





BY x (with IN/ON)
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FROM is not specified, the 1.v, is initialized to 1. If no
i.v. has been specified, a dummy i.v. is supplied and
initialized. If BY 1is not specified, the 1i.v. |1is
automatically 1hcremented by 1 after each 1teration.42 When
the i.v, is definitely being incremented, i.e. either B8Y i$
not specified. or its operand is a positive number, the 1i.s.
terminates when the i.v. exceeds the value of form (which is
reevaluated each iteration) e.g., (FOR X FROM 1 TO 10 --),
is equivalent to (FOR X FROM 1 UNTIL (X 6T 10) --).

Similarly, when the i.v. is definitely being decremented the
i.s. terminates when the i.v. becomes less than the value of

form (see description of BY).

If IN or ON have been specified, the value of x determines
the tail for the next iteration, which in turn determines
the value for the i.v. as described earlier, i.e. the new
i.v. is car of the tail for IN, the tail itself for ON. In
conjdnction with IN, the user can refer to the current tail
within X by using the i.v., e.g.
(FOR Z IN L BY (CDDR Z) ...). At translation time, the name
of the internal variable which holds the value of the
current tail is substituted for the i.v. throughout x. For
example, (FOR X IN Y BY (COR (MEMB 'FOO (CDR X))) COLLECT X)
specifies that after each iteration, cdr of the current tail
is to be searched for the atom FO0O, and (cdr of) this latter

tail to be used for the next iteration.
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except when both the operands to TO and FROM are numbers, and TO's operand

is less than FROM's operand, e.g. FROM 10 TO 1, in which case the i.v. is
decremented by 1 after each iteration. In this case, the i.s. terminates
when the i.v. becomes less than the value of form.
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BY x (without IN/ON) If IN or ON have not been used, BY specifies how the

i.v. itself is reset at each iteration. If FROM or TO have
been specified, the i.v. is known to be nuﬁerical, so the
new 1i.v. is computed by adding the value of X
(which is reevaluated each iteration) to the current value
of the i.v., e.g., (FOR N FROM 1 TO 10 BY 2 COLLECT N) makes

a list of the first five odd numbers.

If x is a positive number.43 the i.s. terminates when the
value of the i.v. exceeds the value of TO's operand. If x
is a negative number, the i.s. terminates when the value of
the i.v. becomes less than T0's operand, e.dg.
(FOR I FROM N TO M BY -2 UNTIL (I LT M) ...). Otherwise,
the terminating condition for each iteration depends on the
value of x for that iteration: if x < 0, the test is whether
the i.v. is less than TO's operand, if X > 0 the test is
whether the i.v. exceeds TO's operand, otherwise if x=0, the

i.s. terminates unconditionally.44

If FROM or T0 have not been specified, the i.v. 1s simply

reset to the value of x after each iteration, e.g.

(FOR I FROM N BY 2 ...) is equivalent to
(FOR I+N BY (IPLUS I 2) ...).
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44

X

itself,

not 1its value, which in general CLISP would have no way of

knowing in advance.

A temporary variable is used so that x is only evaluated once. However,
code for TO's operand appears twice in the translation, even though it is
evaluated only once.
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FIRST form

FINALLY form

EACHTIME form

AS var

operand.

form is evaluated once bhefore the first iteration, e.g.
(FOR X Y Z IN L -- FIRST (FOO Y Z)), and FOO could be used

to initialize Y and Z.

form is evaluated after the i.s. terminates.45 For example,
(FOR X IN L BIND Y«0 DO (IF ATOM X THEN YeY+1)
FINALLY (RETURN Y)) will return the number of atoms in L.

form is evaluated at the beginning of each iteration before,
and regardless of, any testing. For example, consider (FOR I
FROM 1 TO N DO (... (FOO I) ...) UNLESS (... (FOO I) ...)
UNTIL (... (FOO I) ...)). The user might want to set a
temporary variable to the value of (FOO I) in order to avoid
computing it three times each iteration. However, without
knowing the translatidn; he would not know whether to put
the assignment in the operand to DO, UNLESS, or UNTIL, i.e.
which one would be executed first. He can avoid this

problem by simply writing EACHTIME J«(FO0 I).

is used to specify an iterative statement involving more
than one iterative variable, e.g.
(FOR X IN Y AS U IN V DO --) corresponds to map2c. The i.s.
terminates when any of the terminating conditions are met,
e.g. (FOR X IN YAS I FROM I TO 10 COLLECT X) makes a 1list
of the first ten elements of Y, or however many elements

there are on Y if less than 10.

v e D e e AR N W R R P M W W N BB P e AR OB R IR L WL S S T R G5 G S e Y G A Gh WS M M e SR T S Y e e TP R S W W W W e W

Except in the case of termination due to the appearance of a RETURN in some
See page 23.26. Thus in (FOR X IN Y THEREIS NUMBERP FINALLY --)

the FINALLY operand would be evaluated if Y were exhausted, but not if a
number was found.
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The operand to AS, var, specifies the new i.v. For the
remainder of the i.s., or until anotﬁer AS is encountered,
all operators refer to the new 1.v. For example,
(FOR I FROM I TO N1 AS J FROM 1 TO N2 BY 2

AS K FROM N3 TO 1 BY -1 --) terminates when I exceeds N1, or
J exceeds N2, or K becomes less than 1. After each

iteration, I is incremented by i1, J by 2, and K by -1.

Miscellaneous

1. Lowercase versions of all i.s. operators are equivalent to the uppercase,
e.g., (for X in ¥ ...).

2. Each i.s. operator is of lower precedence than all INTERLISP forms, so
parentheses around the operands can be omitted, and will be supplied where
necessary, e.g., BIND (X Y Z) can be written BIND X Y Z, OLD (X~form) as
OLD Xe~form, WHEN (NUMBERP X) as WHEN NUMBERP X, etc.

3. RETURN or GO may be used in any operand. RETURN means return from the i.s.
(with the indicated value), not from the function in which the i.s appears.
GO refers to a label elsewhere in the function in which the i.s. appears,
except for (GO ITERATE), which means transfer control to the iterate
portion of the loop, i.e. that part that resets the tail, increments the
counter, or whatever, 1in preparation for the next iteration. The
appropriate label will be substituted for ITERATE.

4. In the case of FIRST, FINALLY, EACHTIME, or one of the 1.s.types, e.g. DO,
COLLECT, SUM, etc., the operand can consist of more than one form, e.g.,
COLLECT (PRINT X:1) X:2, in which case a PROGN is supplied.

5. Each operand can be the name of a function, in which case it is applied to
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the (last) i.v.,96047 48 4 o FOR X IN Y DO PRINT WHEN NUMBERP, is the
same as FOR X IN Y DO (PRINT X) WHEN (NUMBERP X). Note that the i.v. need
not be explicitly specified, e.g., IN Y DO PRINT WHEN NUMBERP will work.

Errors in Iterative Statements

An error will be generated and an appropriate diagnostic printed if any of the

following conditions hold:

1.

S O s W

Operator with null operand, 1.9} two adjacent operators, as in FOR X IN Y
UNTIL DO -~

Operand consisting of more than one form (except as operand to FIRST,
FINALLY, or one of the i.s.types), e.g., FOR X IN Y (PRINT X) COLLECT --.
Same operator appears twice.

Both IN and ON used on same i.v.

FROM or TO used with IN or ON on same i.v.

More than one i.s.type, e.g. a DO and a SUM.

In 3, 4, or 5, an error is not generated if an intervening AS occurs.

ITf an error occurs, the i.s. is left unchanged.

47

48
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For i.s.types, e.g. DO, COLLECT, JOIN, the function is always applied to
the first i.v. in the i.s., whether explicity named or not. For example,
(IN Y AS I FROM 1 TO 10 DO PRINT) prints elements on Y, not integers
between 1 and 10.

Note that this feature does not make much sense for FOR, OLD, BIND, IN, or
ON, since they "operate” before the loop starts, when the i.v. may not even
be bound.

In the case of BY in conjunction with IN, the function is applied to the
current tail e.g., FOR X IN Y BY CDDR ..., is the same as FOR X IN Y BY
(CDDR X)... See page 23.23.
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If no DO, COLLECT, JOIN or any of the other i.s.types are specified, CLISP will
first attempt to find an operand. consisting of more than one form, e.g.,
FOR X IN Y (PRINT X) WHEN ATOM X, and in this case will insert a DO after the
first form. (In this case, condition 2 is not considered to be met, and an
error is not generated.) If CLISP cannot find such an operand, a warning
message is printed: NO DO, COLLECT, OR JOIN: followed by the i.s. However, the
i.s. is still translated, e.g. (WHILE form) can be used to execute form -
repeatedly until its value is N]IL.

Similarly, if no terminating condition is detected, i1.e. no IN, ON, WHILE,
UNTIL, - TO, or a RETURN or GO, a warning message is p}inted:
POSSIBLE NON-TERMINATING ITERATIVE STATEMENT: followed by the i.s. However,
since the user may be planning to terminate the i.s. via an error, control-E,

or a retfrom from a lower function, the i.s. is still translated.

Defining New Iterative Statement Operators

The i.s.type specifies what is to be done at each iteration, e.g. collecting
values on a list, adding numbers, searching for a particular condition, etc.
Each i.s. can have one and only one i.s.type. The function i.s.type provides a

means of defining new i.s.types.

i.s.type[name;form;init;val] name is the name of the i.s.type. form is the
form to be evaluated at each iteration. In form $SVAL
can be used to reference the value being assembled,
I.V. to reference the current value of the i.v., and
BODY to reference the body of the statement, 1i.e.

name's operand.

For example, for COLLECT, form would be (SETQ $SVAL (NCONC1 SSVAL BODY)), for
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SuM: (SSVAL*$$VAL+BODY).49 for NEVER: (AND BODY (RETURN NIL)), and for THEREIS:
(AND BODY (RETURN I.V.)).

init specifies the initial value for $$SVAL, e.g. for
SUM, init is 0. val specifies the value to be returned

when the i.s. terminates.

i.s.txpe is undoable.

Examples:
1) To define RCOLLECT, a version of COLLECT which uses cons 1nstead'of nconci
and then reverses the list of values:

i.s.type[RCOLLECT; (SETQ $SVAL (CONS BODY SSVAL));NIL;(DREVERSE $SVAL)] -

2) To define TCOLLECT, a version of COLLECT which uses tconc:
i.5.type[ TCOLLECT;(TCONC $SVAL BODY); (CONS); (CAR $SVAL)]

3) To define PRODUCT:
i.s.type[ PRODUCT ; (SSVAL<SSVAL®BODY);1;8SVAL]

i.s.type performs the appropriate modifications to the property list for name,
as well as for the lower case version of name, and also updates the appropriatae

spelling lists.

i.s.type can also be used to define synonyms for all i.s. operators, (not just
those that are i.s.types), by calling i.s.type with form an atom, e.g.

i.s.type[WHERE ;WHEN] makes WHERE be the same as WHEN. Similarly, following
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49 SIVAL+BODY is used instead of (IPLUS $SVAL BODY), so that the choice of
function used in the translation, i.e. iplus, fplus, or plus, will be
determined by the declarations then in effect.
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i.s.type[ ISTHERE; THEREIS] one can write (ISTHERE ATOM IN Y), and following
i.s.type[FIND;FOR] and i.5.type[ SUCHTHAT; THEREIS], one can write

(FIND X IN Y SUCHTHAT X MEMBER Z).%?

This completes the description of iterative statements.

23.8 CLISP Translations

The translation of infix operators and IF]THEN|ELSE statements are handled in
CLISP by replacing the CLISP expression with the corresponding INTERLISP
expression, and discarding the original CLISP, because (1) the CLISP expression
is easily recomputable (by clispify), 61 and (2) the INTERLISP expressionS are
simple and straightforward. In addition to séving the space required to.retain
both the CLISP and the INTERLISP, another reason for discarding the original
CLISP is that it may contain errors that were corrected in the course of
translation, e.g. the user writes FOO~F000:1, N*8F00 X), etc. If the original
CLISP were retained, either the user would have to go back and fix these errors
by hand, thereby negating the advantage of having DWIM perform these
corrections, or else DWIM would have to keep correcting these errors over and

over.

Where (1) or (2) are not the case, e.g. with iterative statements, pattern
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In the current system, WHERE is synonymous with WHEN, SUCHTHAT and ISTHERE
with THEREIS, and FIND with FOR.

61 Note that clispify is sufficiently fast that it is practical for the user
to configure his INTERLISP system so that all expressions are automatically
clispifyed immediately before they are presented to him. For example, he
can define an edit macro to use in place of P which calls clispify on the
current expression before printing it. Similarly, he can inform prettyprint

to call clispify on each expression before printing it, etc.
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matches, record expressions, etc.62 63

the original CLISP is retained (or a
slightly modified version thereof), and the translation is stored elsewhere,
usually in clisparray, a hash array. The interpreter automatically checks
this array using gethash when given a form car of which is not a function.
Similarly, the compiler performs a gethash when given a form it does not
recognize to see if it has a translation, which is then compiled instead of the
form. Whenever the user changes a CLISP expresson by editing it, the editor
automatically deletes its translation (if one exists), so that the next time it
is evaluated or dwimified, the expression will be retranslated. The function
ppt and the edit commands PPT and CLISP: are available for examining
translations, see page 23.75. Similarly, if prettytranflg is T, prettyprint

will print the translations instead of the corresponding CLISP expression.54

If clisparray is NIL,55 translations are implemented instead by replacing the
CLISP expression by an expression of the form

(CLISP%_ translation . CLISP-expression),%¢ e.g. (FOR X IN Y COLLECT (CAR X))
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52 For example, the translation of X:5:3 is (CADDR (CAR (CDDDDR X))), which is
difficult to read. Therefore, such expressions are handled by retaining the
CLISP and storing the translation elsewhere, as described below.

53 The handling of translations for IF|THEN|ELSE statements is determined by -

the value of clispiftranflg. If T, the translations are stored elsewhere,
and the (modified) CLISP retained as described below. If NIL, the
corresponding COND replaces the IF|THEN|ELSE expression. The initial value
of clispiftranflg is NIL.

Note that the user can always examine the translation himself by performing
(GETHASH expression CLISPARRAY).

66 clisparray is initially NIL, and #clisparray is its size. The first time a

translation is performed, a hash array of this size is created. Therefore
to disable clisparray, both it and #clisparray should be set to NIL.

56 CLISP%A_ is an atom consisting of the six characters C, L, I, S, P, and

space, which must be preceded by the escape character % in order for it to
be included as a part of an identifier. The intent was to deliberately
make this atom hard to type so as to make it unlikely that it would
otherwise appear in a user's program or data, since the editor and
prettyprint treat it very specially, as described above.
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would be replaced by

(CLISP%_ (MAPCAR Y (FUNCTION CAR)) FOR X IN Y COLLECT (CAR X)). Both the
editor and prettyprint know about CLISPx; expressions and treat them’specially
by suppressing the translations: Prettyprint prints = just the CLISP

(unless prettytranflg=T, as described below), while the editor makes the

translation completely invisible, e.g. 1f the current expression were the above
CLISP%_ expression, F MAPCAR would fail to find the MAPCAR, and (3 ON) would
replace IN with ON, i.e. the editor operates as though both the CLISP%_ and the
MAPCAR were not there. As with translations implemented via clisparray, if the
CLISP expression is changed by editing it, the translation is automatically

deleted.

CLISP%_ expressions will interpret and compile correctly: CLISP%_ is defined as
an nlambda nospread function with an appropriate compiler macro. Note that if
the user sets clisparray to NIL, he can then break, trace, or advise CLISPX%_ to
monitor the evaluation of iterative statements, pattern matches, and record
operations. This technique will work even if clisparray was not NIL at the time
the expressions were originally translated, since setting clisparray to NIL
will effectively delete the translations, thereby causing the CLISP expressions
to be retranslated when they are first encountered. Note that if the user only
wishes to monitor the CLISP in a certain function, he can accomplish this by

embedding its definition in (RESETVAR CLISPARRAY NIL *).

If a CLISP4_ expression 1is encountered and clisparray 1is not NIL, the
translation is transferred to the hash array, and the CLISP%_ expression
replaced by just the CLISP. Setting prettytranflg to CLISP%_ causes
prettyprint to print CLISP expressions that have been translated in the form of
(CLISP%_translation . CLISP-expression), even if the translation is currently
stored in clisparray. These two features together provide the user with a way
of dumping CLISP expressions together with their translations so that when
reloaded (and run or dwimified), the translations will automatically be

transferred to clisparray.
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In summary, if prettyﬁranflg:NIL. only the CLISP is printed (used for producing

listings). If prettytranflg=T, only the translation is printed (used for
exporting programs to systems that do not provide CLISP; and to examine
translations for debugging purposes).67 If prettytranflg=CLISP%_, an expression
of the form (CLISPY%_ translation . CLISP) is printed, (used for dumping both
CLISP and translations). The preferred method of storing translations is in
clisparray, so that if any CLISP%_ expressions are converted while clisparray
is not NIL, they will automatically be converted so as to use clisparray. If
clisparray=NIL, they will be left alone, and furthermore, new translations will

be implemented using CLISP%_ expressiqns.

23.9 Declarations

Declarations are used to affect the choice of INTERLISP function used as the
translation of a particular operator. For example, A+B can be translated as
either (IPLUS A 8), (FPLUS A B), or (PLUS A B), depending on the declaration in
effect. Similarly  X:1«Y can mean (RPLACA X Y), (FRPLACA X Y), or
(/RPLACA X Y), and <!!A B> either (NCONCi A B) or (/NCONC1 A B). The table
below gives the declarations available in CLISP, and the INTERLISP functions
they indicate. The choice of function on all CLISP transformations are
aeffected by these declarations, i.e. titeraive statements, pattern matches,

record operations, as well as infix and prefix operators.

The wuser can make (change) a global declaration by calling the function
CLISPDEC and giving it as its argument a list of declarations, e.g.,
(CLISPDEC (QUOTE (FLOATING UNDOABLE))). Changing a global declaration does not

affect the speed of subsequent CLISP transformations, since all CLISP
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Note that makefile will reset prettytranflg to T, using resetvar, when
called with the option NOCLISP.
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transformation are table driven (i.e. property list), and global declarations
are accomplished by making the appropriate internal changes to CLISP at the
time of the declaration. If a function employs local declarations (described
below), there will be a slight loss in efficiency owing to the fact that for
each CLISP transformation, the declaration list must be searched for possibly

relevant declarations.

Declarations are implemented in the order that they are given, so that later
declarations override earlier ones. For example, the declaration FAST
specifies that FRPLACA, FRPLACD, FMEMB, and FLAST be used in place of RPLACA,
RPLACD, MEMB, and LAST; the declaration RPLACA specifies that RPLACA be used.
Therefore, the declarations (FAST RPLACA RPLACD) will cause FMEMB, FLAST,
RPLACA, and RPLACD to be used.

The initial global declaration is INTEGER and STANDARD.

Table of Declarations

Declaration INTERLISP functions to be used

INTEGER or FIXED ‘ IPLUS, IMINUS, IDIFFERENCE, ITIMES, IQUOTIENT, ILESSP,
IGREATERP

FLOATING FPLUS, FMINUS, FDIFFERENCE, FTIMES, FQUOTIENT, LESSP,
FGTP

MIXED PLUS, MINUS, DIFFERENCE, TIMES, QUOTIENT, LESSP,
GREATERP

FAST FRPLACA, FRPLACD, FMEMB, FLAST, FASSOC

UNDOABLE - /RPLACA, /RPLACD, /NCONC, /NCONC1, /MAPCONC, /MAPCON

STANDARD RPLACA, RPLACD, MEMB, LAST, ASSOC, NCONC, NCONC1,
MAPCONC, MAPCON '

RPLACA, RPLACD, corresponding function

/RPLACA,
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Local Declarations

The user can also make declaratioﬁs affecting a selected function or functions
by inserting an expression of the form (CLISP: . declarations) immediately
following the argument 1list, i.e.; as CADDR.of the definition. Such 1local
declarations take precedence over global declarations. Declarations affecting
selected variables can be indicated by lists, where the first element is the
name of a variable, and the rest of the 1list the declarations for that
variable. For example, (CLISP: FLOATING (X INTEGER)) specifies that in this
function integer arithmetic be used for computations involving X, and floating
arithmetic for all other computations.58 The user can also make local record
declarations by inserting a record declaration, e.g. (RECORD =--),
(ARRAYRECORD --), etc., in the 1local declaration list. Local record
declarations override global record declarations for the function in which they
appear. Local declarations can also be used to override the global setting of
certain DWIM/CLISP parameters effective only for transformations within that
function, by including in the local declaration an expression of the form

(variable = value), e.g. (PATVARDEFAULT = QUOTE).

The CLISP: expresSion is converted to a comment of a special form recognized by
CLISP. Whenever a CLISP transformation that is affected by declarations is
about to be performed in a function, this comment will be searched for a
relevant declaration, and if one is found, the corresponding function will be
used. Otherwise, if none are found, the global declaration(s) currently in

effect will be used.

----------------------------------------------------------------------- —cmm- - -

68 'involving' means where the variable itself is an operand. For example,
with the declaration (FLOATING (X INTEGER)) in effect, (FOO X)+(FIE X)
would translate to FPLUS, i.e., use floating arithmetic, even though X
appears somewhere inside of the operands, whereas X+(FIE X) would translate
to IPLUS. If there are declarations involving both operands, e.g. X+Y,
with (X FLOATING) (Y INTEGER), whichever appears first in the declaration
list will be used.
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Local declarations are effective in the order that they are given, so that
later declarations can be used to override earlier ones, e.g.
(CLISP: FAST RPLACA RPLACD) specifies that FMEMB, FLAST, RPLACA, and RPLACD be
used. An exception to this is that declarations for specific variables take
precedence of general, function-wide declarations, regardless of the order of

appearance, as in (CLISP: (X INTEGER) FLOATING).

Clispify also checks the declarations in effect before selecting an infix
operator to ensure that the corresponding CLISP construct would in fact
translate back to this form. For example, if a FLOATING declaration 1is in
effect, clispify will convert (FPLUS X Y) to X+Y, but leave (IPLUS X Y) as is.
Note that if (FPLUS X Y) is CLISPIFYed while a FLOATING declaration is under
effect, and then the declaration is changed to INTEGER, when X+Y is translated
back to INTERLISP, it will become (IPLUS X Y).

23.10 The Pattern Match Compiler®?

CLISP contains a fairly general pattern match facility. The purpose of this
pattern match facility is to make more convenient the specifying of certain
tests that would otherwise be clumsy to write (and not as intelligible), by
allowing the user to give instead a pattern which the datum is supposed to
match. Essentially, the user writes "Does the (expression) X 1look 1like
(the pattern) P?" For example, X:(& 'A -- 'B) asks whether the second element
of X is an A, and the last element a B. The implementation of the matching is
performed by computing (once) the equivalent INTERLISP expression which will
perform the indicated operation, and substituting this for the pattern, and not

by invoking each time a general purpose capability such as that found in FLIP

69 The pattern match compiler was written by L. M. Masinter.
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or PLANNER. For example, the translation of X:(& 'A -- 'B) is:
(AND (EQ (CADR X) (QUOTE A)) (EQ (CAR (LAST X)) (QUOTE B))). Thus the CLISP
pattern match facility is really a Pattern Compiler, and the emphasis in its
design and implementation has been more on the efficiency of object code than
on generality and sophistication of its matching capabilities. The goal was tol
provide a facility that could and would be used even where efficiency was
paramount, e.g. in inner loops. As a result, the CLISP pattern match facility
does not contain (yet) some of the more esoteric features of other pattern
match 1languages, such as repeated patterns, disjunctive and conjunctive
patterns, recursion, etc. However, the user can be confident that what
facilities it does provide will result in INTERLISP expressions comparable to

those he would generate by hand.ao

The syntax for pattern match expressions is form:pattern, where pattern is a
list as described below. As with iterative statements, the translation of
patterns, 1i.e., the corresponding INTERLISP expressions, are stored in
clisparray, a hash array, as described on page 23.30. The original expression,
form:pattern.l is replaced by an expression of the form
(MATCH form WITH pattern). CLISP also recognizes expressions input in this

form.

If form appears more than once in the translation, and it is not either a
variable, or an expression that is easy to (re)compute, such as (CAR Y),
(CODR Z), etc., a dummy variable will be generated and bound to the value of
form so that form is not evaluated a multiple number of times. For example,
the translation of (FQO X):($ 'A $) is simply (MEMB (QUOTE A) (FOO X)), while
the translation of (FOO X):('A 'B --) is:
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60 Wherever possible, already existing INTERLISP functions are used in the
translation, e.g., the translation of (3 'A $) uses MEMB, (3 ('A $) $) uses
ASSOC, etc.
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[PROG ($$2) (RETURN
(AND (EQ (CAR (SETQ $32 (FO00 X)))
(QUOTE A))
(EQ (CADR $52) (QUOTE 8].

In the interests of efficiency, the pattern match compiler assumes that all
lists end in NIL, i.e. there are no LISTP checks inserted iq the translation to
check tails. For exampla, the translation of X:('A & --) is
(AND (EQ (CAR X) (QUOTE A)) (CDR X)), which will match with (A B) as well as
(A . B). Similarly, the pattern match compiler does not insert LISTP checks on
elements, e.g. X:(('A --) --) translates simply as (EQ (CAAR X) (QUOTE A)), and
X:((%1 31 --) --) as (CDDAR X).GI Note that the user can explicitly insert
LISTP checks himself by using @, as described on page 23.40, e.g.
X:(($51 $1 --)RLISTP --) translates as (AND (LISTP (CAR X)) (CDDAR X)). .

Pattern Elements

A pattern consists of a list of pattern elements. Each pattern element is said
to match either an element of a data structure or a segment. (cf. the editor's
pattern matcher, "--" matches any arbitrary segment of a list, while & or a
subpattern match only one element of a list.) Those patterns which may match a
segment of a list are called SEGMENT patterns; those that match a single

element are called ELEMENT patterns.

The insertion of LISTP checks for elements is controlled by the variable
patlistpcheck. When patlistpcheck is T, LISTP checks are inserted, e.g.
X:(('A --) --) translates as:

(AND  (LISTP X) (LISTP (CAR X)) (EQ (CAAR X) (QUOTE A))).
patlistpcheck is initially NIL. Its value can be changed within a

particular function by using a local declaration, as described on page
23.35.
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Element Patterns

There are several types of element patterns, best given by their syntax:

PATTERN MEANING
$1, or & matches an arbitrary element of a list
‘expression matches only an element which 1is equal to the given

expression e.g., 'A,oz (A B).

=form matches only an element which is equal to the value of form,

e.g., =X, =(REVERSE Y).

==form same as =, but uses an eq check instead of equal.
atom treatment depends on setting of patvardefault.

If patVardefault is ' or QUOTE, same as 'atom.

If patvardefault is = or EQUAL, same as =atom.

If patvardefault is == or EQ, same as ==atom.

If patvardefault is « or SETQ, same as atom«&.
3

patvardefault is initially =.6

Note: numbers and strings are always interpreted as though patvardefault were

=, regardless of its setting. Eq, memb, and assoc are used for comparisons

involving small integers.
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eq, memb, and assoc are automatically used in the translation when the
quoted expression is atomic, otherwise equal, member, and sassoc.

63 patvardefault can. be éhanged within a particular function by using a local

declaration, as described on page 23.35,
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(pat.tern1 .o patternn) n>i1 matches a 1ist which matches the given

patterns, e.g., (& &), (-- 'A).

element-pattern@function-ob ject ,matche; an element 1if the element-pattern
matches it, and the function-object (name of a function or a
LAMBDA expression) applied to that element returns non-NIL,
e.g. &@NUMBERP matches a number, ('A --)@FO0 matches a list
whose first slement is A, and for which FOO applied to that
list is non-NIL.%4

x matches any arbitrary element. If the entire match
succeeds, the element which matched the * will be returned

as the value of the match.

Note: normally, the pattern match compiler constructs an expression whose value
is guaranteed to be non-NIL if the match succeeds and NIL if it fails.
However, if a * appears in the pattern, the expression generated will either
return NIL if the match fails, or whatever matched the * aven though that may
be NIL. For example, X:('A* -=) translates as

(AND (EQ (CAR X) (QUOTE A)) (€DR X) (CADR X)).

~aelement-pattern matches an element if the element is not matched by

element-pattern, e.g. ~'A, ~=X, ~(=-=- 'A =--),
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64 For 'simple' tests, the function-object is applied before a match 1is
attempted with the pattern, e.g. ((-- 'A --)BLISTP --) translates as
(AND (LISTP (CAR X)) (MEMB (OUOTE A) (CAR X))), not the other way around.
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Segment Patterns

$, or -- matches any segment of a list (including one of zero

length).

The difference between $ and -- is in thé type of search they generate. For
example, X:(3 'A 'B $) translates as (EQ (CADR (MEMB (QUOTE A) X)) (QUOTE B)),
whereas X:(-- 'A 'B §) translates as: [SOME X (FUNCTION (LAMBDA (332 $31)
(AND (EQ $32 (QUOTE A)) (EQ (CADR SSI) (QUOTE 8]. Thus, a paraphrase of
(3 'A 'B $) would be "Is the element following the first A a B?", whereas a
paraphrase of (-- 'A 'B 3) would be "Is there any A immediately followed by a
B?" Note that the pattern employing $ will result in a more efficient search
than that employing = --. However, (3 'A ‘B §) will not match with
(XYZAMNOABC), but (-- 'A 'B §) will.

Essentially, once a pattern following' a & matches, the $ never resumes
searching, whereas -~ produces a translation that will always continue
searching until there is no possibility of success. However, if the battern
match compiler can deduce from the pattern that continuing a search after a
particular failure cannot possibly succeed, then the translations for both --
and $ will be the same. For exarﬁple. both X:($ 'A $3 $) and (-- 'A $3 --)
translate as (CDDDR (MEMB (QUOTE A) X)), because if there are not three
elements following the first A, there certainly will not be three elements
following subsequent A's, so there is no reason to continue searéhing. even for

--. Similarly, ($ 'A S 'B $) and (-- 'A -- 'B -=) are equivalent.

$2, $3, etc. matches a segment of the given length. Note that $1 is not

a segment pattern.

telement-pattern matches any segment which the given element pattern would

match as a list. For example, if the value of FOO is
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(ABC) !'=FO0 will match the segment ... ABC ... etc.
Note that !* is permissible and means Value-of-match«$, e.g.

X:($ 'A !'*) translates to (COR (MEMB (QUOTE A) X)).

Note: since ! appearing in front of the last pattern specifies a match with
some tail of the given expression, it also makes sense in this case for a ! to
appear in front of a pattern that can only match with an atom, e.g., ($2 !‘A)
means match if cddr of the expression is the atom A. Similarly, X:($ ! 'A)

translates to (EQ (CDR (LAST X)) (QUOTE A)).

tatom treatment depends on setting of patvardefault. 1f

patvardefault is ' or QUOTE, same as !'atom (see above

discussion). If patvardefault 1is = or EQUAL, same as

lzatom. If patvardefault is == or EQ, same as !==zatom. If

patvardefault is « or SETQ, same as atom+$.

The atom '.' is treated exactly like !.66 In addition, if a
pattern ends in an atom, the '.' is first changed to !,
e.g., (31 . A) and (31 ! A) are equivalent, even though the

atom '.' does not explicitly appear in the pattern.

Segment-pattern@function-object matches a segment 1if the segment-pattern
matches it, and the function object applied to the

corresponding segment (as a 1list) returns non-NIL, e.g.

--------------------------------------------------------------------------------

65 With one exception, namely '.' preceding an assignment does not have the
special interpretation that { has preceding an assignment (see page
23.43). For example, X:('A . FOO+~'B) translates as:
(AND (EQ (CAR X) (QUOTE A)) (EQ (CDR X) (QUOTE B)) (SETQ FOO (CDR X))),
but X:('A ! FOO~'B) translates as:

(AND (EQ (CAR X) (QUOTE A))
{NULL (CDDR X))
(EQ (CADR X) (QUOTE B))
(SETQ FOO (CDR X))).
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(SeCDDR 'D $) matches (A B C D E) but not (A B D E), since
CDDR of (A B) is NIL.

Note: an @ pattern applied to a segment will requife computing the
corresponding structure (with 1diff) each time the pfedicate is applied (except

when the segment in quéstion is a tail of the list being matched).

Assignments

Any pattern element may be preceded by a variable and a '+«!', mganing if the
match succeeds (i.e., everything matches), the variable given is to be set to
what matches that pattern element. For example, 1if X =(A B C D E),
X:(%2 Y+33) will set Y to (C D E); Assignments are not performed until the
entire match has succeeded. Thus, assignments cannot be used to specify a
search for an element found earlier in ﬁhe match, e.g. X:(Y«31 =Y --)86 will
not match with (A ABC ...).67 This type of match is achieved by using

place-markers, described below.

If the variable is preceded by a !, the assignment is to the tail of the list
as of that point in the pattern, i.e. that portion of the ligt matched by the
remainder of the pattern. For example, if X is (A B C D E), X:($ !Y«'C 'D 3)
sets Y to (CDE), i.e. cddr of X. In other words, when ! precedes an
assignment, it acts as a modifier to the «, and has no effect whatsoever on the
pattern itself, e.g. X:('A 'B) and X:('A !FOO~'B) match identically, and in

the latter case, FOO will be set to CDR of X.
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66 The translation of this pattern is:
(COND ((AND (CDR X) (EQUAL (CADR X) Y))
(SETQ Y (CAR X))
T)).
The AND 1is because if Y is NIL, the pattern should match with (A NIL), but
not with just (A). The T is because (CAR X) might be NIL.
67

unless, of course, the value of Y was A before the match started.
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Note: *e-pattern-element and !*bpattern-element are acceptable, e.g.
X:(%$ 'A *«('B --) --) translates as:
[PROG ($32) (RETURN
(AND (EQ (CAADR (SETQ 852 (MEMB (QUOTE A) X)))

(QUOTE 8))
(CADR $32]

Place-markers

Variables of the form #n, n a number, are called place-markers, and are
interpreted specially by the pattern match compiler Place-markers are used in
a pattern to mark or refer to a particular pattern element. Fuﬁctiqnélly, they
are used like ordlnary variables, i.e. they can be assigned values.‘or used
freely in forms appearing in fhé pattern, e.g. X:(#1«31 =(ADD1 #1)) will‘match
the list (2 3); However, they are noﬁ really variables in the sense that they
are not bound, nor can a function called from within the pattern expect to be
able to obtain their values. For conveniencé, regardless of the setting of

patvardefault, the first appearance of a defaulted place-marker is interpreted

as though patvardefault were «. Thus the above pattern could have been written

as X:(#1 =(ADD1 #1)). Subsequent appearances of a place-marker are interpreted

as though patvardefault were =. For exémple. x:(#i #1 -?) is equivalent to

X: (#1831 =#1 --), and translates as (AND (CDR X) (EQUAL (CAR X) (CADR X)).68

Replacements

Any pattern elemcnt:may'be Jollowed by a '«~' and a form, meaning if the match

succeeds, the part of the data that matched is to be replaced (e.g., with

68" just (EQUAL (CAR X) (CADR X)) would incorrectly match with (NIL).
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RPLACA or RPLACD)®? with the value of <{form>. For example, if X =(A B C D E),
X:(3 'C $1«Y $1) will replace the fourth element of X with the value of Y. As
with assignments, replacements are not performed until after it is determined

that the entire match will be successful.

Replacements involving segments splice the corresponding structure into the
list being matched, e.g. if X is (AB C D E F) and FOO is (1 2 3), after the
pattern ('A $~FO0 'D $) is matched with X, X will be (A1 2 3D E F), and FOO
will be eq to COR of x, i.e. (1 2 3 D E F).

Note that ($ FOO+FIE $) is ambiguous, since it is not clear whether FOO or FIE
is the pattern element, i.e. whether « specifies assignment or replacement.

For example, 1if patvardefault is =, this pattern can be interpreted as

($ FOO~=FIE $), meaning search for the value of FIE, and if found set FOO to
it, or ($ =FOO~FIE %) meaning search for the value of F0O, and if found, store
the value of FIE into the corresponding position. In such cases, the user

should disambiguate by not using the patvardefault option, i.e. by specifying '

or =,
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69 The user can indicate he wants /rplaca and /rplacd used, or frplaca and
frplacd, by means of declarations. The initial default is for rplaca and
rplacd.
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Reconstruction

The user can specify a value for a pattern match operation other than what is
returned by the match by writing after the pattern =) followed by another form,
e.g. X:(FO0«3 'A --) => (REVERSE FOO).70 which translates as:
[PROG (8%2) {RETURN
(COND ((SETQ $32 (MEMB (QUOTE A) X))

(SETQ FOO (LDIFF X 32))
(REVERSE F00].

Place-markers in the pattern can be referred to from within form, e.g. the
above could also have been written as X:(!#1 'A --)=>(REVERSE #1). If -> is
used in place of =>, the expression being matched is also physically changed to
the value of form. For example, X:(#1 'A !#2) -> (CONS #1 #2) would remove the

second element from X, if it were equal to A.

In general, formi:pattern->form2 is translated so as to compute formZ if the
match is successful, and then smash its value into the first node of formi.
However, whenever possible, the translation does not actually require formZ2 to -
be computed in its entirety, but instead the pattern match compiler uses formZ
as an indication of what should be done to formi. For example,
X:(#1 'A 14#2) -> (CONS #1 #2) translates as:

(AND (EQ (CADR X) (QUOTE A)) (RPLACD X (CDDR X))).

= mn Em e as e e e R Ee e R W R e W R S R SR e S W SN R SN s G G W M G SN AP R B D G G W A S G A S R SR D R WD e s TS S R D R P N G S WS W Gr WP N G W Ge ew e e

70 The original CLISP is replaced by an expression of the form
(MATCH forml WITH pattern => form2). CLISP also recognizes expressions
input in this form.
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Examples

X:(== 'A ==)

X:(-- 'A)

X:('A 'B -- 'C $3 --)
X:(('A 'B) 'C Ye$1 $)
X:(#1 'A'$ 'B 'C #1 §)

-- matches any arbitrary segment. 'A matches only an
A, and the 2nd -- again matches an arbitrary segment;

thus this translates to (MEMB (QUOTE A) X).

Again, ~- matches an arbitrary segment; however, since
there is no ~-- after the 'A, A must be the last element
of X. Thus this translates to:

(EQ (CAR (LAST X)) (QUOTE A)).

CAR of X must be A, and CADR must be B, and there must
be at least three elements after the first C, so the
translation is:

(AND (EQ (CAR X) (QUOTE A))
(EQ (CADR X) (QUOTE B))
(CDDDR (MEMB (QUOTE C) (CDDR X))))

Since ('A 'B) does not end in $ or --, (CDDAR X) must
be NIL.

(COND
((AND (EQ (CAAR X) (QUOTE A))

(EQ (CADAR X) (QUOTE B))
(NULL (CDDAR X))
(EQ (CADR X) (QUOTE C))
(CODR X))

(?%TQ Y (CADDR X))

T

#1 is implicitly assigned to the first element in the
list. The $ searches for the first B following A. This
B must be followed by a C, and the C by an expression
equal to the first element.
[PROG ($32) (RETURN
(AND (EQ (CADR X) (QUOTE A))
(EQ [CADR (SETQ $32 (MEMB (QUOTE B) (CDDR X]

(QUOTE C))
(EQUAL (CADDR 352) (CAR X]
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X:(#1 ‘A -- 'B 'C #1 83) Similar to the pattern above, except that -- specifies
a search for any 8 followed by a C followed by the
first element, so the translation is:

[AND (EQ (CADR X) (QUOTE A))
(SOME (CDDR X) (FUNCTION (LAMBDA (352 $51)
(AND (EQ $32 (QUOTE B))

(EQ (CADR $$1) (QUOTE C))
(EQUAL (CADDR $$1) (CAR X]

This concludes the description of the pattern match éompiler.

23.11 The Record Package7’

The advantages of "data-less" or data-structure-independent programming have
long been known: more readable code, fewer bugs, the ability to change the data
structure without having to make major modifications to the program, etc. The
record package in CLISP both encourages and facilitates this good programming
practice by providing a uniform syntax for accessing and storing data into many
different types of data structures, e.g. those employing arrays, 1list
structures, atom property lists, hash links, etc., or any combination thereof,
as well as removing from the user the task of writing the various access and
storage routines themselves. The user declares (once) the data structure(s)
used by his programs, and thereafter indicates the manipulations of the data in
a data-structure-independent manner. The record package automatically computes
from the declaration(s) the corresponding INTERLISP expressions necessary to
accomplish the indicated access/storage operations. The user can change"his
data structure simply by changing the corresponding declaration(s), and his

program automatically (re)adjusts itself to the new conventions.
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71 The record package was written by L. M. Masinter.

23.48



The user informs the récord package about the format of his data structure by
making a record declération. A record declaration defines a record, i.e. a
data structure. (Note that the record itself is an abstraction that exists
only in the user's head.) The record declaration is essentially a template
which describes the record, associating names with its various parts or fields.
For example, the record declaration (RECORD MSG (ID (FROM TO) . TEXT))
describes a data structure called MSG, which contains four fields: ID, FROM,
TO, and TEXT. The user can then reference these fields by name, either to
retrieve their contents, or to store new data into them, by using the
operator followed by the field name. For example, for the above record
declaration, X:FROM would be equivalent (and translate) to (CAADR X), and
Y:T0-Z to (RPLACA (CDADR Y) 2).72 The fields of a record can be further broken
down into subfields by additional declarations within the record, e.g.

(RECORD MSG (ID (FROM TO) . TEXT) (RECORD TEXT (HEADER TXT))) would permit the

user to refer to TEXT, or to its subfields HEADER and TXT.

Note that what the record declaration is really doing is specifying the
data-paths of the structure, and thereby specifying how the corresponding
access/storage  operations are to be carried out. = For example,
(RECORD MSG (ID (FROﬁ TO0) . TEXT) (RECORD TEXT (HEADER TXT))) says the HEADER
of a MS5G is to be found‘as the first element of its TEXT, which is the second
tail of the MSG ifself. Hence, X:HEADER~string is achieved by performing
(RPLACA (CDDR X) string). |

Note also that when the user writes X:HEADER, he is implicitly saying the X is
an instance of the record MSG, or at least is to be treated as such for this
particular operation. In other words, the interpretation of X:FORM never

depends on the value of X. The record package (currently) does not provide any
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or /RPLACA or FRPLACA, depending on the CLISP declaration in effect.
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facility which uses run-time checks to determine data paths, nor is there any
error checking other than that provided by INTERLISP itself. For example, if X

happened to be an artray, X:HEADER would still compute (CAADR X).73

RECORD (used to specify elements and tails of a list structure) is just one of
several record-types currently implemented. For example, the user can specify
‘optional' fields, i.e. property 1list format, by using the record type
PROPRECORD, or fields to be associated with parts of the data structure via
hash 1links, by using the record-type HASHRECORD, or even specify the access
definitions in the record declaration himself, by using the record-type

ACCESSFN. These are described in detail below.

The record package also provides a facility for creating new data structures
using a record declaration as a guide or template. Initial values for the
various fields can be specified in the CREATE expression, or defaulted to
values specified in the record declaration itself. Alternatively, CREATE can
be instructed to use an existing datum as a model, i.e. to obtain the field
values for the new datum from the corresponding fields of the existing datum,
or even to actually use (cannibalize) the structure of the existing datum

itself.

As with all DWIM/CLISP facilities, the record package contains many
do-what-I-mean features, spelling correction on field names, record types, etc.
In addition, the record package includes a RECORDS prettydef macro for dumping
record declarations, as well as the appropriate modifications to the file

package (Section 14), so that files? and cleanup will inform the user about

records that need to be dumped.
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However, it is possible to make the interpretation of X:HEADER differ from
that of Y:HEADER (regardless of the values of X and Y), by using local
record declarations, as described on page 23.35. Note that this
distinction depends on a traaslation-time check, not run-time.
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Record Declarations

A record declaration is an expression of the form

This expression is evaluated to effect the corresponding ‘declaration.

1.

(record-type record-name fields . {defaults and/or subfields})
' 74

record-type specifies the "type”’of data being described by the record
declaration, and thereby implicitly specifies the data paths, i.e. how the
corresponding access/storage operations are performed. record-type
currently is either RECORD, TYPERECORD, ARRAYRECORD, ATOMRECORD, PROPRECORD,
HASHRECORD, or ACCESSFN.”® RECORD and TYPERECORD are used to describe list
structures, ARRAYRECORD to describe arrays, ATOMRECORD to describe (the
property list of) atoms, and PROPRECORD to describe lists that use property
list format. HASHRECORD can be used with any type of data: since it simply
specifies the data path to be a hash-link. ACCESSFN is also type-less; the
user specifies the data-path(s) in the record declaration itself, as

described below.

record-name is a literal atom used to identify the record declaration for
dumping to files via the RECORDS prettydef macro, and for creating instances
of the record via CREATE. For most top-level declarations, record-name is

optional, e.g. (RECORD (ID (FROM TO) . TEXT)) is perfectly acceptable.’®

-------------------------------------------------- P L L R R R R R R

74

7

5

Local record declarations are performed by including an expression of this
Torm in the CLISP declaration for that function (page 23.35), rather than
evaluating the expression itself.

When user-defined data types are introduced to INTERLISP, a corresponding
record-type will be added to the record package.

If record-name is omitted, it simply means that the user cannot specify the
record by name, e.g. when calling CREATE, or when using the RECORDS
prettydef command.
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For TYPERECORD, record-name is obligatory and is used as an indicator in CAR
of the datum to signify what "type" of record it is. CREATE will insert an
extra field containing record-name at the beginning of the structure, and
the translation of the access and storage functions will take this extra

field into account.77

For subfield declarations, record-name is also obligatory, and specifies the

parent field that is being elaborated, as described below.

fields describes the structure of the record. Its exact 1nterpre£ation

varies with the record-type:

For RECORD, fields is a list whose non-NIL literal atoms are taken as
field-names to be associated with the corresponding elements and
tails of a list structure. NIL can be used as a place marker to fili
an unnamed field, e.g. (A NIL B) describes a three element list, with

B corresponding to the third element.

For TYPERECORD, fields has the same meaning as for RECORD. However,
since CAR of the datum contains an indicator signifying its "type,"
the translation of the access/storage functions differ from those of
RECORD. For example, for (TYPERECORD MSG (ID (FROM TO) . TEXT)),
X:FROM translates as (CAADDR X), not (CAADR X).

For ATOMRECORD, fields is a 1list of property names, e.g.
(ATOMRECORD (EXPR CODE MACRO BLKLIBRARYDEF)). Accessing will be

performed with getp, storing with put.
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Note: this type-field is not used by the record package. It is provided
for the user's own applications.
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78

‘79

For PROPRECORD, fields is also a list of property names. Accessing
is performed with get, storing with Eggl.78 For example,

(RECORD ENTRY (INPUT VALUE ID . PROPS) (PROPRECORD PROPS (HISTORY
LISPXPRINT SIDE GROUP ERROR))) could be used to describe an entry on

the history list (see Section 22).79

For HASHRECORD (or HASHLINK), fields is usually just field-name, i.e.
an atom, and is the name by which the corresponding hash-value is
referred to. For example, for (RECORD (A B . C) (HASHRECORD B F00)),
X:FOO translates as (GETHASH (CADR X)). If field-name is a list, it

is interpreted as (field-name arrayname arraysize). In this case,
arrayname indicates the hash-array to be used. For example,

(HASHRECORD (CLISP CLISPARRAY)) would permit the user to obtain the
CLISP translation of X by simply writing X:CLISP. arraysize is used
for initializing the hash array: if arrayname has not been
initialized at the time of the declaration, it will be set to

{HARRAY (OR arraysize 100)).

For ARRAYRECORD, fields is a list of field-names that are associated
with the corresponding elements of the array. NIL can be used as a
place marker for an unnamed field (element). Positive integers can be
used as abbreviation for the corresponding number of NIlLs. For

example, (ARRAYRECORD (ORG DEST NIL ID 3 TEXT)) describes an eight

A new function (part of the record package), similar to put, which takes a
list as its first argument, searches the list looking for an occurrence of
the given property name (its second argument). If found, it replaces the
next element with the new property value (its third argument), otherwise
adds the property name and property value to the list.

Note that (ATOMRECORD (FOO FIE))) is equivalent to (RECORD (VALUE . PROPS)
(PROPRECORD PROPS (FOO FIE))), the difference being in the translations.
In the first case, X:FIE translates as (GETP X (QUOTE FIE)),, in the second
case, as (GET (CDR X) (QUOTE FIE)). Note also that in the first case, if X
is not a literal atom, INTERLISP (i.e. getp) will generate an error.
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4.

81

element array, with ORG corresponding to thé first element, ID to

the fourth, and TEXT to the eighth.

For ACCESSFN (or ACCESSFNS), fields is a 1list of the form
(field-name accessdefinition setdefinition), or a list of elements of

this form. accessdefinition iS a function of one argument, the datum,

and will be used for accessing. setdefinition is a function of two
80

arguments, the datum and the new value, and is used for storing.
For example, (HASHRECORD FOO) and (ACCESSFN (FOO GETHASH PUTHASH))
are equivalent: in both cases, X:FOO translates as (GETHASH FOO).'
Similarly, (ACCESSFN (DEF GETD PUTD)) would permit defining functions
by writing fn:DEthefinition.BI

{defaults and/or subfields} is optional. It may contain expressions of the

(1) field-name « form - specifies the default value for field-name.

Used by CREATE.

(2) DEFAULT « form - specifies default value for every field not

given a specific default via (1).

(3) a subfield declaration - i.e. a record declaration of any of the
above types. For subfield declarations, record-name is obligatory.
Instead of identifying the declaration as with the case of top level

declarations, record-name identifies the parent field or record that
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Currently, an error is generated if CREATE is called with a record’
declaration containing an ACCESSFNS record-type.

[ACCESSFN (DEF GETD (LAMBDA (FN DEF) (DEFINE (LIST (LIST FN DEF] would be
preferable to using putd.
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is being described by the subfield declaration. It must be either the
record-name of the immediately superior declaration, or one of its

field-names (or else an error 1is generated).
Subfields can be nested to an arbitrary depth.

Note that in some cases, it makes sense for a given field to have
more than one subfield declaration. For example, in
(RECORD (A . B) (PROPRECORD B (FOO FIE FUM)) (HASHRECORD B C)), B is
elaborated by both a PROPRECORD and HASHRECORD. Similarly,
(RECORD (A B) (RECORD A (C D)) (RECORD A (FOO FIE))) is also
acceptable, and essentially "overlays" (FOO‘FIE) and (C D), 1i.e.
X:FOO and X:C would be equivalent. In such cases, the first subfield
declaration is the one used by CREATE, e.g.

(RECORD X (A B) (RECORD A (C D)) (RECORD A (FOO FIE FUM)) ) will
cause  (CREATE X)  to  construct  ((NIL NIL) NIL),  not
((NIL NIL NIL) NIL), as would be the case if the subfield declaration
(RECORD A (C D)) were removed.

CREATE

Record operations can be applied to arbitrary structures, i.e. structures
created directly by user programs can be manipulated in a data-independent
manner using record declarations. However, to be completely data-independent,
new data should be created using the same declarations that define its data

paths. This can be done by means of an expression of the form

).82

(CREATE record-name . {assignments) {assignments} is optional and may
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CREATE is not defined as a function. Instead, DWIM calls the appropriate
function in the record package giving it the entire CREATE expression as an
argument. The translation of the CREATE expression, i.e. the INTERLISP
form which is evaluated to construct the datum, is then stored elsewhere,
as with iterative statements and pattern matches.
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contain expressions of the following form:

(1) field-name « form specifies initial value for field-name.

(2) USING form specifies that for all fields not given a
value by (1), the value of the corresponding

field in form is to be used.

(3) COPYING form like USING except the. corresponding values

are copied (copy).

(4) REUSING form like USING, except that wherever possible,
the corresponding structure in form is used

(similar to operation of subpair and sublis).

For example, following (RECORD FQO (A B C)),

(CREATE FOO A«T USING X) translates as (LIST T (CADR X) (CADDR X)),

(CREATE FOO A«T COPYING X)) as (LIST T (COPY (CADR X)) (COPY (CADDR X))), and
(CREATE FOO A«T REUSING X) as (CONS T (CDR X)).

A CREATE expression translates into an appropriate INTERLISP form using cons,

list, put, putl, puthash, seta, etc., that creates the new datum with the

various fields initialized to the appropriate values. If values are neither

explicitly specified, nor implicitly specified via USING or COPYING, the
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83 L.84

DEFAULT value in the declaration is used, if any, otherwise NI

Implementation

Record operations are implemented by replacing expressions of the form X:FOO by
(FETCH FOO OF X), and X:FOO-Y by (REPLACE FOO OF X WITH Y),%% and then storing
the translation elsewhere, usually in a hash array, as described on page 23,30.

Translations of CREATE expressions are also stored elswhere.

The translation of each record operation is computed using information
retrieved from the property 1list of the field name, under the property
CLISPRECORDFIELD. Thus, (global) field names must be unique, 1i.e. cannot be
the same as the name of any other field in any other record. Records can also
be declared local to a particular function by using a CLISP declaration, as
described on page 23.35. Local record declarations override global ones, and a
local record can have a field name the same as that of a local record of

another function, or the same as a field name of a global record;

For both global and iocal records, the translation is computed using all CLISP
declarations in effect as described on page 23.33, e.g. if the declaration

UNDOABLE in in effect, /RPLACA, /RPLACD, /PUTHASH, etc. will be used.
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For RECORD and TYPERECORD declarations with non-NIL defaults, all elements
and named tails will be initialized; unnamed tails will not be initialized.
For example, (RECORD FOO (A NIL B) DEFAULT«T) will cause (CREATE FO0) to
construct (TTT) not (TTT.T). of course,
(RECORD FOO (A B . C) DEFAULT«T) will cause (CREATE FOO) to construct
(T 7 . T) as expected.

84 For PROPRECORD, initialization is only performed where necessary. For

example, (RECORD FOO (A B) (PROPRECORD (C D E))) would cause (CREATE FO0O)
to construct - (NIL NIL), not (NIL (C NIL D NIL E NIL)).
(RECORD FOO (A B) (PROPRECORD (C D E) DEFAULT«T)) however, will construct
(NIL (CTDTET)).

86 CLISP also recognizes expressions input in this form.
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When the user redeclares a global record, the translations of all expressions

involving that record are automatically dalcted.80

and thus will be recomputed
using the new information. If the user changes a local record declaration, or
changes some other CLISP declaration, e.g. STANDARD to FAST, and wishes the new
information to affect record expressions already translated, he must make sure

the corresponding translations are removed, usually either by CLISPIFYING or

changing the expression by editing it.

23.12 CLISPIFY

Clispify converts INTERLISP expressions to CLISP. Note that the expression
given to clispify need not have originally been input as CLISP, i.e., clispify
can be used on functions that were written before CLISP was even implemented.
Clispify is cognizant of declaration rules as well as all of the precedence
rules.57 For example, clispify will convert (IPLUS A (ITIMES B C)) into A+B*C,
but (ITIMES A (IPLUS B C)) into A*(B+C).38 Clispify converts calls to the six
basic mapping functions, MAP, MAPC, MAPCAR, MAPLIST, MAPCONC, and MAPCON, into
equivalent iterative statements. It also converts certain easily recognizable

internal PROG loops to the corresponding i.s. For example,
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86 from clisparray. If the user 1is not using this method for storing
translations, i.e. is instead using the CLISP%_ method (page 23.31), those
expressions already translated will remain as they are. (There 1is no
practical way to locate them.)

87 clispify is table driven exactly the same as CLISP, so that if the user
changes any precedence, or defines new operators, clispify "automatically”
knows about it.

88

clispify also knows how to handle expressions consisting of a mixture of
INTERLISP and CLISP, e.g. (IPLUS A B*C) is converted to A+B*C, but

(ITIMES A B+C) to (A®(B+C)). «clispify handles such cases by first
dwimifying the expression.
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... label (COND (pred ... forms ... (GO label))) ...
becomes

label (WHILE pred DO ... forms ...) ... 89

Clispify is not destructive to the original INTERLISP expression, i.e. clispify
produces a new expression without changing the original.go Clispify will not

convert expressions appearing as arguments to NLAMBDA functions.gz

The value of various global parameters affect the operation of clispify:

cl:flg

The user can disable the : transformation by setting the variable cl:flg to
NIL. This will cause clispify not to transform expressions such as (CADR X) to
X:2. Note that clispify does not convert to : notation when the argument iS
not atomic or a simple list (a function name and one atomic argument),

regardless of the setting of this flag. The initial value of cl:flg is T.

clremparsflg

Clispify will remove  parentheses in certain cases from simple forms, where
'simple' means a function name énd one or two atomic arguments. For example,
(COND ((ATOM X) --)) will CLISPIFY to (IF ATOM X THEN --). However, if
clremparsflg is set to NIL, clispify will produce (IF (ATOM X) THEN --). Note

89 clispify can convert all iterative statements input in CLISP back to CLISP,
regardless of how complicated the translation was, because the original
CLISP is saved.

90

The new expression may however contain some 'pieces' of the original, since
clispify attempts to minimize the number of CONSes by not copying structure
whenever possible.

91 Except for those functions for which clispify contains built in information

about how they process their arguments, e.g. prog, selectq, function,
progn, ersetq, nlsetq, resetvar, resetform, etc.
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that regardless of the setting of this flag, the expression can be input in

either form. The initial value of clremparsflg is T.

clispifypackflyg

clispifypackflg affects the treatment of infix operators with atomic operands.

If clispifypackflg is T, clispify will pack these into single atoms, e.g.,

(IPLUS A (ITIMES B C)) becomes A+B*C. If clispifypackflg is NIL, no packing is

done, e.g., the above becomes A_+ B_* C. The initial value of clispifypackflg

is T.

funnyatomlst

Suppose the user has variables named A, B, and A*B. If clispify were to.
convert (ITIMES A B) to A*B, A*B would not translate back correctly to
(ITIMES A B), since it would be the name of a variable, and therefore would not
cause an error. The user can prevent this from happening by adding A%*B to the

list funnyatomlst. Then, (ITIMES A B) would clispify to A_*_B.

Note that A*B's appearance on funnyatomlst would not enable DWIM/CLISP to
decode A*B+C as (IPLUS A*B.C); funnyatomlst is used only by clispify. Thus, if
an identifier contains a CLISP character, it should always be separated (with
spaces) from other operators. For example, if X* is a variable, the user
should write (SETQ X* form) in CLISP as X" «form, not X*~form. However, in

general, it is best to gvoid use of identifiers containing CLISP character

operators as much as possible.

clispifyprettyflg

If T, causes prettyprint to clispify all expressions before printing them (but

not to redefine any functions). clispijyprettyflg is temporarily reset to T,

using resetvar, when makefile is called with the option CLISPIFY, or when the
file in question has property FILETYPE with value CLISP on its property list.

clispifypretty(lg is initially NIL.
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In addition to the above controls, disabling a CLISP operator (see cldisable,
page 23.74) will also disable the corresponding CLISPIFY transformation.
Thus, if « is "turned off", A«B will not transform to (SETQ A B), nor vice

versa.

23.13 Dwimify

Dwimify is effectively a. preprocessor for CLISP. Dwimify operates by scanning
an expression as though it were being interpreted, and for each form that would
generate an error, calling DWIM to 'fix' 1t.92 Thus the user will see the same
messages, and be asked for approval in the same situations, as he would if the
expression were actually run. If DWIM is unable to make a correction, no

message is printed, the form is left as it was, and the analysis proceeds.

Dwimify knows exactly how the interpreter works. It knows the syntax of progs,

sclectqs, lambhda expressions, setqs, et al. It knows that the argument of

nlambdas are not evaluated. It also knows how variables are bound. In the
course of its analysis of a particular expression, dwimify builds a list of the
bound variables from the LAMBDA expressions and PROGs that it encounters. It
uses this list for'spelling corrections. Dwimify also knows not to try to
'correct’ variables that are on this list since they would be bound if the
expression were actually being run. 'However, note that dwimify cannot, a
priori, know about variables that are used freely but would be bound in a
higher function if the expression were evaluated in 1its normal context.

Therefore, dwimify will try to 'correct' these variables. Similarly, dwimify
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92 Thus dwimify performs all DWIM transformations, not just CLISP

transformations, i.e., it does spelling correction, fixes 8-9 errors,
handles F/L, etc.
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will attempt to correct forms for which car is undefined, even when the form is
not in error from the user's standpoint, but the corresponding function has

simply not yet been defined.

In most cases, an attempt to transform a form that is already as the user
intended will have no effect (because there will be nothing teo which that form
could reasonably be transformed). However, in order to avoid needless calls to
DWIM or to avoid possible confusion, the user can inform dwimify not to attempt
corrections or transformations on certain functions or variables by adding

them to the list nofixfnslst or nof1xvarslst respectively 93

Dwimify and dwimifyfns (used to dwimify several functions) maintain two
internal 1lists of those functions and variables for which corrections were
unsuccesséully attempted; These 1lists are initialized to nofixfnslst and

nofixvarslst. Once an attempt is made to fix a particular function or

variable, and the attempt fails, the function or variable is added to the
corresponding 1list, so that on subsequent occurrences (within this call to

dwimify or dwimifyfns), no attempt at correction is made. For example, if FOO

calls FIE several times,‘and FIE is undefined at the time FOO is dwimified,
dwimify will not bother with FIE after the first occurrence. In other words,
once dwimify "notices" a function or variable, it no longer attempts to correct
od

it. Moreover, once dwimify "notices" such functions or variables, it

subsequently treats them the same as though they were actually defined or set.

Note that these ihternal lists are 1local to each call to dwimifz and

dwimifyfns, so that if a function containing FOOO, a misspelled call to FOO, is

Note that the user could achieve the same effect by simply setting the
corresponding variables, and giving the functions dummy defin;tions.

94 Dwimify and dwimifgfns also "notice" free variables that are set in the

expression being processed.
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dwimified before FOO is defined or mentioned, if the function is dwimified

again after FOO has been defined, the correction will be made.

Note that the user can undo selected transformations performed by dwimify, as

described in section 22.

Compiling CLISP

Since the compiler does not know about CLISP, in order to compile functions
containing CLISP constructs, the definitions must first be dwimified. The user

can automate this process in several ways:

1) If the variable dwimifycompflg is T, the compiler will always dwimify

expressions before compiling them. dwimifycompflg is initially NIL.

2) If a file has the property FILETYPE with value CLISP on its property list,

tcompl, bcompl, recompile, and brecompile will operate as though dwimifycompflg

is T and dwimify all expressions before compiling.96

3) If the function definition has a CLISP declaration (see page 23.33),
including a null declaration, i.e., just (CLISP:), the definition will be

automatically dwimified before compiling.

Note: tcompl, bcompl, recompile, and brecompile all scan the entire file before

doing any compiling, and take note of the names of all functions that are
defined in the file as well as the names of all variables that are set by

adding them to nofixfnslst and nofixvarslst, respectively. Thus, if a function
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95 If the value of property FILETYPE is CLISP, makefile would have
automatically clispified all functions before prettyprinting, as described
in Section 14,
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is not currently defined, but is defined in the file being compiled, when
dwimify is called before compiling, it will not attempt to correct the function

when it appears as car of a form.

Note: compileuserfn (Section 18) is defined to call dwimify on. iterative

statements, as well as IF-THEN statements. Thus, if the only CLISP constructs
in a function appear inside of iterative statements or IF statements, the

function does not have to be dwimified before compiling.

23.14 Operation

CLISP 1is a part of the basic INTERLISP system. Without any special
preparations, the user can include CLISP constructs in programs, or type them
in directly for evaluation (in eval or apply format), and when the *error”
occurrs, and DWIM is called, it will destructive1y96 transform the CLISP to the
equivalent INTERLISP expression and evaluate the INTERLISP expression. User

approval is not requested, and no message is printed.97

However, if a CLISP construct contains an error, an appropriate diagnostic is
generated, and the form is left unchanged. For example, if the user writes
(LIST X+Y*), the error diagnostic MISSING OPERAND AT X+Y* IN (LIST X+Y*) would
be generated. Similarly, if the user writes (LAST+EL X), CLISP knows that
((IPLUS LAST EL) X) is not a valid INTERLISP expression, so the error
diagnostic MISSING OPERATOR IN (LAST+EL X) is generated. (For example, the
user might have meant to say (LAST+EL*X).) Note that if LAST+EL were the name

of a defined function, CLISP would never see this form.

96 CLISP transformations, like all DWIM corrections, are undoable.

97 This entire discussion also applies to CLISP transformation initiated by
calls to DWIM from dwimify.
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Since the bad CLISP transformation might not be CLISP at all, for example, it
might be a misspelling of a user function or variable, DWIM holds all CLISP
error messages until after trying other corrections. If one of these succeeds,
the CLISP message is discarded. Othefwise, if all fail, the message 1s printed
(but no change is made).98 For example, suppose the user types (R/PLACA X Y).
CLISP generates a diagnostic, since ((IQUOTIENT R PLACA) X Y) is obviou;ly not
right. However, since R/PLACA spelling corrects to /RPLACA, this diagnostic 1is

never printed.

If a CLISP infix construct is well formed from a syntactic standpoint, but one
or both of its operands are atomic and:not boﬁnd.gg it 15 possible that either
the operand is misspelled, e.g., the user wrote X+YY for X+Y, or that a CLISP
transformation operation was not intended at all, but that the entire
expression is a misspelling. For example, if the user has a variable named
LAST-EL, and writes (LIST LAST-ELL). Therefore, CLISP computes, but does not
actually perform, the indicated infix transformation. DWIM then continues, and
if it is able to make another correction, does so, and ignores the CLISP
interpretation. For example, with LAST-ELL, the transformation

LAST-ELL -> LAST-EL would be found.

If no other transformation is found, and DWIM is about to interpret a construct
as CLISP for which one of the operands is not bound, DWIM will ask the user

whether CLISP was intended, in this case by printing
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Except that CLISP error messages are not printed on type-in. For example,
typing X+*Y will just produce a U.B.A. X+*Y message.

For the purpose of .dwimifying,, 'not bound' means no top level value, not
on list of bound variables built up by dwimify during its analysis of the
expression, and not on nofixvarslst, i.e., not previously seen.
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LAST-ELL TREAT AS cLIsp 7100

The same sort of procedure is followed with 8 and 9 errors. For example,
suppose the wuser writes FO008*X where FO08 1is not bound. The CLISP
transformation is noted, and DWIM proceeds. It next asks the user to approve
FOO8*X -> FOO ( =2X. (For example, this would make sense if the user has (or
plans to define) a function named %*X.) If he refuses, the user 1is asked
whether FOO8*X is to be treated as CLISP. Similarly, if F008 were the name of
a variable, and the user writes F0008%*X, he will first be asked to approve
F00082X -> FO00 ( XX,?%! and if he refuses, then be offered the FO008 -> F008

correction.

CLISP also contains provision for correcting misspellings of infix operators
(other than single characters), IF words, and i.s. operators. This 1is
implemented in such a way that the user who does not misspell them is not
penalized. For example, if the user writes IF N=0 THEN 1 ELSSE N*(FACT N-1)
CLISP does not operate by checking each word to see if it is a misspelling of
IF, THEN, ELSE, or ELSEIF, since this would seriously degrade CLISP's
performance on all IF statements. Instead, CLISP assumes that all of the IF
words are spelled correctly, and transforms the expression to
(COND ((ZEROP N) 1 ELSSE N*(FACT N-1))). Later, after DWIM cannot find any
other interpretation for ELSSE, and using the fact that this atom originally

appeared in an IF statement, DWIM attempts spelling correction, wusing

100 If more than one infix operator was involved in the CLISP construct, e.g.,
X+Y+Z, or the operation was an assignment to a variable already noticed, or
treatasclispflg is T (initially NIL), the user will simply be informed of
the correction. Otherwise, even if DWIM was enabled in TRUSTING mode, the
user will be asked to approve the correction.

101 The 8-9 transformation is tried before spelling correction since it is

empirically more 1likely that an unbound atom or undefined function

containing an 8 or a 9 1is a parenthesis error, rather than a spelling
error.
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(IF THEN ELSE ELSEIF) for a spelling list. When this is successful, DWIM
‘fails' all the way back to the original IF statement, changes ELSSE to ELSE,

and starts over. MiSspellings of AND, OR, LT, GT, etc. are handled similarly.

CLISP also contains many Do-What-I-Mean features besides spelling corrections.
For example, the form (LIST +X Y) would generate a MISSING OPERATOR error.
However, (LIST -X Y) makes sense, if the minus is unary, so DWIM offers this
interpretation to the user. Another common error, especially for new users, is
to write (LIST X*FOO(Y)) or (LIST X*FOO Y), where FOO is the name of a
function, instead of (LIST X*(FOO Y)). Therefore, whenever an operand that is
not bound is also the name of a function (or corrects to one), the above

interpretations are offered.

23.15 CLISP Interaction with User

Syntactically and semantically well formed CLISP transformations are always
performed without informing the user. Other CLISP transformatiqns described in
the previous section, e.g. misspellings of operands, infix operators,
parentheses errors, unary minus - binary minus errors, ali follow the same °
protocol as other DWIM transformations (Section 17). That is, if DWIM has been
enabled in TRUSTING mode, or the transformation is in an expressiqn typed in by
the user for immediate execution, user épproval is not requestéd, but the user
is informed.?2 However, if the transformation involves a user program, and
DWIM was enabled in CAUTIOUS mode, the user wiil be asked to approve. If he

says NO, the transformation is not performed. Thus, in the previous section,
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102 However, in certain situations, DWIM will ask for approval even if DWIM is
enabled in TRUSTING mode. For example, the user will always be asked to
approve a spelling correction that might also be interpreted as a CLISP
transformation, as in LAST-ELL =-> LAST-EL.

23.67



phrases such as "one of these (transformations) succeeds" and "the
transformation LAST-ELL -> LAST-EL would be found” etc., all mean if the user
is in CAUTIOUS mode and the error is in a program, the corresponding
transformation will be performed only if the user approves (or defaults by not
responding). If the user says NO, the procedure followed is the same as though
the transformation had not been found. For example, if A*B appears in the
function FOO, and B is not bound (and no other transformations afe found) the
user would be asked
A*B [IN FOO] TREAT AS CLISP ? 103

If the user approved, A*B would be transformed to (ITIMES A B), which would
then cause a U.B.A. B error in the event that the program was being run
(remember the entire discussion also applies to DWIMIFYing). If the user said

NO, A*B would be left alone.

23.16  CLISP Internal Conventions

Note: the reader can skip this section and proceed to "Function and Variables"
(page 23.71), unless he wants to add new operators, or modify the action of

existing ones (other than by making declarations).

CLISP is almost entirely table driven by property lists for the corresponding
infix or prefix operators. Thus it is relatively easy to add new infix or

prefix operators or  change old ones, simply by adding or changing selected

property values.104

103 The waiting time on such 1nteractions is three times as long as for simple
corrections, i.e., 3*dwimwait.

104 There is some built in information for handling minus, :, ', <, >, and ~,
i.e., the user could not himself add such ‘'special' operators, although he
can disable them.
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CLISPTYPE

UNARYOP

- - - .- -

The property value of the property CLISPTYPE is the
precedence number of the operator:105 higher values
have higher precedence, i.e. are tighter. Note that
the actual value 1s unimportant, only the value
relative to other operators. For example, CLISPTYPE
for :, t, and ®* are 14, 6, and 4 respectively.
Operators with the same precedence group left to right,

e.g., / also has precedence 4, so A/B*C is (A/B)%C.

An operator can have a different left and right
precedence by making the value of CLISPTYPE be a dotted
pair of two numbers, e.g., CLISPTYPE of « is (8 . -12).
In this case, car is the left precedence, and cdr the
right, i.e., car is used when comparing with operators
on the left, and cdr with operators on the right. For
example, A”B~C+D is parsed as A*(B+~(C+D)) because the
left precedence of « is 8, which is higher than that of
x . which is 4. The right precedence of « 15 -12, which

is lower than that of +, which is 2.

If the CLISPTYPE property for any infix operator is
removed, the corresponding CLISP transformation 1is
disabled, as well as the inverse CLISPIFY

transformation.

The value of property UNARYOP must be T for unary
operators. The operand is always on the right, i.e.,

unary operators are always prefix operators.

- Wy O Ym S e S e e Ee E  SH  n P S e T MR G e e M e WS e G R G R S R e R e B A e e e 4P M me e e W M

105 Unless otherwise specified, the property is stored on the property list of

the operator.
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BROADSCOPE

LISPFN

SETFN

CLISPINFIX

The value of property BROADSCOPE is T if the operator
has lower precedence than INTERLISP forms, e.g., LT,
EQUAL, AND. etc. For example, (FOO X AND Y) parses as
((FOO X) AND Y). If the BROADSCOPE property were
removed from the property list of AND, (FOO X AND Y)

would parse as (FOO (X AND Y)).

The value of the property LISPFN 1s the name of the
function to which the infix operator translates. For
example, the value of LISPFN for t is EXPT, for '
QUOTE, atc. If the value of the property LISPFN 1is
NIL, the infix operator itself is also the function

e.g., AND, OR, EQUAL.

If FOO has a SETFN property FIE, then (F00 --)«X
translates to (FIE -- X). For example, if the user
makes ELT be an infix operator, e.g. #, by putting
appropriate CLISPTYPE and LISPFN properties on the
property liSt of # then he can also make # followed by
+~ translate to SETA, e.g. X#NeY to (SETA X N Y), by
putting SETA on the property list of ELT under the
property SETFN. Putting (ELT) (i.e. list[ELT])) on the
property list of SETA under property SETFN will enable
SETA forms to CLISPIFY back to ELT's.

The value of this property is the CLISP infix to be
used in CLISPIFYing. This property is stored on the
property list of the corresponding INTERLISP function,
e.g., the value of property CLISPINFIX for EXPT is ¢,
for QUOTE is ' etc.
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Global declarations operate by changing the corresponding LISPFN and CLISPINFIX

properties.

clispchars

clispcharray

clispinfixes

As an example,

meaning OR.

is a list of single character operators that can appear
in the interior of an atom. Currently these are: +, -,

X, l, t, ~, ', =5, %, :,  and >.

is a bit table of the characters on clispchars used for
calls to strposl (see Section 10). clispcharray is

initialized by performing

(SETQ CLISPCHARRAY (MAKEBITTABLE CLISPCHARS)).

is a list of infix operators used for spelling

correction.

suppose the user wants to make | be an infix character operator

He performs:

«(PUT (QUOTE |) (QUOTE CLISPTYPE) (GETP (QUOTE OR) (QUOTE CLISPTYPE)))

«PUT(| LISPFN OR)
«PUT(| BROADSCOPE T)

«PUT(OR CLISPINFIX |)
+SETQ(CLISPCHARS (CONS (QUOTE |) CLISPCHARS))
+SETQ(CLISPCHARRAY (MAKEBITTABLE CLISPCHARS))

23.17 CLISP Functions and Variables

clispflg

if set to NIL, disables all CLISP infix or prefix
transformations (but does not affect IF/THEN/ELSE

statements, or iterative statements).

If clispflg=TYPE-IN, CLISP transformations are
performed only on expressions that are typed in for

evaluation, i.e. not on user programs.

23.71



clisparray

nofixfnslst

nofixvarslst

nospeliliflg

dwimify[x;1]

If clispflg=T, CLISP transformations are performed on

all expressions.

The initial value for clispflg is T. clispifying
anything will cause clispflg to be set to T.

hash array used for storing translations. clisparray
is checked by faulteval on erroneous forms before

calling DWIM, and by the compiler.

list of functions that dwimify will not try to correct.
See page 23.62.

list of variables that dwimify will not try to correct.

See page 23.62.

If nospellflg is T, dwimify will not perform any
spelling corrections. The initial value of nospellflg
is NIL.

dwimifies x, 1i.e., performs all corrections “and
transformations that would be performed if x were run.
If x is an atom and 1 is NIL, x is treated as the name
of a function, and its entire definition is dwimified.

Otherwise, if x is a list or 1 is not NIL, X is the
expression to be dwimified. If 1 is not NIL, it is the
edit push-down 1list leading to X, and is used for
determining context, i.e., what bound variables would

be in effect when X was evaluated, whether x is a form
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dwimifyfns[fns]

dwimifycompflg

clispdec[declst]

clispify[x;1]

A - W

or sequence of forms, e.g., a cond clause, etc.m6

nlambda, nospread. Dwimifies each function on fns. If
fns consists of only one element, the value of car[fns]
is used, e.g., dwimifyfns[FOOFNS]. Every 30 seconds,
dwimifyfns prints the name of the function it is
processing, a la prettyprint.

if T, dwimify is called before compiiing an expression.
See page 23.63.

puts into effect the declarations in declst. clispdec

performs spelling corrections on words not recognized

as declarations. clispdec is undoable.

clispifies Xx. If x is an atom and 1 is NIL, Xx 1is

‘treated as the name of a function, and its definition

(or EXPR property) is clispified. After clispify has
finished, x is redefined (using /PUTD) with its new
CLISP definition. The value of clispify is x. If X is
atomic and not the name of a function, spelling
correction 1is attempted. If this fails, an error is

generated.

If x is a 1list, or 1 is not NIL, x itself 1is the
expression to be clispified. If 1 1is not NIL, it is

the edit push-down list leading to X and is used to

X is an iterative statement and 1 is NIL, dwimify will also print the

translation, i.e. what is stored in the hash array.
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clispifyfns[fns]

cldisablefop]

clispiftranflg

cl:flg

clremparsflg

determine context as with dwimify, as well as to obtain
the local declarations, if an&. The value of clispify

is the clispified version of Xx.
See earlier Section on CLISPIFY for more details.

nlambda, nospread. Calls éli#gifz on each member of
fns under errorset protection.V7If fﬂ§ consists of only
one element, the value of car[fns] is ’used, e.g.,
clispifyfns[FOOFNSJJ Every 30 seconds, ciiséifzfns
prints the name of the funétion it is working, a la

prettyprint. Value is list of functions clispifyed.

disables 6 , 8.9. cidiéable[-] makes - be just another
character. cldisable can be used on all CLISP
operators, e.g. infix operators, prefix operators,
iterative statement operatérs. etc. cldisaﬁle 15 ‘

undoable.

affects handling‘ of translations of [IF|THEN|ELSE
statements. If T, the translations are stored
elsewhere, and the (modified) CLISP retained. If NIL,
the corresponding COND expresﬁion. replaces the CLISP.

clispiftranflg is initially NIL. See page 23.30.

affects clispify's handliné of forms beginning with

car, cdr, ... cddddr. See page 23.59.

affects clispify's removal of parentheses from "small"

forms. See page 23.59.
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clispifypackflg

clispifyprettyflg

prettytranflg

PPT

CLISP: -

funnpyatomlst

~if T, informs clispify to pack operator and atomic

operands into single atoms; if NIL, no packing is done.

See page 23.60.

if T, causes prettyprint to CLISPIFY expressions before

printing them. clispifyprettyflg is (temporarily) reset

to T when makefile is called with the option CLISPIFY.

clispifyprettyflg is initially NIL.

If T; causes prettyprint to print translations instead
of CLISP expressions. This is useful for creating a

file -for compilation, or for exporting to a LISP system

~that does not ~ have CLISP. prettytranflg is

(temporarily) reset to T when makefile is called with
the option NOCLISP. - If prettytranflg is CLISP%_, both
the: CLISP and translations are printed in appropriate

form. For more details, see page 23.32. prettytranfig

is initially NIL.

is both-a function and an edit macro for prettyprinting
translations. It performs a PP after first resetting

prettytranflg to T, thereby causing any translations to

- be printed instead of the corresponding CLISP.

edit macro that obtains the translation of the correct

expression, if any, from clisparray, and calls edite on

it.

list of "identifiers containing CLISP operators. Used
by clispify to avoid accidentally constructing a user
identifier, e.g., (ITIMES A B) should not become A*B if

A%B is the name of a PROG variable. See page 23.60.
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CcL

DW

edit nmacro. Replaces current expression with
CLISPIFYed current expression. Current expression can

be an element or tail.

edit macro. DWIMIFYs current expression, which can be '

an element (atom or list) or tail.

Both CL and DW can be called when the current expression is either an element -

or a tail and will work properly. Both consult the declarations in the

function being edited, if any, and both are undoable.

lowercase[flg]

If flg=T, lowercase makes the necessary internal
modifications so that clispify will use lower case
versions of AND, OR, IF, THEN, ELSE, ELSEIF, and all
i.s. operators. This produces more rgadable output.
Note that the user can always type in either upper or
lower case (or a combination), regardle;s of the action

of lowercase.

If flg=NIL, clispify will use uppercase versions of
AND, OR, et al. The value of lowercase is its previous

‘setting'. Lowercase is undoable.

. lowercase also sets model33flg to null{flg], as well as

performing raise[null{flg]l]. mod9133flg affects the
operation of the spelling corrector to the extent that
it says something about the layout of the keyboard (see
Section 17). raise[T] is the same as the TENEX command
RAISE, and informs TENEX to raise all lower case °
characters on input, i.e. convert them to uppercase.

raise[ ] corresponds to NO RAISE.
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APPENDICES

Appendix 1

Transor

Introduction

transor is a LISP-to-LISP translator intended to help the user who has a
program coded in one dialect of LISP and wishes to carry it over to another.
The wuser loads transor along with a file of transformations. These
transformations describe the differences between the two LISPs, expressed in
terms of INTERLISP editor commands needed to convert the old to new, i.e. to
edit forms written in the source dialect to make them suitable for the target
dialect. transor then sweeps through the user's program and applies the edit
transformations, producing an object file for the target system. In addition,
transor produces a file of translation notes, which catalogs the major changes
made in the code as well as the forms that require further attention by the
user. Operationally, therefore, transor is é facility for conducting massive

edits, and may be used for any purpose which that may suggest.

Since the edit transformations are fundamental to this process, let us begin
with a definition and some examples. A transformation is a list of edit
commands associated with a literal atom, usually a function name. transor
conducts a sweep through the user's code, until it finds a form whose car is a
literal atom which has a transformation. The sweep then pauses to let the
editor execute the list of commands before going on. For example, suppose the
order of arguments for the function tconc must be reversed for the target

system. The transformation for tconc would then be: ((SW 2 3)). When the
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sweep encounters the form (TCONC X (F00)), this transformation would be
retrieved and executed, converting the expression to (TCONC (FOO) X). Then the
sweep would locate the next form, im this case (F00), and any transformations

for foo would be executed, etc.

Most instances of tconc would be successfully translated by this
transformation. However, if there were no second argument to tconc, e.g. the
form to be translated was (TCONC X), the command (SW 2 3) would cause an error,
which transor would catch. The sweep would go on as before, but a note would
appear in the translation 1listing stating that the transformation for this
particular form failed to work. The user would then have to compare the form
and the commands, to figure out what caused the problem. One might, however,.
anticipate this difficulty with a more sophisticated transformation:
((IF (## 3) ((SW 2 3)) ((=2 NIL)))), which tests for a third element and does
{SW 2 3) or (-2 NIL) as appropriate. It should be obvious that the translation

process is no more sophisticated than the transformations used.

This documentation is divided into two main parts. The first describes how to
use transor assuming that the user already has a complete set of
transformations. The second documents transorset, an interactive routine for
building up such sets. transorset contains commands for writing and editing
transformations, saving one's work on a file, testing transformations by

translating sample forms, etc.

Two transformations files presently exist for translating programs into
INTERLISP. <LISP>SDS940.XFORMS is for old BBN LISP (SDS 940) programs, and
<LISP>LISP16.XFORMS is for Stanford AI LISP 1.6 programs. A set for LISP 1.8

is planned.
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Using Transor

The first and most exasperating problem in carrying a program from one
implementation to another is simply to get it to read in. For example, SRI
LISP uses / exactly as INTERLISP uses %, i.e. as an escape character. The
function prescan exists to help with these problems: the user uses prescan to
perform an initial scan to dispose of these difficulties, rather than

attempting to transor the foreign sourcefiles directly.

prescan copies a file, performing character-for-character substitutions. It is

hand-coded and is much faster than either readc's or text-editors.

prescan[ file;charlst] Makes a new version of filé, performing
substitutions. according to charlst. Each element
of charlst must be a dbt-pair of two character

codes, (OLD . NEW).

For example, SRI files are prescan'ed with charlst = ((37 . 47) (47 . 37)),
which exchanges slash (47) and percent-sign (37).

The user should also make sure that the treatment of doublequotes by the source
and target systems is similar. In INTERLISP, an unmatched double-quote (unless
protected by the escape character) will cause the rest of the file to read in

as a string.

Finally, the lack of a STOP at the end of a file is harmless, since transor

will suppress END OF FILE errors and exit normally.

Translating

transor is the top-level function of the translator itself, and takes one
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argument, a file to be translated. The filo is assumed to contain a sequenca
of forms, which are read in, translated, and output to a file called file.TRAN.
The translation notes are meanwhile output to file.LSTRAN. Thus the usual
sequence for bring a foreign file to INTERLISP is as follows: prescan the file;
examine code and transformations.'making changes to thé transformations if .
needed; transor the file; and clean up remaining problems, guided by the notes.
The user can now make a pretty file and proceed to exercise and check out his
program. To export a file, it is usually best to transer it, then prescan it,

and perform clean-up on the foreign system where the file can be loaded.

transor[ sourcefile] Translates sourcefile. Prettyprints translation

on Tile.TRAN: translation listing on file.LSTRAN.

transorform{ form] Argument is a LISP form. Returns the
(destructively) translated form. The translation

listing is dumped to the primary output file.
transorfns{fnlst] Argument 1is a 1list of function names whose
interpreted definitions are destructively

translated. Listing to primary output file.

transform and transorfns can be used to translate expressions that are already

in core, whereas transor itself only works cn files.

The Translation Notes

The translation notes are a catalog of changes made in the user'’s code, and of
problems which require, or may raequire, further attention from the user. This
catalog consists of two cross-indexed sections: an index of forms and an index

of notes. The first tabulates all the notes applicable to ény form, whereas
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the second tabulates all the forms to which any one note applies. Forms appear
in the index of forms in the order in which they were encountered, i.e. the
order in which they appear on the source and output files. The index of notes
shows the name of each note, the entry numbers where it was used, and its text,
and is alphabetical by name. The following sample was made by translating a

small test file written in SRI LISP.
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LISTING FROM TRANSORING OF FILE TESTFILE..S
DONE ON 1-NOV-71 20:10:47

INDEX OF FORMS

1. APPLY/EVAL at
[DEFINEQ
(FSET (LAMBDA &
(PROG ...3...
(SETQ Z (COND
((ATOM (SETQ --))

(COND
((AT?H (SETQ Y (NLSETQ "(EVAL ¥W)")))
==))
-=))
2. APPLY/EVAL at
[ DEFINEQ
(FSET (LAMBDA &

(PROG ...3...
(SETQ'Z (COND
((ATOM (SETQ --))
« (COND
((ATOM (SETQ --))
"(EVAL (NCONS W))")

3. MACHINE-CODE at
[ DEFINEQ
(LESS1 (LAMBDA &
(PROG ...3...
(COND
veelos
((NOT (EQUAL (SETQ X2 "(OPENR (MAKNUM & -))"
)

==))
==))

4. MACHINE-CODE at
[DEFINEQ
(LESS1 (LAMBDA &
(PROG ...3.
(COND

((NOT (EQUAL & (SETQ Y2
"(OPENR (MAKNUM & --))")))

-=))

INDEX OF NOTES

APPLY/EVAL at 1, 2.

TRANSOR will translate the arguments of the APPLY or EVAL expressicn, but

the user must make sure that the run-time evaluation of the arguments returns a
BBN-compatible expression.

MACHINE-CODE at 3, 4.
Expression dependent on machine-code. User must recode.
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The translation notes are generaied by the transformations usod, and therefore
reflect the judgment of their author as to what should be included.
Straightforward conversions are usually made without comment; for example, the
DEFPROP's in this file were quietly chande to DEFINEQ's. transor found four
noteworthy forms on the file, and printed an entry for each in the index of
forms, consisting of an entry number, the name of the note, and a printout
showing the precise location of the form. The form appears in double-quotes
and is the last thing printed, except for closing parentheses and dashes. An
ampersand represents one non-atomic element not shown, and two or more elements
not shown are represented as ...n..., where n is the number of elements. Note
that the printouts describe expressions on the output file rather than the
source file; in the example, the DEFPROP's of SRI LISP have been replaced with
DEFINEQ's.

Errors and_Messages

transor records its progress through the source file by teletype printouts
which identify each expression as it is read in. Progress within large
expressions, such as a long DEFINEQ, is reported every three minutes by a

printout showing the location of the sweep.

If a transformation fails, transor prints a diagnostic to the teletype which
identifies the faulty transformation, and resumes the sweep with the next form.
The translation notes will identify the form which caused this failure, and the

extent to which the form and its arguments were compromised by the error.

If the transformation for a common function fails repeatedly, the user can type
control-H. When the system goes into a break, he can use transorset to repair
the transformation, and even test it out (see TEST command, page Al1.11). He

may then continue the main translation with 0K.
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Transorset

To use transorset, type transorset() to INTERLISP. ‘transorset will respond
with a + sign, ifs prompt character, and await input. The user is now in an
executive loop which is like evalqt with some extra context and capabilities
intended to facilitate the writinngf transformations. transorset will thus
progress apply and eval input, and execute history commands just as evalqt
would. Edit commahds, however, . are interpreted as additions to the
transformation on which the user is currently working. transorset always saveé
on a variable named currentfn the name of the last function whose
transformation was altered or examined by the user. currentfn thus represents
the function whose transformation is currently being worked on. Whenever edit
commands are typed to the + sign, transorset will add them to the
transformation for currentfn. This is the basic mecﬁanism for writing a
transformation. In addition, transorset contains commands for printing out a
transformation, editing a transformation, etc., which all assume that the
command applies to currentfn if no function is specified. The following

example illustrates this process.
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+«TRANSORSET()
+FN TCONC

TCONC

+(SW 2 3)

+TEST (TCONC A B)
P

(TCONC B A)
+TEST (TCONC X)

TRANSLATION ERROR: FAULTY TRANSFORMATION

TRANSFORMATION: ((SW 2 3))
OBJECT FORM: (TCONC X)

1. TRANSFORMATION ERROR AT
"(TCONC X)*

(TCONC X)
+(IF (## 3) ((SW 2 3)) ((-2 NIL]
+SHOW

TCONC
[(SW 2 3)
(IF (## 3)
((sw 2 3))
((-2 NIL]
TCONC
+ERASE
TCONC
+REDO IF
+SHOW
TCONC
[(IF (## 3)
((SW 2 3))
((-2 NIL]
TCONC ‘
+TDST
=TEST

(TCONC NIL X)
+
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In this example, the user begins by using the FN command to set currentfn to
TCONC [1]. He then adds to the (empty) transformation for tconc a command to
switch the order of the arguments [2] and tests the transformation [3]. His
second TEST [4] fails, causing an error diagnostic [§] and a translation note
[6]. He writes a better command [7] but forgets that the original SW command
is still in the way [8]. He therefore deletes the entire transformation [9]

and redoes the IF [10]. This time, the TEST works [11].

Transorset Commands

The following commands for manipulating transformations are all lispxmacros

which treat the rest of their input line as arguments. All are undoable.

FN | Resets currentfn to its argument, and returns the
new value. In effect FN says you are done with
the o0ld function (as least for the moment) and
wish to work on another. If the new function
already has a transformation, ther message
(OLD TRANSFORMATIONS) is printed, and any
editcommands typed in will be added to the end of
the existing commands. FN followed by a carriage
return will return the value of currentfn without

changing it.

SHOW Command to prettyprint a transformation. SHOW
followed by a carriage return will show the
transformation for currentfn, and return currentfn
as its value. SHOW followed by one or mcre
function names will show each one in turn, resat
currentfn to the last ona, and return the new

value of currentfn.
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EDIT

ERASE

TEST

DuMP

Command to edit a transformation. Similar to SHOW
except that instead of prettyprinting the
transformation, EDIT gives it to edite. The user
can then work on the transformation until he

leaves the editor with 0K.

Command - to delete a transformation. Otherwise

similar to SHOW.

Command for checking out transformations. TEST
takes one argument, a form for translation. The
translation notes, if any, are printed to the
teletype, but in an abbreviated format which omits
the index of notes. The value returned 1s the
translated form. TEST saves a copy of its
argument on the free variable testform, and if no
argument is given, it uses testform, i.e. tries

the previous test again.

Command to save your work on a file. DUMP takes
one argument, a filepame. The argument 1s saved
on the variable dumpfile, so that if no argument
is provided, a new version of the preQious file

will be created.

The DUMP command creates files by makefile. Normally fileFNS will be unbound,

but the user may set it himself; functions called from a transformation by the

E command may be saved in this way. DUMP makes sure that the necessary command

is included on the fileVARS to save the user's transformations. The user may

add anything else to his fileVARS that he wishes. When a transformation file

is loaded, all previous transformations are erased unless the variable merge is

set to T.
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EXIT ‘ transorset returns NIL.

The REMARK Feature

The translation notes are generated by those transformations that are actually
executed via an editmacro called REMARK. REMARK takes one argument, the name
of a note. When the macro is executed, it saves the appropriate information
for the translation notes, and adds one entry to the index of forms. The
location that is printed in the index of forms is the editor's location when

the REMARK macro is executed.

To write a transformation which makes a new note, one must therefore do two
things: define the note, 1i.e. choose a new name and associéte it with the
desired text; and call the new moté,with the REMARK macro, i.e. insert the edit
command (REMARK name) in some transformation. The NOTE command, described
below, is used to definq a new note. The call to the note may be added to &
transformation like any other edit command. Once a note is defined, it may be

called from as many different transformations as desired.

The user can also specify a remark with a new text, without bothering to think
of a name and perform a separate defining operation, by calling REMARK with
more than one argument, e.g. (REMARK text-of-remark). This is interpreted to
mean that the arguments are the text. transorset notices all such expressions
as they are typed in, and handles naming automatically; a new name {is
generated‘ and defined with tha text provided, and the expression itself is
edited to be (REMARK generated-name). The following example illustrates the
use of REMARK.

TR YD MR N G NS TE e e m S R R A e SN SR S O D D A A6 R L S GY G N BB G R D 4D D AN ED D MR G P Y G SR @R AR P T S D P A R TR A P AN D D e GV N R S e D e e A b e

The name generated is the value of currentfn suffixed with a colon, or with
a number and a colon.
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+TRANSORSET()
+NOTE GREATERP/LESSP (BBN'S GREATERP AND LESSP ONLY (1]
TAKE TWO ARGUMENTS, WHEREAS SRI'S FUNCTIONS TAKE AN
INDEFINITE NUMBER. AT THE PLACES NOTED HERE, THE SRI CODE
USED MORE THAN TWO ARGUMENTS, AND THE USER MUST RECODE.]
GREATERP/LESSP
+FN GREATERP
GREATERP
+{IF (IGREATERP (LENGTH (##))3) NIL ((REMARK GREATERP/LESSP] [2]
+FN LESSP
LESSP
+REDO IF [3]
+SHOW SRR
LESSP

[(IF (IGREATERP (LENGTH (#4))

3)
NIL
( (REMARK GREATERP/LESSP]
LESSP
+FN ASCII
(OLD TRANSFORMATIONS)
ASCII
+(REMARK ALTHOUGH THE SRI FUNCTION ASCII IS IDENTICAL [4a]
TO THE BBN FUNCTION CHARACTER, THE USER MUST MAKE SURE THAT
THE CHARACTER BEING CREATED SERVES THE SAME PURPOSE ON BOTH
SYSTEMS, SINCE THE CONTROL CHARACTERS ARE ALL ASSIGNED
DIFFRENTLY.]
+SHOW , [5]
ASCII :
((1 CHARACTER)
(REMARK ASCII:))
ASCII
+NOTE ASCII: : [6]
EDIT
*NTH -2
xp
«.. ASSIGNED DIFFRENTLY.)
*(2 DIFFERENTLY,)
oK
ASCII:
+
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In this example, the user definues a note named GREATERP/LESSP by using the NOTE
command [1], and writes transformations which call this note whenever the sweep
encounters a GREATERP or LESSP with more than two arguments [2-3]. Next, the
implicit naming feature 1s used [4] to add a REMARK command to the
transformation for ASCII, which has already been partly written. The user
realizes he mistyped part of the text, so he uses the SHOW command to find the
name chosen for the note [5]. Then he uses the NOTE command on this name,

ASCII:, to edit the note [6].

NOTE First argument is note name and mustv be a literal
atom. If already defined, NOTE edits the old
text; otherwise it defines the name, reading the
téxzt either from the rest of the input line or
froﬁ the next line. The text may be given as a

line or as a list. Value is name of noté.
The text is actually stored.z as a comment, i.e. a * and %% are added in front
when the note is first defined. The text will therefore be lower-cased the

first time the user DUMPs (see Section 14).

DELNOTE Deletes a note completely (although any calls to

it remain in the transformations).

Controlling the Sweep

transor's sweep searches in print-order until it finds a form for which a

transformation exists. The location 1s marked, and the transformation is

On the global list usernotes.
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executed. The sweep then takes over again, beginning from the marked location,
no matter where the last command of the transformation left the editor. User

transformations can therefore move around freely to examine the context,
without worrying about confusing the translator. However, there are many cases
where the user wants his transformation to guide the sweep, usually in order to
direct the processing of special forms and FEXPR's. For example, the
transformation for QUOTE has only one objective: to tell the sweep to skip over
the argument to QUOTE, which 1is (presumably) not a LISP form. NLAM is aﬁ

editmacro to permit this.

NLAM An atomic editmacro which sets a flag which causes
the sweep to skip the arguments of the current

form when the sweep resumes.

Special forms such as cond, prog, selectq, etc., present a more difficult
problem. For example, (COND (A B)) is processed just like (FOO (A B)): 1i.e.
after the transformation for cond finishes, the sweep will locate the "next
form," (A B), retriéve the transformation for the function A, if any, and
execute it. Therefore, special forms must have transformations that preempt
the sweep and direct the translation themselves. The following two atomic
editmacros permit such transformations to process their forms, translating or

skipping over arbitrary subexpressions as desired.

DOTHIS ' Translates the editor's current expression,

treating it as a single_form.

DOTHESE , ‘ Translates the editor's current expression,

treating it as a list of forms.
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For example, a transformation for setq might be (3 DOTHIS).G This translates
the second argument to a setq without translating the first. For cond, one
might write (1 (LPQ NX DOTHESE)), which locates each clause of the COND in

turn, and translates it as a list of forms, instead of as a single form.

The user who is starting a completely new set of transformations must begin by
writing transformations for all the special forms. To assist him in this and
prevent oversights, the file <LISP>SPECIAL.XFORMS contains a set of
transformations for LISP special forms, as well as some other transformations
which should also be included. The user will probably have to revise these’
transformations substantially, since they merely perform sweep control for
INTERLISP, i.e. they make no changes in the object code. They are provided
chiefly as a checklist and tutorial device, since these transformations are
both the first to be written and the most difficult, especially for users hew
to the INTERLISP editor.

When the sweep mechanism encounters a form which is not a list, or a form car
of which 1is not an atom, it retrieves one of the following special

transformations.

NLISTPCOMS Global value is used as a transformation for any

form which is not a list.
For example, if the user wished to make sure that all strings were gquoted, he

might set nlistpcoms to.
((IF (STRINGP (##)) ((ORR ((+~ QUOTE))((MBD QUOTE)))) NIL)).

Recall that a transformation is a list of edit commands. In this case,
there are two commands, 3 and DOTHIS.
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LAMBDACOMS Global value is used as a transformation for any

form, car of which is not an atom.

These variables are 1n1t1alized by <LISP)>SPECIAL.XFORMS and are saved by the
DUMP command. nlistpcoms is initially NIL, making it a NOP. lambdacoms is
initialized to check first for open LAMBDA expressions, processing them without
translation notes unless the expression is badly formed. Any other forms with

a non-atomic car are simply treated as lists of forms and are always mentioned
in the translation notes. The user can change or add to this algorithm simply

by editing or resetting lambdacoms.
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Appendix 2

The INTERLISP Interpreter

The flow chart presented below describes the operation of the INTERLISP
interpreter, and corresponds to the m-expression definition of the LISP 1.5
interpreter to be found in the LISP 1.5 manual, [McCi]. Note that car of a

form must be a function; it cannot evaluate to a function.

If car of a form is atomic, its function cell must contain

(é) an S-expression of the form (LAMBDA ...) or (NLAMBDA ...); or
(b) a pointer to compiled code; or

(c) a SUBR definition (see Section 8);

Otherwise the form is considered faulty.
If car of a form is an S-expression beginning with LAMBDA or NLAMBDA, the

S-expression is the function. If car of the form begins with FUNARG, the

funarg mechanism is invoked (see Section 11). Otherwise the form is faulty.
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ENTER EVAL WITH FORM

IS

FORM YES

ATOMIC
s

NO

SET C = CAR FORM

IS
C ATOMIC

NO

CAR C=
LAMBDA ?

CALL
EXPR

CAR C=

NL AMBDA
P

CALL
FEXPR

?

SET D=
CONTENTS OF
DEFINITION CELL

"BOUND
ON PUSH
LIST?

YES

CONTENTS
~OF VALUE
CELL=NOBIND?

RETURN

RETURN
| FAULTEVAL [FORM]

SPECIFIES
BINDINGS

:

RETURN

FAULTEVAL [FORM]

FIGURE A2-l

CALL SUBR,
COMPILED CODE,
OR EXPR

Note: variables c and d are for description only; they are mot actually bound

as variables.



Appendix 3

Control Characters

Several teletype control characters are available to the user for communicating
directly to INTERLISP, 1i.e., not through the read program. These characters
are enabled by INTERLISP as interrupt characters, so that INTERLISP immediately
'sees' the characters, and takes the corresponding action as soon as possible.
For example, control characters are available for aborting or interrupting a
computation, changing the printlevel, returning to TENEX, etc. This section
summarizes the action of these characters, and references the appropriate
section of the manual where a more complete description may be obtained.

Control Characters Affecting the Flow of Computation

1. control-H (interrupt) at next function call, INTERLISP goes into
a break. Section 16.

2. control-B (break) computation is stopped, stack backed up to the
last function call, and a break occurs. Section 16.

3. control-E (error) computation is stopped, stack backed up to the
last errorset, and NIL returned as its value. Section
16.

4. control-D (reset) computation is stopped, contrbl returns to
evalqt. :

5. control-C (TENEX) computation is stopped, control returns to

TENEX. Program can always be continued without any ill
effect with TENEX CONTINUE command.

If typed during a garbage collection the action of control-B, control-E, and

control-D is postponed until the garbage collection is completed.

Typing control-E and control-D causes INTERLISP to clear and save the input
buffers. Their contents can usually be recovered via the $BUFS (alt-modeBUFS)

command, as described in Section 22.

I/0 Control Characters

1. rubout clears teletype input buffer. For example, rubout
would be used if the user typed ahead while in a
garbage collection and then changed his mind. Section
2. A bell is rung when the buffer has been cleared, so
that the user will know when he may begin typing again.
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Note: a sudden burst of noise on a telephbne line frequently causes INTERLISP

to receive a rubout,

since the code for rubout is 177Q, i.e. all 1's. This.

causes INTERLISP to (mistakenly) clear the input buffer and ring a bell. If

INTERLISP seems to be typing many spurious bells, it is a good indication that

you have a bad connection.

2. control-0
3. control-P
4. control-A, Q

5. control-R

Miscellaneous

i. control-T

2. control-S

3. control-U

clears teletype output buffer, Sections 2 and 14.
changes printlevel. Section 14. V '
line editing characters, Sections 2 and 14.

causes INTERLISP to retype the input line, useful after
sevaral control-A's, e.g.,

user types: «DEFINEQ( ( LAMDA\A\DBA\Acontrol-R
INTERLISP types: DEFINEQ((LAMB

(time) prints total execution time for program, as well
as its status, e.g.,

~RECLAIM()

GC: 8

RUNNING AT 15272 USED 0:00:04.4 IN 0:00:39
1933, 10109 FREE WORDS

10109

« IO WAIT AT 11623 USED 0:00:05.1 IN 0:00:49

(storage) change minfs. Section 10.

if typed in the middle of an expression that 1is being
typed to evalqt, breaki or the editor, will cause the
editor to be called on the expression when 1t is
finished being read. See Section 22.

A3.2



- Index for Section A3

Page
Numbers

bell (typed by SyStem) ...vcevesrevencerscosessos A3,
bells (typed by system) ....... ceceene eeesesecene Al.
CONTINUE (tenex command) ..cceevvvccessscocsasees A3,
control characters ..... teeesteceseesaenoces ceees A3,
CONLrol-B ... vervrvrveccnnsesnssosnssasecasensese A3,
control-C ... ceineccens Cectessscasestensananas .. A3.
CONLrol=D ..iiiiiiiiercecntsenccacnansnnnsncsnese A3,
control-E . .....iitiiieceiceronecsoconsennecsseessss A3,
control-0 ........ veessesessessesensessssencscsse A,
CODtl‘Ol‘R eev s st o v R R R
CONLrol=T ..ttt erecreveresoeresncanscsnanosesonss

0N 0\ ;b b h ik b a [\
L
~N

P>
Www
- N

SBUFS (alt-modeBUFS) (prog. asst. command) ...... A3.1

INDEX.A3.1






MASTER INDEX

Names of functions are in upper case, followed by their arguments enclosed in
square brackets [], e.g. ASSOC[X;Y]. The FNTYP for SUBRs is printed in full;
for other functions, NL indicates an NLAMBDA function, and * a nospread
function, e.g. LISTFILES[FILES] NL* indicates that LISTFILES is an NLAMBDA
nospread function. Words in upper case not followed by square brackets are
other INTERLISP words (system parameters, property names, messages, etc.).
Words and phrases in lower case are not formal INTERLISP words but are general
topic references.

Page
Numbers

(A el ... em) (edit command) ........ce0vevenoeas 9.13,39-40

T 1 cos 8.10
AO0ON (qensym) et etsester et et easseroanes .. 10.5
ABBREVLST (prettydef variable/parameter) cevesees 14.39,43
ABS[X] ...iieeienn.. St eeeeressinavaseanessssseaas 13.8

AC (in a lap statement) Cheeseessesrasesssennsaes 18.41
AC (in an assemble statement) .....cceeveeavesess 18.47

AC1T  .......... eeeretersenrsssnsansanses 18.35,38,47
ACCESSFN (record package) teetesesteancsscsesssaes 23.54
ADDILX] ...oo.... P R T

ADDPROP[ATM;PROP;NEW;FLG] ...vvevrvvecennnnersnse 7.1

addressable f1leS . ..iieiieverreenesoeecssocasees 14.58
ADDSPELLEX;SPLSTINT  vviiiiienervrnvearseseasnnons 9,85-87; 17.23-24,27
ADDSTATSISTATLST] NL® . i iiiteeneenoccessesseaes 22.63

ADDVARS (prettydef command) ...cceevvevvencoovess 14.35

ADV-PROG ...t iireteneonneanaans ceceanse veeeeees 19.4,6
ABV-RETURN ..ttt iveneosososnssososssscssscssssses 19.4,6
ADV-SETQ ... vvenn.. Ceeeseeveseaas ceseecssesses 19.4,6
‘advice L. ... S £ A
ADVICE (prettydef command) .....ccceececocccoas .. 14.34; 19.9

ADVICE (property name) ....ceveccevesssssoscacsss 19.7-9
ADVINFOLST (system variable/parameter) .......... 19.8-9
ADVISE[FN;WHEN ;WHERE;WHAT] ..veeeveeoencasacnsess 19.4-5
ADVISE (prettydef command) .......  eseseaeneenane 14.34; 19.9
ADVISED (property name) ...iiieeveecocsocsoasnoas 8.7; 19.6
ADVISEDINS (system variable/parameter) .......... 19.6,8
ADVTS[DUMP[X FLE] vt iiiiiitvinoneennssosnonnneseas 19.9

Aadvising ... ..ttt i iii et teeeeennsesnss 19.1-10
AFTER (prog. asst. command) ....ccoseevocnrcosees 22.22,26,34
AFTER (as argument to advise) ......ceerenencces . 19.2,4-6
AFTER (as argument to breakin) .......cic0eeseee. 15.7,19-20
AFTER (in INSERT command) (in editor) ........... 9.41

AFTER (in MOVE command) (in editor) ......c.ciees 9.48
ALAMS (compiler variable/parameter) ............. 18.6
ALIAS (property name) ......ccce000 chirecns veees 15.17,22
ALL (use in prettydef PROP command) cecsecsesseas 14.33

INDEX.1



Page

Numbers

ALLCALLSIFN;TREELST] tvevevvenenersvsonnnes eeseess 20.9
ALLPROP ...ttt inneennocronnns Cerevreeee creaane 5.9; 8.7; 22.55
ALLPROP (as argument to 10ad) ...ivvvnvovenonacss 14.27
ALPHORDER[A;B] ..cvviievanans esenee ceseseesseneas 6.11
ALREADY UNDONE (typed by system) ....... vessesses 22.22,59
alt-mode (in spelling correction) ............. ..o 17.11,25
ALWAYS (clisp iterative statement operator) ..... .23.20
AMAC (property Name@) ....ceeevarononsorcsonss ve.. 18.35,37
AMBIGUOUS (typed by dwim) ...vevvennsons ceeresene 17.11
ANDEX1:X2;...:%Xn] FSUBRXY .. vveveveses crererasees 5.12
AND (in event specification) ....... ceeens creeees 22.13
AND (in USE command) ..... cerestrrresaanas ceveeess 22.14
ANTILOGIX] cvovenvrvenersnconnns resrerrsseennnenn 13.8
APPENDL L] ™ . iitiiiinnrnetocannns srsssannenersens 6.1
APPLY[FN;ARGS] SUBR ....cceivennnns Ceeeneas cereeee £73-4(12;;> 11.1,

.................. Creuseserresrrsannsrrsseses 16.2; 18.720
apply format  ....v.iiirieicerrocans sesecessas cesen 2.4
APPLY*[FN;ARG1;...;ARGN] SUBR® ....vvevvenvcncons 2.3; 8.10; 11.1; 16.2,

................................... veeeseases 18.20
approval (of dwim corrections) ....coceveveeeeees 17.3,5,25
APPROVEFLG (dwim variable/parameter) ............ 17.5,18,25,27 !
ARCCOS[IX;RADIANSFLG] ..ccvcieeeeconcannne evesseess 13.9
ARCCOS: ARG NOT IN RANGE (error message) ........ 13.9
ARCHIVE (prog. asst. command) .........0. desreese 22.27

ARCHIVEFN (prog. asst. variable/parameter) ...... 22.27,33-34
ARCHIVELST (prog. asst. variable/parameter) ..... 22.44,53

ARCSIN[ X;RADIANSFLG] ..vvvivevnnveannanns ceeeanen . 13.9
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assignments (in clisp)

ASSOC[X;Y]
association list ..... et aesracsene et etarnesns
ATOM[ X] SUBR

atoms

ATTACH[ X;Y]

(B el

backtrace

backtracking

BAD
BAD
BAD
BAD
BAD
BAD
BAD

BCOMPLLFILES;CFILE;NOBLOCKSFLG]

BEFORE (prog.
BEFORE
BEFORE
BEFORE
BEFORE

ARGUMENT - FASSOC (error message)
ARGUMENT

ARGUMENT
ARGUMENT
ARGUMENT
ARGUMENT

1

......... L A A A I I I A
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ATOM TOO LONG (error mesSage) ...eeeeseeeoeseoass
ATOMRECORD (record packdge) ...e.veceseeecoccanes
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FGETD (error message)
FLAST (error message)
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e e e o s s 000

e v e e s e e

FLENGTH (error message) ..........

FMEMB (error message)
FNTH (error message)

DR SR A AN )

LR )

PRETTYCOM (prettydef error message) .........
BAKTRACE[FROM; TO; SKIPFN;VARSFLG ; *FORMXFLG;ALLFLG].

bell (typed by dwim) ..cvvtininnns.
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s s 0080000000

asst. command) .......
(as argument to advise) ....
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o s o0 s e s e

e s 080800008000
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e s v e e e

R ] v o 0.
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bells (typed by system) ...........
(BELOW com x) (edit command) .....vovevooveennnens
(BELOW com) (edit command) .......vevvveenenenass

BF (edit command) ......ceevveeeenes
(BF pattern T) (edit command) .......

LR A R R A N R I IR

R A R I I I A A AT

L A A R AR

(BI n m) (edit command) .....cvvveevrveconenncans
(BI n) (edit command) ......ceeiiveneeennonnonnnns
BIND (clisp iterative statement operator) .......
BIND (as argument to advise) ....cveeveveneneacons

(BIND

. coms) (edit command)

D R A A I I NI A B A AR AN}

BK (edit command) ...... Cheteerees st ettt enens

(BK n) (n a number, edit command)

e s e s s 00 es s
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BKSYSBUF[X] SUBR ........0.... cevaes
BLKAPPLY[FN;ARGS] SUBR PP

BLKAPPLY*[ FN;ARG1; ;ARGn] SUBR* .....
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LI A )

BLKAPPLYFNS (compiler variable/parameter) .......
BLKLIBRARY (compiler variable/parameter) ........

BLKLIBRARYDEF (property name)

block compiler
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block declarations . ........viviviveenennosssoanns

block library
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DIR (prog. asst.

command)

DIRECTORY FULL (error message)

disabling a CLISP operator

DISMISS[N] ............
DMPHASH[ L] NL*

DO (clisp iterative statement operator)

DO (edit command)
DO (prog. asst. command)

dot notation

DOTHESE (transor command)

DOTHIS (transor command)
dotted pair

DREMOVELX;LT  wvvvrnvnn,
DREVERSE[L]  +ovvrrnns o
DSUBSTLIX:YSZ]  vvvnnns. .

DUMP (transorset command) ....
DUNPACK[ X; SCRATCHLIST;FLG]

bW (edit command)
DW (error message)
DWIM[X] ........
DWIM

ooooo

RIS

--------------------

DWIM interaction with user

DWIM variables .

DWIMFLG (dwim variable/parameter)
DWIMFLG (system variable/parameter)

DWIMIFY[X;L]

oooooooooo

.............. .
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-----
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a0 000
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DWIMIFYCOMPFLG (clisp variable/parameter)

DWIMIFYCOMPFLG (compiler variable/parameter)

DWIMIFYFNS[FNS] NL*

E[ XEEEE] NLx
E (edit command)

------

E (in an assemble statement)

E (prettydef command)

oooooooo

E (in a floating point number)

E (use in comments) .....

(E x T) (edit command)
(E x) (edit command)

EACHTIME (clisp iterative statement operator)
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c e o0 e

a0 0

oooooooooooooooooooooooooooo
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e a0 0000

LY

DRI Y )

..............................

-----------------------

----------------------

s o0 e e

DONELST (printstructure variable/parameter)

oooooo

NN EER]

c e s e o000

-----------------------------

DWIMUSERFN (dwim variable/parameter)
DWIMWAIT (dwim variable/parameter) ...,

------------------

s e v e 080

¢ oo

.

EDIT (break command) Chteesaerans

EDIT (transorset command) .o

EDIT (typed by editor) ........

edit Chain .. ... initinrerrencenannsoonnes
edit commands that search .....

edit commands that test . .

edit MACroS . ..v.vieeenrense e

EDIT-SAVE (property name) ves

EDITAE[ PAT ;X ;CHANGEFLG]
EDITA[FDITARRY COMS ]

.

oooooooo

-----

EDITCOMSA (editor variable/narametcr) e

EDITCOMSL (editor variable/parameter)

EDITDEFAULT ........ ...
EDITDEFAULT (in editor)

es e
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EDITELEXPR;COMS;ATM] v it iiiernnonenereesenennnnns
EDITF[X] NL* ......... Gt et e ettt
EDITFINDPLX;PATIFLG] v ivevvevacennresnonnsoenes
EDITENSIX] NL* .. iiiinnennnn fesreacrenaean
EDITFPATL PAT;FLG] e
EDITHISTORY (editor var1able/parameter)
editing arrays ..... teeteseserarrsaana
editing compiled code .......
editing compiled functions
EOTTLLL;COMS;ATM;MESS] ..vverrnennnnnn
EDITLO[L;COMS;MESS;EDITLFLG]
EOITPIX] NL® it iiiiiinnns
EDITQUIETFLG (editor variable/parameter)
EDITRACEFN  ........ e
EDITUSERFN it iiiiitnnneenonnens
EDITVLEDITUX] NL® .. iiietinentnnvananns .
element patterns (in pattern match comp1ler) cena
ELTLASN] SUBR v iviiiiennnnnnns cetaeean
ELTD[A;N] SUBR ......... Cheeeereeenee cevs
(EMBED @ IN ...) (edit command) ....
END OF FILE (error message)
end-of~line ..........
ENDFILELY] ........ . et eeereseca s
ENTRIES (compiler variable/parameter)
entries (to a block)
ENTRYA[HIST;X] «vvvvnvnnen
EQ[X;Y] SUBR ........ et eesesa

LR R R A A NI I} s e e s e

R
¢ s o e e
cetses st et sncrsanns
L R R R A S R I N A )
AT A B A SR )
L A I B N R R A B R A B N )
s e o v e anee
e 080000
“ e e e e

@s e e r e e

DR I I A A
s ee e
sc e e e
o0 oo
sers s s e s e e
s e e e

L R A A N I I I )

L I A A I I I I I R R N R R N S
DR N
LR SRR

-------- R A I A I AT B B R R B B

" e o e e s

0(] ------ L I R I I N A T B B A A Y S
EQP[X;Y] SUBR ................. Cetetates s enanone

EQUALEX;Y] oviievinnnns
equal L. i i, ceeeae
ERASE (transorset command)
ERROR[MI'SS1;MESS2 ;NOBREAK ]
ERROR (error meSSAge) ..vceeeseroeonrersorssnsacse
ERROR (property name) ....
error correction cer st sesertesessrs st eanns
error handling ......¢cc... Cretseersenenes
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ErIOr DUMDEE ittt eeetoresoeosacssocasosenoanes
ErIrOr LYPOS ot i it itrrovernnssssonnssoacsossonsoses
ERROR!'[ ] SUBR ...uveen. teertecsen e Ceeettceroeesa
ERRORMESS[UT] ......... C i e ettt esssesn et ers e e
ERRORN[ J SUBR ..t viniinrrinnnnvonanans . ceeaeas

errors (in editor) ......... ce ettt ecc et ar e .o
errors in iterative statements
ERRORSET[U;V] SUBR ....... ceene
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LRRORIYPELST (system variable/parameter)
ERRORX[ERXM] .. evveeonnse
ERSETQ[ERSETX] NL  .........
ERSTR{ ERN;ERRFLG] ......
ESCAPE[FLG] SUBR cerr et sareean crescrensaens ceron
escape character ............
ESUBSTI X;Y;Z;ERRORFLG;CHARFLG]
EVALEX] SUBR i iii ittt nnsosoosoososossonsans
EVAL (break command) .......
eval format
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eval-blip ......c.iiiiiieeennn. ceverans ertereseanes
EVALA[ X;A] SUBR ...... Cestesteeeeaeeniane it eeses
EVALQT[CHAR] ............ et ectestertreceerettanas
EVALQT ............ Cheeereractetaeanerese Ceraenes
EVALVLVAR;POS] .....cciuenn edceerereaneraan terenvae
event address ... icceeincnnes . nresesasens
E@VENE NUMDEE ...t iiieeteneneraceannnnnenannne e

event specification ........ sectsesencssesens

EVERY[EVERYX;EVERYFN1; EVERYFNZ] cerasens cerens
EVOLX] civiriniiiiennnnes chsbterecsennraons ceeeens
(EXAM . x) (edit command) Cereseservenerecnnenvne
EXEC (prog. asst. command) ......eevevereesscases
EXEC it ittt tienneenannnss seesssersrersavenee
EXIT (transorset command) ....ccceceeeevocecennens
EXPR (function type) ..... Creesseraseesersannan e
EXPR (property name) ......eeeeeeeeess ceceees cees
EXPR* (function type) .....cceieeerncennnnns cerae
EXPRFLG (printstructure variable/parameter) .....
EXPRP[FN] SUBR ....ccvvevn Meaececens Ceeees veseeas
L= 1) o Ceteseecans
EXPTIMiNT vttt i ettt ennnnannns .o cesan
(EXTRACT @1 from . @2) (edit command) ....... ceve
F (edit command) ......uitiieernneneronenenonnoes
F (response to compiler question) .......ccecve..

F (in event address) ... iivererernnnonosecsnenes
F pattern (edit command) .....ccevnnes Criseecaeas
(F pattern N) (edit command)} ........... ceererans
(F pattern n) (n a number, edit command) ........
(F pattern T) (edit command) ...cvevvrevvonennans
(F pattern) (edit command) .....cccivveennnnrnaans
Fll i ittt i teeesnensananannans Ceererteeena
(F= ) (edit command) et eecsatntreascesenans
false ... .innenennens ceevesen secessrrsenras
FASSOCIX: Y] tier it ennennnas tsesessssesee .

FAST (makefile option) ....oieiiiieerenensecnonns
fast symbolic dump ......coveenveenn cvreereessneccae
FASTCALL (in an assemble statement) .......ecov..
FASTYPEFLG (dwim variable/parameter) ...... ceean
FAULT IN EVAL (error message) ..... . et .
FAULTAPPLY[FAULTFN;FAULTARGS] ...... creessecesuase
FAULTEVALI FAULTX] NLX it iiieennenennoonnneanns
FCHARACTER[IN] SUBR . ivitivrrrrrenannenanss ces e

FETCH (use in records in clisp) certare et rennas
FEXPR (function type)
FEXPR* (function type)
FGET DX ] it it ittt eenteonoeseasaonessesnscannnnes
FGIP[X;Y] SUBR .o
FILDIR[FILEGROUP; FORMATFLG]
FILE (edita command/parameter)
FILE (pProperty Name) . ...eeeeneerevonvevocnoaesss
FILE INCOMPATIBLE - SYSIN (error message) .......
File MAMES ..ttt iinnereeioenononeanocosonnonnes
FILE NOT COMPATIBLE (error message)
FILE NOT FOUND (error message)
FILE NOT OPEN (error message)
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file package .......cc0ve. st eteesesesanevecseess 14.44-51
file pointer .........c.c.. Chttecrerncesenvessses 14.5-7

FILE WON'T OPEN (error message) .....c.ceveeeeeee. 14.2; 16.8
FILE: (compiler question) ....cieccevvernesseeees 18.3
FILECREATED ............. cecavae cesereeren veseses 14.37,44
FILEDATE (property name) ....ceeeveveseesneseesss 14.37,46
FILEDEF (property Name) ..eeevesvereesacvenonenss 17.17-18

fileFNS ............ it essacassesesuenaesssessses 14,.44,49
FILEFENSLSTIFILE] it iiiieiieineernrsanesennenvses 14,49
FILEGROUP (property name) ....c.eeeeeeeeces creees 14.47

FILELST (file package variable/parameter) ....... 14.44-50; 17.28
FILEPKGFLG (file package variable/parameter) .... 14.44
FILEPOSEX;FILE;START;;END;SKIP;TAIL] ....vcceve... 14.7

0 0 2.9; 14.1-10

FILES?[] ..vinvvienenns Ceeeeiericieieaas e .. 14.45,48,51
FILETYPE (property name) eeciensrtraaeasseneesess 14.46; 23.60,63
fileVARS ............ veeens Cherrasereennsresass 14.44,49

FINALLY (clisp 1terat1ve statement operator) .... 23.25-26
FIRST (clisp iterative statement operator) ...... 23.25-26

FIRST (as argument to advise) .......cevvceeennnn 19.5,7
FIRSTCOL (prettydef variable/parameter) ......... 14.39
FIRSTFNIFN] .. iiiiiiiieiieenennnanans veseresees 20.4,9
FIRSTNAME (system variable/parameter) cevesnesess 21.24
FIX[X] iiiiiiiinnan. O B I

FIX (prog. asst. conmand) ceteeserecsscaseraseres 22.16-17,22
fixed number of arguments ....... Ceetereseseannen 4.1

FIXPLX ]  iiiiiii i iiiiennsnarsnsonsnnranssnnses 13.4
FIXSPPLL[XWORD REL SPLST;FLG; TAIL;FN;CLST;

APPROVALFLG] Ceeoesacseseesveveneeesessssss 17.25-26,28
FLASTIX ]  ti ittt eneieononeasneonsssonosssononssns 2.3; 6.7
FLENGTH[X] ..oveenvoinn. e teeeceecavtenceeraseenan 2.3; 6.8
FLOATIX] v P T 4
floating point arithmetic terettesestctacaassases 13.6-7
floating point numbers .....cicvirereroevcnnrnnns 3.1,4,6,11; 13.1-2,4,

Ceeretevieecnestennsres s 10; 14.11
FLOATPIX] SUBR it itinreneonecencvssosavonsuosnes - 13.7
FLTFMI[N] SUBR ..........n.. G etereeatcaeeninns ve.  3.6; 14.22
FMEMBL X Y ] vt ittt ittt easonosnsrsnssonsansssnsns 2.3; 5.14
FMINUS[{X] .......... et erceceesesescscsnasecses 13.6
FN (transorset commdnd) . cerenesraersesaseees A1.10

(fn - NO BREAK INFORMATION SAVED) ceeeesaseseness 15,23
(FNT TN fN2) i ittt ensonnoessosssssnessnsssnsss 15.17,22; 19.5
(fnl NOT FOUND IN fn2) ...iveevennnans ceveesesee. 15.17
fni-IN-fn2 ........... et s e eresvesses 15.17,22; 19.5
FNCHECK[ FN;NOMESSFLG;SPELLFLG; PROPFLG] ceveneese. 17.27
FNS (prettydef command) et eseercseeneressasseses 14,34

FNTH[X:N] o iieiiei e Cesessensceaaans caseatas 2.3; 6.8
FNTYPEX] oovvvan C e et et taeeseeeecet a0 tesa e 4.3; 8.1,3-7
FOR (clisp iterative statement operator) ..... ... 23.20-21

FOR (in INSERT command) (in editor) ........cec... 9.41
FOR (in USE command) ....vciverrnocssssnnesaneasss 22.14
FORGET (prog. asst. command) ...ccvevrncneocsenss 22.27,54

fork handle ............. teessesesesevennsssescss £1.20
forks ........... C et eteeerraeans chesteecceancs.. 21.17
form-feed ......... D T )

format and use of hlstory list i iiiiiiennnenee., 22.44-47
FPLUSEX1;X2;...:Xn] SUBRY .. ...ieveversosasessees 13.6
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FQUOTIENTIX;Y] SUBR ... ereerontoonnsansesnenens 13.6
free variables ........ cen cerersesensenessees 12.2,5
free variables and compiled functions cecseses 12.5
free-list ... ittt enencnnns Ceseareaersaaas 3.12-13
FREEVARS[FN;EXPRFLG] ...ccvvenen veos ceessseees 20.10
FRIMAINDER[X;Y] SUBR ..... ceevenn teesecnserees 13.6
FROM (clisp iterative statement operator) ceese.s 23.22-24
FROM (1in event specification) ......ceevveveeene. 22.13
FROM (in EXTRACT command) (in editor) ........... 9.46
FRPLACALX;Y] SUBR i vverocacecocesacsnooosoosse 5.3
FRPLACD[ X;Y] SUBR st rtacesteacsases s esanr e 5.3
(FS ...) (edit command) .....eevvervsncescovcoocas 9.27
FSTKARG[N;POS] SUBR ....vivevenennnsescnsnsenenss, 12.8
FSTKNTH[N;POS] SUBR ...... cettsecvessenacvavecssss 12.7
FSUBR (function type) ...ueeeeeennsrvccescocosoens 4.3; 8.4-6
FSUBR* (function type) ....cceeerovvesvascovacnas 4.3; 8.4-6
FTIMES[X1;X2;...:Xn] SUBR® ... eierveenesonnenees 13.6
FUNARG ........... trri e Cetes e et ceesess 11.1-2,5-7; 12.11-12,
....... Gt seieesetecesteateesnesascessesess 16.10; 18.16
FUNARG (function ty¥pPe) ..ieveveernasrvsonsncescss 8.5
FUNCTION[EXP;VLIST] NL  cvivervevecerovevoenesoese 11.1-2,5,7; 18.16
function definition and evaluation .......cveveus 8.1-12
function definition cell .......ciieiiennensnnens 2.3,6; 3.3; 8.1-2,
Creascsecsescscssrsrresenses 16.1; 18.21
function objects ...... tecessracesesrreeressseses 11.6; 16.1
function types ........ e rteesesrarretrrereae s 4.1-3
functional arguments ...... crresenensrieresesses 2.3; 8.10; 11.1; 18.16
FUNNYATOMLST (clisp variable/parameter) ceeeeeees 23.60,75
garbage collection ..... et ecesteres it ee st annan 2.4; 3.11-14; 10.13-18
GC: (typed by system) S 1 ¥
GC: 1 (typed by System) .....veeveeenvennceeases. 10.13; 16.9
GC: 16 (typed by system) ....evivvececsvnconseeas 13.1
GC: 18 (typed by 5ystem) ...ceveveeveronceereeves 13.1
GC: 8 (typed by SYSLEM)  cvvieeiereeeescoeseenecness 10.14; 21.4
" GCGAGIMESSAGE] SUBR vt viiinnerinrvennnoeraonenens §.10; 10.15
GCIRPIN] SUBR ....oviiiiiervecennne teeacsessrseaess 10.17; 21.4
generalized NTH command (1n editor) .....i0000u0e 9.32,52,60
GENNUM (system variable/parameter) .............. 10.5
GENSYM[CHAR] ...... e et e ese et eetenteees e ine 3.2; 10.4-5; 15.16,
....................... ttieaseseresenesesses 18.16; 19.4,6
GET[X:;Y]l ..... cr et cesereceeress s ance 7.2
GLTABL TABLENAME ; INDEX FORMATFLG] ceeieneeseeeses 21.22
GEIBLK[N] SUBR ........... et eesasevasaseersesess 16.10; 21.17-18
GEIBRK[ ] SUBR  ...iiviennnn cheesseraetaeen cereaas . 14.14
GETD[X] SUBR +.vuvnerenns Preessenst e assas cene 2.3,6; 8.1-3,7
GETHASH[ TTEM;ARRAY] SUBR ... iiieennennnn cveasees 7.6; 23.31
GETLIS{ X;PROPS] ....... Ceeererarasacan e .o 7.3
GETP[ATM;PROP] ... .evvan.. ceesennerassenus cesesne 7.3
GETSEPR[ ] SUBR ceneen T 1 TR )
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GLOBALVARS (system variable/parameter) .......... 14.27,38
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GO (break command) ..... . creeseesascasrssseress 15.6-7,15-16; 16.3-4
GO (use in iterative statemvnt in clisp) ...c00.. 23.26
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GREATCRP[X;Y] SUBR ...... et eeaeaaeees teeeeeeaes. 13.8
GREET[NAME ;FLG] ...... . Cheisestesererseinssess 22.04

greeting and user 1n1tializat10n teerencrcnsenses 22.64
GROUP (property Name) ...cuieererecsssesncsnssasss 22.45-46,52

GTIFNLFILE EXT VIFLAGS] v i iei i et ittt cnneseeseess 14,9
HARRAY LEN ] v ittt it eeeroenosooennssoneononnnases 7.5
hash arrays .......... ceenaes hresree o csaacnannnn 3.1
hash link functions .....c.vieeerreennsosoensonee 7.5-6
BASH 1ANKS it ienneeeenceesonosenaneconsnennssne 7.4-6
hash OVerflow ... eiierioveoevoooseossnoveasonsns 7.7
HASH TABLE FULL (error message) ....eeveesvesesns 7.7; 16.10
hash-address .. oiiiieinioneeeeensoonensassnesnnne 7.4
DASh =AY it ittt iteereoronstnesnnsnasonstnsne 7.4-5,7
RAaSh=1tem . ittt iienrrocooonesoseansavesssonns 7.4-6
hash-1link ........... S ettt a e eanetacns it e 7.4-6
hash-value ........... Wi eesecrtacnresarreenes 7.4-6
HASHRECORD (record package) ............ cesseeees 23.53

HE L PLMESSTI MESS 2] i iiiiei it ittt erneononnnoonenans 16.13
HELP! (typed by system) ...... cererreeeenses 16.13

HELPCLOCK (system vnrlable/parameter) ceeessiees. 16.6; 22.21,38
HELPDEPTH (system variable/parameter) ........... 16.5-6
HELPFLAG (system variable/parameter) ............ 16.3-4,7
HELPTIME (system variable/parameter) ............ 16.5-6

HERE (in edit command) ....cccvvnvnnnunns Ceesenene 9.42

HISTORY (property name) ....cceeeeceneveseceseess 22.45-46

history commands ......... Cecesen e ceeesnenes 22.10-27

history commands applied to history commands .... 22.19

history commands that fail ..... cesaesaeanas veees 22.20
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null string ......... e et cetacvesessecenneasneess 10.6-7

NUIL-CheCK i iiiiienviorooesonsansasnnsasnosenses 2.2; 6.7-9

number stack ..... et etatesertssneaseneasessenses 12.2; 18.46

NUMBERPEX] SUBR  vvvivverevennnnosronnonencannnnss 5.11

numbers . ........ et ce s e e ceseserseetieeeaserorene 5.11; 13.1-14,
........... e eesraeansaaasereseeraseenenes 14.11-12

NX (edit rommand) .............. teesescessesteaeen 9.8,18-19

(NX n) (n a number, edit command) ......c00eveuns 9.19
OCCURRENCES (typed by editor) ...oveeeeneneronnns 9.65

[T ol o Gt ereceasresaasanaennns 3.5,8; 13.13; 14.11,18
OK (break command) ...... v e eeeneteeseneae veveee.s 15.6-7,12,14,16,
................ e e et e ee st etessnsaneseasse 16,3-4

0K (edit rommand) et esaeesas et 9.71,76,83

OK (edita command/parameter) ..........vc000000.. 21.13

OK TO REEVALUATE (typed by dwim) .......ccecveee. 17.9
OKREEVALST (dwim variable/parameter) .......e.... 17.9

OLD (clisp iterative statement operator) ........ 23.8,21-22

ON (clisp iterative statement operator) cevreness 23.21,23
OPCODE (in a lap statement) ...... PP - 5 |

(OPCODE? - ASSEMBLE) (compiler error message) ... 18.35,51

OPD (Property Name) ... v.ieieereonesrecnsessensss 18.35-36,41,43,

........... v e e et s ecttetceesesenreeresasssneeas 21.10-11
open functions ........... Wit eeseseressasssasssss 18.13-14
OpPeN MACTOS v vvveeevsn s e et et e v ese s ee e ... 18.15
OPENFLFILE;X] SUBR v iiiverrerenesnosonnnensennsss 14.8
opening files ...ttt iiennenoen ceseeeceenne .. 14.1 .
OPENPLTFILE;TYPE] SUBR vt viiireneeereesansnooness 14.3-5,8
OPENR[A] SUBR ... . iiienennnen crteeeres et eneas 10.18
OPNJFN[FILE] SUBR ...... P 3 < )

OR[ X1;X2;...;Xn] FSUBR® ........... Ceeesreanes .o 5.13

order of precedence of CLISP operators .......... 23.15
(ORF ...) (edit command) ...v.vevveneenevsonreones 9.27
ORG (edita command/parameter) ........eeveeecess. &1.12

(ORR ...) (edit command) .....ceveeennorannnvance 9.66
OUTFILE[FILE] SUBR ......vvv.. et ereneaeeenn ... 14.2,6-7
OQUTFILEPLFILE] SUBR tivtivnrnveerosannosssssnsnsees 14.3-4
OUTPUTLFILE] SUBR s i.irirnennsnnnns cesecsartencns 5.10; 14.1

OULPUL BUFer ittt rivnesvonssnscensnsssasenns 14.20
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OUTPUT FILE: (compiler question) ........ veseraan
output fuUNCtions ... ieiverasesacsrsssssersosessns
overflow . ....iceeeirseonsanens ‘e cees sesessee
P (edit command) .......... et cheeressesesas
P (prettydef command) .«.eveeeeensraossocssosnssos
(P mn) (cdit command) ...... ceeee st eeerestaenan
(P m) (edit command) ....cvvionnnne N
P-STACK OVERFLOW (error mesSSa0Ce) .eeeereenccssons
P.P.E. (typed by PRINTSTRUCTURE) ..eevcerncsnsnns
PACKIXT SUBR v outveerroeeroneneennnssensnnoasanas
PACKCIX] SUBR ....viiviveerenssnnenns ceceees et
DATE it iveeeevernervooasnonsnsnnne cetesesurteaans
PAGEFAULTSI] .. iiiirinnvenes et esssacranaseanse s
parameter pushdown 1ist ....scceveencscncnnssnsns
parcentheses counting (by READ) ....cc.vevnne creee
PARENTHESIS ERROR (error message) ....eeeevevssss
PATHSEX;Y; TYPE;MUST;AVOID;ONLY] ..v.viecennnnnnas
PATLISTPCHECK (1n pattern match compiler) .......
(pattern .. @) (edit command) ........ Cetsecenens
pattern match (in editor) ..... cressasevas ceveren
pattern match compiler ....... terascenansaane
PATVARDEFAULT (in pattern match compiler) .......
PD (prettydef command) .....c00.0 cesereerneseanes
PEEKCIFILE] SUBR ..iivevvnornennane ceeers

place-markers (1n pattern match compiler) .......
PLUS[X1;X2;...:Xn] SUBRX® . ...ivieeennes crsene .
pname cell ...... ittt nneteroanen terecacssaranss
PRAMes ... erneans ceeternaes Crbrree st esaraeesras
pointer ..........0.. cesvo e seaene ceseansens seees
POSITIONLFILE] SUBR ...... et sesarene ceseenn
PP[X] NL®x ........... e cecesereseessaas crevae
PP (edit command) ......o0000 ceecseesssseseses e
PPEIX] NLX . et ereroennnennnes vessssane ereeen
PP*x (edit command) ....eiceetneerrorssnssesansonns
PPT (edit command) ......ievveneves ceaes vesens
PPV (edit command) .......... sectersnesvanas cenee
PRDEPTH (printstructure vatiable/parameter) ceeee
precedence rules (for CLISP operators) ..........
predicates . ....ociiiieorcasrcnnone Petert e e e eaas .
prefix operators (in clisp) ....iceeen ceseaas cees
PRESCAN[FTILE;CHARLST] it cevvvannvensnnans cesrsee

PRETTYCOMSPLST (prettydef variable/parameter) ‘e
PRETTYDEF[ PRETTYFNS;PRETTYFILE ;PRETTYCOMS;
RECOMPILEFLG;CHANGES ]

prettydef commands
PRETTYFLG (prettydef variable/parameter)
PRETTYLCOM (prettydef variable/parameter) .
PRETTYMACROS (prettydef variable/parameter)
PRETTYPRINT[FNS;PRETTYDEFLG]
PRETTYTRANFLG (clisp variable/parameter)
PRETTYTYPE (property name) Cetrevesrceeens
PRETTYTYPELST (file package variable/parameter)
primary input file

oooooo

ER A R R A A A R I R ]

primary output file ....... Gecesesstanesessacns .
pRINl[:X;FILE] SUBR lllllllll . €% ¢ 08 8 0 0 00w a0 o 8 & 0 08
PRINZ2[X;FILE] SUBR ........ cerseesns sesersne
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prinZ2-pnames .........
PRIN3[X;FILE] SUBR ...
PRINT[X;FILE] SUBR

PRINT (property name)
print name ...........
PRINTDATE[FILE; CHANGES]
PRINTDEF[EXPR;LEFT;DEF]
PRINTFNS[X] .....
printing circular lists
printlevel ...........
PRINTLEVEL[N] SUBR

private pages ..
PROGLARGS;E1;E2;...
PROG 1label

PROGI[ X1;X2;
PROGN[ X1;X2;..
programmner's assistant

D

programmer's assistant and the editor ..
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RAND[ LOWER;UPPER] ........ seeenens Ceeeeesesneae .. 13.9
random NUMbErs .....cceeeenoencacnsasennas veesses 13.9
RANDSETIX] tviieeeeeeonrennnnannans et eteerecnaas 13.10
RANDSTATE .. .iiiiiiiinennnns Ceseceacrrevesaesacese 13.9-10
RATEST[X] SUBR ..... I I 1 |
RATOM[FILE] SUBR ...ccvevevenns ceceesesesssarseess 14.11-13, 25
RATOMS[AFN]  .viiiiveennnns ceeresaenane ceeetenee 14.12
RC (makefile option) ......... teeersasrssenseseee 14,46
(RC x y) (edit command) ....cvvevennens ceesetseens 9.59
(RC1 x y) (edit command) ....veeeerocanas crreanee 9.59
READ[FILE;FLG] SUBR ....... Cheereeerens cereese. 14.10-11,24
READBUF (prog. asst. variable/parameter) cevesees 22.50-51
READCIFILE] SUBR . ....iiieineecscocvnacasaansons .. 14.14,25
READFILE[FILE] ...viientrnnnans tesesscsosetaresene 14.28
READLINE[LINE;LISPXFLG] ..veeeevecreccncannseonese 9.81; 14.16-17; 22.14,
............... et ereesesnaereras e 19,32,37,47-48,50,61
READP[FILE] SUBR ............................. oo 14.16
READVICE (property name) .....eecees Ceeesenseanan 19.8-10
READVISE[X] NL* .......... Ceeeteer ettt esenanane 14.34; 19.8-9
REBREAK[X] NL* ...... teseresecessecscarserecssses 15.16,22-23
RECLAIMIN] SUBR ....c.itiienrceacosonnas ceesann e 3.12-13; 10.14
RECOMPILE[PFILE;CFILE;FNS; (OREFLG] .............. 14.44,46,48; 18.7-8,10,
......................................... 30,33
reconstruction (in pattern match compiler) ...... 23.46
RECORD (record package) ..... cveeresssssnecenesss 23.52
record declarations (in clispP) ..vcevvicnveananas 23.35,51
record package (in clisp) cicvievverversseveneese 23.48-58
RECORDS (prettydef Macro) ..eececesecsesnsccasenns 23.50-51

REDEFINE? (compiler question) .«..eeevsevssssseass 18.4
REDEFINED (typed by SYSteM) .evecavecesrocnsonans 8.7
(REDEFINED) (typed by SYStem) ...eveveesseveeeess 14.27

REDO (prog. asst. command) ...ccoceeeas ceeeeseeees 22.14,17,22

REENTER (tenex command) civevevioeecosersvncanconons 2.4,9; 5.10; 21.4,19
REHASH[ OLDAR;NEWAR] SUBR ....cven et seeaveceans . 7.6

RELBLK[ ADDRESS;N] SUBR ...... crecsecennae veseeess 16.10; 21.18
RELINK[FN;UNLINKFLG] ..ceeivvececnoonnnnnas ceeren 18.25-26

relinking ........c.c0000 cer e ssesessssssensss 18.25-26

relocation information (in arrays) Cresresesraaas 3.8
Rcr‘AIND[‘R[X Y] SUBR LI I I B I Y I K B B IR I IR I N I B B IR B N I B I 1 13'7

REMARK (transor command) ....vvouees ceeeae ceeeees AL.12

REMOVE[X;LY ...ovveeun. cereerrenes Cereene cereesas 6.4

REMPROP[ ATM;PROP] ....... essessenssassastass o 7.2

REPACK (edit command) .....cccveinecnccsossnoanes 9.75

(REPACK @) (edit command) ....evceeescas ceresenae 9.76

REPLACE (use in records in clisp) ...civeeveeeees 23.57

(REPLACE @ WITH ...) (edit command) ..... rerveaes 9.42
replacements (in pattern match compiler) ........ 23.45

REREADFLG (prog. asst. variable/parameter) ...... 22.50,52

RESET[ ] SUBR i iiieiineoeeroenssanns teeesesasanea 16.13; 22.43,55
RESETFORM[ RESETX;RESETY; RESETZ] 1 5.10

RESETVAR[ RESETX;RESETY; RESETZ] NL ........ Ceeann 5.9; 9.77; 18.7
(RESETVAR var form . coms) (edit command) ....... 9.77

restoring input buffers ................. veersaas 22.30

RESULTS[] .iivevinnenn tetevtttesssscesssnsenresees 21.5,7

RETEVAL[ POS;FORM] SUBR ..vveveeennnsvscscnsnonss . 12.10; 15.5; 17.15
RETFNS (compiler variable/parameter) ............ 18.20,26,29
RETFROM[ POS;VALUE] SUBR ....iivcesencocns cesesess 12.10; 15.5; 16.6
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RETRIEVE (prog. asst. command) ....c.eveveneenns. 22.22,26,34

RETRY (prog. asst. command) ............. ceveene. 22.21-22

RETURN[X] SUBR ...ttt ieveenennennas ceeenn e 5.7

RETURN (break command) ....cveeerenrrerreeeenonne 2.9; 15.6-7,16; 16.1,
.................. . et e e ettt 4

RETURN (use in iterative statement in clisp) veee 23.206

REUSING (record package) ...iiieveeesrerecenncense 23.56

REVERSE[L] ....... e et emraeet ettt eeses 6.4

(RI n m) (edit command) e et ie ettt r et ranes 9.8,53

RLJIFN[JFN] ... vennon.. ceesserenvesrassnscrsrcnses 14,9

(RO n) (edit command) ......veveverneennenoosnons 9.8,53

RPAQI RPAQX;RPAQY] NL v iiienrenraneennnnnnsennaass 5.9; 14.27,32; 22.43

RPAQOL XY T NL  tiii it iitrterennnonsesnononsnnnens 5.9; 14.27,32-33,

RPLACALX;Y] SUBR i iiiitiireennnnnseronononnnnanns

RPLACDEX;Y] SUBR i iiiiivveeneenstneeneetnnenennns

RPLSTRINGE X ;N;Y] SUBR  tiveiveeverneoeenennnearens

RP T RPINGRPTF ] v it irevnnnnosesosnannesnnnnns

RPTQLRPTINGRPTF ] NL it iitiiritrennenennenanensns ..

RSHIN;M ] oottt ittt rnneens Criseecnne sersenen

RSTRINGI ] SUBR i iiiitnitevenevannnans e enees

rubout ..... Ces st et st et e e s e nssatben a0

RUN (tenex command) ....veeeveeenecnnennnneennnne

run-on spelling corrections ........ccevvveeseses 17.5,25-27

running other subsystems from within INTERLISP .. 21.18

S (response to compiler question) ............... 18.4

(S var . @) (cdit command) ...ceeeevrerennannonnn 9.36

SASSOCL XSAS ;Y SAS ] ittt ittt teetesronccsenanen 5.15

SAVE (edit command) ... it vnernoennenencannsnes 9.72,74,83-84

SAVE EXPRS? (compiler question) ...........c..... 18.4

SAVEDEFIXT]  votieeinennnnnenns e rreenaeees veee.. B8.7-8

SAVESET[ NAME ; VALUE; TOPFLG FLE] ..vvvvevreeennoe.. 22.40,43,55

search algorithm (1n edltor) e eeetsseenr e 9.23-25

searching files ..... ceieeees P 4

searching strings .......... ceversceresssearssses 10.8-10

scarching the pushdown list .......... ceieenaase, 12.6,9

SEARCHING... (typed by breakin) ............. eee. 15,21

SCARCHPDLI SRCHFN;;SRCHPOS] v iviiiieneenennnss eee. 12,11

second pass (of the compiler) .....c.vevevnveees. 18.34

segment patterns (in pattern match compiler) .... 23.41-43

SELECTQLX:Y1;Y2;...5Yn;Z] NL® o iriiiiiennnnnns .. 5.4-5

separator characters ............ . ceeasese.. 14.12-15,19,24

SETIX Y] SUBR ittt venrenersonnensosenasssasonse 5.8

SETA[A;N;V] ....... s eeeaeaens Cererec et e e 3.8; 10.13; 16.10

SETARGIVAR;M;X] FSUBR  «.iiiirnennnennnnns v 8.12

SETBRKILST;FLG] SUBR ... iieiieernneennnnnnnnnaans 14.12-13,15,19

SETDL ANV i ittt it icrnnoeosssnnssssnnoesse 3.8; 10.14

SETFN (property name) ....... t et teaseseereneseee. 23.70 .

SETN[VAR;X] NL L viiiiivinneenene et ereereteeenes 13.10-12

SETQLX;Y] FSUBRx ..., ettt teeeresteanees e 5.8

SETQ (in an assemble statement) ........¢¢....... 18.38

SETQQI XSET;YSET] NL  ti ittt eovnoenvenoanennnes 5.8

SETSEPR[LST;FLG] SUBR  tivvvevenrnneenrneaneeennss 14.12~13,15,10

SFPTRLFILE;ADDRESS] SUBR tiivevvieeneenecnnnenees 14.6-7,23; 16 10

SHALL I LOAD (typed by dwim) .......cvvvvveveeee. 17.17 '

Shared pages ...ivvieiereneronennns fetescereceroeane 3.15

shared System . .u.iieieireroannssosrvsevenvenononns 3.15
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Sharing ...ttt iriiitriottossssaansencsancansnes 3.15

SHOW (transorset command) ....eceeeseecvesnecesss AL1.10

(SHOW . x) (edit command) ....ivevnvervvrenonsacs 9.66

SIDE (property name) .....cveevevevcoscccccesessess 22.45-46,56-57,59,61

SIN[X;RADIANSFLG] ...ivevervennrsescssennoonssesss 13.9

SKIP=Dlip ittt ieiiveoersoncesesaensevsessasass 12.11

SKOR ...... ecereetsrassesensstnsvessacrneees 17.21-22

SKREAD[FILE; REREADSTRING] ceseesesesacvncnnserees 14.17-18,28

slot (on pushdown 1list) ....evevvnrevinrnenceness 12.2,6,8,10

small InNtegers ... iieeiescesovararsosasserssscane 3.1,5;: 5.12; 13.1-2

SMALLP[N] ......... Ceeeveesectecaretnasrannsene 3.5; 13.2,4

SNOMSG (prog. asst. command) Ceseeccvsesseasacses 21.21; 22.34

SOME[ SOMEX ; SOMEFN1;SOMEFN2] vt enevonococnanns 5.13

SORTIDATA;;COMPAREFN] v ieevervseonoanasonseeavensna 6.10

SP (in an assemble statement) .....ccceco000eses0... 18.38,46

SPACE ...t ieeaeaea e eseesescscrsasarreas s e nn 3.2; 14.13

SPACES[N;FILE] SUBR ...... crees eesseneserses. 14.19

SPECVARS (compiler variable/parameter) veseeeees. 18.18,26,29

spelling completion ....c.ceeviesceccocrecnsasasase 17.11

spelling correction ......eeevvenecsvrsccrsavsnas 9.82,86

spelling correction protocol ........cec0cevaeas. 17.5-7

Spelling corrector .....ccececeevessesencsssreese 17.2,10,20,26

spelling lists ........ teeenaceceasessanseeses 17.11-14

SPELLINGS1 (dwim variable/parameter) cevessarness 17.12-14,18,24

SPELLINGSZ2 (dwim variable/parameter) ............ 17.12-14,18,23-24

SPELLINGS3 (dwim variable/parameter) ............ 22.55; 17.12,14,16,24

(SPLITC x) (edit command)  ...vvvrvvrercasconnaonss 9,77

spread functions ....ciecievinsorsrseseasonsseons 4.2; 8.1

spreading arguments  ..v..icccctsocvsoccscrrsoneros 4.2

SORTIN ] it ittt sestoesnsossosoeassnoossncacssse 3.8

SQRT OF NUGATIVE VALUE (error messSage) .cceseeoos 3.8

square brackets ......ciceieererecocosrosaronnnns 2.5

square brackets (inserted by prettyprint) ....... 14.3

SRCCOM .. ...t Lt e e e s e s ecces e rsesec e n e ns 6.1

ST (response to compiler question) .......c00.... 18.2

stack position ... .eieiiiiitesenotnrssntoscecess 12.6

StatisticsS ittt ereirraerersserrenrosereees 22,063
8
9
1
7
8
7
6
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STKARGIN;POS] SUBR T

STKARGS{POS] ........ ceesiaeessseraanas Ceeseceses 12,

STKEVALLPOS;FORM] SUBR  tereeervecnnssvsesnecessess 12,

STKNAME[POS] SUBR v it vntrevrosvncorssansenessess 12.

STKNARGSIPOS] SUBR i iiieineieesecesnesacnensnsess 12

STEKNTHEN;POS] SUBR . .ivsinteeesosesoncssnsesssese 12.

STKPOSIFN N POS ] ittt eneeereeneononanneonnness 12,

STKSCAN[VAR;POS] SUBR  teviuvresnvscsonnessosnsases 12.10

STOP (edit command) ........ Cereseesseatestncaaaa 9.71-72,76,83-85,
....... RN teteseesenssssesssness 15.20

STOP (at the end of u flleﬁ eseescrsssensescsees 14.27-29,38

STORAGE[FLG] ..... Cheea titesesssesresnnsensecsss 10.16

storage allocation ......... e eeeeee ittt enr e 3.114

STREQUALLXGY]  vieieerenrivnersonnoannncsnnnsnaas 10.5

STRF (compiler variable/parameter) .............. 18.3-4,8

String characters .....csiiosvsarsscsccscsnsnccccsse 3.1,10-11; 10.11

string functions .......cccc0.. tevsesceveseneaess 10.5-10

SLPing Pointers . iiiiiereereesesssossrssvasnanose 3.1,10-11; 10.6,11

string storage .......... creesseevecsresrenensses 10,11-12

STRINGPLX] SUBR vttt teeeeneocononssacsncsoaons 5.11; 10.5
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SLrings . .ovv it enas Ceresereeeeas
STRPOS[X:Y; START SKIP; ANCHOR TAIL] ........... .
STRPOSL[A,STR START iNEG]  ovv v i seere e

structure modification commands (in editor) .....
Supipx]

SUBLIS[ALST;EXPR;FLG] ....v.envn.. Ceeeeee et eean
SUBPAIR[ OLD;NEW;EXPR;FLG] ...c.... Ceeieiieet e
SUBR (function type) ..... Ceresereerens creanas
SUBR*x (function type) ...... ceceraeseaen ceseenees
SUBRPIFN] SUBR ...viirrvereeooasnnnns cesesvan
subrs ... it S
SUBSETIMAPX ;MAPFNI G MAPFNZ ] v iviviienerernosenenne
SUBSTEX Y Z ] ittt i iiarsosoeosnsasenosonnnsanens

substitution macros ......ecccc0.
SUBSTRING[X;N:MJ SUBR .. .iviinreenns
SUBQYR[(IIE/FORK INCOMFILE; OUTCOMFILE

ENTRYPOINTFLG]

DI R R A I I I B B )

R N I AT

SUM (clisp iterative statement operator) et eeens
(SURROUND @ IN ...) (edit command) ...... ceceeas .

SVFLG (compiler varinble/parameter)
(SW n m) (edit command)

SY (prog. asst. command)
symbolic file input ...... et veaes
symbolic file output ... Cisneseanse
SYMLST (edita command/parameter) ......... Ceeeees
SYSBUFLFLG] SUBR .. ovviiiiiinnnnnnns
SYSFILES (system variable/parameter) Ceeen
SYSHASHARRAY (system variable/parameter)
SYSIN[FILE] SUBR ....vivevnens cvrsrenssan
SYSLINKEDFNS (system varlable/parameter) ceeeeaea
SYSOUT[FILE] EXPR .......... ceerrsenas
SYSOUTGAG (system variable/parameter) ...........
SYSPROPS (prettydef variable/parameter) ...
SYSPROPS (system variable/parameter) ..
SYSTAT
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s s e v e
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L I I I I A A I N Y
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s s e 000
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DI SRS

LA A A A )

T FIXED (typed by dw1m) e es st eveseesieerens e
tab .. i i e Ceeses st es e aesnee e
TAB[ POS;MINSPACES; FILE] ........... therecerssenas

tab (edita command/parameter) cheeoan

LR N BN )

taill of @ 1ist ..ttt enneerteronnconanoeeensons
TATLPLX Y] vt ittt eineereronvanenonseononssoenns
TAN[ X;RADIANSFLG] ..... Ce st eseerenesecesentenans
TCOMPLLFILES] ......... creeesres et e s anseessn e
TCONC[PTR:X] ....vuo... cee e s eneats et as s ven e o
TECO (prog. asst. command) ceeeeenn et eseean e
teletype ......... . sesesressss st ecreeraro s
tolctypn 1n1t1ated breaks ...... Ceesere e e
TENCX[STR] ... seseressene seeee Ceseceveaans .

TENEX ......cu0.. ce e e .
TERPRI[FILE] SUBR ....... . N

TEST (edit command) et reetesesnaneenan ceeearen

TEST (transorset command) ....eeveeveroesoansoesns
TESTMODE[FLG] ....... Ceceeeteceeannn ceeenn Ceeeenn
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TESTMODEFLG (prog. asst. variable/parameter) .... 22.41
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2 (carriage-return) ......... .
~ (in pattern match compiler) ....cecevicecroncncs
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#0 (use in h1story commands )}

#n (n a number, 1in pattern match compiler) .....
#RPARS (prettydef variable/parameter)
#SPELLINGS1 (dwim variable/paramecter)
#SPELLINGS2 (dwim variable/parameter)
#SPELLINGS3 (dwim variable/parameter)
#UNDOSAVES (prog. asst. variable/parameter) ....
#USERWORDS (dwim variable/parameter)

(att-mode) ...........

(alt-mode) (prog. asst.
(alt-mode) (in clisp)

AARABAN,

command) ..

LR R A A I I

(alt-mode) (in spelling correction)
(alt-mode, in R command) (in editor)
(dollar) (edita command/parameter)

(dollar) (in pattern match compiler)

3% (two alt-modes) (in edit pattern)
33VAL (use in iterative statement in clisp) ....

$1 (in pattern match compiler) ........
$BUFS (alt-modeBUFS) (prog.

--------------------
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{(alt-mode) (in edit pattern) ......

LR S S )
LR ER S A A ]
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asst. command) ......

$C (alt-modeC) (edita command/parameter) ........
SN (in pattern match compiler) ......
$Q (alt-modeQ) (edita command/parameter) .......
$W (alt-modeW) (edita command/parameter) .......

% (escape character) ....

e o v a0

* st o0 v e e e .
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PR SRR SEET TN Y

% (USC iN COMMENLS)  .ivivevereecoennnsoeonsannas

%% (use in comments) ...

(use in comments) ..... Ceraen
* (use in prettydef rommand) cerereaes
xx%x (in interscope output) ..... Ceaeeen
xxxx% (in compiler error messagos) ceenn

60 09 400 a0 00

LI R B A )

XxxXXATIENTION USER ~- (typed by system) .......

X*BREAK** (in backtrace)

------------

**COMMENT*x* (typed by editor)
XXCOMMENT** (typed by system) ........

-----------

s o & o & s s o«

& (in edit pattern)  ....ieeeeeececonenenesesones
& (in pattern match compiler) .....cocivvevnvnes
& (typed by editor) ..... Ceetectac it aassreseanes
& (typed by system) ....iievennveenneeoenessones
)

' (edita command/parameter) Ceteeas st eceasanenn
' (in a lap statement) Ceeesecsesescesanenses
' (in pattern match compiler) ...euoeiiiiernreneen
' (clisp operator) .....eiiieeaenenn et seeans
( . et et eeeeeetee e
() e P
)
* (in a lup statement)  .....iiiiiiineeaan cereeas
* (in an assemble statement) .......cevieneronens
* (in pattern match compiler) ........... cereenn
* (typed by editor) ......... ceebsssesieean e e aans
* (in MBD command) (in editor) .....c.cceeeeeens
X

-

LR A A O I I

RXCOMMENT*XFLG (prettydef varlable/parameter) ‘e
**CUTOFF** (typed by PRINTSTRUCTURE)

XXEDITOR*® (in backtrace)
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, (edita command/parameter) Ceececesnsrvesarsieess 21.10
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== (typed by SyStem) ...iuiceevvsvncecrasssesnnnoes 14.20
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/RPLNODE[X;A;D] ........ Ceeerenesnrsecrcersaseees 22.57
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(clisp operator) ......cieeee. cesesaana ceresees 23.12
el ... em) (edit command) ..... Ceeteersnarene 9.14,40
(edita command/parameter) .....cecesecceeseress 21.16
o+ X) (edit command) ... eineicicverscciaarrens 9.76
,»> (use in clisp) ....... teteeesesacsrcscrnssses 23.16
(break command) ........ ceseescecseressssneases 15.10
(edita command/parameter) .....ceceesveeorseees 21.13
(in a lap statement) ....ceveeveereceesecnssees 18.41
(in pattern match compiler) ..... ereceasesares 23.39
(typed by dwim) ........ cereeassseacesssnseness 17.5,7
(typed by editor) ........c0c. Ceeestiesetantsens 9.12
(in event address) . o.eeiiieevrtesossnasncencess 22.12
= (in edit PAtLern) ...t eierencecrorenscannenes 9.22
= (in pattern match compiler) ......... ceeeen ee. 23.39
> (in pattern match compiler) ....¢ccecveeeevees 23.46
E (typed by editor) .......... ceceesane ceereeans 9.82
EDITF (typed by editor) ....cieeeerervrcrccnncsse 9.86
EDITP (typed by editor) ....iceeeecevevesenssons 9.85
EDITV (typed by editor) ...vieeveccescessnnnanne 9.85
(edit command) ......iiettreenrrencorersonronces 9.2,60
(edita command/parameter) .....eeesesvevsseress 21.13
(typed by dwim) .....iiieeieiaveosssocsecnaannes 17.6-7
(typed by editor) ...cieiiieveceveonosnonassssss 9.3

~ N ﬂ Il H o H N AN e e e

INDEX.30



Page
Numbers

? (typed Dy SYStEM) .. v.iieeverercnvsonsosesenses 16.4
?= (break command) ...veieececrarcnnnsnonesssecees 15.8-9
?? (prog. asst., commMand) ..c.ceveveserocecncocses 22.21-22
@ (break command) ... ieeieeerecsererrsesaecaaess 15.8-9,12
@ (edita command/parameter) .......ceeveecevcecae. 21.10
@ (in a lap statement) . ..cicveeeesreceansenessss 18.41
@ (in pattern match compilaer) ...ceeivvvvecneesess 23.40,42
@ (in event specification) ...eciiveveneceveseess 22.14,53
@ (location specification) (in editor) .......... 9.29
(@1 THRU @2) (cdit command) ..vcivevscenronsannne 9.51
(@1 THRU) (edit command) ..cieverevrvoevonnsarnns 9.56
(@1 TO @2) (edit command) v..vvrrveneenneonnnaces 9.54
(@1 TO) (edit command) ...... ceeereeean cestrreasens 9.56
@@ (in cvent specification) ....ieeivveveoaccees 22.14,27,53
et et ettt et e et ettt ten s eetaaananse 3.2; 14.13
,} (inserted by prettyprint) .......ccc0vvvee... 14.38
(edit command) ..... et eteaseenreaae e anenennn 9.11,34-35,41
(
(

typed Dy System) .. iiiiiereectsanassosroonesns 2.4; 14.10,23
in event address) ..v.ieriereriesrernscrscesesases 22.13
\ atom) (edit command) .....ccecvecevccnns ceeene 9.34
P (edit command) ... iiviereverervereocrsonsssona 9.11,35,61
e i e cat e v eerttertee st et enooe 2.5; 3.2; 14.13,16
(break command)  ....vevneerreerrenvsenssaseeses 15.7,16; 16.2,7
(edit command) ...ttt ieeenreeeensosnenesesnans 9.4,18
(edita command/parameter) ........... veseseeaes 21.13
(use in commentsS) ...vieivreennoneneen Cen e 14.41
(edit command) ... it iiireiirnnrennvanenass | 9.34
(in pattern match compiler) ..ciieececrierneess 23.43
{(typed by SYSLEM) vt evrrnessntoonsssonssonnsos 2.4,6; 15.4
(in event addresSs)  cueveerncsvssecssacncersners 22.12
operator (in clisp) ..o viivevenecnenss rreereas. 23.12,15
(« pattern) (edit command) .+.icveverrrrnnnnnnscas 9.30
e (edit command) . ...civieicracrterenronas ceeene 9.34
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