


IN OLD (var .. form) same as IN OLD Y!!.!:. except var is first set to value of 

form. 

ON OLD var same as IN OLD var except tho i. v. is reset to the current 

value of var at each iteration, instead of to car[var]. 

ON OLD (var .. form) same as ON OLD Y!!:,. except Y!!: is first set to value of 

form. 

WHEN pred 

UNLESS pred 

WHILE pred 

UNTIL pred 

UNTIL n 

FROM form 

TO form 

provides a way of excepting certain iterations. For 

example, (FOR X IN V COLLECT X WHEN NUMBERP X) collects only 

the elements of Y that are numbers. 

same as WHEN except for the difference in Sign, i.e., WHEN Z 

is the same as UNLESS -Z. 

provides a way of terminating the i.s. WHILE pred evaluates 

pred before each iteration, and if the value is NIL, exits. 

Same as WHILE except for difference in sign, i. e. , 

WHILE PRED is equivalent to UNTIL -PRED. 

n a number, equivalent to UNTIL (i.v. GT n). 

is used to specify an ini tial value for a numerical i. v. 

The i.v. is automatically incremented by 1 after each 

iteration (unless BV is specified). If no i.v. has been 

specified, a dummy i.v. is supplied and initialized, e.g., 

(COLLECT SQRT FROM 2 TO 5) returns (1.414 1.732 2.0 2.236). 

is used to specify the final value for a numerical i.v. If 
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FROM is not specified, the i.v. is initialized to 1. If no 

i.v. has been speCified, a dummy i.v. is supplied and 

initialized. If BY is not specified, the i.v. is 

automatically incremented by 1 after each iteration.42 When 

the i.v. is definitely being incremented, i.e. either BY is 

not specified, or its operand is a positive number, the 1.5. 

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 GT 10) _e). 

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). 

BY x (with INION) If IN or ON have been specified, the value of ~ determines 

the tai I for the next iteration, which 1n turn determines 

the value for the i. v. as described earl ier. i. e. the new 

i .v. is ~ of the tail for IN, the tail itself for ON. In 

conjunction with IN, the user can refer to the current tail 

within x by using the i. v., e.g. 

(FOR Z IN L BY (CDOR !) ... ). 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 SY (CDR (MEMS 'FOO (COR X») COLLECT X) 

specifies that after each iteration, cdr of the current tail 

is to be searched for the atom FOO, and (cdr of) this latter 

tail to be used for the next iteration. 

42-----------------------------------------------------------------------------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 1.5. terminates 
when the i.v. becomes less than the value of form. 
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BY x (without INION) 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 specifiEtd, the i. v. is known to be numerical, so the 

new i. v. llS 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 ~ is a pClsitive number,43 the i.s. terminates when the 

value of the i. v. exceeds the value of' TO' s operand. If ~ 

is a negative number, the i.s. terminates when the value of 

the i.v. becomes less than TO's operand, e.g. 

(FOR I FROM N TO M BY -2 UNTIL (I LT M) ... ). Otherwise, 

the terminating condition for each iteration depends on the 

value of ~ for that iteration: if ~ < 0, the test is whether 

the i. v. is less than TO' 5 operand, if x > 0 the test is 

whether the i.v. exceeds TO's operand. otherwise if ~=O, the 

i.s. terminates unconditionally.44 

If FROM or TO have not been specified, the i.v. is 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) ... ). 

43-----------------------------------------------------------------------------x itself, not its value, ,,,hich in general CLISP would have no way of 

44 

knowing in advance. 

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

FINALLY form 

EACHTIME form 

AS var 

form is evaluated once before 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~O 00 (IF ATOM X THEN Y~Y+1) 

FINALLY (RETURN V»~ 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 00 (... (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, wi thout 

knowing the translation, he would not know whether to put 

the assignment in the operand to 00, UNLESS, or UNTIL, i.e. 

which one would be executed first. He can avoid this 

problem by simply writing EACHTIME J~(FOO I). 

is used to specify an iterative statement involving more 

than one iterative variable, e.g. 

(FOR X IN Y AS U IN V 00 --) corresponds to maple. The i.s. 

terminates when any of the terminating conditions are met, 

e.g. (FOR X IN Y AS I FROM I TO 10 COLLECT X) makes a list 

of the first ten elements of Y, or however many elements 

there are on Y if less than 10. 

~i5--------------------------------~------------------ --------------------------Except in the case of termination due to the appearance of a RETURN in some 
operand. 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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Miscellaneous 

The operand to AS. ~, specifies the new i. v. For the 

remainder of the i.s., or until another AS is encountered, 

all operators refer to the new i. v. For example. 

(FOR I FROM I TO Nt AS J FROM t TO N2 BY 2 

AS K FROM N3 TO 1 BY -1 --) terminates when I exceedsNl, or 

J exceeds N2, or K becomes less than 1. After each 

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

1. Lowercase versions of all i.s. operators are equivalent to the uppercase, 

e • 9 ., (for X in Y ... ). 

2. Each 1.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 X"'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 tho 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, in 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 i.s.types, e.g. 00, 

COLLECT, SUM, etc., the operand can consist of more than one form, e.g., 

COLLECT (PRINT X:l) 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 ( las t) 1. v. ,46 47 48 e. g. ; FOR X IN Y 00 PRINT WHEN NUMBERP, is the 

same as FOR X IN Y 00 (PRINT X) WHEN (NUMBERP X). Note that the 1. v. need 

not be explicitly specified, e.g., IN Y 00 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. Operator with null operand, i.e. two adjacent operators, as in FOR X IN Y 

UNTIL DO 

2. 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 

3. Same operator appears twice. 

4. Both IN and ON used on same i.v. 

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

6. More than one i.s.type, e.g. a 00 and a SUM. 

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

If an error occurs. the i.s. is left unchanged. 

46-" F~~ -~~ ~ ~ ~~~)~~: .. -e-.-g-."-~~~"~~~~E~~:-~O-I~-,--;h";"i~~~~~~~-~~" ~"l~~-Y"S- -~;;~i;~ -~~ 

47 

the first i.v. in the i.s., whether explicity named or not. for example, 
(IN Y AS I FROM 1 TO 10 00 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 wi th IN, the function 1s applied to the 
current tail e.g., FOR X IN Y BY COOR .•.• 1s the same as FOR X IN Y BY 
(COOR 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 i£!~JNT-1U WHEN ATOM X, and in this case will insert II 00 after tho 

first form. (In this case, condition 2 is not considered to be met, and an 

error is not generated.) I feL ISP cannot find such an operand, a warning 

message is printed: NO DO, COLLECT, OR JOIN: followed by the i.s. 

1.5. 15 still translated. e.'!}. (WHILE form) can be used to 

repeatedly until its value is NJl. 

However, the 

execute form 

Simi lar ly, 1 f no terminating t:ondi tion is detected, i . e. no IN, ON, WHILE, 

UNTIL, ,TO, or a RETURN or GO, a warning message is printed: 

POSSIBLE NON-TERMINATING ITERATIVE STATEMENT: followed by the 1.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[namo;form;init;val] nar~ is the name of the i.s.type. 

form to be evaluated at each iteration. 

forD! is the 

In form SSVAL 

can be used to reference the value being assembled, 

I. V. to reference the current value of the 1. v., and 

BODY to reference the body of the s ta ternen t, i . e • 

name's operand. 

For example. for COLLECT, form would be (SETQ SSVAL (NCPNCl SSVAL BODY», for 
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SUM: (SSVAL~SSVAL+800y),49 for HEVER: (AND BODY (RETURN NIL», and for THEREIS: 

(AND BODY (RETURN I.V.». 

Examples: 

ini t specifies the initial value for SSVAL, e. g. for 

SUH, init is O. val specifies the value to be returned 

when the i.s. terminates. 

i.s.type is undoable. 

1) To define RCOLLECT, a version of COLLECT which uses cons instead of nconc1 

and then reverses the list of values: 

i.s.type[RCOLLECT;(SETQ SSVAL (CONS BODY SSVAl»;NIL;(DREVERSE SSVAl)] 

2) To define TCOLLECT, a version of COLLECT which uses tconc: 

i.s.type[TCOLLECTj(TCONC SSVAL BODY); (CONS); (CAR SSVAL)] 

3) To define PRODUCT: 

i.s.type[PRODUCT;(SSVAL~SSVAL*BOOY);l;SSVAL] 

i.s.type performs the appropriate modifications to the property list for ~, 

ilS well as for the lower case version of name, and also updates the appropriate 

spell-ing lists. 

!.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 forman atom, e.g. 

i.s.type[WHERE;WHEN] makes WHERE be the same as WHEN. Similarly, following 

49--$$V~~:~~~Y-;~--~;;~-~~~~~~~--;i-(i;~US-SS~;L-B~~;):-~~--;h;;-~h~--C~;;~;-~; 
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[ISHIERE;THEREIS] one can write (ISTHERE ATOM IN V). and following 

i.s.type[FINO;FOR] and i.s.type[SUCHTHAT;THEREIS]. one can write 

(FINO X IN Y SUCH THAT X MEMBER Z).60 

This completes the description of iterative statements. 

23.8 CLISP Trunsl~tions 

The translation of infix operato~s and IFITHENIELSE statements are handled in 

CLISP by replacing the CLISP expr~ssion with the corresponding INTERLISP 

expression, and discarding the original CLISP, because (1) the CLISP expression 

is easily recomputable (by clis:.l!..!.!.l), 61 and (2) the INTERLISP expressions are 

simple and straightforward. In addition to saving the space required to retain 

both the CL ISP and the INTERL ISP. 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 FO~FOOO:l, N-8FOO 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 

50-----------------------------·---------------------- --------------------------
In the current system, WHERE is synonymous with WHEN, SUCHTHAT and ISTHERE 

61 

with THERE IS, and FINO with FOR. 

Note that clispif~ is sufficiently fast that it is practical for the user 
to configur-c---fifsTNTERLISP system so that all expressions are automatically 
c~i~e!J~ed immediately before they are presented to him. For example, he 
can define an edit macro to use in place of P which calls clisp~ 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 68 the original CLISP is retained (or a 

slightly modified vorsion thereof), and tho translation is stored elsewhere, 

usually in clisparra~, 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 

~ and the edit commands PPT and CLISP: are available for examining 

translations, see page 23.15. Similarly, if prettytranflg is T, prettyprint 

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

If clisparray is NIL,66 translations are implemented instead by replacing the 

CLISP expression by an expression of the form 

(CLISPX_ translation. CLISP-expression),66 e.g. (FOR X IN Y COLLECT (CAR X» 

62--;~~-~~~~~i;:-;~~-;;~~;i~;~~~-~~-;:;~;-~;-(~~~~~-(~~~-(~~~~~~-;»):-~~~~~-~; 

63 

&:1 

66 

66 

difficult to read. Therefore, such expressions are handled by retaining the 
CLISP and storing the translation elsewhere, as described below. 

Tho handling of translations for IFITHENIELSE statements is determined by 
tho value of clispiftral}f!Q. If T, the translations are stored elsewhere, 
and the (modified) CLISP retained as described below. If NIL, the 
corresponding COND replaces the IFITHENIELSE expression. The initial value 
of clisp1ftranflg is NIL. 

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

cli~~arr~~ 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 clisparra~, both it and #c11sparray should be set to NIL. 

CLISP% is an atom consisting of the six ch.aracters C, L, I, S, P, and 
space, which must be preceded by the escape character % in ordor 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 

(CLISPX_ (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. if the current expression were the above 

CLISPX 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 ClISPX_ 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. 

CLISPX 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 ~lisparray to NIL p he can then break, trace, or advise ClISPX_ to 

monitor the evaluation of iter'ative 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 causirig the CLISP expressions 

to be retranslated when they are first encountered. Note that if the user only 

wishes to moni tor the CLISP in a certain function, he can accomplish this by 

embedding its definition in (RESETVAR CLISPARRAY NIL .). 

If a ClISP% expression is encountered and clisparray is not NIL, the 

translation is transferred to the hash array, and the ClISPY._ expression 

replaced by just the CLISP. Setting prettytranflg to ClISPY._ causes 

prott)':print 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 prettytranflg=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=CLISPX_, an expression 

of the form (CLISPX_ translation. CLISP) is printed, (used for dumping both 

CLISP and translations). The preferred method of storing translations is in 

.clisparr.~~, so that if any ClISPX_ expressions are converted while clisparral 

is not NIL, they will automatically be converted so as to use clisparray. If 

!Clisparr~=NIl, they will be left alone, and furthermore, new translations will 

be implemented using CLISPX_ expressions. 

23.9 Declarations 

Declarations are used to affect the choice of INTERLISP function used as the 

translation of a particular operator. For example, A+8 can be translated as 

either (IPLUS A B). (FPLUS A B). or (PLUS A B), depending on the declaration in 

effect. Similarly . X:l~Y can mean (RPLACA X Y), (FRPLACA X V), or 

(,1RPlACA X V). and (!!A B> either (NCONCl A B) or (/NCONCl A B). The table 

below gives the declarations available in CLISP, and the INTERLISP functions 

they indicate. The choice oj Junction on all CLISP transformations are 

affcctcd by these declarations, i.e. iteraiue statements. pattern matche.s. 

record operations. as well as infix and preJix operators. 

The user can make (change) a global declaration by calling the function 

ClISPOEC and giving it as its argument a list of declarations, e.g., 

(CLISPO[C (QUOTE (FLOATING UNDOABLE»). Changing a global declaration does not 

affect the speed of subsequent CLISP transformations, since all CLISP 

67-----------------------------------------------------------------------------Noto tha t makeri Ie 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 

arc accomplished by making the appropriate internal changes to CLISP at the 

time of tho 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, 

RPLAcn, MEMB, and LAST; the declaration RPLACA specifies that RPLACA be used. 

Therefore, the declarations (FAST RPLACA RPLACD) will cause FMEMB, FLAST, 

RPLACA, and RPLACO to be used. 

Th~ initial global declaration is INTEGER and STANDARD. 

Table of Declarations 

Declaration 

INTEGER or FIXED 

FLOATING 

MIXED 

FAST 

UNDOABLE 

STANDARD 

RPLACA, RPLACD, 
/RPLACA, ... 

INTERLISP functions to be used 

IPLUS, IMINUS, IDIFFERENCE, ITIMES, lQUOTIENT, ILESSP, 
IGREATEFlP 

FPLUS, fMINUS, FDIFFERENCE, FTIMES, FQUOTIENT, LESSP, 
FGTP 

PLUS, I~INUS, DIFFERENCE, TIMES t QUOTIENT, LESSP. 
GREATER~t 

FRPLACA, FRPLACD, FMEMB, FLAST, FASSOC 

IRPLACA, IRPLACD, INCONC, INCONC1, IMAPCONC, IHAPCON 

RPLACA, RPLACO, HEMS, LAST, ASSOC, NCONC, NCONC1, 
MAPCONC, MAP CON 

corresponding function 
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Local Declarations 

The user can also make declarations affocting a selected function or functions 

by inserting an expression of the form (CLISP: . declarations) inunediately 

following the argument list, i.e<.; as CADDR.of the definition. Such local 

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 list 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 --), 

(ARRAYRECOR'D --). etc., 1n the local declaration list. Loca I 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: eXJH"ession is converted to a comment of a special form recognized by 

CL I SP. 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. 

6,8 - -: ~ ~~~ ~ ~;I~ ~: -~~~~~ .. -;;;;e"" ~~; - :~~~~b ~~ .. -i~~"e-l"f-"~;" ~~ - ~-p"e-;a-;d-." - -;~; - ;~;~~ i; ~ 
with the declaration (FLOATING (X INTEGER» in effect, (FOO X)+(FIE X) 
would translate to FPLUS, i.e., use floating arithmetic, even though X 
nppears somewhere inside of the operands, whereas X+(FIE X) would translate 
to IPLUS. I f there are declarations involving both operands, e. g. X+Y, 
with (X FLOATING) (Y INTEGER), whichever appears first in the declaration 
list will he 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 RPLACO) specifies that fMEMB, fLAST, RPLACA, and RPLACO 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). 

Cl ispi fy- 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 is 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 CLISPIFVed 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 V). 

23.10 The Pattern Match Compilar69 

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 look like 

(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) 1~he 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 

~~--T------------------------------------------------------------------~--------he pattern match compiler was written by L. M. Masinter. 
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or PLANNER. for example, the translation of X:(& fA -- '8) 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 to 

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 

Inatch languages, 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. 60 

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, i.e., the corresponding INTERlISP expressions, are stored in 

flisparray, a hash array, as described on page 23.30. The original expression, 

form:pattern, 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 

vari able. or an expression that is easy to (re )compute, such as (CAR Y). 

(CDDR Z), etc., a dummy variable will be generated and bound to the value of 

form so that .torm is not evaluated a multiple number of times. for example, 

the translation of (FOO X):(S 'A S) is simply (HEMB (QUOTE A) (FOO X», while 

the translation of (Foo X):('A '8 --) is: 

60---------------------------------------------------- -------------------------
Wherever possible, already existing INTERLISP functions are used in the 
translation, e.g., the translation of (S 'A S) uses HEHB, (S ('A S) S) uses 
ASSOC, etc. 
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[PROG (SS2) (RETURN 
(AND (EQ (CAR (SETQ SS2 (FOO X») 

(QUOTE A» 
(EQ (CADR SSZ) (QUOTE Bl. 

In the interests of efficiency, the pattern match compiler assumes that all 

lists end in NIL, i.e. there aro no LISTP checks inserted in the translation to 

check tails. For example, the translation of X:( 'A & --) is 

(AND (EO (CAR X) (QUOTE A» (COn 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 (EO (CAAR X) (OU01E A», and 

X: «S1 S1 --) --) as (CODAR X) .61 Note that the user can explicitly insert 

LISTP checks himself by using @. as described on page 23.40, e.g. 

X:«S1 S1 --)@lISTP --) 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. 

61------------------------------·-----------------------------------------------The insertion of LISTP checks for elements is controlled by the variable 
pi!_~LL~~p~h!:ck. When ~atlistpcheck is T, LISTP checks are inserted, e.g. 
X:« 'A --) --) translates as: 

(AND (LISTP X) (LISTP (CAR X» (EQ (CAAR X) (QUOTE A»). 
~atlistpcheck is initially NIL. Its value can be changed within a 
particular function by using a local declaration, as described on page 
23.35. 

23.38 



Element Patterns 

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

PATTERN 

51. or & 

'expression 

=form 

==form 

atom 

MEANING 

matches an arbitrary element of a list 

matches only an element which is equal to the given 

expression e.g., tA,62 t(A B). 

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

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

same as =, but uses an ~ check instead of equal. 

treatment depends on setting of ~atvardefault. 

If ~atvardefault is ' or QUOTE, same as 'atom. 

If ~atvardefault is = or EQUAL, same as =atom. 

If ~atvardefault is == or EQ. same as ==atom . 

If ~atvardefault is .. or SETQ, same as atom .. &. 

~atvardefault is initially =.68 

Note: numbers and strings are always interpreted as though ~atvardefault were 

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

involving small i~tegers. 

62-----------------------------------------------------------------------------
!,~q, mcmb, and assoc are automatically used in the translation when the 

63 

Quoted expression is atomic, otherwise equal, member, and sassoc. 

p-atvardefault can be changed within a particular function by using a local 
declaration, as described on page 23.35. 
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(pattern 1 ... patternn ) n ~ 1 matches a list which matches the given 

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

element-pattorn@function-object matches an element if the element-pattern 

matches it, and the function-object (name of a functibn or a 

LAMBOA expression) applied to that element returns non-NIL, 

e.g. &@NUMBERP matches a number, ('A --)@FOO match~s a list 

whose first element is A, and for which FOO applied to that 

list is non-NIL. 64 

matches any arbitrary elemont. 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 tho match succeeds and NIL if .it fails. 

However, if a * appears in the pattern, the express·ion generated will either 

return NIL if the match fails, or whatever matched the - even though that may 

be NIL. For eXelmple, X:( 'A * --) translates as 

(AND (EQ (CAR X) (QUOTE A» (COR X) (CADR X». 

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

element-pattern, e.g. -'A, -=X, -(-- 'A --). 

64----------------------~------------------------------------------------------For 'simple' tests, the function-object is applied before a match is 
attempted with the pattern, e.g. «-- 'A --)@LISTP --) translates as 
(AND (LISTP (CAR X» (MEMB (QUOTE 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 the type of search they generate. For 

example, X:(S 'A 'B S) translates as (EQ (eADR (MEMB (QUOTE A) X» (QUOTE B», 

whereas X:(-- 'A 'B S) translates as: [SOME X (FUNCTION (LAMBDA (SS2 SS1) 

(AND (EQ SS2 (QUOTE A» (EQ (eADR SSI) (QUOTE BJ. Thus, a paraphrase of 

(S 'A 'B S) would be II Is the element following the !tr~ t A a B 1", whereas a 

paraphrase of (-- 'A 'B $) would be -Is there anu A immediately followed by a 

B?" Note that the pattern employing $ will result in a more efficient search 

than tha t employing However. (S' A 'B S) wi 11 not rna tch wi th 

(X Y Z A M N 0 A B e). but (-- 'A 'B S) will. 

Essentially. once a pattern following a $ matches, the $ never resumes 

always continue 

if the pattern 

searching, whereas produces a translation that will 

searching until there is no possibility of success. However, 

match compilor can deduce from the pattern that continuing a search after a 

particular failure cannot possibly succeed, then the translations for both -­

nnd :& will be the same. For example. both X:(S 'A S3 $) and (-- 'A S3 --) 

translate as (eDDDR (MEMB (QUOTE A) X», because if there are not three 

(!lements following the first A, there certainly will not be three elements 

following subsequent A's, so there is no reason to continue searching, even for 

Similarly, (S 'A $ 'B S) and (-- 'A -- '8 --) are equivalent. 

S2, $3, etc. 

!element-pattern 

matches a segment of the given length. Note that $1 is not 

a segment 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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(A B C) !=FOO will match the segment ... ABC etc. 

Note that !. is permissible and means Value-of-match~$, e.g. 

X:(S '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., (S2 ! 'A) 

means match if cddr of the expression is the atom A. Similarly, X: ($ r"A) 

translates to (EQ (COR (LAST X» (QUOTE A». 

!atom treatment depends on setting of patvardefault. If 

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

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

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

patvardefault is ~ or SETQ, same as atom~$. 

The atom '.' is treated exactlu like! .66 In addition, if a 

pattern ends in an atom, the '.' is first changed to !. 

e.g., (S1 . A) and (S1 ! A) are equivalent, even though the 

atom I , . does not explicitly appear in the pattern. 

Segment-pattern@function-object matches a segment if the segment-pattern 

matches it, and the function object applied to the 

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

~~-----------------------------------------------------------------------------
Wi th one exception. namely '.' preceding an assignment does not have the 
special interpretation tha'~ ! has proceding an 
23.43). For example, X:( 'A • FOO~'B) , 
(AND (EQ (CAR X) (QUOTE A» (EQ (CDR X) (QUOTE B» 
but X:( 'A ! FOO~'B) translates as: 

(AND (EQ (CAR X) (QUOTE A» 
(NULL (COOR X» 
(EQ (CAOR X) (QUOTE B» 
(SE TQ 8)0 (COR X»). 

23.42 

assignment (see page 
translates as: 

(SETQ Faa (COR X»), 



(S@COOR '0 S) matches (A B C 0 E) but not (A B 0 E), since 

CODR of (A B) is NIL. 

Note: an @ pattern applied to a segment will require computing the 

corresponding structure (with ldiff) each time the predicate is applied (except 

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

Assignments 

Any pat tern element may be preceded by a variable and a .... , meaning if the 

match succeeds (i.e., everything mat~hes). the variable given is to be set to 

what matc'fe~ that pattern element. For example, if X = (A B C 0 E), 

X,:(S2 Y"'S3) will set Y to (C 0 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 the match, e.g. X:(Y"SI =Y __ )66 will 

not match with 67 (A ABC ... ). This type of match is achieved by using 

place-markers, described below. 

If the variable is preceded by a !, ~he assignment is to the tail of the list 

as of that point in the pattern, i.e. that portion of the list matched by the 

remainder of the pattern. For example, if X is (A BCD E), X:(S !Y .. 'e '0 S) 

sets Y to (C 0 E), 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. FOa will be set to CDR of X. 

60---------------------------------------------------- -------------------------The translation of this pattern is: 
(COND «ANO (CDR X) (EQUAL (CADR X) V»~ 

(SETQ Y (CAR X» 
T». 

The AND is 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. 

unless, of course, the value of Y was A before the match started. 
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Note: *~pattern-element and !*~pattern-element are acceptable, e.g~ 

X:(S tA *~( '8 --) --) translates as: 

[PROG (SS2) (RETURN 
(AND (EQ (CAAOR (SETQ SS2 (MEMB (QUOTE A) X») 

. ,(QUOTE B» 
(CADR SS2] 

Place-markers 

Variables of the form In, !l 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. Functionally. they 

are used like ordinary variable!s, i.e. they can be assigned values, . or used 

freely in forms appearing in the pattern, e.g. X:(#l~Sl =(ADDI II» will match 

the list (2 3). However, they are not 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 convenience" regardless of the setting of 

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

as though patv~rdefault were ~. Thus the above pattern could have been written 

as X:(#l =(ADDI /1». Subsequent appearances of a place-marker are interpreted 

as though patvardefault were =. For example, X:(II #1 --) is equivalent to 

X:(#l~Sl =#1 --), and translates as (AND (CDR X) (EQUAL (CAR X) (CAOR X».68 

Replacements 

Any pattern element may be followed by a I~' and a form, meaning if the match 

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

~~-----------------------------------------------------------------------------Just (EQUAL (CAR X) (CADR X»),would incorrectly match with (NIL). 
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RPlACA or RPLACO)69 with the value of <form>. For example, if X =(A B C 0 E), 

X:(S 'C Sl~Y SI) 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 (A B C 0 E F) and FOO is (1 2 3), after the 

pattern ('A $~FOO '0 S) is matched with X, X will be (A 1 Z 3 0 E F), and FOO 

will bo Qg to COR of ~, i.e. (1 2 3 0 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, if patvardcfault 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 S) meaning search for the value of FOO, and if found, store 

the va lue of F IE into the corresponding posi tion. In such cases, the user 

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

or -. 

69-----------------------------------------------------------------------------
The user can indica te he wants Irplaca and Irplacd used, or frplaca and 
!£p~ncd, by means of declarations. The initial default is for rplaca and 
rplacd. 
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The user can specify a value for a pattern match operation other than what is 

returned by the match by writin!~ after the pattern => followed by another form, 

e.g. X:(FOO~S fA --) => (REVERSE FOO),70 which translates as: 

[PROG (SS2) (RETURN 
(COND «SETQ SS2 (MEMB (QUOTE A) X» 

(SETQ FOO (LDIFF X $2» 
(REVERSE FOO]. 

Place-markers 1n the pattern can be referred to from within form, e.g. the 

above could also have been wrjltten as X:(!ll 'A --)=>(REVERSE 'I). If -) is 

used in place of =>, the expression being matched is also physicallv changed to 

the value of form. For example. X:(II -'A !12) -> (CONS 11 12) would remove the 

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

In general, forml:pattern->form2 is translated so as to compute form2 if the 

match is successful. and then smash its value into the first node of forml. 

However, whenever possible, the translation does not actually require form2 to 

be computed in its entirety, but instead the pattern match compiler uses forml 

as an indication of what should be done to forml. For example, 

X:(II 'A !12) -) (CONS #112) tr'anslates as: 

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

70--~~~---~;;;;;;;--~~~;~---;~--~~~i-;c~~---~;---;;--~~~;~~~~~~---~i--~~~---;~;~ 
(MATCH form1 WITH pattern => form2). CLISP also recognizes expressions 
input in this form. 
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Examples 

X:(-- 'A --) ma tches any arbi trary segmen t. 'A rna tches on ly an 

A, and the 2nd -- again matches an arbitrary segment; 

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

X:(-- IA) Again, -- matches an arbitrary segment; however, since 

there is no after the lA, A must be the last element 

of x. Thus this translates to: 

(EQ (CAR (LAST X» (QUOTE A». 

x:( IA '8 -- IC $3 --) CAR of X must be A, and CADR must be 8, 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» 
(CODOR (MEMS (QUOTE C) (CODR X»» 

X:« 'A '8) 'e Y~Sl $) Since (IA 18) does not end in $ or 

be NIL. 

(COND 
«AND (EQ (CAAR X) (QUOTE A» 

(EQ (CADAR X) (QUOTE B» 
(NULL (CDDAR X» 
(EQ (CAOR X) (QUOTE C» 
(CDDR X» 

(SETQ Y (CADOR X» 
T) ) 

(COOAR X) must 

X:(#l IA $ '8 'C 11 $) #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 (SS2) (RETURN 
(AND (EQ (CADR X) (QUOTE A» 

(EQ [CADR (SETQ SS2 (MEMB (QUOTE B) (COOR X] 
(QUOTE C» 

(EQUAL (CAODR SSZ) (CAR X] 
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X:(#l 'A -- 'B IC 11 $) Similar to the pattern above, except that -- specifies 

a search for anu B followed by a C followed by the 

first element, so the translation is: 

[AND (EQ (CAOR X) (QUOTE A» 
(SOME (COOR X) (FUNCTION (LAMBDA (SS2 SS1) 

(AND (EQ SS2 (QUOTE B» 
(EQ (CAOR SS1) (QUOTE C» 
(EQUAL (CAODR SS1) (CAR X] 

This concludes the des~ription of the pattern match compiler. 

23.11 The Record Package71 

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, list 

structures, atom property lists u 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 

accompl ish the indicated access/storage operations. The user can change his 

da ta structure simply by changing the corresponding declaration( s), and his 

program automatically (re)adjusts itself to the new conventions. 

71-----------------------------------------------------------------------------The record package was written by L. M. Masinter. 
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The user informs the record package about the format of his data structure by 

making a record declaration. 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 (10 (FROM TO) . TEXT» 

describes a data structure called MSG, which contains four fields: 10, 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:TO~Z to (RPlACA (CDADR Y) Z).72 The fields of a record can be further broken 

down into subfields by additional declarations within the record, e.g. 

(RECORD MSG (10 (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 (10 (FROM TO) . TEXT) (RECORD TEXT (HEADER TXT») says the HEADER 

of a MSG is to be found as the first element of its TEXT, which is the second 

tail of the NSG itself. 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 ~evcr 

depends on the value Q[~. The record package (currently) does not provide any 

72-----------------------------------------------------------------------------or IRPLACA or FRPLACA, depending on the CLISP declaration in effect. 

23.49 



facility which uses run-time checks to detormine data paths, nor is there any 

error checking other than that provided by INTERLISP itself. For example, if X 

happened to be an array, X:HEADER would still compute (CAAOR 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 list format, by using the record type 

PROPRECORD, or fields to be associated with parts of the data structure via 

hash 1 inks, by using the reco,·d-type HASHRECORO, 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 providl!s a facility for creating new data structures 

us ing a record declaration as a guide or template. Ini tial 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 DWIMICLISP facJllities, 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 ilS 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. 

73-----------------------------------------------------------------------------tlowever, it is possible to make the interpretation of X:HEADER differ from 
that of Y:UEADER (regardless of the values of X and V), by using local 
rocord declarations, as described on page 23.35. Note that this 
distinction depends on a translation-time check, not run-time. 
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Record Declarations 

A record declaration is an expression of the form 

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

This expression is evaluated to effect the corresponding ·declaration. 74 

1. 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, TYPERECORO, ARRAYRECORO. ATOMRECORD, PROPRECORO. 

UASHRECORD t or ACCESSFN. 76 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. 

2. 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 (10 (FROM TO) . TEXT» is perfectly acceptable. 76 

74-----------------------------------------------------------------------------Local record declarations are performed by including an expression of this 

76 

form 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 tho 
record by name, e.g. when calling CREATE, or when using the RECORDS 
prettydef command. 
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For TYPERECORO, 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 aCCl9SS and storage functions will take this extra 

field into account. 77 

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

parent field that is being elaborated, as described below. 

3. fields describes the structure of the record. Its exact interpretation 

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 fill 

an unnamed field, e.g. (A NIL B) describes a three element list, with 

B corresponding to the third element. 

For TYPERECORD, field! 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 (10 (FROM TO) . TEXT», 

X:FROM translates as (CAAOOR X), not (CAAOR X). 

For ATOMRECORO, fiElids is a list of property names, e.g. 

(ATOMRECORO (EXPR CODE HACRO BLKLIBRARYDEF». Accessing will be 

performed with ~, storing with ~. 

77-----------------------------------------------------------------------------Note: th 1s type-field is not used by the record package. It is provided 
for the user's own applications. 

23.52 



For PROPRECORO, fields is also a list of property names. Accessing 

is performed with get, storing with putl. 78 For example, 

(RECORD ENTRY (INPUT VALUE 10 . PROPS) (PROPRECORO 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 FOO», 

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, 

(HASHRECORO (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 

(UARRAY (OR arraysize 100». 

For ARRAYRECORO, 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 NIls. For 

example, (ARRAYRECORD (ORG DEST NIL 10 3 TEXT» describes an eight 

78-----------------------------------------------------------------------------A new function (part of the record package), similar to ~, which tak.es a 

'7'9 

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 (ATOMRECORO (FOO FIE») is equivalent to (RECORD (VALUE . PROPS) 
(PROPRECORO 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. ~) will generate an error. 
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element array, with ORG corresponding to the first element, 10 to· 

the fourth, and TEXT to the eighth. 

For ACCESSFN (or ACCESSFNS), fields is a list 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 

arguments, the datum and the new value, and is used for storing. 80 

For example, (HASHRECORO FOO) and (ACCESSFN (FOO GETHASH PUTHASH» 

are equivalent: in both cases, X:FOO translates as (GElHASH FOO). 

Similarly. (ACCESSFN (OEF GETD PUlO» would permit defining functions 

by writing fn:DEF~definition.81 

4. (defaults and/or subfields) is optional. It may contain expressions of the 

81 

form: 

(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 

[ACCESSFN (DEF GElD (LAMBDA (FN OEF) (DEFINE (LIST (LIST FN OEF] would be 
preferable to using putd. 
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CREATE 

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 is 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 Be», 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 ~IE) and (C 0), i.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 0» were removed. 

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 

pa ths. Th is can be done by means of an expression of the forom 

(CREATE record-name. {assignments).82 (assignments) is optional and may 

82-----------------------------------------------------------------------------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 INTERL ISP 
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 

(2) USING form 

(3) COPYING form 

(4) REUSING form 

specifies initial value for field-name. 

specifies that for all fields not given a 

value by (1), the value of the corresponding 

field in form is to be used. 

like USING except the corresponding values 

are copied (~). 

1 ike USING, except that wherever possible f 

the corresponding structure .in form is used 

(similar to operation of subpair and sublis). 

For example, following (RECORD FOO (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, P.!!!, putl, puthash, set~, 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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DEFAULT value in the declaration is used, if any,83 otherwise NIL. 84 

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),85 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 list of the field name, under the property 

CLISPRECORDFIELD. Thus, (global) field names must be unique, i.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 local records, the translation is computed using all CLISP 

declarat.ions in effect as described on page 23.33, e.g. if the declaration 

UNDOABlE in in effect, /RPLACA, /RPLACD, /PUTHASH, etc. will be used. 

83-----------------------------------------------------------------------------
For RECORD and TYPERECORD declarations with non-NIL defaults, all elements 

84 

85 

and named tails will be initialized; unnamed tails will not be initialized. 
For example, (RECORD FOO (A NIL B) OEFAULT ... T) will cause (CREATE FOO) to 
construct (T T T) not (T T T . T). Of course, 
(RECORD FOO (A B . C) DEFAULT ... T) will cause (CREATE FOO) to construct 
(T T . T) as expected. 

For PROPRfCORO, initialization is only performed where necessary. For 
example, (RECORD FOO (A B) (PROPRECORD (C ° E») would cause (CREATE FOO) 
to construct (NIL NIL). not (NIL (C NIL 0 NIL E NIL»). 
(RECORD fOO (A B) (PROPRECORO (C 0 E) OEFAULT ... T» however, will construct 
(NIL (C TOT E T». 

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

involving that record are automatically delcted,80 and thus will be recomputed 

using the new information. If the user changes a local record declaration, or 

chnnges 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 

Clis.eify- converts INTERLISP expressions to CLISP. Note that the expression 

given to clis~~ need not have originally been input as CLISP, i.e., clispif~ 

can be used on functions that were written before CLISP was even implemented. 

Clispif:t is cognizant of declaration rules as well as all of the precedence 

rules. 87 For exampla, cllspify will convert (IPlUS A (ITIMES B C» into A+B*C, 

but (ITIMES A (IPlUS B C» into A*(B+C).88 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, 

-------------------------------------------------------------------------------86 

87 

88 

from ~l~_~f!arra:i. If the user is not using this method for storing 
translations, i.e. is instend using the ClISPX method (page 23.31), those 
expressions already translated will remain as they are. (There is no 
practical way to locate them.) 

clis'pi(~ is table driven exactly the same as CLISP, so that if the user 
chnnges any precedence, or defines new operators, clispify "automatically" 
knows about it. 

~_~J_~ p_ i f)~ a 1 so knows how to hand Ie express ions cons is t ing of a mixture of 
INTERlISP and CL1SP, e.g. (IPlUS A a-C) is converted to A+B*C, but 
(ITIMES A B+C) to (A-(B+C). clispify handles such cases by first 
dwimJLling the expression. 
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... label (COND (pred ... forms ... (GO label») ..• 

becomes 

... label (WHILE pred 00 ... forms .•. ) ... 89 

Clisl~i~ is not destructive to the original INTERLISP expression, i.e. clispify 

produces a new expression wi thout changing the original. 90 Clispify will not 

convert expressions appearing as arguments to NLAMBOA functions. 91 

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

cl:flg 

The user can disable the : transformation by setting the variable cl: fIg to 

NIL. This will cause clispify not to transform expressions such as (CADR X) to 

X: 2. Note tha t clispi fy 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. 

clrcmparsflg 

Cltspify will remove· pal'"entheses in certain cases from simple forms, where 

'simple' means a function name and one or two atomic arguments. for example, 

(COND «ATOM X) --» will CLISPlfV to (IF ATOM X THEN ... ). However, if 

clre!!lparsflu is set to NIL, clispify will produce (IF (ATOM X) THEN --). Note 

89 - - ~ ii_~~1f~ -~~~ -~~~~~;~ -~ii- ~~;;;~~~;-;~;~;~;~~;-~~~~~-~~-~~i;;-~;~; -~~-~~i;~: 

90 

91 

reuardless of how complicated the translation was, because the original 
CLISP is saved. 

Tile new expression may however contain some 'pieces' of the original, since 
~lX~I~ify attempts to minim-ize the number of CONSes by not copying structure 
whenever possible. 

Excppt for those functions for which clis2ifl contains built in information 
abou t how they process their argumen ts, e. g. .2r.Q.1l, se lectq. function. 
p'rog~. ersetg, nlsetg, resetvar, resetform, etc. 
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that regardless of the settin~, of this flag, the expression can be input in 

either form. The initial value of clremparsflg is T. 

~sp'i (yJ?a~k fIJI 

clJsp'ify~ckflJl 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 jI'_+...;.B_*_C. The initial value of clispifypackflg 

is T. 

funnyatomlst 

Suppose tho 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 

docode A*B+C as (IPLUS A*B.C); funnyatomlst is used only by clispifl. 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 auoid !!!.£ ~ identifiers containing ClISP character 

QP-~rato~~ as ~~/ch as possible. 

eli s p_lli~ r <!~~y. f1-9 

If T, causes I!Tettyprint to cli~ all expressions before printing them (but 

not to redofine any functions). clispifyprettyflg is temporarily reset to T, 

using res_etvar, 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[!9 is initially NIL. 

23.60 



* * 

In addition to the above controls, disabling a CLISP operator (see cldisable, 

page 23.74) will also disable the corresponding CLISPlfY transformation. 

Thus, if ... is "turned off", A"'B will not transform to (SETQ A B), nor vice 

versa. 

23 • 13 Dw 1m i fy 

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 OWIM to 'fix' it. 92 Thus the user will see the same 

messages, and be asked for approval in the same situ~tions, as he would if the 

expression were actually run. If OWIM 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, 

so lcct~, lambda expressions, setqs, et al. It knows that the argument of 

n lambdas 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. Owimify also knows not to try to 

'correct' var iables 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 its normal context. 

Therefore, slwimi[l will try to 'correct' these variables. Similarly, dwimify 

92--~~~~---;~t~;;;--~~~~~~~~---;;;--~;;i~--;;~~;;~;~~;~~~;:---~~;--j~~~---~~i;; 
transformations, i.e., it does spelling correction, fixes 8-9 errors, 
handles FIL, 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 to 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 nofixvarslst respectively.98 

Dwimif~ and dwimifyfns (used to dwimify several functions) maintain two 

internal lists of those functions and variables for which corrections were 

unsu£cessfully attempted. These lists 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 1 ist. so that on subsequent occurrences (wi thin this call to 

dNi~_~ or dWil1)ifyfns)' no atte!mpt at correction is made. For example. if FOO 

calls FIE several times, and FIE is undefined at the time FOO is dwimified, 

dNimi f;X wi 11 not bother wi th F IE after the first occurrence. In other words, 

once dwjmif~ "notices" a function or variable, it no longer attempts to correct 

it. 94 Moreover. once dwimify "notices" such functions or variables, it 

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

Not~ that these internal lists are local to each call to dwimi(Y and 

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

94 DwLmify and dwimifyfns also "notice" free variables that are set in the 
expression being processed. 

2.3.62 



dwt~ific.Q 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) I f the variable dwimi fycompflg is T, the compiler will always dwimi fy 

expressions before compiling them. dwimifycompflg is initially NIL. 

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

tco~Q!, bcompl. recomp'ile, and brecompile will operate as though dwimifycompflg 

is T and dwimify all expressions before cornpiling. 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. 

Noto: tc_~mpl, t!.compl, 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 noflxvarslst, respectively. Thus, if a function 

-------------------------------------------------------------------------------96 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 i.s defined in the file being compil~d, when 

dwimify is called before compiling, it will not attempt to correct the function 

when it appears as car of a fonm. 

Note: compilcuscrfn (Section 18) is defined to call dwimify on, iterative 

statcments, 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 O~ration 

CLISP is a part of the basic INTERLISP system. Without any special 

preparations, the user can include CLISP constructs in programs, or type them 

in di rectly for evaluation (in eval or !I!.ill format), and when the "error" 

occurrs, and DWIM is called, it will destructively96 transform the CLISP to the 

equ iva lent INTERL ISP expression and evaluate the INTERL ISP 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 HISSING OPERAND AT X+Y. IN (LIST X+Y·) would 

be generated. Similarly, if t.he 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 generat.ed. (For example, the 

user might have meant to say (LAST+EL~X).) NotQ that if LAST+EL were the name 

of a dofined 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. Otherwise, if all fail, the message is printed 

(bu t no chan~Je is made). 98 For example, suppose the user types (R/PLACA X Y). 

ClISP generates a diagnostic, since «IQUOTIENT R PLACA) X Y) is obviously not 

right. However, since R/PLACA spelling corrects to IRPLACA, this diagnostic is 

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 bound,9g it is possible that either 

the operand is misspelled, e.g., the user wro-te X+YY for X+Y, or that a CLISP 

transformation operation was not intended at all, but that the entire 

expression i.s a misspelling. For example, if the user has a variable named 

LAST-EL, and writes (LIST LAST-ELL). Therefore, eLISP 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 CL ISP for which one of the operands is not bound, DWIM wi 11 ask the user 

whether ClISP was intended, in this case by printing 

------------------------------------------------------ --------------------~~---98 

99 

Except that ClISP error messages are not printed on type-in. 
typing X+~Y will just produce a U.B.A. X+-Y message. 

For example, 

For the purpose ofdwimifying" 'not bound' means no top level value, not 
on list of bound variables built up by dwimi~ 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 Silme sort of procedure is followed with 8 and 9 errors. For example, 

suppose the user writes F008-X whoro F008 is not bound. The CLISP 

transformation is noted, and DWIM proceeds. It next asks the user to approve 

FOOBlIrX -) FOO ( -x. (For example, this would make sense if the user has (or 

plans to define) a function named .X.) If he refuses, the user is asked 

whether r008 l1r X is to be treated as CLISP. Similarly, if F008 were the name of 

a variable, and the user writEls FOOOS-X, he will first be asked to approve 

F0008 l1r X -) FOOO ( XX,101 and if he refuses, then be offered the F0008 -> F008 

correction. 

CL ISP also contains prOVision :for correcting misspellings of infix operators 

(other than single characters), IF words, and i.s. operators. This is 

implemented in such a way tha1~ the user who does not misspell them is not· 

penalized. For example, if the user writes IF N=O THEN 1 ELSSE N1Ir(FACT N-l) 

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-l»). 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, using 

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 
!I.-!'~"!!~'?.~lJ_~nfl_g is T (initi,ally 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 likely that an unbound atom or undefined function 
containing an 8 or a 9 is a parenthesis error, rather than a spelling 
error. 
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(IF THEN ELSE ELSEIF) for a spelling list. When this is successful, DWH1 

'fails I 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 

in terpr'ctation to the user. Another corrunon 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 V»~. 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 transformations described in 

the previous section, e.g. misspellings of operands, infix operators, 

parentheses errors, unary minus - binary minus errors, all 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 expression typed in by 

the user for immediate execution, user approval is not requested, but the user 

is informod. 102 However, if the transformation involves a user program, and 

DWIM was enabled in CAUTIOUS mode, the user will be asked to approve. If he 

says NO. tho transformation is not performed. Thus, in the previous section, 

102--------------------------------------------------- -------------------------However, in certains-ituations, DWIM will ask for approval even if DWIM is 
onahlcd 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. 
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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 trans forma t ion had not been found. For example, if A-B appears in the 

func t ion FOO, and B is not bound (and no other transformations are found) the 

user would be asked 

A-B [IN FOO] TREAT AS CLISP ? 108 

If the user approved, A-a would bo transformed to (ITIMES A B), which would 

then cause aU. 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 '~o 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 interactions is three times as long as for Simple 
corrections, i.e., 3*dwimwai;. 

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 

Tho property value of the property CLISPTYPE is the 

precedence number of the operator: 106 higher values 

have higher precedence, i.e. are tighter. Note that 

the actual value is 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, £!r is the left precedence, and cdr the 

right, i.e., ~ 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 

*, which is 4. The right precedence of ~ is -12, which 

is lower than that of +, which is 2. 

If the CLISPTYPE property for any infix operator is 

removed, the corresponding ClISP transformation is 

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. 

106----------------------------------------------------------------------------Unless otherwise specified, the property is stored on the property 11st of 
tho operator. 
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BROAOSCOPE 

LISPFN 

SETFN 

CLISPINFIX 

The value of property BROADSCOPE is T if the operator 

has lower precedence than INTERL ISP forms, e. g., L T , 

EQUAL, AND, etc. For example, (Faa x AND Y) parses as 

«Faa X) AND V). If the BROADSCOPE property were 

removed from the property 1 is t of AND, (FOO X AND Y) 

would pa.rse as (Faa (X AND V»~. 

The value of the property LISPFN is the name of the 

function to which the infix operator translates. For 

example, the value of LISPFN for t is EXPT, for 

QUOTE, ,~tc. If the value of the property LISPFN is 

NIL, the infix operator itself is also the function 

e.g., AND, OR, EQUAL. 

If "Faa has a SETFN property FIE, then (FOO --)~X 

translat.es to (FIE -- X). For example, if the user 

makes ELT be an infix operator, e.g. II, by putting 

appropriate CLISPTYPE and LISPFN properties on the 

property list of I then he can also make II followed by 

~ translate to SETA, e.g. XIN .. Y 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 eLISP 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 1s '. 

for QUOTE is • etc. 
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Global declarations operate by changing the corresponding lISPFN and ClISPINFIX 

properties. 

clispchars 

clispcharray 

clispinfixes 

is a list of single character operators that can appear 

in the interior of an atom. Currently these are: +, -

*, I, t, -, '. =, .. , :, <, and >. 

is a bit table of the characters on clispchurs 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. 

As an example, suppose the user wants to make 1 be an infix character operator 

moaning OR. He performs: 

~(PUT (QUOTE I) (QUOTE ClISPTYPE) (GETP (QUOTE OR) (QUOTE ClISPTYPE») 
~PU1(1 LISPFN OR) 
~PUT(I BROAOSCOPE T) 
~PUT(OR CLISPINFIX I) 
~SETQ(CLISPCHARS (CONS (QUOTE I) ClISPCUARS» 
"SEIQ(CLISPCHARRAY (MAKEBITTABlE ClISPCHARS» 

23.17 (LISP 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. 
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clisparray 

nofixfnslst 

nofixvarslst 

nospellflg 

dwimify[x;l] 

If clisl~=T, CLISP transformations are performed on 

all expr'essions. 

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, 

spelling corrections. 

is NIL. 

dwimify will not perform any 

The initial value of nospellflg 

dwimifie,s ~, i.e., performs all corrections 'and 

transformations that would be performed if 2f were run. 

If x is an atom and! is NIL, ~ is treated as the name 

of a function, and its entire definition is dwimified. 

Otherwist3, if x is a list or 1 is not NIL, ~ is the 

expression to be dwimified. If 1 is not NIL, it is the 

edit push-down list leading to !, and is used for 

determining context, 1.e., what bound variables would 

be in effect when ~ was evaluated, whether 2f is a form 

23.72 



dwimifyfns[fns] 

dwimifycompflg 

clispdec[declst] 

clispify[x;l] 

or sequence of forms, e.g., a cond clause, etc. 108 

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 compiling 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 x. If ~ is an atom and ! is NIL, ~ is 

treated as the name of a function, and its definition 

(or EXPR property) is clispified. After clispify has 

fin ished, ~ is redefined (using IPUTO) wi th its new 

CLISP definition. The value of clispify is~. If ~ is 

atomic and not the, name of a function, spelling 

correction is attempted. If this fails, an error is 

generated. 

If ~ is a list, or ! is not NIL, ~ itself is the 

expression to be clispified. If I is not NIL. it is 

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

100----------------------------------------------------------------------------If ~ is an iterative statement and! is NIL, dwimify will also print the 
translation, i.e. what is stored in the hash array. 
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clispifyfns[fns] 

cldisable[op] 

clispiftranflg 

cl:flg 

clremparsflg 

determine context as with dwimify, as well as to obtain 

the local declarations, if any. The value of clispify 

is the clispified version of x. 

See earlier section on CLISPIFY for more details. 

nlambda, nospread. Calls clispify on each member of 

fns under errorset protection. If fns consists of only 

one elE!ment, the value of car[fns] is used, e.g., 

clispifyfns[FOOFNS). Every 30 seconds, clispifyfns 

prints the name of the function it is working. a la 

prettyprint. Value is list of functions clispifyed. 

disables .QQ. e.g. cldisable[-) makes - be just another 

charactElr. cldisable can be used on all CLISP 

operators, e.g. infix operators, prefix operators, 

iterative statement operators, etc. cldisable is 

undoablEI. 

affects handling of translations of IFITHENIELSE 

statements. If T, the translations are stored 

elsewhere, and the (modified) CLISP retained. If NIL, 

the corresponding COND expression, replaces the CLISP. 

clispiftranflg is initially NIL. See page 23.30. 

affects clispify's handling 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 

clisp1fyprettyflg 

prettytranfig 

PPT 

ClISP: 

fUIl,Il;ya tomls t 

if T, informs clispify to pack operator and atomic 

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

See page 23.60. 

ifT,causesprettyprint to'CLISPIFY expressions before 

printing them. clispifyprettyflg is (temporarily) reset 

to T when makefile is called with the option CLISPIFY. 

clispifyprettyflg is ~nitiallY NIL. 

If T, causes prettyprint to print translations instead 

of CLISP expressions. This is useful for creating a 

file:for ~o~pilation, or tor exporting to a LISP system 

that does nbt 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 mo.re details, see page 23.32. prettytranflg 

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 trahslations to 

be printed instead of the corresponding CLISP. 

- edit macro th_tobtains the translation of the correct 

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

it. 

I ist oJ:' identifiers containing CLISP opera tors. Used 

by clispify to avoid accidentally constructing a user 

identifier, e.g.~ (ITIMES A B) should not become A*8 if 

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

23.75 



CL 

ow 

edit macro~ Replaces current expression with 

CLISPlfYed 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 OW 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 f!.9.::T, lowercase makes the necessary internal 

modifictlltions so that clispify will use lower case 

versions of AND, OR, IF, THEN, ELSE. ELSEIF, and all 

1. s. op1erators. This produces more readable output. 

Note that the user can always type in either upper or 

lower case (or a combination), regardless of the action 

of lower'case. 

If f.!9= IN IL , clispify will use uppercase· versions of 

AND, OR, et ale The value of lowercase is its previous 

'setting'. Loworcase is undoable . 

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

performing raise[null[flg]]. mode133flg 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 th~ TENEX command 

RAISE, and informs TENEX to raise all lower case 

characters on input, i. e. convert them to uppercase. 

raiser] 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 user loads transor along with a file of transformations. These 

transformations describe the differences between the two LISPs. expressed in 

terms of INTERL ISP editor commands needed to convert th,e 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 

transf~rmations, 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 a facility for conducting massive 

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

Since theedi t transformations are fundamental to this process. let us begin 

wi th a defini tion 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 Z 3». When the 
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sweep encounters the form (lCONC X (FOO», this transrormation would be 

retrieved and executed, converting the expression to (lCONe (FOO) X). Then the 

sweep would locate the next form, in this case (FOO), 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 (TCONe X), the conunand (SW Z 3) would cause an error, 

which transor would catch. The sweep would go on as before, but a note would 

appear in the translation listing 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 l~ith a more sophisticated transformation: 

«IF (II 3) «SW Z 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 t,he user already has a complete set of 

transformations. The second documents transorset. an interactive routine for 

building up such sets. transorset contains conunands for writing and editing 

transformations. saving one's work on a file. testing transformations by 

translating sample forms, etc. 

Two transformations files pre:)ently exist for translating programs into 

INTERLISP. (LISP)SDS940.XF0Rl1S is for old BBN LISP (SDS 940) programs. and 

(LISP)LISP16.XFORPtS is for Stanford AI LISP 1.6 programs. A set for LISP 1.5 

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 I exactly as INTERLISP uses X, 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 file, performing 

substitutions. according to charlst. Each element 

of charlst must be a dot-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 i. similar. In INTERLISP, an unmatched double-quote (unless 

protected by the escape character) will cause the rest of the filQ 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 file is assumed to contain a sequence 

of forms, which are read in, translated, and output to a file called file.TRAN~ 

The translation notes are meamlihile output to file. LSTRAN. Thus the usual 

sequence for bring a foreign fil~ to INTERLISP is as follows: prescan the file; 

exami.ne code and transformations. making changes to the transformations if· 

needed; transor the file; and clean up remaining problems, guided by the notes. 

The user can now make 8 pretty file and proceed to exer~ise and check out his 

program. To export a fila, it is usually best to transor it, then presean It, 

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

transor[sourcefile] 

transorform[form] 

transorfns[fnlst] 

Translates sourcefile. Prettyprints translation 

on file.TRAN: translation listing on file.lSTRAN. 

Argument is a LISP form. Returns the 

(de~;truct1vely) translated form. The translation 

listing 15 dumped to the primary output file. 

Argument is 

intnrpreted 

a list of function names whose 

definitions are destructively 

translated. Listing to primary output fila. 

transform and transorfns can be used to translate expressions that 8re already 

in core. whp.reas transor itself (.nly works on 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 rc!quire. further attention from the user.. This 

catalog consists of two cross-indexed sections: an index of forms and 8'n index 

of notes. The first tabulates all the notes applicable to any form, whereas 
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the second tabulates all the forms to which anyone 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.;5 
DONE ON I-NOV-71 20:10:47 . 

1. APPLY/EVAL at 
[DEFINEQ 

INDEX OF FORI1IS 

(FSET (LAMBDA '" 
(PROG ... 3 ... 

z. APPLY/EVAL at 
[DEFINEQ 

] 

(SETQ Z (CONO 
«ATOH (SETQ --» 

(COND 

--» 

«ATOM (SETQ Y (NLSETQ ·(EVAL W)·») 
--) 

--» 

(FSET (LAMBDA '" 
(PROG •.. 3 ... 

(SETQ Z (CONO 
«ATOM (SETQ --» 
, (COND 

--» 

«ATOM (SETQ --» 
-(EVAL (NCONS W»·) 

--» 
] 

3. MACHINE-CODE at 
[OEFINEQ 

(LtSSl (LAMBDA '" 
(PROG .•. 3 •.. 

(COND 
••• 2 ••• 
«NOT (EQUI~L (SETQ XZ ·(OPENR (MAKNUM Be -». 

) 

4. MACHINE-CODE at 
[OEFINEQ 

] 
--» 

(lESSl (LAMBDA & 
(PROG .•• 3 ... 

. (COND 
••• 2 ••• 

--» 

«NOT (EQUAL & (SETQ YZ 
-(OPENR (MAKNUM & --J).») 

--» -- ] 

INDEX OF NOTES 

APPlY/EVAl at I, 2. 
TRANSOR will translate the arguments of the APPLY or EVAL expression, but 

the user must make sure that the run-time evaluation of the arguments returns 8 
BBN-compatible expression. 
MACHINE-CODE at 3, 4. 

Expression dependent on machine-code. User must recode. 
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The translation notes are generated by the transformations u5gd. and therefore 

reflect the judgment of their au.thor as to what should be included. 

Straightforward conversions are usually made without comment; for example, the 

OEFPROP's in this file were quietly changed 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 1n 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 

OEFINEQ'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 IRrge 

expressions, such as a long OEFINEQ, is reported every three minutes by a 

printout showing the location of tho 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 tr8nsorset to repair 

the transformation, and even test it out (see TEST command, page Al.ll). He 

may then continue the main translation with OK. 
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Transorset 

To use transorset t type transot"set() to INTERLISP. transorset wlll respond 

wi th a + sign tits prompt character, and awa1 t input. The user is now 1n an 

executive loop which is like ~'alqt with some extra context and capabilities 

intended to facilitate the writing of transformations. transorset will thus 

progress ~ and eval input, and execute history conunands just as evalqt 

would. Edit conunands, howevtBr,. are interpreted as additions to the 

transformation on which the user is currently working. transorset always saves 

on a variable named currentfn the name of the last fUnction whose 

transformation was altered or ex.uined by the user. currentfn thus represents 

the function whose transformation is currently being worked on. Whenever edit 

conunands are typed to the ~~ sign, transorset will add them to the 

transformation for currentfn. This is the basic mechanism for writing a 

transformation. In addition, tr'ansorset contains commands for printing out a 

transformation, editing a transformation, etc., which all assume that the 

conunand applies to currentfn 'J,f no function is specified. The following 

example illustrates this process .. 
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"TRANSORSET() 
+FN TeONe [1] 
leONe 
+(SW 2 3) [2] 
+TEST (leONe A B) [3] 
P 
(TeONe B A) 
+TE5T (TeONe X) [4] 
TRANSLATION ERROR: FAULTY TRANSFORMATION 
TRANSFORMATION: «SW 2 3» [5] 
OBJECT FORM: (TCONe X) 

1. TRANSFORMATION ERROR AT [6] 
"(TeONe X)" 

(TeONe X) 
+(IF (II 3) «SW 2 3» «-2 NIL] [7] 
+SHOW 
TeONe 

[(SW 2 3) 
(IF (II 3) [8] 

( (SW 2 3» 
«-2 NIL] 

TeONe 
+ERASE [9] 
TeONe 
+REOO IF [ 10] 
+SHOW 
TeONe 

[ (IF (II 3) 

TeONe 
+TOST 

( (SW 2 3» 
«-2 NIL] 

=TEST [11] 
(TCONC NIL X) 
+ 
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In this example, the user begins by using the FN conunand to set currentfn to 

lCONC [1]. He then adds to th~t (empty) transformation for ~ a command to 

switch the order of the arguments [2] and tests the transformation [3]. His 

second TEST [4] fails, causing an error diagnostic (5] and a translation note 

(6]. He writes a better command [7] but forgets that the original SW command 

15 still in the way (8]. He t.herefore deletes the entire transformation [9] 

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

Transorset Commands 

The following commands for manipulating transformations are all 11spxmacros 

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

FN 

SHOW 

Resets currentfn to its argument, and returns the 

new value. In effect FH says you are done with 

thel old function (as least for the moment) and 

wis,h to work on another. If the new function 

already has a transformation, the· message 

(OLD TRANSFORMATIONS) is printed, and mny 

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. 

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 more 

function names wlll show each one in turn, reset 

~rentrn to the last ono, 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 OK. 

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 tes tform, i. e. tries 

the previous test again. 

Command to save your work on a file. DUMP takes 

one argument, a filename. The argument is saved 

on the variable dumpfile, so that if no argument 

is provided, a new version of the previous 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 r11e 

is loaded, all previous transformations are erased unless the variable merge 1s 

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 tho index of forms is the editor's location when 

the REMARK macro is executed. 

To wri te a transformation which makes a new note, one must thererore do two 

things: define the note, i.e. choose a new name and associate it with the 

desired text; and call the new note ,with the REMARK macro, i.e. insert the edit 

command (REMARK name) in some transformation. The NOTe command, described 

below, is used to define a new note.' The call to the note may be added to a 

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 separa,te 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 n~w name is 

generated1 and defined with thl! text provided, and the expression itself is 

edt ted to be (REMARK generated··name). The following example illustrates the 

use of REMARK. 
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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 HUST RECODE.] 
GREATERP/lESSP 
+FN GREATERP 
GREATERP 
+(IF (IGREATERP (LENGTH (11»3) NIL «REMARK GREATERP/LESSP] [1] 
+FN LESSP 
LESSP 
+REOO IF [3] 
+SHOW 
LESSP 

[(IF (IGREATERP (LENGTH (II» 
3) 

NIL 
«REMARK GREATERP/LESSP] 

LESSP 
+FN ASCII 
(OLD TRANSFORMATIONS) 
ASCII 
+(REHARK ALTHOUGH THE SRI FUNCTION ASCII IS IDENTICAL [4] 
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 
*p 
..• ASSIGNED DIFFRENTLY.) 
*(2 DIFFERENTLY.) 
OK 
ASCII: 
+ 
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In this example, the user defin"s a note named GREATERP/lESSP by using the NOTE 

command [1], and wri tes. transfor'matlons which call this note whenever the sweep 

encounters a GREATERP or lESSP with more than two arguments [2-3]. Next, the 

implicit naming feature is ILl sed [4] to add a REMARK conunand to the 

transformation for ASCI I, which has already been partly written. The user 

realizes he mistyped part of thc! 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 must be a literal 

atom. If already defined, NOTE edits the old 

te~:t; otherwise it defines the name, reading the 

te~:t either from the rest of the input line or 

from the next line. The text may be given as a 

line or as a list. Value is name of note. 

The text is actually stored.2 a:!i a coment, i.e. a * and XX 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). 

OElNOTE 

Controlling the Sweep 

Deletes a note completely (although any calls to 

it remain in the transformations). 

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

transformation exists. The location is marked, and the transrormation is 
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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 F£XPR's. For example, the 

transformation for QUOTE has only one objective: to tell the sweep to skip over 

the argument to QUOTE, which is (presumably) not a LISP form. NlAH is an 

editmacro to permit this. 

NLAH An atomic editmacro which sets a flag which causes 

the sweep to skip the arguments of the current 

form when the sweep resumes. 

Spec ial forms such as cond, J!.!:.Q1l, selectq, etc., present a more difficult 

problem. For example, (COND (A 8).) is processed just like (FOO (A 8»: i.e. 

after the transformation for cond finishes, the sweep will locate the "next 

form," (A 8), retrieve 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· 

DOTHESE 

Translates the editor's current expression, 

treating it as a single form. 

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). 3 This translates 

the second argument to a setg without translating the first. For cond, one 

might wri te (1 (LPQ NX DOTHESE», which locates each clause of the COHO in 

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

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 .XfORf1S contains a set of 

transformations for LISP speci8il 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 new 

to the INTERLISP editor. 

• • • 

When the sweep mechanism encounters a form which is not a list, or a form ~ 

of which is not an atom, it retrieves one of the following special 

transformations. 

NLISTPCOHS Global value is used as a transformation for any 

fOI~ which 15 not a list. 

For example, if the user wished to make sure that all strings were quoted, he 

might set nlistpcoms to. 

«IF (STRINGP (II» «ORR «~ QUOTE»«HBD QUOTE»» NIL». 

a-----~--~--~--------------·---····----------··------- --------------------------Recall that a transformatic,n is a list of edit commands. In this case, 
there are two commands, 3 al1ld DOTH IS. 
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lAMBOACOHS Global value is used as a transformation (or any 

fonm, £!! of which is not an atom. 

These variables are ini tialized by (LISP)SPECIAL .XFORHS 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 ~ 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 t.5 manual, [tlcet]. Note that S!!: 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 

(a) 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 £!!: of the form begins with FUNARG, the 

funarg mechanism is invoked (see Section 11). Otherwise the form is faulty. 
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NO 

YES CALL 
EXPR 

YES CALL 

YES 

FEXPR 

CADR C 
IS FN, 

CAODR C 
SPECIFIES 
BINDINGS 

ENTER EVAL WITH ':-ORM 

NO 

SET C = CAR FORM 

SET D= 

CONTENTS OF 

DEFINITION CELL 

NO 

RETURN 
FAULTEVAL [FORM] 

FIGURE A2-1 

RETURN 
FAULTE VAL [FORM] 

YES CALL SUBR, 
COMPI LED CODE 1 

OR EXPR 

Note: variables c and ~ are for description only; they are not actually bound 
as variables. 
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Appendix 3 

Control Characters 

Several teletype control 'characters are available to the user for communicating 
directly to INTERLISP, i.e., not through the read program. These characters 
are enabled by INTERLISP as interrupt characters;-$o 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 

2. control-B 

3. control-E 

4. control-D 

5. control-C 

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

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

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

(reset) computation is stopped, control returns to 
evalqt. 

(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 SBUFS (alt-modeBUFS) 

command, as described in Section 22. 

1/0 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: 8 sudden burst of noise on a telephone line frequently causes INTERLISP 

to receive a rubout, since the code for rubout is 177Q, i.e. alII'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-O 

3. control-P 

4. control-A, Q 

5. control-R 

Miscellaneous 

1. control-T 

2. control-S 

3. control-U 

clears teletype output buffer, Sections 2 and 14 .. 

changes printlevel. Section 14. 

line editing characters, Sections 2 and 14. 

causes INTERLISP to retype the input line, useful after 
several control-A's, e.g., 
user types: ~DEFINEQ«LAMDA\A\DBA\Acontrol-R 
INTERLlSP 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 
11)109 
... 10 WAIT AT 11623 USED 0:00:05.1 IN 0:00:49 

(storag4!) change minfs. Section 10. 

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

A3.2 
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MASTER INDEX 

Names of functions are in upper case, followed by their arguments enclosed in 
square brackets [If 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 NlAMBOA 
nospread function. Words in upper case not followed by square brackets are 
other INTERL ISP words (sys tem parameters, property names. messages, etc.). 
Words and phrases in lower case are not formal INTERLISP words but are general 
topic references. 
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ACCESSFN (record package) .~ ......•.............. 
AOOl[X] ..................•. , ..••.•..•..•••...•.•. 
AOOPROP(A1M;PROP;NEW;FLG] .••••••..•..•..••.•••.• 
addressable files .............•...........•..... 
AOnSPELL[X;SPLST;N] ••••••••••••••••••••••••••••• 
I\OOSTA1S[STATlST] NL* .............•......•...... 
AO[lVARS (pre t tydef command) ..........••......... 
ADV-PHOG ...•............•...•...•. .o ••••••••••••• 

A 0 V - f~ [ T lJ R N " • • • • • • • • • • • • • ., • • • • • • • • • • • • • • • • • • • • • • • 
ADV-S[ TO •••••••••••••••••••••••••••••••••••••••• 
acl\/i.cc .. II .......................... , ••••• " ............. . 

ADVICE (prettydef command) .............•........ 
ADVICE (property name) ......................... . 
ADVINfOLST (system variable/parameter) .........• 
ADVISE[rN;WIfEN;WHERE;WUAT] ...•••..••...••..•.... 
A()VISE (prettydef command) ..................... . 
ADVISED (Jlroperty name) ........•......•.•....... 
AOVISfOfNS (system variable/parameter) ......... . 
ADVIS[OllMP[X;FLG] .........•.••....••.••...•.•..• 
advising ....................................... . 
AFTER (prog. asst. command) .......•.....•....... 
AFTER (as argument to advise) .................. . 
AFTER (as argument to breakin) .........•........ 
AFTER (in INSERT command) (in editor) .......... . 
AFTER (in MOVE command) (in editor) ..........•.. 
ALAMS (compiler variable/parameter) •............ 
ALIAS (property name) ......•......•........•.... 
ALL (use in prettydef PROP command) .....•....•.. 
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AND (in event specification) •••.••••••.•••.••••• 
AND (in USE command) ....•••.•••.••••••.••••••••• 
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ARG NOT ATOM (error message) ....••••••••••••.••• 
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ARGLIST[X] ....•....•..••. , .•••••••••••••••••••••.• 
ARGS (break command) ...........•.••.•••••••••.••• 
ARGS NOT AVAILABLE (error message) .•...••..••••• 
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arrays ......................................... . 
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AS (clisp iterative statement operator) ••••••••• 
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NIL (edit command) ...........•••.•••.••••••••••• 
NIL (use in block declarations) ...•...•..•.••.•• 
NIL: ..•.••..•••.•••.•••••••••••••••••••••••••••• 
NLAM (transor command) .....••.••.•••••••••••.•.• 
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N l_AMBOA ....•.•••••••••.••••••••••••••••••••••••• 
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NLEFT[l;N;TAIL] ......•.•...••...••••..•••.••.••• 
NLISTP[X] .................••.•..•••....•••••.•.• 
NLISTPCOMS (transor command) .•••••.••...•••.•••• 
NLSETQ[NLSETX] NL .............................. . 

(NO LONGER INTERPRETED AS FUNCTIONAL ARGUMENT) 
(compiler error message) ••••••...••••.•.••• 

NO VALUE SAVED: (error message) ..••...•••••..••• 
Non IND .......................••...•.•.•.••••••.• 

NOBREAKS (hreak variable/parameter) •.•••••.••••• 
NOCLISP (makefile option) ........•...•••••.••••• 
NOFIXFNSlST (clisp variable/parameter) ••.•..•••• 
NOrIXVARSLST (clisp variable/parameter) .•.•••.•• 
. NOfNS (prjntstructure variable/parameter) •••.••• 
NOLINKFNS (compiler variable/parameter) .•.....•• 
(NON ATOMIC CAR OF FORM) (compiler error message). 
NON-NUMERIC ARG (error message) •...•.•.•.••.•••• 
NONXMEM (error message) ...•.••••••.••••••••••••• 
NOSAVE .....................••.......•..•.•••••.• 
NOSPEllflG (clisp variable/parameter) ..••••••.•. 
nO$prcad functions ..........••...••.•....••.•••• 
NOSUDSTfNS (prog. asst. variable/parameter) 
NO'1[X] sunR .....•..........••••••••••.••••••••.• 
NOT A F UNC T ION (error message) ......•..•••••.••• 
NOT BlOCKf 0 (typed by edi tor) .•.•.••.....••••••• 
(NOT BROKLN) ...............................••..• 
NOT CflANGFO, SO NOT UNSAVED (typed by editor) 
NOT COMPILEABlE (compiler error message) ••...••• 
(NOT COMP1LEABlE) (compiler error message) •••••• 
(NOT D[FINEO WtlEN LINK TRIED FROM) 

(typnd by sys tern) ......••.••.••....••.••..• 
NOT EO I TABl.E (error message) ....•..•.•••.•.••••• 
NOT FOUND (compiler error message) .•..•••.•.•••. 
(NOT FOUND) (typed by break) .............••.•..• 
(NOT FOUND) (typed by br-ea k 1 n ) ••.••..••••••.••.• 
(NOT FOUND) (value of unsavedef) ••...•••.••••••• 
(NOT IN FILE - USING DEFINITION IN CORE) 

(compiler error message) •.•...•..•...•••••• 
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octrll .......................................... . 
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ON (clisp iterative statement operator) ........ . 
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OPfNP[FIlf;TYPE] SUBR .......................... . 
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output buffer ........... III .......... " .................. .. 

INDEX .19 

Pago 
Numbers 

18.20,27,52 
14.30 
5.14 

14.45-46,48 
AI. 12,14 
15.12 
5.14 
8.8 
9.78 

22.22,39 
14.45-48 
20.4 
18.46 
6.B 
9.20 
9.32-33 

10.3 
10.14 
5.12 

10.6-7 
2.2; 6.7-9 

12.2; 18.46 
5.11 
5.11; 13.1-14, 

14.11-12 
9.8,18-19 
9.19 
9.65 
3.5,8; 13.13; 14.11,18 

15.6-7,12,14,16, 
16.3-4 
9.71,76,83 

21.13 
17.9 
17.9 
23.8,21-22 
23.21,23 
18.41 
18.35,51 
18.35-36,41,43, 
21.10-11 
18.13-14 
18.15 
14.8 
14.1 _ 
14.3-5,8 
10.18 
14.6 
5.13 

23.15 
9.27 

21.12 
9.66 

14.2,6-7 
14.3-4 
5.10; 14.1 

14.20 



OUTPUT FILE: (compiler question) •••.....•..•••.. 
output functions ........•.•.•.•.•••..•••.•••••.• 
overflow .... ". .................................. . 
P (edi t command) ..............••.••......••.•.•. 
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PRETTYIYPE (property name) .......•...•....•..•.. 
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primary i.nput file •..........•..••.•.......•.••. 
primary output file 4 •••••••••••••••••••••••••••• 
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REClAIM[ N ] SUBR ......... ' .....••.•....•..•••.••.• 
RECOMPIlE[PFIlE;CFIlE;FNS;COREFlG] ...••.••..•.•• 

reconstruction (in pattern match compiler) •••••• 
RECORO (record packago) .....••.••.••••.•••.••••• 
record declarations (in clisp) ••.•••..•....••..• 
rocord package (in clisp) .••••••••••.•••••.•••.• 
RECORDS (prettydef macro) ...................... . 
REOEFINE? (compiler question) ••••••••••••••••••. 
REDEFINED (typed by system) ••••.•••••.•••••••••• 
(REDEF INEO) (typed by systElm) •••••.•.••••••••••• 
REDO (prog. asst. command) •••••••••••••••••••••. 
RE[NTER (tenex command) •.•••.••••••••.•••••..••• 
REIiASII[Ol.DI\R;NEWI\R] SUBR ....•....•••.••••.••..•• 
RELBlK[I\OORESS;N] SUBR ....••••.•••.•..••••••..•• 
RELINK[FN;UNlINKFlG] ......•••••.•••••..•••••.••. 
reI i 11 kill 9 .. . . . . . . . . II • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

rolociltioll information (in arrays) .•.•••.••••••• 
REMAINOCR[X;Y] SUBR .•.•••.•••••••••••••••••••••• 
REMARK (trilnsor command) .••••.•.••••.•••..•..••. 
REMOVE[X;L] .........•••.•..••..•.••.••..••.•.••• 
REM PROP[ A 1M: PROP] .......••......••...•..••••.••• 
R[ PACK (cd it command) ............•.....••.•..... 
(REPI\CK @) (edit command) .......••...•••.•••.•.• 
REPLACE (use in records in clisp) .............. . 
(RE PLACE @ WI TH ... ) (edi t command) ...•.••.••••• 
roplaccmcnts (in pattern match compiler) .•..•.•. 
REREAOFlG (prog. asst. variable/parameter) .•.•.• 
RES[ T[] SUDR ..............•..•.....•..•..•..•..• 
RESETFORM[RESETX;RESETY;RESETZ] NL ••.•.••.•..•.• 
RESETVAR[RESETX;RESETY;RESETZ] NL .......••••.... 
(RESETVAR var form. corns) (edit command) •.•.••• 
restoring input buffers ....•..•..•.•..••••.•...• 
RESUL TS[ ] ...........•••••••••••••••••••••••••••• 
RE1EVAL[POS;FORM] SUBR ..•••.••.•..••.••••.••••.• 
RETFNS (compiler variable/parameter) •••••••••.•• 
RETFROM[POS;VAlUE] SUBR •••••.•.•••••••••••.••••• 
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RE TR IEVE (prog. ass t. command) .•................ 
RETRY (prog. asst. command) .................... . 
RETURN[ X] SUBR ................................. . 
RE lURN (break command) ...................•...... 

... " ........................................... . 
RETURN (use in iterative statement in clisp) 
REUSING (record package) .••..•••••••.•.•.•.•..•• 
REVERSE[ L] •••••••••••••••••••••••••••••••••••••• 
(RI n m) (edit command) •.•••.••.••••••••••••.••• 
R l_ \] F N [ lJ r" N ] •• • • • • III • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

(RO n) (edit command) .•..•....•.••...•....•.•... 
RPAQ[RPAQX;RPAQY] NL ........................... . 
R PAQQ[ X ; Y] N L ••••••••••••••••••••••••••••••••••• 

................................................. 
RPLACA[X;Y] SUBR •••••••••••••••••••••••••••••••• 
RPLACO[X;Y] SUBR ....••...................•...... 
RPLS1RING[X;N;Y] SUBR ••••••••••••••••••••••••••• 
RPT[RrlTN;RPTF] ., ••••••••••••••••••••••••••••••••• 
RP1Q[RP1N;RPTF] NL .................•....•.....•• 
RSH[N;M] •••••••••••••••••••••••••••••••••••••••• 
RS1RING[] SUBR •••••••••••••••••••••••••••••••• 0. 
rlll")Ollt ." •••••••••••••••••••••••••••••••••••••••• 

RUN (tenex command) ........•.•••.•... 0 •••••••••• 

run-on spfliling corrections •••..•........•..•••• 
running other subsystems from within INTERLISP 
S (response to compiler question) .••..••••..•... 
(S var . @) (edit command) ...•••.•.•.•.••....... 
SASSOC[XSAS;YSAS] ••••••••••••••••••••••••••••••• 
SAVE (edi t command) .........•..••.••••••..••.••• 
SAVE [XPRS? (compiler question) •.•.•..••...•..•. 
SAVEOEF[ X] ••• 0 •••••••••••••••••••••••••••••••••• 

SAVESE T[ NN1E; VALUE; 10PFlG; FlG] •••••••••••••••••• 
search algorithm (in editor) .•••...............• 
searching files ............•............•.....•. 
sea " chi n H s t r i n 9 s . . . . . . . . . . . . • . . . . • . . . • . . • . . . . • . 
seeH'ching the pushdown list ...•.............••.. 
SEARCHING .• o (typed by breakin) ..•............•. 
S[ARCIIJ'OL[ SRCIIFN ;SRCHPOS] ••••••••••••••••••••••• 
second pass (of tho compiler) .................. . 
segment patterns (in pattern match compiler) 
S[I .. [CTQ[X;Yl;Y2; ••• jYn;Z] NLlIt ...•......•........ 
separator characters ..............•...•......... 
SE1~[ X: Y] ,~lJBR ••••••••••••••••••••••••••••••••••• 
SETA[A;N;V] ••.••••..•••••••••••••••••••••••••••••• 
SETARG[VARjMjX] FSUBR ....•..•..•••......••...... 
SEIBRK[LST;FLG]SUBR ....•..........•....•....... 
SETD[A;N;V] ••••••••••••••••••••••••••••••••••••• 
SE T f N (property name) ...........•............... 
SE1N[VAR;X] NL ................•..•.....•........ 
SEIQ[X;Y] FSUBRlIt ... 0 •••••••••••••••••••••••••••• 

5[1Q (in an tlsscmble statement) •••.•..•••..•...• 
Sf TOOl XSE T ; YSE T] NL .........•....•••............ 
SETSEPR[LST;FLG] SUnR ....................•...... 
SFPTR[FILE;ADDRESS] SUBR ......•.••••.....••.•••. 
SHALL 1 LOAD (typed by dwim) .•.•.....•••........ 
s h are d p a ~, e s . . . . . . . . . • . . • • . . . . . . . . . • • • . • • • . 0 • • • • 

shared system .• ~ .•••.••..••••••••.•••••••.•.•••. 
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shilring ......... tit ••••••• t •••••••••••••••••••••••• 

SHOW (transorset command) •...••.••••..•.. e •••••• 

(SHOW . x) (ed i t command) ...•...••.•.••••••.•••• 
SIDE (property name) ....•••••.•..••••.•••••••••• 
SIN[X;RAOIANSFLG] ..........•.•...•.•..•••.•...•. 
skip-blip ...................................... . 
SKOR ......•.•••. e ••••••••••••••••••••••••••••••• 

SKREAO[FIlE;REREADSTRING] ....••.••...•..•..•..•. 
slot (on pushdown list) •••••••••..••••••••••••.• 
small intf!gers ..........•••••.••.•••.••••••.•••• 
SMI\LlP[N] .. "" .... " ... " ........••• " .....•.•....••• 
SNDMSG (prog. asst. command) ................... . 
SOME[SOMEX;SOMEFN1;SOMEFN2] •.•.•.•.•..••...•.••. 
SORT[DATA;COMPAREFN] ........•.•...•.•.••.•..•••. 
sr (in an assemble statement) .•••.••..•••••••••• 
space . " . " .. " " " " " " ... " " . " •.•••.••.••. " " ••.•••••• flo 

SPAC[S[NjFILE] SUBR ..................•.......... 
SP[CVARS (compiler variable/parameter) ..••.••••• 
spelling completion ....•..•• ~ ••..••..••••••.•••. 
spelling correction ...•..•.••••••••••••.•••••..• 
spelling correction protocol .••..•••••..•...••.. 
spf!lling corrector .......•....•••.••.•.••••••••• 
s p e 11 in g 1 i s~t s .... ~ ................•............• 
SPELLINGSI (dwim variable/parameter) .•.••••••••• 
SPELlINGS2 (dwim variable/parameter) ....••...••• 
SPELLINGS) (dwim variable/parameter) .•..••...•.. 
(SPlITC x) (edit command) ...................... . 
spread functions .....••..•••.••••••••••••••••••• 
spreading arguments ..•......•..••..•.••...•••••• 
SQRT[N] ."." ........•.•...•••••.••••••••••.•••••• 
SQRT OF NEGATIVE VALUE (error message) •••••••••• 
S(lUarc brackets ...........•...•..•.••.•..••..••• 
square hrackets (inserted by prettyprint) •.•••.. 
SRCCOM ...•• " .......... " ••••• " ..................... . 
ST (response to compiler question) ••.••••••...•• 
stack pOSition .....••••.••••••••••••.•••••••.••• 
stntistics .. " .. " ............................... . 
SlKARG[NjPOS] SUUR •••••••••••••••••••••••••••••• 
STKARGS[POS] ...............................•..•• 
STK[VAl.[POS;fORM] SUBR .•..........•............• 
S Tt-.:NA~1Er POS] SUBR ••••••••••••••••••••••••••••••• 
STKNARGS[rOS] SUBR •••••••••••••••••••••••••••••• 
S TKNTJI[ N; POS] SUBR ••••••. , ••••••••••••••••••••••• 
S TK POS[ r N : N ; POS ] ................................ . 
STKSCAN(VAR;POS] SUBR ••••••••••••••••••••••••••• 
STOP (cd it command) ..... " ........•.•...••.....•. 

STOP (at the end of Q file) ...••••.•.•.••••••••• 
STORAGE[ F'LG] •• " •••••• " •• t, ••••••••••••••••••••••• 

storilge allocation .........•..•...•..•.•.....•.• 
STREQUAL[X;Y] .......••....••.•...•••...•.•..••.• 
STRF (compiler variable/parameter) ••.•..•••..••. 
string characters .........••••••••••.•••••.•.••. 
strinn functions ..............•.••••.•..•••..•.. 
stri.ng pointers ..........••..•••••••.•.••••••••• 
string storage ........•...•••.••.••••••••.•••••• 
STRINGP[X] SUBR .•............•...••••.••••...••• 
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SlIB1[X] •.••••••••••••••••••••••••••••• , •••••••••• 
SlJBLIS[ALST;EXPR;FLG] ••••••••••••••••••••••••••• 
SliBrAIR[OLO;NEW;EXPR;FlG] ••••••••••••••••••••••• 
SlJBR (function type) ...••.•...•...•..••.•••.•.•• 
SlIBRJ1t (function type) ....•.•..••••.•.•.••••••••• 
SUBRP[ FN ] SUBR •••••••••••••••••••••••••••••••••• 
S II Ll r'" s ••••••••••••••••••••••••••••••••••••••••••• 
SllBSET[ MArX ;MAPFNl ;MAPFN2] •••••••••••••••••••••• 
SUBST[X;Y;Z] ••••.•••••••••••••••••••••••••••••••• 
subs t i ttl t ion macros .....• II • ••••••••••••••••••••• 

SUBSTRING[X;N;M] SUOR ••••••••••••••••••••••••••• 
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ENTRYPOINTFlG] •••••••••••••••••••••••••••• 
S U~1 (c 1 i s pit era t i ve s tat erne n top era tor) ••••.••• 
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SVfLG (compiler varinble/parameter) •..••••.••••• 
(SW n m) (edit co~n~nd) ...•.••••••••.•..•••••••• 
SY (pron. asst. command) ••.•.••••••••••••••.•••• 
sYTllbolic file input ......•.•....•....•..••...•.. 
symholic file output ....•.••.•••••••.••••••••••. 
S YMLS T (cd i ta command/parameter) ...•..••.•...••. 
SYSBlJr[FLG] SUBR •••••••••••••••••••••••••••••••• 
SYSFIlES (system variable/parameter) ..•••.•••••. 
S YSIIASIII\RRAY (sys tern variable/parameter) •.••..•. 
S YS I Nr F I L [] SUBR •••••••••••••••••••••••••••••••• 
SYSlINKEOI"NS (system variable/parameter) ••.••••. 
SYSOlJT[ F I I.E] EXPR ••••••••••••••••••••••••••••••• 
SYSOUTGAG (system variable/parameter) ••••.•.••.• 
SYSPROPS (prettydef variable/parameter) ••...•••• 
SYSPROPS (system variable/parameter) ••••.••.•••• 
SYSTA1' ... 'I •••••••••••••••••••••••••••••••••••••• 

T FIXED (typed by dwim) ••.•.••••••••.••••.•••••• 
tat) ................... 'I •••••••••• " •••••••••••••• 

TAB[POS;MINSPACES;FIlE] ••••••••••••••••••••••••• 
tab .( cd i ta command/parameter) •••••••.••••••••••• 
tail of a list " It •••••••••••••••••••••••••••••••• 

TAILP[X;Y] ...................................... . 
TAN[X;RADIANSFlG] ••••••••••••••••••••••••••••••• 
TCOMrL[rIl~ES] ••••••••••••••••••••••••••••••••••• 
TCONC[P1R;X] •••••••••••••••••••••••••••••••••••• 
TECO (prog. asst. command) •...••••••.•.•.•..•... 
teletype .............•..••.•••.•.••...•••.•••••. 

toletype initiated breaks ... ~ •••••.•.••.••.•••.• 
TENEX[STR] •••••••••••••••••••••••••••••••••••••• 
lENEX ........................••...•..•.•.....•.. 

............................................. 
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18.42 
18.39 
23.40 
9.2 
9.47 

14.30,39 
14.36 
20.15 
18·49 
22.65 
15.9 
9.60 

14.31 
9.61; 14.31 

20.4 
15.9 



**TOp·· (in backtrace) ..••••••••.••••.•••••••••• 
*ANY* (in edit pattern) ...•••••••••••••••••••••• 
*FORM* ...................... tI ••••••••••••••••••••••• 

, (edita command/parametor) ••••••••••••••••••••• 
(in edi t pa t tern) ......•••••••••••••.•••••••• 
(in pattern match compiler) ••••••••.••••••••• 
(typed by sys tern) .••...••..••••••••••••••••••• 

-> (break command) ........••.•••.••••••••.••••••• 
-> (in pattern match compiler) •••••••••••••••••• 
-> (typed by dwim) ..•.....••••••••••••••••••••••• 
-> (typed by editor) ........••••••••••••••••••••• 
-n (n a number, edit command) .................. . 
(-n el ... em) (n a number, edit command) ••••••• 

................ ,; ............. I, ••••••••••••••••••••••• 

(edita command/parameter) ••••••••••••••••••••• 
• (in pattern match compiler) ••••••••••••••••••• 
· (in a floating point number) •••••••••••••••••• 
· notiltion ............... ' ...................... . 
.. (edi t command) .•.•••• , .••••••••••••••••••••••• 

(in edit pattern) ..•..•••••••.••••••••••.•••• 
( pr·og. ass t. command) •••••••••••.••••••••••• 

· .. (typed by dwim) ......••••••••••••••.•••.•••• 
· .. (typed by ed i tor) ..•.••••••••••••••••••.•••• 
· .. (typed by sys tern) •••.••.•••••..••••••••••••• 
/ (edita command/parameter) .•••••••••••••••••••• 
I functions ......................................... . 
/RPlNOOE[X;A;O] •..•.•••••••••••••••••••••••••••• 
(2ND. @) (edit command) ....................... . 
( 3 RD. @) (e d i t c omman d ) .••••••••••••••••••••••• 
7 (insteao of ') ........•..••••••••••••••••••••• 
8 (instead of left parenthesis) ................ . 
9 (i n s tea (I 0 f r 1 9 h t par e n t hi e s 1 s ) •••••••••••••••• 

( cd i ta command /parameter). ••••••••••••••••••••• 
(typed by sys tern) ..•.••.•••••••••••••••••••••• 
(clisp operator) ......•.••••••••••••••.••••••• 

(: el ... em) (edit command) •••.•••••••••••••••• 
; (cdita command/parameter) .••••••••.••••••••••• 
(; • x) (edit conunand) .••••••••••••••••••••••••• 
<.> (usn in clisp) ........•••••••••••••••••••••• 

(break command) .•..•...•••••••••••••••••.••••• 
= (ndita command/parameter) .................... . 
= (i n alii pst ate men t ) . . . . . . .. . . . . . . . . . . . . . . . . . . . 

(in pattern match compiler) ..•..•..••.••••••.• 
= (tYllCU t,y (Jwim) ........•.•.•.••....••.••.•...• 
= (tYIJe(1 hy eel i tor) ............•.•••.•.•.•.•••.. 
= (i n everl t address) ....•...•.••••••.••••.....•. 
-- (in edj t pattern) ......•.•••.••••••.••••••••• 
== (in pattern match compiler) ................ .. 
=> (in pattern match compiler) ................ .. 
=E (typed by editor) ....•.•.•••.••••••••••••.••• 
=fDITF (typed by editor) ••••••••.••••••••.•••••• 
=EDITP (typed by editor) •••••••••••••••••••••••• 
=EOITV (typed by editor) .••••••••••.•••••••••••• 
? (edi t command) .....••..•••••••••••.••••••••••• 
? (edi ta command/parameter) ••••••••••••••••••••• 
? (typed by dwim) ......••••••••••••••••••••••••• 
? (typed by editor) ••••••••••••••••••••••••••••• 

INDEX.30 
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Numbers 

15.9 
9.21 

12.4 
21.10 
9.11,22 

23.41 
14.20 
15.11 
23.46 
17.3-4,6-7 
9.58 
9.3,17 
9.5,36 
3.7; 14.13 

21.12 
23.42 
3.6 
2.1 
9.33 
9.22-23 

22.21-22 
17.4,6 
9.13,15 

14.17; 22.48 
21.9,12 
22.40,57-58 
22.57 
9.30 
9.30 

17.16 
9.82; 17.2,7,16-18 

1 7 . 2 , 7 • 16 - 1 7· 
21.14 
2.8; 15.4 

23.12 
9.14,40 

21.16 
9.76 

23.16 
15.10 
21.13 
18.41 
23.39 
17.5,7 
9.12 

22.12 
9.22 

23.39 
23.46 
9.82 
9.86 
9.85 
9.85 
9.2,60 

21.13 
17.6-7 
9.3 



? (typod by systom) •.••••••••••••••••••••••••••• 
? = (b r~ e a k c 0 mm and ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
?? (prog. ass t. command) •••••••••••••••••••••••• 
@ (break command) .••.•••••••••••••••••• ~ •••••••• 
@ (odi til command/parameter) •••••••• -•••••••.••••• 
@ (in a lap statement) •••••••••••••••••••••••••• 
@ (in pattorn match compiler) ••••••••••••••••••• 
@ (in ovent specification) •••••••••••••••••••••• 
@ (location specification) (in editor) •••••••••• 
(@1 THRU @2) (edit command) ••••••••••••••••••••• 
(@1 TlIRU) (odit command) •• -•••••••••••••••••••••• 
(@1 TO @2) (edit command) ..................... .. 
( @ 1 TO) (ed i t command) •.•••••••••••••••••••••••• 
@@ (in event specification) ••••••••••••••••••••• 
[ .............................................. . 
[,] (inserted by prettyprint) ••••••••••••••••••• 
\ (e d i. t C ornrna n d ) ..•••••••••••••••••••••••••••••• 
\ (typed hy sys tern) ••••••••••••••••••••••••••••• 
\ (in event address) •••••••••••••••••••••••••••• 
(\ atom) (edit command) ........................ . 
\P (edit cOnuTlilnd) ••••••••••••••••••••••••••••••• 
] ........... ,. .............. ., ................... . 
t (hreak command) •••.••••••••••••••••••••••••••• 
t «1 d i t c (l rnrn and ) . . • . • • . • • • • • • • • • • • • • • • • • • • • • • • • • 
t (edita command/parameter) ••••••••••••••••••••• 
t (use in comments) ••••.•.•••••.••••••••••••.••• 
.... (edi t cnrnmflnd) .••••••.•••••••••••••••••••••••• 
~ (in pnttorn match compiler) ••••••••••••••••••• 
.... (typed by sys tern) ••••••••••••••••••••••••••••• 
.... (i n even t ilddrcss) •••••••••••••••••••••••••••• 
.... operator (in cl isp) ••••••••••••••••••••••••••• 
( .... pattnrn) (edit command) ..................... . 
........ (edit command) .•••••••••••••••••••••••••••••• 
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16.4 
15.8-9 
22.21-22 
15.8-9,12 
21.10 
18.41 
23.40,42 
22.14,53 

9.29 
9.54 
9.56 
9.54 
9.56 

22.14,27,53 
3.2; 14.13 

14.38 
9.11,34-35,41 
2.4; 14.10,23 

22.13 
9.34 
9.11,35,61 
2.5; 3.2; 14.13,16 

15.7,16; 16.2,7 
9.4,18 

21.13 
14.41 
9.34 

'23.43 
2.4,6; 15.4 

22.12 
23.12,15 

9.30 
9.34 




