (posn)))
whereas superprint is defined as:

(de superprint (x) (superprintm x 0))
For example,

{progn (princ "ABCDEFG")
(prettyprint '(("AB") (“CD") ("EF"))))

produces
ABCDEFG (("AB") ("CD") ("EF"))
but

(progn (princ "ABCDEFG")
(superprint '(("aB") ("CD") ("EF"))))

produces

ABCDEFG
((“AB“) (llCD") (“EF"))
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2.6 Error Handling

LISP attempts to return full detailed error messages whenever anything unexpected happens. The
normal error message consists of a line containing an error number and a textual message
corresponding to it. After the error message, LISP returns a full backtrace showing the functions
called prior to the error and any arguments passed. The backtrace can be extremely verbose,
especially in cases of runaway recursion; however, you can cancel the backtrace output by typing
CTRL-C. You can also alter the action of the LISP error handler by using the function backgag. The
function backgag takes a number in the range 0 to 9 and alters the amount of information produced
after an error. Specifying 0 or nil gives no notification of errors at all; 1 just gives the error message,
but no backtrace; other values up to the default of 5 give increasing amounts of information. Values
greater than 5 give more information than is usually necessary and can even lead to greater confusion.

A more sophisticated error handling mechanism is possible if you use the function errorset. This
function allows a LISP program to keep control over things even when it is failing, bug-ridden, or
otherwise unhappy. It also allows you to handle errors in different ways in different parts of a LISP
program. For example,

(errorset x £q)

evaluates x and returns (cons <value of x> nil) normally. If an error occurs during the evaluation of
X, control returns to errorset and the value returned is atomic. In fact the value is a numeric code
identifying the sort of error involved. To provide recovery from syntax errors and the like, you can
wrap errorset round read routines. You can use errorset round print routines so that calculation can
keep going even if some intermediate results cannot be printed in full and so you can use it to give the
effect of backtracking. The value specified as fg is a number in the range 0 to 5. This number controls
the amount of information produced about the error in the same way as the argument passed to
backgag above. Notice, in particular, that a call specifying fg as nil suppresses the error message
entirely. errorset cannot trap fatal conditions like 'bus error’.

Here is an example of the use of errorset:
(errorset '(car 'a) nil)

Value: 24

If you look in the error table, you can find the meaning of the value that errorset returns. For instance,
if you look up 24 (that is, the value in the example), you find that the error results from an attempt to
get the car of an atom.
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2.7 Catch and Throw

The functions catch and throw provide a general control structure. You only use the two functions in
conjunction; a call to throw causes a non-local transfer of control to an earlier call of catch. Multiple
uses of the functions are possible as throw jumps to a catch that vou have svecified with the same tag
value. For example,

(de test() (plus 2 (throw x 99)}))

Value: test

defines a function 'test’. Although this contains a call to 'plus,' the throw causes a non-local jump out of
the evaluation of 'plus' and directly into a preceding call to catch with the same tag 'x'.

catch takes an expression as the second argument which is evaluated normally. If catch encounters a
throw, it leaves off the evaluation of the argument as throw causes a change of control. Thus

(catch x (plus 2 3))
Value: 5
simply evaluates the given expression. However, a call of the form
(catch x (plus 7 (test)))
Value: 99

returns the value specified in the throw and ignores the partially evaluated calls to "plus’.

2-18




Cambridge LISP 68000 Programming

2.8AVL

The term AVL comes from the initial letters of the two Russian scientists G.M. Adel'son-Vel'skii and
E.M. Landis who designed an elegant algorithm for a balanced tree structure now known as an AVL
tree. This structure is most useful as an efficient method for internal storage.

Balanced trees are those where the number of nodes on each branch are either equal, or +1 or -1 of
each other and hence have the minimum number of levels. The following figure provides a diagramatic
representation of a tree.

Figure 2-A: Tree Structure
However, the tree in Figure 2-A balances at C, but not at B; therefore, Figure 2-A is not an AVL tree.

An AVL tree represents sorted data as interlinked nodes. Each new entry that is inserted creates a
new level. If many new items are added the tree could become unbalanced by increasing the length of
the search path. However, the AVL tree includes certain factors that enable re-balancing when new
elements are added. To print the tree in sorted order the Amiga follows the AVL algorithm. The AVL
tree module therefore provides an efficient balanced tree lookup and deletion which is used in the
printing of circular lists. (See Section 4.3 for printl, prinl, printcl as well as functions starting with
avl-).

Examples:

Input: (setq fred nil)
Value: nil

Input: (setq fred (avl!-add 67 fred))
Value: ((67) nil)

Input: (setq fred (avl!-add 65 fred 'lessp))
Value: {(67) ((65) nil))
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2.9 Object List

You can check all the available functions by looking at the object list. LISP keeps the names of all
identifiers - and hence all functions - that it knows about in its object Iist. This list is externally
represented as a lexagraphically ordered list. The function oblist, which does not need any arguments,
returns a list of all items held in this structure. It is thus a sort of index to the collection of available
functions. As the object list is usually very long, it is a good idea to send it to the printer instead of the
terminal. You can then study the contents of the list at leisure. To obtain a printed copy of the object

list, type

lisp leave 100k

(open 'prt!: ‘'output)

(wrs ‘'prtil:)

(print oblist)

(close 'prt!:)
Note: In Cambridge LISP the object list has an internal structure that is made up of a collection of
balanced trees. This structure is efficient, but it means that you cannot use certain operations on it
(see the function oblist in Section 4.3 in Chapter 4, Functions and Variables).
LISP does not usually allow you to apply the same name to more than one thing, because it looks up the
name in the oblist and comments if you have re-used a name. You can, however, remove a name from
the oblist so that no one else can find the corresponding function. The name then becomes free and can
be defined. To remove a name from the oblist so that you can redefine it, you use remob. Nevertheless,
any pointers that existed before you used remob remain. So that, if you remob fred, the function 'foo',

which still contains a call to 'fred’, continues to carry out the original action of 'fred’ even if you have
redefined the name 'fred'.

To create a unique identifier that is not interned on the oblist, and hence not eq to anything, you use
the function gensym. These are probably of most use to experts!

2-20




Chapter 3: System components

3.1 The Top Level of Control

Supervisor and Interpreter

The LISP supervisor controls the process of reading and executing LISP programs. This is part of the
top level of control.

The normal way of talking to Cambridge LISP is known as eval mode, in contrasttothe evalquote
mode described in the LISP 1.5 manual. However, you can make Cambridge LISP simulate the older
evalquote scheme. So, if you have existing programs, you can make use of them directly by redefining
the initial supervisor. For more details, see the function preserve in Chapter 4, Functions and
Variables. In eval mode, you give LISP a sequence of expressions to evaluate and obey. This sequence
ends with an occurrence of the word fin. Note that LISP evaluates expressions in exactly the way it
would process them if they appeared within a LISP function, and so, in particular, literal data needs
quote marks. Thus

(cons 'a 'b)

evaluates to a list containing the atoms a and b - indicated in this manual by the syntax (a.b).
However,

(cons a b)
conses together whatever the values of the (global) variables a and bare. For example, with quotes

(cons 'a 'b)

Value: (a . b)
and without

(setq a '(oranges))

Value: (oranges)

(setg b '(pears))

Value: (pears)

(cons a b)

Value: ((oranges) pears)

The LISP supervisor displays various amounts of information as it executes a program. The options
available for controlling this output are as follows:

(prarg lev) sets echo level for input to level =lev: lev=0 no printing, lev=1 no printing,
but prompt given; lev=2 prettyprint.
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(prval lev) sets format for printing result of evaluation: lev=0 no message; lev=1 print
(default); lev=2 uses princ; lev=3 superprint.

(prmsg lev) lev=0no messages; lev=1"INPUT:'and '"Value:".
(verbos lev) lev=0 quiet; lev=1 message at each garbage collection.
(outradix n) sets the radix for printing of numbers to be n. The only legal values of n are

2,8,10,and 16.
When you load Cambridge LISP, it gives the prompts
Input:
and
Value:
To change the value of these prompts, you can alter the value of prompt* and value*. For example:
(setq prompt!* "?2")
(setq value!* "=")

To remove all prompts, type

(prmsg 0)
and to return them, type
(prmsg 1)

Although Cambridge LISP initially requires all input to be in lower case, you can make LISP equate
all cases by setting the flag *lower to true. To do this, type

(setqg !*lower t)

Cambridge LISP 68000 is a value cell system. This means that for each identifier in any LISP
program, LISP uses a single word to hold the current value of that variable. When variables are bound
or unbound, LISP updates the contents on the value cell as appropriate. This scheme has the
advantage of being efficient and lends itself to graceful error recovery. It does, however, mean that it
is hard, if not impossible, to provide a function closure mechanism such as in LISP systems based on
association lists. So far as a casual user is concerned, the visible manifestations of a value cell LISP
implementation are as follows:

a) A name can only be associated with one value at once. If you try to use a local variable called
car, you cannot get at the built-in function car while within the scope of your local variable.

b) Function definition and cset are just variants of set. If you assign to a name not bound as a local
variable somewhere, LISP stores your assigned value globally.

¢) Functions used as functional arguments should not reference free variables. This rule can be
relaxed if you understand the technicalities and possible consequences of not keeping to it.
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Saving a Core Image

If you develop a large program, you may find it useful to dump the state of LISP to a disk file and tnen
pick it up again in a later run. To dump the state of LISP to disk, you use the function called preserve.
For example, type

(preserve)

This function writes a core-image to the file with the name LISPROOT in the DUMP (or IMAGE)
directory. LISP stops after it has executed preserve, even if you have embedded the call to preserve
deep in some other functions. On restart, LISP loses all information about what was happening when
you called preserve. preserve writes to members LISPROOT and LISPERRS, together with any other
members defined by the FASL facility. If IMAGE and DUMP are the same, then preserve renames the
previous LISPROOT as BACKROOT before dumping the core. You can only load core images at the
very start of a LISP run. On entry to LISP, the parameter IMAGE specifies the directory containing
the core image to be loaded. For example,

LISP IMAGE=SYS:L/LISP/IMAGE DUMP=SAVEDIR

e o o

(preserve)
dumps a core image to the directory SAVEDIR, and

LISP IMAGE=SAVEDIR

reloads it and continues with the computation. If pre