FUNCTION DEFINITION, MANIPULATION AND EVALUATION

Medley is designed to help you define and debug functions. Developing an applications program
with Medley involves defining a number of functions in terms of the system primitives and other
user-defined functions. Once defined, your functions may be used exactly like Interlisp primitive
functions, so the programming process can be viewed as extending the Interlisp language to include
the required functionality.

A function’s definition specifies if the function has a fixed or variable number of arguments, whether
these arguments are evaluated or not, the function argument names, and a series of forms which
define the behavior of the function. For example:

(LAMBDA (X Y) (PRINT X) (PRINT Y))

This function has two evaluated arguments, x and v, and it will execute (erint x) and (erint v) when
evaluated. Other types of function definitions are described below.

A function is defined by putting an expr definition in the function definition cell of a symbol. There
are a number of functions for accessing and setting function definition cells, but one usually defines a
function with perneo (see the Defining Functions section below). For example:

_ (DEFINEQ (FOO (LAMBDA (X Y) (PRINT X) (PRINT Y)))) (FOO)

The expression above will define the function roo to have the expr definition (tawepa x v) (eRINT x)
(erINT v)). After being defined, this function may be evaluated just like any system function:
_ (FOO 3 (IPLUS 3 4))
3

7
7

Not all function definition cells contain expr definitions. The compiler (see the first page of Chapter
18) translates expr definitions into compiled code objects, which execute much faster. Interlisp
provides a number of “function type functions” which determine how a given function is defined, the
number and names of function arguments, etc. See the Function Type Functions section below.

Usually, functions are evaluated automatically when they appear within another function or when
typed into Interlisp. However, sometimes it is useful to envoke the Interlisp interpreter explicitly to
apply a given “functional argument” to some data. There are a number of functions which will apply
a given function repeatedly. For example, uarcar will apply a function (or an expr definition) to all of
the elements of a list, and return the values returned by the function:
_ (MAPCAR " (1 2 3 4 5) ' (LAMBDA (X) (ITIMES X X))
(1 4 9 16 25)

When using functional arguments, there are a number of problems which can arise, related to
accessing free variables from within a function argument. Many times these problems can be solved
using the function runcrron to create a runarc object.

The macro facility provides another way of specifying the behavior of a function (see the Macros
section below). Macros are very useful when developing code which should run very quickly, which
should be compiled differently than when it is interpreted, or which should run differently in
different implementations of Interlisp.

Function Types

Interlisp functions are defined using list expressions called “expr definitions.” An expr definition is a

list of the form (LAMBDA-WORD ARG-LIST FORM; ... FORM,. LAMBDA-WORD determines whether 10-1
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the arguments to this function will be evaluated or not. ARG-LIST determines the number and
names of arguments. FORM; ... FORM,are a series of forms to be evaluated after the arguments are
bound to the local variables in ARG-LIST.

If LAMBDA-WORD is the symbol ramepa, then the arguments to the function are evaluated. If LAMBDA-
WORD is the symbol sravepa, then the arguments to the function are not evaluated. Functions which
evaluate or don’t evaluate their arguments are therefore known as “lambda” or “nlambda” functions,
respectively.

If ARG-LIST is n1v or a list of symbols, this indicates a function with a fixed number of arguments.
Each symbol is the name of an argument for the function defined by this expression. The process of
binding these symbols to the individual arguments is called “spreading” the arguments, and the
function is called a “spread” function. If the argument list is any symbol other than w1z, this
indicates a function with a variable number of arguments, known as a “nospread” function.

If ARG-LIST is anything other than a symbol or a list of symbols, such as (uavepa "roo" ...), attempting
to use this expr definition will generate an arg not symoo1 error. In addition, if 1z or r is used as an
argument name, the error attempt to bind NIL or T iS generated.

These two parameters (lambda/nlambda and spread/nospread) may be specified independently, so
there are four nain function types, known as lambda-spread, nlanbda-spread, lanbda-nospread, and
nlambda-nospread functions. Each one has a different form and is used for a different purpose.
These four function types are described more fully below.

For lambda-spread, lanbda-nospread, or nlambda-spread functions, there is an upper limit to the
number of arguments that a function can have, based on the number of arguments that can be stored
on the stack on any one function call. Currently, the limit is 80 arguments. If a function is called with
more than that many arguments, the error roo many arguments occurs. However, nlambda-nospread
functions can be called with an arbitrary number of arguments, since the arguments are not
individually saved on the stack.

Lambda-Spread Functions

Lambda-spread functions take a fixed number of evaluated arguments. This is the most common
function type. A lambda-spread expr definition has the form:
(tamepa  (ARG; ... ARG, FORM; ... FORM,

The argument list (ARG, ... ARG, is a list of symbols that gives the number and names of the
formal arguments to the function. If the argument list is ( ) or w1z, this indicates that the function
takes no arguments. When a lambda-spread function is applied to some arguments, the arguments
are evaluated, and bound to the local variables ARG, ... ARG, Then, FORM, ... FORM, are
evaluated in order, and the value of the function is the value of FORM,.

_ (DEFINEQ (FOO (LAMBDA (X Y) (LIST X Y))))
(FOO)

_ (FOO 99 (PLUS 3 4))
(99 7)
In the above example, the function roo defined by (uavepa x v) (u1sT x ¥v)) is applied to the arguments
99 and (erus 3 4). These arguments are evaluated (giving ¢9 and 7), the local variable x is bound to 99
and v to 7, (ust x v) is evaluated, returning (ss 7), and this is returned as the value of the function.

A standard feature of the Interlisp system is that no error occurs if a spread function is called with too
many or too few arguments. If a function is called with too many argumnents, the extra arguments
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are evaluated but ignored. If a function is called with too few arguments, the unsupplied ones will be
delivered as n1r. In fact, a spread function cannot distinguish between being given n1z as an argument,
and not being given that argument, e.g., roo) and (roo n11) are exactly the same for spread functions.
If it is necessary to distinguish between these two cases, use an nlambda function and explicitly
evaluate the arguments with the evai function.

Nlambda-Spread Functions

Nlambda-spread functions take a fixed number of unevaluated arguments. An nlambda-spread expr
definition has the form:

(vameoa  (ARG; ... ARG, FORM; ... FORM,

Nlambda-spread functions are evaluated similarly to lanbda-spread functions, except that the
arguments are not evaluated before being bound to the variables ARG, ... ARG,

_ (DEFINEQ (FOO (NLAMBDA (X Y) (LIST X Y))))
(FOO)

_ (FOO 99 (PLUS 3 4))
(99 (PLUS 3 4))
In the above example, the function roo defined by (iavea x v) (st x v)) is applied to the arguments
99 and (erus 3 4). These arguments are unevaluated to x and v.  w1st x v) is evaluated, returning (9
eLus 3 4)), and this is returned as the value of the function.

Functions can be defined so that all of their arguments are evaluated (lambda functions) or none are
evaluated (nlambda functions). If it is desirable to write a function which only evaluates some of its
arguments (e.g., ser), the functions should be defined as an nlambda, with some arguments explicitly
evaluated using the function evar. If this is done, the user should put the symbol evar on the property
list of the function under the property mro. This informs various system packages, such as DWIM,
CLISP, and Masterscope, that this function in fact does evaluate its arguments, even though it is an
nlambda.

Warning: A frequent problem that occurs when evaluating arguments to nlambda functions with evar
is that the form being evaluated may reference variables that are not accessible within the nlambda
function. This is usually not a problem when interpreting code, but when the code is compiled, the
values of “local” variables may not be accessible on the stack (see Chapter 18). The system nlambda
functions that evaluate their arguments (such as seto) are expanded in-line by the compiler, so this is
not a problem. Using the macro facility is recommended in cases where it is necessary to evaluate
some arguments to an nlambda function.

Lambda-Nospread Functions

Lambda-nospread functions take a variable number of evaluated arguments. A lambda-nospread
expr definition has the form:

(tavepa VAR FORM; ... FORM,

VAR may be any symbol, except n1z and r. When a lambda-nospread function is applied to some
arguments, each of these arguments is evaluated and the values stored on the stack. VAR is then
bound to the number of arguments which have been evaluated. For example, if roo is defined by
(Lamepa X ...), when (roo a B c) is evaluated, a, &, and c are evaluated and x is bound to 3. VAR should
never be reset

The following functions are used for accessing the arguments of lambda-nospread functions.

10-3
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(ARG VAR M) [NLambda Function]

Returns the Mth argument for the lambda-nospread function whose argument list is VAR.
VAR is the name of the atomic argument list to a lambda-nospread function, and is not
evaluated. Mis the number of the desired argument, and is evaluated. The value of arc is
undefined for Mless than or equal to 0 or greater than the value of VAR.

(SETARG VAR M X) [NLambda Function]

Sets the Mth argument for the lambda-nospread function whose argument list is VAR to X.
VAR is not evaluated; Mand X are evaluated. Mshould be between 1 and the value of VAR.

In the example below, the function roo is defined to collect and return a list of all of the evaluated
arguments it is given (the value of the for statement).

(DEFINEQ (FOO
(LAMBDA X (for ARGNUM from 1 to X collect (ARG X ARGNUM) ]
(FOO)

(FOO 99 (PLUS 3 4))

(99 7)
_ (FOO 99 (PLUS 3 4) (TIMES 3 4)))
(99 7 12)

NLambda-Nospread Functions

Nlambda-nospread functions take a variable number of unevaluated arguments. An nlambda-
nospread expr definition has the form:

(veamBpa VAR FORM; ... FORM,

VAR may be any symbol, except v and r. Though similar in form to lambda-nospread expr
definitions, an nlambda-nospread is evaluated quite differently. When an nlambda-nospread function
is applied to some arguments, VAR is simply bound to a list of the unevaluated arguments. The user
may pick apart this list, and evaluate different arguments.

In the example below, roo is defined to return the reverse of the list of arguments it is given
(unevaluated):

_ (DEFINEQ (FOO (NLAMBDA X (REVERSE X))))
(FOO0)

_ (FOO 99 (PLUS 3 4))
((PLUS 3 4) 99)

_ (FOO 99 (PLUS 3 4) (TIMES 3 4))
(TIMES 3 4) (PLUS 3 4) 99)
The warning about evaluating arguments to nlambda functions also applies to nlambda-nospread
function.

Compiled Functions

Functions defined by expr definitions can be compiled by the Interlisp compiler (see Chapter 18). The
compiler produces compiled code objects (of data type ccoper) which execute more quickly than the
corresponding expr definition code. Functions defined by compiled code objects may have the same
four types as expr definitions (lambda/nlambda, spread/nospread). Functions created by the
compiler are referred to as compiled functions.

Function Type Functions

There are a variety of functions used for examining the type, argument list, etc. of functions. These
functions may be given either a symbol (in which case they obtain the function definition from the



FUNCTION DEFINITION, MANIPULATION AND EVALUATION

definition cell), or a function definition itself.
(FNTYP FN) [Function]

Returns v if FNis not a function definition or the name of a defined function. Otherwise,
entye Teturns one of the following symbols, depending on the type of function definition.
exer Lambda-spread expr definition

cexer Lambda-spread compiled definition
rexer Nlambda-spread expr definition
crexer Nlambda-spread compiled definition
exer* Lambda-nospread expr definition
cexerr  Lambda-nospread compiled definition
rexerr Nlambda-nospread expr definition
crexerr  Nlambda-nospread compiled definition
runare EnTye returns the symbol runare if FINis a Funarc expression.

exp, FEXPR, Expr*, and rexer+ indicate that FN is defined by an expr definition. cexer, crexer,
cexer+, and crexer+ indicate that FN is defined by a compiled definition, as indicated by the
prefix c. The suffix » indicates that FV has an indefinite number of arguments, i.e., is a
nospread function. The prefix r indicates unevaluated arguments. Thus, for example, a
crexer~ is a compiled nospread nlambda function.

(EXPRP FN) [Function]

Returns tir (entye FN) iS Exer, FEXPR, EXPR*, OF rExpr*; nIL Otherwise. However, Exere FN) is
also true if FN is (has) a list definition, even if it does not begin with ravepa or neavepa. In
other words, exere is not quite as selective as rtve.

(CCODEP FN) [Function]
Returns t if (extve FN) is either cexer, crexer, cExpr*, OF crexpr+; NIL Otherwise.
(ARGTYPE FN) [Function]

FN is the name of a function or its definition. arcryee returns o, 1, 2, or 3, or vt if FN is not a
function. arcrvee corresponds to the rows of rnrves. The interpretation of this value is as

follows:
0 Lambda—spread function (exer, cexpr)
1 Nlambda-spread function (rexer, crexer)
2 Lambda-nospread function (exer+, cexerx)
3 Nlambda-nospread function (rexer+, crexer)
(NARGS FN) [Function]

Returns the number of arguments of FN, or w1 if FNis not a function. If FN is a nospread
function, the value of nares is 1.

(ARGLIST FN) [Function]

Returns the “argument list” for FN. Note that the “argument list” is a symbol for
nospread functions. Since n1v is a possible value for arcrist, the error args not availanle is
generated if FNis not a function.

10-5



INTERLISP-D REFERENCE MANUAL

If FN is a compiled function, the argument list is constructed, i.e., each call to arcrist
requires making a new list. For functions defined by expr definitions, lists beginning with
LaMBDA OF nLamepa, the argument list is simply caor of cemo. If FIV has an expr definition, and
car of the definition is not Lamepa or nravepa, arcrrst Will check to see if car of the definition is
a member of 1avepaserst (see Chapter 20). If it is, arcr1sT presumes this is a function object
the user is defining via pwiMuserrorus, and simply returns caor of the definition as its
argument list. Otherwise arcrist generates an error as described above.

(SMARTARGLIST FN EXPLAINFLG TAIL) [Function]

A “smart” version of arcr1st that tries various strategies to get the arglist of FN.

First smarrarcrist checks the property list of FN under the property arevaves. For spread
functions, the argument list itself is stored. For nospread functions, the form is (niv
ARGLIST; . ARGLIST,), Where arcrist; is the value smarrarcrrst should return when EXPLAINFLG
= 1, and arerist, the value when EXPLAINFLG = nin. For example, (cererop ‘pEFINEQ
"ARGNAMES) = (NIL (x1 x1 ... xN) . x). This allows the user to specify special argument lists.

Second, if FN is not defined as a function, suarrarerist attempts spelling correction on FN
by calling rncaeck (see Chapter 20), passing TAIL to be used for the call to rixseecr. If
unsuccessful, the rx not a function error will be generated.

Third, if FN is known to the file package (see Chapter 17) but not loaded in, suarrarcrisT
will obtain the arglist information from the file.

Otherwise, suartarcList simply returns arcrist FN).

suartarcLIsT 1S used by ereax (see Chapter 15) and aovise with EXPLAINFLG = niu for
constructing equivalent expr definitions, and by the rrvix in-line command -- (see Chapter
26), with EXPLAINFLG = .

Defining Functions

10-6

Function definitions are stored in a “function definition cell” associated with each symbol. This cell is
directly accessible via the two functions euto and cem (see below), but it is usually easier to define
functions with perineo:

(DEFINEQ X; X, ... Xy [NLambda NoSpread Function]

perineo is the function normally used for defining functions. It takes an indefinite number
of arguments which are not evaluated. Each x; must be a list defining one function, of the

form (wame periniTION). FoOr example:
(DEFINEQ (DOUBLE (LAMBDA (X) (IPLUS X X))))

The above expression will define the function povsie with the expr definition (Lavepa (x)
(IPLUS X x)). X; Mmay also have the form (NAME ARGS . DEF—BODY), in which case an appropriate
lambda expr definition will be constructed. Therefore, the above expression is exactly the
same as:

(DEFINEQ (DOUBLE (X) (IPLUS X X)))

Note that this alternate form can only be used for lambda functions. The first form must
be used to define an nlambda function.

perINeo returns a list of the names of the functions defined.
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(DEFINE X — [Function]

Lambda-spread version of permeo. Each element of the list X is itself a list either of the
form (NAME DEFINITION) OI (NAME ARGS . DEF-BODY). DEFINE Wlll generate an error, Incorrect
defining form ON encountering an atom where a defining list is expected.

per1ne and perineo operate correctly if the function is already defined and sroxey, abvisen, OF BROKEN-IN.

For expressions involving type-in only, if the time stamp facility is enabled (see the Time Stamps
section of Chapter 16), both perine and perineo stamp the definition with your initials and date.

UNSAFE.TO.MODIFY.FNS [Variable]

Value is a list of functions that should not be redefined, because doing so may cause
unusual bugs (or crash the system!). If you try to modify a function on this list (using
pEFINEQ, TRACE, etc), the system prints Warning: XXX may be unsafe to modify -- continue? If you
type ves, the function is modified, otherwise an error occurs. This provides a measure of
safety for novices who may accidently redefine important system functions. You can add
your own functions onto this list.

By convention, all functions starting with the character backslash (“\”) are system internal
functions, which you should never redefine or modify. Backslash functions are not on
UNSAFE.TO.MODIFY.FNS, SO trying to redefine them will not cause a warning.

DFNFLG [Variable]

DENFLG 1S a global variable that affects the operation of periveo and perine. If pryFrG=n1L, an
attempt to redefine a function s~ will cause perye to print the message ey reperinen) and to
save the old definition of v using saveoer (see the Functions for Manipulating Typed
Definitions section of Chapter 17) before redefining it (except if the old and new
definitions are rouvat, in which case the effect is simply a no-op). If penrre-=t, the function is
simply redefined. If prxrre=pror OF arrerop, the new definition is stored on the property list
under the property exer. arieror also affects the operation of reaco and reao (see the
Functions Used Within Source Files section of Chapter 17). prxric is initially nrr.

penrLe is reset by voap (see the Loading Files section of Chapter 17) to enable various ways
of handling the defining of functions and setting of variables when loading a file. For
most applications, the user will not reset prxric directly.

Note: The compiler does not respect the value of prxrrc when it redefines functions to their
compiled definitions (see the first page of Chapter 18). Therefore, if you set prxric to pror
to completely avoid inadvertantly redefining something in your running system, you must
use compile mode r, not sr.

Note that the functions saveper and uvnsaveoer (see the Functions for Manipulating Typed
Definitions section of Chapter 17) can be useful for “saving” and restoring function
definitions from property lists.

(GETD FN) [Function]

Returns the function definition of FN. Returns niu if FN is not a symbol, or has no
definition.

cero of a compiled function constructs a pointer to the definition, with the result that two

successive calls do not necessarily produce o results. eoe or zovar must be used to compare 10-7
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compiled definitions.
(PUTD FN DEF -) [Function]

Puts DEF into FN's function cell, and returns DEF. Generates an error, arg not symbol, if ry is
not a symbol. Generates an error, riiegal arg, if DEF is a string, number, or a symbol other
than .

(MOVD FROM TO COPYFLG - [Function]

Moves the definition of FROM to TO, i.e., redefines TO. If COPYFLG = 1, a cory Of the
definition of FROMis used. COPYFLG =r is only meaningful for expr definitions, although
movp works for compiled functions as well. wovp returns TO.

copvoer (see the Functions for Manipulating Typed Definitions section of Chapter 17) is a
higher-level function that not only moves expr definitions, but works also for variables,
records, etc.

(MOVD? FROM TO COPYFLG - [Function]

If TO is not defined, same as ovo FROM TO COPYFLG). Otherwise, does nothing and
returns wrr.

Function Evaluation

10-8

Usually, function application is done automatically by the Interlisp interpreter. If a form is typed into
Interlisp whose car is a function, this function is applied to the arguments in the cor of the form. These
arguments are evaluated or not, and bound to the funcion parameters, as determined by the type of
the function, and the body of the function is evaluated. This sequence is repeated as each form in the
body of the function is evaluated.

There are some situations where it is necessary to explicitly call the evaluator, and Interlisp supplies a
number of functions that will do this. These functions take “functional arguments,” which may either

be symbols with function definitions, or expr definition forms such as (tawepa (x)...), OF FUNARG
expressions.
(APPLY FN ARGLIST — [Function]

Applies the function FN to the arguments in the list ARGLIST, and returns its value. apery
is a lambda function, so its arguments are evaluated, but the individual elements of
ARGLIST are not evaluated. Therefore, lambda and nlambda functions are treated the
same by arrry—lambda functions take their arguments from ARGLIST without evaluating
them. For example:
_ (APPLY 'APPEND ' ((PLUS 1 2 3) (4 5 6)))
(PLUS 1 2 3 4 5 6)

Note that FN may explicitly evaluate one or more of its arguments itself. For example, the
system function sero is an nlambda function that explicitly evaluates its second argument.
Therefore, (apery ssero / (Foo (app1 3)))Will set roo to 4, instead of setting it to the expression
(ADD1 3).

appry can be used for manipulating expr definitions. For example:
_ (APPLY ' (LAMBDA (X Y) (ITIMES X Y)) ' (3 4)))
12
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(APPLY* FN ARG, ARG, ... ARGy) [NoSpread Function]

Nospread version of aeery. Applies the function FN to the arguments ARG; ARG,
ARGy. For example:
_ (APPLY 'APPEND ’ (PLUS 1 2 3) (4 5 6))
(PLUS 1 2 3 4 5 6)

(EVAL X—) [Function]

evar evaluates the expression X and returns this value, i.e., evar provides a way of calling
the Interlisp interpreter. Note that evaw is itself a lambda function, so its argument is first
evaluated, e.g.:

_ (SETQ FOO ’"ADD1 3)))
(ADD1 3)

_(EVAL FOO)
4

_(EVAL "FO0O0)
(ADD1 3)

(QUOTE X) [Nlambda NoSpread Function]

ouote prevents its arguments from being evaluated. Its value is X itself, e.g., (quote roo) is
FOO.

Interlisp functions can either evaluate or not evaluate their arguments. ovore can be used
in those cases where it is desirable to specify arguments unevaluated.

The single-quote character () is defined with a read macro so it returns the next

expression, wrapped in a call to ovore (see Chapter 25). For example, 'roo reads as
(ouote roo). This is the form used for examples in this manual.

Since giving ovorz= more than one argument is almost always a parenthese error, and one
that would otherewise go undetected, quote itself generates an error in this case, parenthesis

error.
(KWOTE X) [Function]

Value is an expression which, when evaluated, yields X. If X is vz or a number, this is X
itself. Otherwise (rist (guote guote) x). For example:

(KWOTE 5) => 5

(KWOTE (CONS 'A ’B)) => (QUOTE (A.B))

(NLAMBDA . ARGS X) [Function]

This function interprets its argument as a list of unevaluated nlambda arguments. If any
of the elements in this list are of the form (quote...), the enclosing ouore is stripped off.
Actually, wravepa.ares stops processing the list after the first non-quoted argument.

Therefore, Whereas (NLAMBDA.ARGS ' ((QUOTE FOO) BAR)) -> (FOO BAR), (NLAMBDA.ARGS ' (FOO (QUOTE
BAR))) -> (FOO (QUOTE BAR)) .

neamepa.arcs 1S alled by a number of nlambda functions in the system, to interpret their
arguments. For instance, the function sreax calls nrawepa.2res so that sreak ‘roo) will break
the function roo, rather than the function guotz.

(EVALA X A [Function]

Simulates association list variable lookup. Xis a form, A is a list of the form:

10-9
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((NAME, . VAL, (NAME, . VAL, ... (NAME, . VALy)

The variable names and values in A are “spread” on the stack, and then X is evaluated.
Therefore, any variables appearing free in X that also appears as car of an element of A will
be given the value on the cor of that element.

(DEFEVAL TYPE FN) [Function]

Specifies how a datum of a particular type is to be evaluated. Intended primarily for user-
defined data types, but works for all data types except lists, literal atoms, and numbers.
TYPE is a type name. FN is a function object, i.e., name of a function or a lambda
expression. Whenever the interpreter encounters a datum of the indicated type, FN is
applied to the datum and its value returned as the result of the evaluation. perevar returns
the previous evaling function for this type. If FN = w11, perevaL returns the current evaling
function without changing it. If FN = 1, the evaling functions is set back to the system
default (which for all data types except lists is to return the datum itself).

comprieryeeELsT (see Chapter 18) permits the user to specify how a datum of a particular type
is to be compiled.

(EVALHOOK FORM EVALHOOKFN) [Function]

evarnook evaluates the expression FORM, and returns its value. While evaluating FORM, the
function evar behaves in a special way. Whenever a list other than FORM itself is to be
evaluated, whether implicitly or via an explicit call to evaL, EVALHOOKFN is invoked (it
should be a function), with the form to be evaluated as its argument. EVALHOOKFN is then
responsible for evaluating the form. Whatever is returned is assume to be the result of
evaluating the form. During the execution of EVALHOOKFN, this special evaluation is
turned off. (Note that evarzoox does not affect the evaluations of variables, only of lists).

Here is an example of a simple tracing routine that uses the evarroox feature:

_ (DEFINEQ (PRINTHOOK (FORM)
(printout T "eval: "FORM T)
(EVALHOOK FORM (FUNCTION PRINTHOOK
(PRINTHOOK)

Using erintrook, one might see the following interaction:

_ (EVALHOOK ’ (LIST (CONS 1 2) (CONS 3 4)) ’PRINTHOOK)
eval: (CONS 1 2)
eval: (CONS 3 4)
((1.2) (3.4))

Iterating and Mapping Functions

The functions below are used to evaluate a form or apply a function repeatedly. ret, rero, and rrero
evaluate an expression a specified number of time. wap, marcar, marrist, etc., apply a given function
repeatedly to different elements of a list, possibly constructing another list.

These functions allow efficient iterative computations, but they are difficult to use. For programming
iterative computations, it is usually better to use the CLISP Iterative Statement facility (see Chapter 9),
which provides a more general and complete facility for expressing iterative statements. Whenever
possible, CLISP transltes iterative statements into expressions using the functions below, so there is no
efficiency loss.

(RPT N FORM) [Function]

10-10 Evaluates the expression FORM, N times. Returns the value of the last evaluation. If N is
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less than or equal to 0, FORMis not evaluated, and rer returns niz.

Before each evaluation, the local variable rery is bound to the number of evaluations yet to
take place. This variable can be referenced within FORM. For example, et 10 - (PRINT
rery)) Will print the numbers 10, 9...1, and return 1.

(RPTQ N FORM,; FORM,... FORM,) [NLambda NoSpread Function]

Nlambda-nospread version of rer: Nis evaluated, FORM; are not. Returns the value of the
last evaluation of FORM,.

(FRPTQ N FORM; FORM,... FORM, [NLambda NoSpread Function]

Faster version of rero. Does not bind retw.

(MAP MAP, MAPFN, MAPFN,) [Function]

If MAPFN, is 11, uar applies the function MAPFN, to successive tails of the list MAP,. That is,
first it computes (MAPFN;, MAP,), and then (MAPFN, (cor MAP,)), etc., until MAP, becomes
a non-list. If MAPFN, is provided, (MAPFN, MAP,) is used instead of (cor MAP,) for the
next call for MAPFN,, e.g., if MAPFN, were coor, alternate elements of the list would be
skipped. wae returns nir.

(MAPC MAP, MAPFN, MAPFN,) [Function]

Identical to map, except that (MAPFN, (car MAP,)) is computed at each iteration instead of
(MAPFN,; MAP,), i.e., uarc works on elements, var on tails. uarc returns wr.

(MAPLIST MAP, MAPFN, MAPFN,) [Function]

Successively computes the same values that mae would compute, and returns a list
consisting of those values.

(MAPCAR MAP, MAPFN, MAPFN,, [Function]

Computes the same values that marc would compute, and returns a list consisting of those
values, e.g., (arcar x ‘Fntye) is a list of exryes for each element on x.

(MAPCON MAP, MAPFN, MAPFN,) [Function]

Computes the same values that uar and marr1st but nconcs these values to form a list which
it returns.

(MAPCONC MAP, MAPFN, MAPFN,) [Function]

Computes the same values that marc and marcar, but nconcs the values to form a list which it
returns.

Note that uarcar creates a new list which is a mapping of the old list in that each element of the new list
is the result of applying a function to the corresponding element on the original list. marconc is used
when there are a variable number of elements (including none) to be inserted at each iteration.
Examples:

(MAPCONC ' (A B C NIL D NIL) ' (LAMBDA (Y) (if (NULL Y) then NIL
else (LIST Y)))) = > (A B C D)

10-11
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This maeconc returns a list consisting of mae, with all nrs removed.

(MAPCONC ' ((A B) C (D E F)(G) H I) ' (LAMBDA (Y) (if (LISP Y) then Y
else NIL))) = > (A BDEF G)

This maeconc returns a linear list consisting of all the lists on MAP,.

Since marconc uses nconc to string the corresponding lists together, in this example the original list will
be alteredtobe (a8 cper e c o EF 6@ u 1. Ifthisis an undesirable side effect, the functional
argument to marconc should return instead a top level copy of the lists, i.e., (Lavepa (v) (if (LISTP ¥) then

(APPERND Y) else NIL))).

(MAP2C MAP, MAP, MAPFN,; MAPFN, [Function]

Identical to marc except MAPFN, is a function of two arguments, and (MAPFN; (car
MAP,) (car MAPy)) is computed at each iteration. Terminates when either MAP, or MAP, is a
non-list.

MAPFN, is still a function of one argument, and is applied twice on each iteration;
(MAPFN, MAP,) gives the new MAP,, (MAPFN, MAP,) the new MAP,. coris used if MAPFN,
is not supplied, i.e., is n1r.

(MAP2CAR MAP, MAP, MAPFN, MAPFN,) [Function]

Identical to marcar except MAPFN, is a function of two arguments, and (MAPFN, (car
MAP,) (car MAP,)) is used to assemble the new list. Terminates when either MAP, or MAP,
is a non-list.

(SUBSET MAP, MAPFN, MAPFN,) [Function]

Applies MAPFN, to elements of MAP, and returns a list of those elements for which this
application is non-n11, e.g.:
(SUBSET ' (A B 3 C 4) ’NUMBERP) = (3 4)

MAPFN, plays the same role as with wze, mzec, et al.

(EVERY EVERY, EVERYFN, EVERYFN,) [Function]

Returns 1 if the result of applying EVERYFN, to each element in EVERY, is true, otherwise
n11. For example, (EVERY ’ (X Y Z) 'ATOM) => T.

every Ooperates by evaluating (EVERYFN, (car EVERY,) EVERY . The second argument is
passed to EVERYFN, so that it can look at the next element on EVERY, if necessary. If
EVERYFN, yields n11, every immediately returns nrz. Otherwise, every computes (EVERYFN,
EVERY,), or (cor EVERY,) if EVERYFN, = 11, and uses this as the “new” EVERY,, and the
process continues. For example (every x atoM ‘copr) is true if every other element of X is
atomic.

(SOME SOME, SOMEFN; SOMEFN,) [Function]

Returns the tail of SOME, beginning with the first element that satisfies SOMEFN,, i.e., for
which SOMEFN, applied to that element is true. Value is vz if no such element exists.

(SOME X ’ (LAMBDA (2z) (EQUAL Z Y))) 1S equivalent to (EmEer v x). some Operates analogously to
every. At each stage, (SOMEFN, (car SOME,) SOME,) is computed, and if this not n11, SOME,



FUNCTION DEFINITION, MANIPULATION AND EVALUATION

is returned as the value of soue. Otherwise, (SOMEFN, SOME,, is computed, or (cor SOMEy,)
ir SOMEFN, - n1, and used for the next SOME,.

(NOTANY SOME, SOMEFN,; SOMEFN,) [Function]

(vor (some SOME, SOMEFN,; SOMEFN,)).

(NOTEVERY EVERY, EVERYFN,; EVERYFN,) [Function]

(vot (EVERY EVERY, EVERYFN, EVERYFN,)).

(MAPRINT LST FILE LEFT RIGHT SEP PFN LISPXPRINTFLG) [Function]

A general printing function. For each element of the list LST, applies PFN to the element,
and FILE. If PFNis n11, priv1 is used. Between each application maprint performs ermi of
SEP (or »» if SEP =11). If LEFT is given, it is printed (using ermv1) initially; if RIGHT is
given, it is printed (using errn1) at the end.

For example, amerint x niL 75 v%)) is equivalent to eriv for lists. To print a list with
commas between each element and a final ~.” one could use (aprINT X T NIL ’%. 73,).

If LISPXPRINTFLG = 1, u1sexerin1 (see Chapter 13) is used instead of prini.

Functional Arguments

The functions that call the Interlisp-D evaluator take “functional arguments,” which may be symbols
with function definitions, or expr definition forms such as (raveba x) ...).

The following functions are useful when one wants to supply a functional argument which will
always return w1, 1, or o. Note that the arguments X; ... X, to these functions are evaluated,

though they are not used.

(NILL X; ... Xy) [NoSpread Function]

Returns wiz.

(TRUE X; ... Xy) [NoSpread Function]
Returns .

(ZERO X; ... Xy) [NoSpread Function]
Returns o.

When using expr definitions as function arguments, they should be enclosed within the function
runcrron rather than ovore, so that they will be compiled as separate functions.

(FUNCTION FN ENV) [NLambda Function]
If ENV = w11, runcrion is the same as oquors, except that it is treated differently when

compiled. Consider the function definition:
(DEFINEQ (FOO (LST) (FIE LST (FUNCTION (LAMBDA (Z) (ITIMES Z Z))]

roo calls the function rie with the value of vst and the expr definition (wameoa (z) (L1sT (car

2))). 10-13
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If roo is run interpreted, it does not make any difference whether runcron or quore is used.
However, when roo is compiled, if ruoncrzon is used the compiler will define and compile the
expr definition as an auxiliary function (see Chapter 18). The compiled expr definition
will run considerably faster, which can make a big difference if it is applied repeatedly.

Compiling runcrion will not create an auxiliary function if it is a functional argument to a
function that compiles open, such as most of the mapping functions (varcar, marrst, etc.).

If ENV is not n11, it can be a list of variables that are (presumably) used freely by FN. ENV
can also be an atom, in which case it is evaluated, and the value interpreted as described
above.

Macros

10-14

Macros provide an alternative way of specifying the action of a function. Whereas function
definitions are evaluated with a “function call”, which involves binding variables and other
housekeeping tasks, macros are evaluated by translating one Interlisp form into another, which is then
evaluated.

A symbol may have both a function definition and a macro definition. When a form is evaluated by
the interpreter, if the car has a function definition, it is used (with a function call), otherwise if it has a
macro definition, then that is used. However, when a form is compiled, the car is checked for a macro
definition first, and only if there isn’t one is the function definition compiled. This allows functions
that behave differently when compiled and interpreted. For example, it is possible to define a
function that, when interpreted, has a function definition that is slow and has a lot of error checks, for
use when debugging a system. This function could also have a macro definition that defines a fast
version of the function, which is used when the debugged system is compiled.

Macro definitions are represented by lists that are stored on the property list of a symbol. Macros are
often used for functions that should be compiled differently in different Interlisp implementations,
and the exact property name a macro definition is stored under determines whether it should be used
in a particular implementation. The global variable macrorrops contains a list of all possible macro
property names which should be saved by the wmacros file package command. Typical macro property
names are omacro for Interlisp-D, 1omacro for Interlisp-10, vaxuacro for Interlisp-VAX, smacro for Interlisp-
Jerico, and wacro for “implementation independent” macros. The global variable covpirermacroprors is a
list of macro property names. Interlisp determines whether a symbol has a macro definition by
checking these property names, in order, and using the first non-vi. property value as the macro
definition. In Interlisp-D this list contains omacro and wacro in that order so that pmacros will override the
implementation-independent uacro properties. In general, use a omacro property for macros that are to
be used only in Interlisp-D, use 10macro for macros that are to be used only in Interlisp-10, and use wacro
for macros that are to affect both systems.

Macro definitions can take the following forms:

(LAMBDA ...
(NLAMBDA ...) A function can be made to compile open by giving it a macro definition
of the form (ramepa ...) Or (nLamepa ...), €.8., (LAMBDA (X) (COND ((GREATERP X
0 x) (t mus x)))) for ass. The effect is as if the macro definition were

written in place of the function wherever it appears in a function being
compiled, i.e., it compiles as a lambda or nlambda expression. This
saves the time necessary to call the function at the price of more
compiled code generated in-line.



(NIL EXPRESSION)
(LIST EXPRESSION)

(OPENLAMBDA ARGS BODY)

(= . OTHER-FUNCTION),

(LITATOM EXPRESSION)
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“Substitution” macro. Each argument in the form being evaluated or
compiled is substituted for the corresponding atom in visrt, and the
result of the substitution is used instead of the form. For example, if the
macro definition of app1 is () (rerus x 1)), then, @op1 (car v)) is
compiled as (rprus (car v) 1).

Note that ass could be defined by the substitution macro () (conp
((GREATERP X 0) X) (T (MINUS X)))). In thls case, hOWeVer, (ABS (FOO X))
would compile as

(COND ( (GREATERP (FOO X) 0)

(FOO X))

(T (MINUS (FOO X))))
and (roo x) would be evaluated two times. (Code to evaluate (roo x)
would be generated three times.)

This is a cross between substitution and ramepa macros. When the
compiler processes an orenravepa, it attempts to substitute the actual
arguments for the formals wherever this preserves the frequency and
order of evaluation that would have resulted from a ravepa expression,
and produces a ravepa binding only for those that require it.

Note: oeenzavepa assumes that it can substitute literally the actual
arguments for the formal arguments in the body of the macro if the
actual is side-effect free or a constant. Thus, you should be careful to use
names in ARGS which don’t occur in BODY (except as variable
references). For example, if roo has a macro definition of

(OPENLAMBDA (ENV) (FETCH (MY-RECORD-TYPE ENV) OF BAR))

then (roo n11) will expand to
(FETCH (MY-RECORD-TYPE NIL) OF BAR)

When a macro definition is the atom r, it means that the compiler
should ignore the macro, and compile the function definition; this is a
simple way of turning off other macros. For example, the user may
have a function that runs in both Interlisp-D and Interlisp-10, but has a
macro definition that should only be used when compiling in Interlisp-
10. If the macro property has the macro specification, a pmacro of T will
cause it to be ignored by the Interlisp-D compiler. This omacro would not
be necessary if the macro were specified by a 10macro instead of a macro.

A simple way to tell the compiler to compile one function exactly as it
would compile another. For example, when compiling in Interlisp-D,
rreracas are treated as reracas. This is achieved by having rreraca have a
DMACRO Of (= . RPLACA).

If a macro definition begins with a symbol other than those given above,
this allows computation of the Interlisp expression to be evaluated or
compiled in place of the form. wrrraton is bound to the cor of the calling
form, EXPRESSION is evaluated, and the result of this evaluation is
evaluated or compiled in place of the form. For example, st could be
compiled using the computed macro:
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[X (LIST 'CONS (CAR X) (AND (CDR X) (CONS ’LIST (CDR X]

This would cause (1st x v z) to compile as (cons x (cons ¥ (cons z NIL))).
Note the recursion in the macro expansion.

If the result of the evaluation is the symbol 1eoremacro, the macro is
ignored and the compilation of the expression proceeds as if there were
no macro definition. If the symbol in question is normally treated
specially by the compiler (car, cor, conp, anp, etc.), and also has a macro, if
the macro expansion returns iceoremacro, the symbol will still be treated
specially.

In Interlisp-10, if the result of the evaluation is the atom strucTIONS, NO
code will be generated by the compiler. It is then assumed the
evaluation was done for effect and the necessary code, if any, has been
added. This is a way of giving direct instructions to the compiler if you
understand it.

It is often useful, when constructing complex macro expressions, to use
the sovore facility (see the Read Macros section of Chapter 25).

The following function is quite useful for debugging macro definitions:
(EXPANDMACRO EXP QUIETFLG - - [Function]

Takes a form whose car has a macro definition and expands the form as it would be
compiled. The result is prettyprinted, unless QUIETFLG=t, in which case the result is
simply returned.

Note: exeanomacro only works on Interlisp macros. Use cr:macroexeann-1 to expand Interlisp
macros visible to the Common Lisp interpreter and compliler.

DEFMACRO

Macros defined with the function pervacro are much like “computed” macros (see the above section), in
that they are defined with a form that is evaluated, and the result of the evaluation is used (evaluated
or compiled) in place of the macro call. However, bervacro macros support complex argument lists
with optional arguments, default values, and keyword arguments as well as argument list
destructuring.

(DEFMACRO NAME ARGS FORM) [NLambda NoSpread Function]

Defines NAME as a macro with the arguments ARGS and the definition form FORM (NAME,
ARGS, and FORM are unevaluated). If an expression starting with NAME is evaluated or
compiled, arguments are bound according to ARGS, FORM is evaluated, and the value of
FORMis evaluated or compiled instead. The interpretation of ARGS is described below.

Note:  Like the function permacro in Common Lisp, this function currently removes any
function definition for NAME.

ARGS is a list that defines how the argument list passed to the macro NAME is interpreted.
Specifically, ARGS defines a set of variables that are set to various arguments in the macro
call (unevaluated), that FORM can reference to construct the macro form.

In the simplest case, ARGS is a simple list of variable names that are set to the



FUNCTION DEFINITION, MANIPULATION AND EVALUATION

corresponding elements of the macro call (unevaluated). For example, given:
(DEFMACRO FOO (A B) (LIST 'PLUS A B B))

The macro call (oo x (ear v z)) will expand to (erus x (ear v 2) (Ear ¥ 2)).

~s-keywords” (beginning with the character :”) that are used to set variables to particular
items from the macro call form, as follows:

&OPTIONAL Used to define optional arguments, possibly with default values. Each
element on ARGS after soerronar until the next s-keyword or the end of
the list defines an optional argument, which can either be a symbol or a
list, interpreted as follows:

VAR

If an optional argument is specified as a symbol, that variable is set to
the corresponding element of the macro call (unevaluated).
(VAR DEFAULT)

If an optional argument is specified as a two element list, VAR is the
variable to be set, and DEFAULT is a form that is evaluated and used as
the default if there is no corresponding element in the macro call.

(VAR DEFAULT VARSETP)

If an optional argument is specified as a three element list, VAR and
DEFAULT are the variable to be set and the default form, and VARSETP
is a variable that is set to t if the optional argument is given in the macro
call, n1z otherwise. This can be used to determine whether the argument
was not given, or whether it was specified with the default value.

For example, after (DEFMACRO FOO (&OPTIONAL A (B 5) (C 6 CSET)) FORM)
expanding the macro call roo) would cause rorm to be evaluated with a
set to n11, B set to s, ¢ set to 6, and cser set to n1n. (Foo 4 5 6) would be the
same, except that » would be set to 4 and cser would be set to .

&REST

&BODY Used to get a list of all additional arguments from the macro call. Either
srest OF seopy should be followed by a single symbol, which is set to a list
of all arguments to the macro after the position of the «-keyword. For
example, given
(DEFMACRO FOO (A B &REST C) FORM)

expanding the macro call (oo 1 2 3 4 5 would cause rorv to be
evaluated with a set to 1, s set to 2, and c set to (3 4 5).

If the macro calling form contains keyword arguments (see «xey below),
these are included in the sresr list.

&KEY Used to define keyword arguments, that are specified in the macro call
by including a “keyword” (a symbol starting with the character “:”)
followed by a value.

Each element on ares after skev until the next s-keyword or the end of the

list defines a keyword argument, which can either be a symbol or a list, 10-17
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&ALLOW-OTHER-KEYS

&AUX

interpreted as follows:

VAR
(VAR)
((KEYWORD VAR))

If a keyword argument is specified by a single symbol VAR, or a one-
element list containing VAR, it is set to the value of a keyword
argument, where the keyword used is created by adding the character
“” to the front of VAR. If a keyword argument is specified by a single-
element list containing a two-element list, KEYWORD is interpreted as the
keyword (which should start with the letter “:”), and VAR is the variable
to set.

(VAR DEFAULT)

((KEYWORD VAR) DEFAULT)

(VAR DEFAULT VARSETP)

((KEYWORD VAR) DEFAULT VARSETP)

If a keyword argument is specified by a two- or three-element list, the
first element of the list specifies the keyword and variable to set as
above. Similar to soerronal (above), the second element DEFAULT is a
form that is evaluated and used as the default if there is no
corresponding element in the macro call, and the third element
VARSETP is a variable that is set to t if the optional argument is given in
the macro call, n11. otherwise.

For example, the form
(DEFMACRO FOO (&KEY A (B 5 BSET) ((:BAR C) 6 CSET)) FORM)

Defines a macro with keys :a, :s (defaulting to s), and :ear. Expanding
the macro call (roo :Bar 2 :a 1) would cause roru to be evaluated with a
set to 1, B set to s, Bser Set to n1L, c set to 2, and cser set to 1.

It is an error for any keywords to be supplied in a macro call that are
not defined as keywords in the macro argument list, unless either the «-
keyword &ALLOW-OTHER-KEYS appears in ARGS, or the keyword :ALLOW-OTHER-

xevs (With a non-n1z value) appears in the macro call.

Used to bind and initialize auxiliary varables, using a syntax similar to
proc (see the proc and Associated Control Functions section of Chapter 9).
Any elements after savx should be either symbols or lists, interpreted as
follows:

VAR

Single symbols are interpreted as auxiliary variables that are initially
bound to n1t.
(VAR EXP)

If an auxiliary variable is specified as a two element list, VAR is a
variable initially bound to the result of evaluating the form EXP.

For example, given
(DEFMACRO FOO (A B &AUX C (D 5)) FORM)
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¢ will be bound to vz and b to s when FORM is evaluated.

Used to get the whole macro calling form. Should be the first element
of ARGS, and should be followed by a single symbol, which is set to the
entire macro calling form. Other :-keywords or arguments can follow.
For example, given

(DEFMACRO FOO (&WHOLE X A B) FORM)

Expanding the macro call (roo 1 2) would cause rorv to be evaluated
with x set to (roo 1 2), a set to 1, and s set to 2.

peFmacrRO Macros also support argument list “destructuring,” a facility for
accessing the structure of individual arguments to a macro. Any place
in an argument list where a symbol is expected, an argument list (in the
form described above) can appear instead. Such an embedded
argument list is used to match the corresponding parts of that particular
argument, which should be a list structure in the same form. In the
simplest case, where the embedded argument list does not include &-
keywords, this provides a simple way of picking apart list structures
passed as arguments to a macro. For example, given

(DEFMACRO FOO (A (B (C . D)) E) FORM)

Expanding the macro call oo 1 2 3 4 5) 6 would cause roru to be
evaluated with with a set to 1, s set to 2, c set to 3, o set to (4 s5), and & set
to s. Note that the embedded argument list = (¢ . p)) has an embedded
argument list « . p). Also notice that if an argument list ends in a
dotted pair, that the final symbol matches the rest of the arguments in
the macro call.

An embedded argument list can also include s-keywords, for
interpreting parts of embedded list structures as if they appeared in a
top-level macro call. For example, given
(DEFMACRO FOO (A (B &OPTIONAL (C 6)) D) FORM)

Expanding the macro call (roo 1 (2) 3) would cause rorm to be evaluated
with with a set to 1, 5 set to 2, c set to s (because of the default value), and
p set to 3.

Warning: Embedded argument lists can only appear in positions in an
argument list where a list is otherwise not accepted. In the above
example, it would not be possible to specify an embedded argument list
after the soerronar keyword, because it would be interpreted as an
optional argument specification (with variable name, default value, set
variable). However, it would be possible to specify an embedded
argument list as the first element of an optional argument specification

list, as so:
(DEFMACRO FOO (A (B &OPTIONAL ((X (Y) Z)
"(1 (2) 3))) D) FORM)

In this case, x, v, and =z default to 1, 2, and 3, respectively. Note that the
“default” value has to be an appropriate list structure. Also, in this case
either the whole structure « v =z can be supplied, or it can be
defaulted (i.e., is not possible to specify x while letting v default).

10-19
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Interpreting Macros

When the interpreter encounters a form car of which is an undefined function, it tries interpreting it as
a macro. If car of the form has a macro definition, the macro is expanded, and the result of this
expansion is evaluated in place of the original form. ciiserran (see the Miscellaneous Functions and
Variables section of Chapter 21) is used to save the result of this expansion so that the expansion only
has to be done once. On subsequent occasions, the translation (expansion) is retrieved from crisearray
the same as for other cr1se constructs.

Note: Because of the way that the evaluator processes macros, if you have a macro on roo, then typing
Foo 'a ') Will work, but roo(a B) will not work.
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