






































































































































































































































































































































































































































































































































































































































































































































































































































































































































Spelling error in user function, e.g. (FACCT (SUBl N))

BEGINNER
'NOVICE

EXPERT

.. .UNDEFINED FUNCTION FACCT IN FACT
FACCT= ¥%% 2

...U.D.F., FACCT IN FACT
FACCT= #¥% 2

FACCT=FACT (IN FACT) if certainty > CFACT2

FACCT=FACT(IN FACT) and pause for specified time
if certainty > CFACT1. 1If
no input, make correction
and continue.

...U.D.F. FACCT IN FACT
FACCT= ¥#%¥ 9 if certainty < CFACT1 or if
two cholces equally good

Spelling error in user expression, e.g. < FACCT(4)

BEGINNER

NOVICE

EXPERT

.. .UNDEFINED FUNCTION FACCT
FACCT= #*%% ¢

FACCT=FACT if certainty > CFACT2

FACCT=FACT and pause for specified time
if certainty > CFACT1

...U.D.F. FACCT - if certainty < CFACT1 or if
FACCT = ¥¥¥ 9 ‘ two choices equally good

same as NOVICE

(*##¥%¥ pepresents list of possible candidates, if any)
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Private Modes

If the user wants to define hls own mode, presumably to combine
certain features of BEGINNER, NOVICE, or EXPERT, or to change the
confidence thresholds, he must add the definition of his mode to
the end of modelst. Each mode is a list consisting of a single
identifying character (hence do not use B, N, or E), followed by
the rest of the mode name, followed by a list of dotted pairs of
variables and values. For example, the first entry on modelst is
(E XPERT (GREENLIGHT . T) (REDLIGHT) (CFACT1 .5) (CFACT2 .8)
(UDF . "U.D.F.") (UBA . "U.B.A.")).

If the variable greenlight is T, as in EXPERT mode DWIM never asks
for interaction, (with the few exceptions mentioned earlier). If
both greenlight and redlight are NIL, as in NOVICE mode, DWIM asks
for interaction only for errors involving user functions. If
redlight is T, as for BEGINNER mode, DWIM always asks for inter-
action. The variables udf and uba are the error messages printed
out for undefined function and unbound atom errors respectively.

Other uses of the spelling corrector

As mentioned in the introduction, the spelling corrector is used

in the DWIM package to correct certain misspellings that would

not cause LISP errors. This has been accomplished by advising
certaln system functions, such as prettyprint to consult the
spelling corrector when given an argument that does not "make sense"
in the context of the operation they perform. Userwords is a list
of words that may contain the spelling the user intended. This

list is built up by certain other system functions, e.g. defineq,
rpagq which have been advised to add to this 1list. Thus if DWIM

is enabled and the user loads a file, all functions defined and
variables initialized in the file will be added to userwords.
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System Functions Advised by DWIM

EDITF - if argument is (NOT EDITABLE), but has a non-atomic
value, editv is called. If it has a non-null property
list, editp is called. Otherwise it is treated as the
name of a function on userwords.

EDITV - if argument is (NOT EDITABLE), it 1s treated as the
name of a variable on userwords.
EDITP - if argument is (NOT EDITABLE), it is treated as an

atom on userwords with a non-null property 1list.

BREAK® if function is not defined, it is treated as the name
‘ of a function on userwords.

UNSAVEDEF -~ if function i1s not defined, it is treated as the name
of a function on userwords.
PRETTYPRINT - if function is not defined, it is treated as the name

of a funetion with an S-expression definition on
userwords.
In addition, after they have finished operating, EDITF, EDITV,
EDITP, DEFINEQ, BREAK@, UNSAVEDEF, and RPAQQ all add their arguments

to userwords as well as to the approoriate svelling lists for
error correction

Load 1s advised to maintain two lists: a spelling list of user files.
(filesplst) and a list of user files with the functions and variables
they contain (filelst), derived from the first and third argument to
prettydef.* makefile consults filesplst to correct the spelling

of 1ts argument, and editf, editv, and editp add their argument

to filelst under the name of the appropriate file. The function
newfiles can then be used to produce an updated version of any

files that have been changed.

newfiles[flg] does makefile for every file on filelst that
has been modified. If flg=T, the files are
also listed.

(¥) This assumes that the file was created by makefile, p. 14,21
i.e. that its name is of the form /Nname/.——————
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If the user wishes to modify his own or other system functions, the
following two functions will be useful:

addspell[x;flg] Adds x to userwords, and, if flg = T, to
the spelling list for variables, otherwise
to both spelling lists for functions. Sets
lastword to X. If x is already on userfns,

no action is taken.

misspelled? [x;fn;splst] If fn is not NIL and fn[x] is not NIL,
value 1s x, i.e. X was not misspelled.
If x is NIL, value 1s lastword e.g. after
defining a function, you can edit it by
simply performing editf[]. Otherwise
spelling of atom is corrected using splst,
if given, otherwise userwords. If spelling
correction is aborted by control-r, value
is x. If 4 1s typed to spelling corrector,
control is returned to errorset prior to
misspelled?

As an example of the use of these functions, the following advising
operations are performed by DWIM.

ADVISE(DEFINEQ AFTER (MAPC VALUE (FUNCTION ADDSPELL)))
ADVISE(RPAQQ AFTER (ADDSPELL X T))
ADVISE (UNSAVEDEF (SETQ X (MISSPELLED? X (FUNCTION FNTYP)))

20.15



NOFI

The user may not want to have DWIM bother to operate on certain
types of errors. To facilitate this, DWIM calls the function
nofix,'of no arguments, before attempting to make any corrections.
If nofix returns T, the correction is aborted. nofix 1s currently
defined as (LESSP FAULTD FAULTDEPTH), with FAULTDEPTH set to -1l.

If the user wanted to disable DWIM for errors occurring near the
top level, or just inside of a break, he simply needs to set
FAULTDEPTH to an appropriate value, e.g. 5. The user can prescribe
more complicated conditions for aborting corrections by advising
nofix. For example, the user might prefer to retype any misspelling
shorter than four characters in length. He would then advise nofix

ADVISE(NOFIX (AND (ATOM FAULTX) (LESSP (NCHARS FAULTX) 4)))

Of course, such operatives require more intimate knowledge of the
operation of DWIM. For this, contact W. Teitelman.
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SECTION XXI

PRINTSTRUCTURE

In trying to work with large programs, a user can lose track of
the hierarchy which defines his program structure; it is often
convenient to have a map to show which functions are called by
each of the functions in a system. 1If fn is the name of the top
level function called in your system, then typing in
printstructure[fn] will cause a tree printout of the function-call
structure of fn. To describe this 1n more detail we use the
printstructure program itself as an example.
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CPRINTSTRUCTURE(PRINTSTRUCTURE)Y
PRINTSTRUCTURE  PROGSTRUC PRGSTRC PRGSTRC1 PRGSTRCI
' PRGSTRC
PRGSTRC
NOTFN
PROGSTRUC
CALLS1  NOTFN
CALLS2 CALLSI
PRGSTRC
PRINTSTRUCTURE
MAKECIRC MAKECIRC
TREEPRINT TREEPRINTI1
TREEPRINT
VARPRINT  TREEPRINTI
PRINTSTRUCTURE [FNsFILE; XsDONELST>NODESs 3
PROGS TRUC [FN» D3 Y»ZsFLGs VARS1, VARS23 DONELST]

PRGSTRC ~ [X,HEAD3 Y,Z3 VARS1,FN, DONELST»D»FLG]
PRGSTRC1  [L3 AsBsY3s v, VARS1, VARS2]
NOTFN [FN3 DEF; 3

CALLSI CADRS D3 M,N,x,Y,FLG,v},ve,FLG; VARS 15 INTZROS VARS2 )
CALLs2 (X3 5 DI

MAKECIRC (X3 X3 NODES]

TREEPRINT [(X>N3 Z3 ]

TREEPRINTI  [X,N; ; )

VARPRINT  [X3; X,Y,N;3 1]

PRINISTRUC TURE

-
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The upper portion of this printout 1s the usual horizontal version
of a tree. This tree is straightforwardly derived from the defi-
nitionsof the functions: printstructure calls progrstruc, itself,
makecirc, treeprint, and varprint. progstruc in turn calls

prgstrc and calls. prgstre calls prgstrcl itself, and notfn.

prgstrecl just calls itself and prgstrc. Note that a function
whose substructure has already been shown is not exvanded in its
second occurrence in the tree.

The lower portion of the printout contains information about the
variables that are used in each of the functions. printstructure
is a function of two arguments, fn and file. It binds three
varlables internally: x, donelst, and nodes. (Variables are

bound internally by either progs or open lambda-expressions.)
makecirc has only one argument, X, and it also binds X internally.
It uses the variable nodes as a free variable.

In addition to the five functions appearing in the above output.
printstructure calls many other low-level functions such as

getd, car, list, nconc, etc. The reagson these do not appear in
the output is that they were defined "uninteresting" by the user

for the purposes of this analysis. Two functions, firstfn and
lastfn, and two variables yesfns and nofns are used for this
purpose. Any function that appears on the list yesfns is of
interest, any function appearing on nofns is not. Otherwise, all
non-compiled functions are deemed interesting, and only those
compiled functions between the two limits established by firstfn
and lastfn. For example, firstfnf editf] and lastfn[bo] (the last
function in the edit package) followed by printstructureleditf]
will cause the structure of the editor to be printed out with
only those functions that actually are part of the edit package
appearing in the printout.
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Three other variables, notrace, guotefns, and prdepth also affect the
~action of printstructure. Functions that appear on the list notrace will
appear in the tree, assuming they are "interesting" functions as
defined above, but will not themselves be traced, i.e., analyzed.
Functions that appear on guotefns are traced, assuming they are
"interesting," but when they appear as car of a form, the rest of

the form is not analyzed. For example, if the function pring were
defined as (NLAMBDA X (MAPC X (FUNCTION PRIN1))) and the form

(PRINQ NOW IS THE TIME) appeared in a function being analyzed,

pring would appear in the tree, but NOW, IS, THE, and TIME would

not be noted as free variables 1f pring were included in the list

of quotefns. prdepth is a cutoff depth for analysis. It is inlally set

to 100.

printstructure has incorporated in it the necessary information

for analyzing non-standard forms such as cond, prog and selectgq.

It is also capable of analyzing compiled or interpreted functions
equally well. In the case of compiled functions, printstructure

will automatically analyze any functions generated by the compiler,
such as those caused by compiling forms beginning with ersetgq,
nlsetqg, or function.

If printstructure encounters a form beginning with two left paren-
theses in the course of analyzing an interpreted function (other
than a COND clause) it notes the presence of a possible parentheses
error by the abbreviation P.P.E., followed by the function in which
the form appears and the form itself, as in the example below.

Note also that printstructure detects functions, i.e., atoms
appearing as CAR of a form, that are not defined. printstructure
is thus a useful tool for debugging.
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«PRETTYPRINTC((F00))

(FOO0
(LAMBDA (X))
(COND
(X (FOO1 X))
(T (CCONS X C(CAR X2)3)3))))
N IL
«PRINTSTRUCTURE(FIJO)
F 00 FOO1
CONS
CAR
FO00 £Xs 5 1
F 001 IS NOT DEFINEDS

PePeLe IN FOO = ((CONS X (CAR X))

F OO0

-
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Printstructure Functions

printstructure[fn,file] analyses structure of fn and

stores result on property list of
fn under property PRINTSTRUCTURE.
The form of this result is a 1list
of two elements, the second of
which is the tree representatioﬁ
of the structure, and the first

a list consisting, in alternation,

of the functions that appear on
the tree, and a variable list vlst

for that function. CAR of the vari-
able list is a list of varilables
bound in the function; CDR 1is those
variables used freely in the function.

Thus in the printstructure[printstructure] example given earlier
the value of the property PRINTSTRUCTURE would be:

((PRINTSTRUCTURE ((FN FILE X DONELST NODES)) PROGSTRUC
((FN D Y Z FLG VARS1l VARS2) DONELST) PRGSTRC
((X HEAD Y Z) VARS1 FN DONELST D FLG) ...
VARPRINT ((X X Y N))) tree)

Possible parentheses errors are
indicated by a non-atomic form
appearing where a function would
normally occur, i.e., in an odd
position of the list. It is
followed by the name of the func-
tion in which the P.P.E. occurred.
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If f11e=NOTHING, no output is
produced. If file=SCOPE or
DISPLAY, the structure is dis-
played on the scope. In this
case, the result of the analysis

contains a third element, the
display figure that was generated

by dfree. For any other value of
file, output is to that file.

The value of printstructure is fn.

treeprint[x;n] when given a tree representation
of the structure, (see dtree, p.18.8)
e.g., cadr[getp[fn,PRINTSTRUCTURE]].
treeprint prints the tree in the
horizontal fashion shown in the
examples above. Used by
printstructure.

varprint[x] when given the list of functions
and their variables, i.e.,
car[getp[fn,PRINTSTRUCTURE]],
varprint prints the lower half
of the examples shown above.

firstfnlfn] fn is the name of a compiled
function. If fn=T, lower boundary
is set to 0, i.e., all compiled
functions will pass this test. If
fn=NIL, lower boundary set at end
of bpspace, i.e., no compiled
functions will pass this test.
Otherwise boundary set at fn.
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lastfn{fn] if fn=NIL, upper boundary set at
end of bpspace, i.e., all compiled
functions will pass this test.
Otherwise boundary set at fn. Thus
to accept all compiled functions,
perform firstfn[T], lastfn[NIL]

calls[fn] returns a list of three elements:
a list of all (interesting)
functions called by fn, a list of
variables bound in fn, and a list
of variables used freely 1n fn,
e.g., calls[prgstrcl=
((PRGSTRC1 PRGSTRC NOTFN PROGSTRUC)
(X HEAD Y Z) (VARS1 FN DONELST FLG))

vars[fn] cdr[calls{fn]]
freevars[fn] cadr[vars[fn]]=caddr[calls[fn]]
allcalls[fn,tr] prints fn IS CALLED BY: and returns

list of all functions that call fn
in the tree tr. If tr is atomic,
cadr[getp[tr; PRINTSTRUCTURE]] is
used. Example:

« ALLCALLS(PRGSTRC PRINTSTRUCTURE)

P RGSTRC IS CALLED BY:
( PROGSTRUC PRGSTRC1 PRGSTRC CALLS1)

-
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Follow

Follow is a functlon that enables the user to dynamically watch
the flow of computation through a collection of functions. Follow
uses printstructure to analyze the hierarchy of functions and to
display a tree structure on the scope. Every function appearing
in the tree is then modified to appropriately adjust the display
when it is entered. Whenever one of these functions is entered,

a circle is drawn around the corresponding node in the display,
and a dotted path is displayed from the function that called it.
For example, if the user performs: firstfnleditf], lastfn[bo],
follow[editf] and then calls the editor, he can watch the editor
as 1t executes his commands. (Follow is not in current system but
can be loaded from file /(FLIP)CFOL/.)

follow[fn;flg] performs printstructurelfn]
and then modifies (using break)
all functions in the resulting
tree to appropriately update the
display. If flg=NIL and follow[fn]
has been done previously, follow
does not regenerate the display,
instead it obtains it from the
property FOLLOWED on the property
list of fn. unbreak restores the
functions to their unmodified
state.

followspeed initially set to O,

controls the delay time, in clock
ticks, between changes in the dis-
play. It can be set to slow down
what might otherwise be a confusingly
rapid succession of changes in the
display.
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SECTION XXII

MISCELLANEOUS

TIME

paS———

time[x;n;g] Time executes the computation x,
n number of times, and prints out
the number of conses, total time/n
if n#l and computation time per
iteration. Garbage collection
time is not included, i.e., it 1is
subtracted out. If n is NIL, it is
set to 1. If g is T, garbage col-
lection time is also printed.

Example:

TIME ((CONS NIL NIL) 1000 T)
GARBAGE COLLECTION

2458 CELLS

1 CONSES

12/1000=0.12000E~01 SECONDS
GARBAGE COLLECTION TIME: 23 SECONDS
(NIL)

TIME ((PRETTYDEF (QUOTE (F00))))
0 CONSES

9.0 SECONDS

(FO0)
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date[]

clock[n]

tickps([]

Obtains date and time from system
and returns it as single atom in
format "mm/dd/gg hhmm:ss".

where mm 1s month, dd day, gg year,
hh hours, mm minutes, ss seconds,
e.g., "02/21/68 1352:41"

for n=0 value of time of day
clock, i.e., number of

seconds since midnight
for n=1 time of day user logged in

for n=2 number of seconds of com-
pute time since user
logged in (garbage
collection time 1s
subtracted off)

]
w

for n time spent in garbage

collections
Value of clock is in "ticks."

Number of ticks per second,
usually 50.
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BREAKDOWN

Breakdown is a function that produces an analysis of computation
time by function, although it can be used for an analysis of
CONSes, drum references, garbage collection time, or any other
single numerical quantity. The user calls breakdown giving it a
list of functions of interest. These functions are modified so
that they keep track of the "charge" assessed to them. The func-
.tion results gives the analysis of the statistic requested as
well as the number of calls to each function. Sample output 1s
shown below.

~ BREAKDOWNCSUPERPRINT SUBPRINT)
( SUPERPRINT SUBPRINT)
~PRETTYDEF (FOOFNS /F00/ (STOP))

F OOFNS

« RESULTS ()

F UNCTIONS TIME # CALLS

S UPERPRINT 639 731

SUBPRINT 394 274

T OTAL 10.22 . 1845
NL

-

To add or remove functions from those being monitored, the user

must call breakdown giving it the entire new list of functions.

However, breakdown[] can be used for simply zeroing the counters
associated with the function already being monitored.

22.3



To use breakdown for some other statistic, the user must set
three variables: breakdownform, the quantity of interest,

e.g., (CLOCK 2) or (CONSCOUNT), label, e.g., TIME or CONSES, and
interp, (opﬁional) which is a function that will be applied to

the statistic to produce the numbers printed by results. Thus,
since the value of (CLOCK 2) in the above example is in clock
ticks, to convert to seconds, interp had been set to

(LAMBDA (X) (FQUOTIENT X (TICKPS))).

Whenever breakdown is called with breakdownform having a non-null

value, breakdown performs the necessary changes to its internal
state to conform to the new analysis. In particular, if this is
the first time an analysis 1is being run with this statistic, the
compller is called to compile the charging function. When break-
down is through initializing, it sets breakdownform back to NIL.
Subsequent calls to breakdown will use the new analysis until

breakdownform is again set. Sample output is shown below.

~ SET(BREAKDOWNFORM (CONSCOUNT))

( CONSCOUNT)

+ SETC(LABEL CONSES)

CONSES :

« SETCINTERP NIL)

N IL :

~ BREAKDOWN(MATCH CONSTRUCT)
(AQ272 COMPILING)

(AQ272 (BDX BDY) (BDLST BDPTR) 95
( MATCH CONSTRUCT)
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«PILOT(T)

P ROCEED:

FLIP(CA B CDETF GHUC Z) (oo 81 oo #2 o0) (oo #3 0))
(ABDEFGHZD

>RESULTS ()

F UNCTIONS CONSES # CALLS
MATCH 32 1
CONSTRUCT 47 1
TOTAL 79 2

N IL

Each time breakdown encounters a new value for breakdownform,

it saves the corresponding value of label, interp, and the com-

piled charging function. Thus, if breakdownform is set to a form

already encountered, it is not necessary to also set label and
interp, nor will the compiler be called.

To restore functions modified by breakdown to their original
state, use unbreak.

TIMEX

Timex is'a timing function that reports statistics on number of
function calls, drum references, wraparounds, etc., as well as on
computation time and conses. It accepts input from the teletype
for eval, and prints an analysils after each input. Exit is
achieved by typing OK at which polint timex also gives the distri-
bution of drum references analysis. Sample output is given
below.
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-

« TIMEXC)

> (PRETTYDEF (QUOTE FOOFNS) (QUOTE /F00/) (QUOTE
2 4 CONSES

1086 SECONDS

1 WRAPAROUNDS

1 5762 MAPPED STORES

40923 TOTAL MAPS 164 SECONDS
57 TOTAL DRUM REFS @«97 SECONDS
11 DRUM WRITES P.19 SECONDS
5161 FUNCTION CALLS 7«74 SECONDS

15 BP DRUM READS

> (COMPILE (QUOTE (MAKEPDQ)))
L ISTING?

F

COUTPUT FILE)

N

(MAKEPD3 COMPILING)

GARBAGE COLLECTION

1 926 FREE WORDS

( MAKEPDQ (F) NIL 35)
GARBAGE COLLECTION
6 90 FREE WORDS

2761 CONSES

3 4.56 SECONDS

2 WRAPAROUNDS
57510 MAPPED STORES

2159288 TOTAL MAPS 8+63 SECONDS
2405 TOTAL DRUM REFS 48«88 SECONDS
266 DRUM WRITES 4452 SECONDS
890 FUNCTION CALLS 12.58 SECONDS

86 BP DRUM READS
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> 0K

D ISTRIBUTION OF DRUM REFERENCES

ARRAY SPACE 1458
L IST SPACE 665
P NAME SPACE 31

P ARAM PUSHLIST 16
CONTROL PUSHLIST 8
VALUE CELLS 61
PROPLIST CELLS 59

F UNCTION CELLS 63

P NAMES & HASH CELLS 110
BOXED NUMBERS 36

D ISTRIBUTION OF DRUM REFERENCES WRITE-ONLY

A RRAY SPACE 4

L IST SPACE 174
P NAME SPACE 5

P ARAM PUSHLIST 15
CONTROL PUSHLIST 4
VALUE CELLS 20
P ROPLIST CELLS 1

FUNCTION CELLS 1
PNAMES & HASH CELLS 25

BOXED NUMBERS 36
NIL ’

-

If the first argument to timex is not NIL, it 1s treated as a
list of inputs for eval exactly as though they had been typed by
the user. If the second argument is T, the analysis after each
evaluation is suppressed. The third argument, also optional, is
a number given to time as its second argument and controls the
number of times each individual input is to be evaluated.
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Enlarging the System

The BBN LISP system uses techniques which allow the system code,
i.e., all of the functions described in this manual, plus those
described in the FLIP manual, to be shared by all users. In
addition to this (approximately) 90K of system code, each user

can acquire another (approximately) 40K 948 words of private
memory; this allows the user about 20K of LISP words. The LISP
system can be enlarged up to a maximum size of 256K by reassemb-
ling 1t. However, an individual can effectively acquire additional
private memory in the existing system by "flushing" some of the
system code. The function flushcode is provided for this purpose.
Its effects are not reversible, but the flushed material can be
reloaded from the appropriate disc filles.

flushcode[from;to;flg] flushes all binary programs between
from and to. If to = NIL, flushes
all binary programs from from to the
end of binary program Space. If
flg=T, 1t prints names of functions
being flushed. from and to can be
numbers corresponding to function
definitions (¥), or they can be
any atom on the list flushpoints,

which contains the starting loca-
tions of various independent sub-
systems such as display, flip,

compiler ete. If to=T, just the
subsystem from is flushed, e.g.
flushcode [printstructure; T] will
flush just printstructure. These
systems have been loaded so that
all functions used by any parti-
cular system are loaded before it.
The user can thus safely flush any
subsystems following the ones

(*¥) (LOGAND (GETD FN) 377777Q)
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he 1s planning to use. Of course,
independent systems such as display,

compiler, etc. can always be
flushed without affecting the
operation of other systems.

When flushcode is called with
to=NIL, the reclaimed space will
be noted by storage. However,

if the user makes a "hole" in his
binary program space, no change
will be observed in storage.
However, when a request is made
for an array or binary program
allocation that can fit in the
hole, the space will be taken
from there. DBpspace is a list of
elements of the form (N M)
corresponding to the user holes.

Note: the user should not flush
the same area twice, as it will
then appear twice on bpspace and
hence be used twice.
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Dumping Circular List Structure

It 1s often important to save list structures so that reloading
will maintain common substructure. In particular, this is critical
for circular lists which cannot be saved any other way. The func-
tion savecl described below allows a user to dump a representation
of a set of structures onto a file; later, reading them back 1in
with the function loadcl obtains an isomorphic copy of the

original structures.

The algorithm for dumping is a variation of one first suggested by
Minsky for garbage collection using secondary storage (described
in Bobrow, "Storage Management in LISP'). Each structure to be
saved 1s traced, and as each new LISP word is seen, it 1is marked
by placing a mark in 1ts car and a number in its cdr. The number
indicates where this word will be reloaded. The mark is a gensym
created for marking all words which are to be considered part of
this set of structures. The dumped representation consists of
triples for each word in the structure(s): its new (relative)
address, 1ts car and its cdr, both of which are either atoms or
the new addresses of structure. Note that this process destroys

the structures so traced..

savecl[lst;file;ident] - lst is a 1list similar to the third
argument to prettydef, e.g.,

(A B (PROP Q R S) (DEF FN1) STOP)

will specify saving the values of
A and B, the entire property lists
of Q, R, and S, and the definition
of FN1. STOP specifies closing
file.
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If file is initially open, writing
is continued. If it is not open,
it is opened and the date printed.
If file=NIL (omitted) the primary
file is used.

ident, the third argument to
savecl, is used by the marking
process. If it is omitted, it is
supplied by savecl. In this case,
the structures dumped by this call
to savecl will not have common
substructures with any previously
dumped. To preserve common sub-
structures across several different
calls to savecl, give for ident
the value of the previous call to
savecl. For example, if the user
performs

SAVECL(WORDS1 /FL1/)

(A0005 1354)

SAVECL (WORDS2 /FL2/ (A0005 1354))
(A0005 2938)

and subsequently reloads both filles
using loadc¢l, he will get a struc-
tural copy of the items specified
by WORDS1l and WORDS2. If he re-
loads just /FL1/, he will get a
copy of only those items specifiled
in WORDS1.
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loadcl[file; ... filen]

is a CFEXPR¥. Each argument is
a file name corresponding to a
file generated by savecl. loadcl

uses a contiguous block of storage
beyond that currently in use to
load all structures in these files,
changes the internal state of the
user's LISP to bring this block
within list space bounds, and

then initiates a garbage collection
to clean things up. Note: if
loadcl is interrupted before
finishing, strange pointers may

be left around in regular list
space.

An addltional advantage of the
savecl - loadcl process is that

all restored lists are linearized
in storage, and compacted onto as
few pages as possible.
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GROUP

Group 1s a function for parsing lists as LISP forms. It takes a
list such as (CONS CAR X CDR RPLACA X Y), and tries to make a
single LISP form out of it, in this case returning

(CONS (CAR X) (CDR (RPLACA X Y))). The function nargs is used to
determine the number of arguments for each function encountered

in the list. Group allows less than that number to be specified,
i.e., group[ (CONS CAR X)J]=(CONS (CAR X)), but if an expression
cannot be grouped without some function exceeding its number of
arguments, group returns NIL, e.g., group[(CONS CAR X CDR Y Z)]=NIL.
If the user has functions with extra arguments in their definition
that are never used, he can indicate the true number of arguments,
for the purposes of group, by putting this number on the func-
tion's property list under the property NARGS. Group looks here
before calling nargs. This is also the way to handle functions
that take an indefinite number of arguments, such as list. Since
nargs[LIST]=1, by definition, group[(LIST X Y CAR Z)]=NIL. How-
ever, 1f you first perform put[LIST;NARGS;100], then

group[ (LIST X Y CAR Z)] will yield (LIST X Y (CAR Z)) as desired.
Group is not in basic system but can be obtained by loading file
/(FLIP)CPILOT/ '
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ARM

Arm is a function for modifying the effect of control-H. Its

name derives from the expression "to arm an interrupt," which is
essentially what arm does. arm takes as its argument a function,
or the name of a function, and modifies interruptl so that when

a control-H is typed followlng other teletype input, the arming
function (the argument to arm) is called. If it returns NIL as
its value, the normal (INTERRUPTED BEFORE ...) consequence of
typing control-H occurs. However, if it returns a non-null value,
the computation continues exactly as though the user had typead

control-H followed by OK. For example, if FOO is defined as

( FOO
(LAMBDA NIL
(COND
((READP)
(SELECTQ@ (READC)
(D (DRUN)
T
(S (HPSTOP)
T
NILY))))
and arm{FOO] is executed, then whenever the user types a D
followed by a control-H, the display will be started without _
apparently disturbing the computation in progress. Similarly,
typing an S will stop the display. Typing anything else
followed by contreol-H will cause a normal interrupt. Similarly,
if nothing is typed previous to a control-H, the arming function

returns NIL and a normal interrupt occurs.

The function disarm of no arguments reverses the effect of arm
and restores the definition of interruptl.

Note that since the getrp feature, p. 10.3, operates by simulating
a control-H, arm can be used to automate the operation(s) the user
wishes performed whenever a garbage collection is about to occur,
i.e. less than N conses away. For example, suppose the user wants
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the display turned off when there are fewer than 200 conses left.
He would then perform getrp[200], and arm[FO0], where FOO was
defined as:

(FOO
(LAMBDA NIL
(COND
(C(LESSP (GCTRP)
209)
(HPSTOP)
™M
N IL
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APPENDICES

Appendix 1

Converting LISP 1.5 programs to B2PN LISP

Although we have put considerable effort in the design and imple-
mentation of the BBN LISP system 1into making it an upwards compa-
tible extension of LISP 1.5 as implemented on CTSS at MIT or the
Q-32 at SDC, nevertheless many LISP programs, particular large
systems, cannot be transferred intact from LISP 1.5 to BBN LISP
and expect to run. However, the modifications required are
usually quite trivial once the user 1s aware of what 1s necessary.

This appendix is desligned to document and call attention to the

various differences between the two systems, and to facilitate

this transition.

The easlest type of incompatlibility to handle are functions that
are defined in LISP 1.5 but not defined in BBN LISP. These are:

advance onep
attrib opchar
clearbuff opdefine
common pause

cpl plb

cset printprop
csetq punch
dash punchdef
digit punchlap
dump readlap
efface recip
endread remflag
errorl remob
evlis search
excise select
flag speak
function special
intern startread
label tempus-fugit
leftshift traceset
liter uncommon
max uncount
min unspecial
mknam untraceset
numob

23.1



The functions advance, clearbuff, dump, endread, errorl, pause;

plb, punch, punchdef, punchlap, readlap, startread, and tempus-

fugit relate to input and output, or to the time sharing systems
themselves. These features are always highly system dependent.

The functions cpl, dash, digit, intern, liter, mknam, numob,

opchar, and remob relate to the way LISP 1.5 represents and treats
atoms. In BBN LISP, there are no character objects; BOFFO also does
not exist. remob is not necessary because any atom not being used is
automatically reclaimed by the garbage collector and removed from
the oblist. If the user's programs perform printname manipulations,
he will want to use the BBN LISP functions pack and unpack, and
perhaps chcon, character, nthchar and nchars.

The functions special, unspecial, common and uncommon relate to

the LISP 1.5 compiler. Because of the structure of the BBN push-
down list, it is unnecessary to make a variable special (or common)
when it is to be shared by several compiled (or compiled and inter-
preted) functions. This is taken care of automatically.

The functions speak and uncount relate to the LISP 1.5 cons counter.

In BBN LISP, the function conscount gives the number of conses.
However, getrp, p. 10.3 is somewhat analagous to the LISP 1.5 function
count, which causes a trap if more than a specified number of conses

occur. Note: the function count is defined in the BBN LISP system, but
its value is the count of number of LISP words used by its argument,

which is a LISP S-exnression.
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The functions cset and csetg do not exist in BBN LISP because
there are no APVALS; instead set and setq are used at all levels
to change the binding of a variable. If performed when a variable
is not locally bound, they will change the top level binding.

Exclise is not defined. Since BBN LISP provides a substantially
larger number of free words, than LISP 1.5, the user should not
miss it. However, the function flushcode can be used to recover
space occupied by certain system functions.

The function traceset and untraceset are not defined. We feel

that the function breakin provides this capability and more.
The function leftshift is called lsh in BBN LISP.

The effects of the function printprop can be achieved by using
prettydef with an appropriate third argument.

The function efface is called dremove. There is also a function
remove which returns the same value but does not destroy the

original 1list.

Function relates to the funarg device in LISP 1.5, which does not
exist in BBN LISP.

This leaves the function attrib, evlis, flag, label, max, min,

onep, opdefine, recip, remflag, search and select which do not

happen to be implemented.

The next class of incompatibilities concerns functions that are
defined in both systems but whose effects are different. The
functions such as cond, map, mapcon, maplist, prinl, print, and
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read all give the same results as their LISP 1.5 counterparts

;;;; given arguments consistent with their LISP 1.5 definitions.
However, the mapping functions in BBN LISP all permit extra argu-
ments for various options, and similarly the input-output functions
permit an extra argument to designate the destination or source of
the operation. The function cond will return the same value as

its LISP 1.5 counterpart if given clauses containing only two
elements, but also permits an arbitrary number of clauses. There-
fore, these differences should cause no difficulties.

The predicates and, member, numberp, and or in LISP 1.5 all return
T or NIL. 1In BBN LISP, they return a "useful" quantity or NIL.
When used in a cond as a predlcate, the effect is the same. The
only anomaly the user might encounter would occur if he compared
the value of a BBN predicate to T, e.g., (EQ (NUMBERP X) T). 1In
BBN LISP, numberp[x] is either X or NIL. Thus, one can write
(COND ((NUMBERP X)) (0)), or even (OR (NUMBERP X) 0), instead of
(COND ((NUMBERP X) X) (T 0)), as would be required in LISP 1.5.

The functions that really differ between the two systems are
apply, eval, load, pack, trace and untrace. Since there is no
a-list in BBN LISP, apply and eval are functions of two and one
arguments respectively. The evaluation of variables depends on
the state of the push-down list. However, the function evala of
two arguments is provided to emulate the LISP 1.5 function eval
complete with a-1list. o

The function pack in LISP 1.5 takes a character object and add it
to BOFFO. It is used in the process of creating a new atom. The
function pack in BBN LISP takes a list of atoms as its single
argument and makes a new atom out of them. Thus, pack[x] in

BBN LISP is equivalent to performing the following operations

in LISP 1.5:
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CLEARBUFF()
NIL
MAP (list-of-atoms (FUNCTION (LAMBDA (X)
(MAP (GET X (QUOTE PNAME)) (FUNCTION (LAMBDA (Y)
(MAP (UNPACK Y) (FUNCTION PACK ))))))))
NIL
E (INTERN (MKNAM))
new-atom

The functions trace and untrace are part of the debugging package.
Thelr effects are similar to those of the LISP 1.5 functlons, but
in BBN LISP they take an indefinite number of arguments, whereas
in LISP 1.5, they take a single argument which is a list of func-
tions. Also the output produced by tracing differs.

The function load in BBN LISP expects a list of forms for eval;
in LISP 1.5 load expects a list of doublets for evalquote. This
may cause some difficulty initially. However, since most symbolic
files are created by prettydef, which knows the format for load,
once the user has made the 1nitial transition, no further problems
should occur. Note: one easy way to convert a file from LISP 1.5
format to BBN format is to perform:

READFILE(FOO file)

FOO

SETQ(FOO (MAPLIST FOO (FUNCTION (LAMBDA (X)

(LIST (QUOTE APPLY) (LIST (QUOTE QUOTE) (CAR X))
(LIST (QUOTE QUOTE) (CADR X)))))
(FUNCTION CDDR)))
big-hairy-list

WRITEFILE (FOO new-file)
FOO

In addition to the differences discusséd above, the user will
experience difficulty if his LISP 1.5 programs make assumptions
about the internal representation of atoms, function definitions,
etc. To review these differences briefly:
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In BBN LISP, car of an atom is always its top level binding, cdr
of an atom is always its property list. Consistent with this, car
of a number is always the number 1tself, cdr of a number 1s always
NIL. If the user's LISP 1.5 programs make assumptions about car
of an atom, they will not work in BBN LISP.

In BBN LISP, function definitions are not kept on the property
list, but in a special cell which can only be accessed by the
functions getd and putd. If the user's LISP 1.5 program assumes
that the function definitions are on the property list, i.e.,
uses DEFLIST instead of DEFINE or DEFINEQ, it will not work.

The FEXPR's of LISP 1.5 are subdivided into FEXPR's and FEXPR#¥'s
in LISP 1.5. Similarly, EXPR's in LISP 1.5 are subdivided into
EXPR's and EXPR¥'s. The type in each case is indicated by either
LAMBLDA or NLAMBDA, and the use of an atomic or non-atomic argument

list. Trying to define an FEXPR in BBN LISP by using DEFLIST will
not work.

There are no properties APVAL or PNAME on the property list of
atoms in BBN LISP.

There is no a-list in BBN LISP.

Finally, the following two items should be noted: there are
separate fixed and floating point arithmetic functions in BBN LISP;
and atoms may not be split at column 72 in BBN LISP. A carriage
return in BBN LISP 1s a separator character and will split an

atom. If your LISP 1.5 file contained atoms split at column 72

and carried over in column 1, it will not read in correctly, i.e.,
you will get two atoms instead of one whenever an atom was split.
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Appendix 2

The BBN LISP Interpreter

The flow chart presented below describes the operation of the
BBN LISP interpreter, and corresponds to the m-expression
definition of the LISP 1.5 interpreter to be found on ppn. 70-71
of the LISP 1.5 manual, McCarthy, 1966. HNote that CAR of a form
must identify a function, as with LISP 1.5 but the procedure the
interpreter uses to obtain this function can be fairly compli-
cated. The most ccmmon case occurs when CAR of the form is an
atom. The function is then properly identified if its function

cell contains:

(a) an S-expression of the form (LAMBDA ...) or (NLAMBDA ...) or
(b) a number which is the address of a SUBR or a block of compiled

code.

Otherwise, if the function cell contains NIL, the atom is evalu-
ated, and its value treated as if it were CAR of the original
form. (This is the way functional arguments work.) If the evalu-
ation of the atom produced NIL or T, or if the atom is unbound,
the form is considered faulty, and faulteval is called as des-
cribed in section 15.

If the function cell contains an expression other than NIL, this
expression is evaluated and treated as though it were car of the
original form, etc. In other words, it is possible to put the
function, in either the function cell or the value cell of an

atom, and then to use the atom as a function.
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Appendix 3

Control Characters

Several control teletype characters are available to the user for
communicating directly to LISP, e.g. to abort or interrupt a com-
putation, tell LISP to start or stop listening to the teletype,
change the printlevel, etc. This section summarizes the function
of these characters and references the appropriate section of the
manual where a more complete description may be obtained.

1. Rubout Clears tty input and output buffers.
For example, the user would use rub-
out if he had "typed ahead" of the
program, (typed while the program
was computing but not listening),
and wanted to eliminate all unpro-
cessed input. Also this action may
be useful when the program is pro-
ducing a large quantity of tty out-
put and the user wishes to skip some
but not all of it. Operation of rubout
when the program is doing output to
tty will cause 30-40 characters to
be skipped, but allow output to
continue.

Rubout also terminates and restarts the
tty input fork. If LISP has stopped
listening because of a control-S, or
its buffer is full, or some other
reason, rubout will start it listen-
ing again.

Note, closely spaced repeated rubouts
will terminate LISP and cause a return
to the exec. This type of return may
make it impossible to continue the
LISP. TItshould only be used if con-
trol-C and/or logout absolutely fail
to work.




2. Control-R Generates an error, type 1, p. 15.30.

3. Control-C Causes immediate return to evalguote
top level (after garbage collection
if one is in progress).

4, Control-H At next function call, computation
is interrupted and preakl is called

p. 15.25 or other special action
explicitly determined by user. (v, 22.2)

]

Note if you are in a compiled function
that does not call any other functions,
the control-H will not take effect
until the function 1s exited.

5. Control-T Print Time. Causes an immediate
printout of the total execution time
(in clock ticks) for the job, (even
during garbage collections), i.e.

“clock[2], (p. 14.22). A series of
such printouts should show increasing
numbers if the program is using any
CPU time. Of course, the program is
not using CPU time if it is waiting
for input. This information may
serve to help the user determine if
his LISP and/or the time sharing sys-
tem has crashed.

6. Control-F Set Free Words. Control-F followed
by a decimal number followed by a
period will immediately cause minfs
to be set to the indicated number,
even if a garbage collection has
already started. The garbage col-
lector uses the setting of minfs
about 3/4 ths of the way through, so
if control-F is typed after this time,
it will not take effect until the
next garbage collection (p. 10.3)
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7.

8.

9.

Control-P

Control-S

Control-A,Q

Set printlevel. Control-P followed
by a decimal number followed by an
exclamation point will change the
printlevel to that number, i.e. it

is the same as calling printlevel
except that it may be performed
while output 1is actually in progress.
Control-P followed by a decimal num-
ber followed by a period will change
printlevel for the current S-expression
only. (14.4-14,5)

Terminates LISP teletype input fork,
thus preventing LISP from gobbling
innut and servicing other control
character requests. Can be reversed
by rubout - see 1 above. Normally
this option would only be used if the
user wished to type input to be pro-
cessed by the time sharing system
executive while he was still inside

of LISP, e.g. he had a compilation
going and wanted to leave instructions
for exiting from the system. He could
do this by typing LOGOUT(), control-S,
and EXI,

Control characters for READ, see p. 2.1.
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Appendix 4

Index to Variables

Following is a list of those atoms in the basic system which
are initialized with top level values. Atoms that may be of
interest to the user are given a brief explanation and a page
reference, where applicable. Atoms which are internal and should
normally not be of interest to the user, e.g, list of instruction

codes, various compiler flags, etc. are listed to avoid inad-
vertent clobbering by the user.

In addition to the atoms with top level bindings, the variables
LAMBDA, NLAMBDA, and lower case single character atoms a,b, ...z,
which are printed as %A, %B ... %Z are used by the interpreter
(see p. 12.4) and the user should not use them in his functions.

General Description and/or Value

T T

NIL NIL

F NIL

#% T

NOBIND means atom has nn +on level bind-

ing, see p. 15.22

STATCELLS list of dotted pairs of form
' (name . number), e.g. (WRAPAROUNDS .
199) where name is a statistic kept
by the system, and number the locat-
ion of the cell containing that
statistic, e.g. openr[199] gives
number of wraparounds. Used by timex,

p. 22.5-=T.
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DFNFLG used by define, defineq, and unsaveaef
to determine whether function definit-
ions are saved on property lists, p. 8.3

HELPDEPTH, HELPFLAG used by error handling routiners to
determine whether or not to call breakl,
p. 15.23, 15.25, 15.26

NHERRORS list of non-helpable errors, i.e.
those error types for which breaks do
not occur, initialized to (0 1 18),
see p. 15.30, 15.31, 15.35. v

ESGAG controls backtrace printout during
unwinding, p. 15.34, 15.35.

FLUSHPOINTS list of form (name . location) for use
by flushcode, p. 22.8

BPSPACE list of "holes" in user's binary pro-
gram space, p. 22.8.

CLITRLIST used by garbage collector

ADVISEDFNS list of functions that have bee advised,
p. 19.7

SYSTEMS used by subsys, p. 17.10

Icpe, Cp, IPP, PP push-down handles, p.12.11

Compiler

OPENFNS list of functions to be compiled

open, p. 16.12.

LAPFLG, STRF, SVFLG, NLAMA, answers to compset questions p.16.6-9
NLAML, LCFIL, LSTFIL

SYSNIL, SYST, SYSTAT, SYSNUM, p. 16.28
SYSINT, TOPBPS, FREELW, CTEMP,

INTZRO, SPCELL, PPPTR, FPPTR

PREDLIST, PREDS1l, PMAC, SYS, internal to compiler.
SYSFNS, SYSNOTFNS, LAMS
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Break

BROKENFNS list of functions that are broken,
p. 15.13, 15.14, 15.18

BRKEVQFLG ' used by breakl to determine whether
user is talking to evalauote or eval

when inside a break , p. 15.10.
BREAKMACROS p. 15.8
BREAKI number of spaces indented on each

break, initially set to 3

CHNGNM p.

NBREAKS bound to number of recursive breaks,
g at top level.

NOBREAKS list of functions ignored by breakin
search, p. 15.17

CHNGNM, VVNLAST, NOBREAKIN internal

Editor

EDITMACROS p. 9.17

MAXLEVEL controls depth of find command, p. 9.7,
initialized to 100

SUPEREDITFLG p. 9.26, 9.27

EDITMAKROS, EDITOPS, EDRPTCNT, internal to editor

FINDFLAG

Display

DISPLAYMACROS p. 18.6

CONVERTERLST list of D-A converters to be used,
p. 18.2

XORG, YORG, RORG, LORG, p. 18.11

SCALEX, SCALEY, CHARSIZE
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HANDLE p. 18.16

MASKTABLE ' masks for characters, p. 18.14
TRNPTS, TRSPACING used by dtree p. 18.8
ASSIGNFLG, CHARTABLE, CHARRAY, internal to display

CA, PNO

Breakdown

BREAKDOWNFORM p. 22.4

STATFACTORS, CTTAB, internal breakdown

MORESTATCELLS, CWTAB, BKDWNFN,
BKDWNFMS, BDLST, BDPTR, BRKOVHD,
BRKTERP, BRKLABEL

Printstructure

YESFNS, NOFNS, QUOTEFNS, p. 21.3, 21.4
NOTRACE, PRDEPTH

FIRSTLOC, LASTLOC internal
Edita

USERSYMS, SYMLST p. 9.U46
EDITBRK, OPCODES internal

FLIP

FLIPBRKSAVE, FLIPBRK, A"(NIL)"“, D"(NIL)", "(T)", FLIPMODE, LASTREAD,
UNRD, NORMBRK, SEPRS, SAVELST, $TRAN, TRAC, RTRAC, FLIPDEFAULT, INUSE,
NOCONS, SAFE2USE see FLIP Manual
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DWIM

' CFACT1, CFACT2, DELAYTIME Spelling correction, p. 20.11
USERWORDS p. 20.13, 20.15
LASTWORD p. 20.15

REDLIGHT, GREENLIGHT, UBA, UDF modes, p. 20.13, 20.14

MODELST list of mode definitions, p. 20.13
FAULTDEPTH nofix, p. 20.16

FILELST, FILESPLST, used by newfiles, p. 20.1A4
SPELLINGS1, SPELLINGS2, internal

SPELLINGS3, SPELL1, SPELL2,
SPELL3, FIX8, FIX9, FIXT,
OPTIONSFNS

PRETTYPRINT

FIRSTCOL, LASTCOL, ABBREVLST used by comment feature, p. 14.15

MISCELLANEOUS

MAPRINTL, MAPRINTJ, MAPRINTI, miscellaneous internal
APN, PATV, PFPA, PENT, PIPV,

PRETN, PCLL, PMKN, PFVE, PCONS,

PCDR, PCAR, SINTABLE
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Appendix 5

Properties and property lists

The following properties are used by system functions:

OPD, MACRO, COREVAL, CTYPE, CROPS
CLITRLIST
EXPR, CODE

BROKEN, BROKEN-IN, NAMESCHANGED,
ALIAS

ADVISED, ADVICE

compiler
- garbage collector
savedef, unsavedef

break

advise

The following atoms have their property lists initialized to

other than NIL; the user should avoid clobbering them; i.e.

use

DEFLIST, PUT and REMPROP, not RPLACD, for modifying property lists.

PROPERTY OPD:

( SKD LDE STE BAC ROV OVT NJD FSB
ADC STP LDP TCI TCO CTRL BIO WIO
SKN SKB SKA SAM 3RR BRM BRX CLAB
ADM EAX STX BSS MUL XAB DIV PFFV

CLLX LDN PSAI NSTA BRU SKE ARGSU3 CNA SARGN ARGN VSTI

CLA XMA LDA LDB STB SXMA STA SKG

WCI WCH GCI PSTR PLAI SUC
CIO EXU NOP LCY RCY SKR
CXA CBA CAX CLX SUB MIN
PMFN XX3 CBX CAXB CLLXA
CSP1
MPY DVD NEG EOR MRG ETR

S WAP FUNBOX FENBOX FDvV FMP FAD CLLA NSTT 8XC CAB CL3 VAL

LDT STN STT LDV JUMP STV LDX CLL
B IF BR2 BRI

BNLST BLST BNS BIS BNI BNA BA
BNE MSAI BRS BE LFV BI DIVIDE ADD RSH LRSH LSH 8551

LAT RET SETIX BUI BII 3uUF
BNAP BAP B3NN BN
ENBIX

UNBOX CONSCLL PATV PENT PIPV PRETN PCLL P¥MLN PFVE PCONS

P CDR PCAR)
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PROPERTY MACRO:

(/7 AC IFPRED MATCH4 FAILURE EVALPRED TRANSLATE3 KWOTE ASSEMBLE
ZEROP SUB1 SETA NLSETQ MINUSP MAP EVQ ERSETQ ELT DIFFERENCE
ABS RSH LRSH LSH FRPLAC NLISTP MEMB ADD1 NEQ MAPC * VAG

SETARG LOC LIST ARG)

PROPERTY COREVAL:

(ATVAL FPDLA ENTER IPV XCLL ENBOX UNBOX CONSCLL CODRCLL CARCLL
CP PP IPP ICP FPPTR PPPTR SPCELL INTZRO CTEMP FREELW TOPBPS
SYSINT SYSNUM SYSTAT SYST SYSNIL PATV PENT PIPV PRETN PCLL
PMKN PFVE PCONS PCDR PCAR RETURN)

PROPERTY CTYPE:

(LISTP LESSP DIVIDE ARRAYP CDDDDR CDDDAR CDDAAR CDADDR CDADAR
CDAADR CDAAAR CADDDR CADDAR CADADR CADAAR CAADDR CAADAR

C AAADR CAAAAR FIXP CDDADR TIMES REMAINDER QUOTIENT PLUS

OR NUMBERP NULL NOT MINUS LOGXOR LOGOR LOGAND GREATERP FTIMES
FQUOTIENT FPLUS FMINUS FLOATP EQ CDDR CDDDR CDDAR CDAR CDADR

CDAAR CADR CADDR CADAR CAAR CAADR CAAAR ATOM AND)

PROPER™TY CROPS:

C( CDDDDR CDDDAR CDDAAR CDADDR CDADAR CDAADR CDAAAR CADDDR
C ADDAR CADADR CADAAR CAADDR CAADAR CAAADR CAAAAR CDDADR"
C DDR CDDDR CDDAR CDAR CDADR CDAAR CADR CADDR CADAR CAAR
C AADR CAAAR) ,

In addition, the atom CLITRLIST has a propefty value LITERALS
which is used by the garbage collector, and the atoms HELP-IN-
UNSAVED1l, PRINT~-IN-PRETTYPRINT1l, ERROR-IN-EDITF, ERRORSET-IN-
EDITE, MAKEFILE, BREAKO, EDITP, EDITV, EDITF, RPAQQ, DEFINEQ,
LOAD, EDITE = pRETTYPRINT1, and UNSAVEDL have propertv lists used
by DWIM , see p. 20.13.
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INDEX TO FUNCTIONS x

NOTE: ALL FUNCTIONS ARE LAMBDA, SPREAD UNLESS
INDICATED OTHERWISE USING THE CODE
NL=NLAMBDA, »=NOSPREAD

NAMES IN PARENTHRSES, E,G. (DWIM), (ADVISE),
REFER TO FLUSHPOINTS,

NAME OF DESCRIPTION
FUNCTION PAGE
ABSEX] ceevnceconscscscevsscnsesnsacaseas 13.3
ADDIX,Y0Z] suvvveancnnatsessansosascans 7.3
ADDILX] ceeneeseaensaacactsassensnsascaas 13,1
ADDSPELL[X,FLGY (DWIM) seieveseceacsaes 20,15
ADVISE[NAME,WHEN,WHERE,WHAT] (ADVISE) , 19.6
ADVISEDUMP[X) (ADVISE) asessecncecncses 19.8
ALLCALLS[FN,TR] (PRINTSTRUCTURE) ,eeeees 21.8
ALLOCATE[N,L] +seeveoecnssncsnascoessees 10,5
ANDL~=INL® ... eeeccennscrcovencssccocas 5.10
ANTILOGLX] sueeceescecnscacressvsosnseas 13,5
RPPENDLX, Y] s.vevevasoecresvanscsaasnes 641
APPLY[U)V] sy.veaesoesasrasvacscsassans 8.5
RRGLUT  cvusovescoesencsosorsssesssnanvnns 8.6
ARGLISTLX) seueceascecovosevrasevreassass 8.5
ARMEFN]  ceveesocecoavcossaroenssasnsses 22,74
RRRAY[N,)P,VV] .esueancesssveccsscanceas 10,6

ARRAYPEXJ .000000-0000..000'.0.0..'.!;0 50901ﬂ-7

» FOR INDEX TO VARIABLES SEE APPENDIX 3, P. 23,9

24,1



NAME OF DESCRIPTION
FUNCTION PAGE
ARRAYSIZE[R] .eceevosnncersancrecnoansoase 10,7
ASSEMBLE[NOT A FUNCTION] (COMPILER) ,,., 16,16
ASSIGNDIDEV] (FORK) ,oeeseesecccsnsonss 17,12
ASSIGNPLPNOJ (FORK) scoosevsassonenssse 17,12
ASSOC[XSRAS,YSAS] .eeeeevesssecssonsvens 7.3
CATOMIUD  wieevsocnsosescosansnansacasees 5.9
ATOMGCIFLG) ..vceesoecossansncncsnscese 10,3
ATTACHLX,Y] L.eeraccesoecresctacncacassas 6.2
BACKTRACE[UsV] (PDL) coceevsuocsssscnes 12,8
BAKTRACE[N] (PDL) ceqeeccescensccceacnsass 12.8
BI[MsN,X] (EDIT) .eerveccossnscnscavesns 6.7
BO[N,X] (EDIT) +suscenvcocsvvesssscccaas 6.7
BREAK[X]INL* (BREAK) sensocesesescsscasaes 15,171,174
BREAKQ[FN,WHEN,COMS,FILE] (BREAK) +s0ee0 15.13-14

BREAK1[BRKEXP,BRKWHEN,RRKFN,BRKCOMS,BRKFILE]NL
(BREAK) @ ® 8 00 0 a0 0% 2 g9 ® g0 ® 990 " g9 g0 15.5"12

BREAKDOWN[XINL# (BREAKDOWN)  .evevocease 223

BREAKIN[FN,WHERE,WHEN,COMS,FILE]INL
(BREAK) O ® 00 €9 9000 ® 0o e ® e e eO o0 teoope 150191u

BREAKNARGS[N] (BREAK) soseesevnsescoase 15,20
BRSIN)RsByX] (MSC) syeeveccsassscenscss 17.20
CADVICE[LENS] (ADVISE) coseesacvcvsscess 19,10
CALLS[FN] (PRINTSTRUCTURE) c.coeceovsoee 21.8

CAR' CDRI ETC-[U] e e nP00ese®e0e®gae®oger 501

24,2



NAME OF

FUNCTION

CHANGENAME[FN,FRON,TO] (BREAK) seueeaes
CHANGEPROP[X,PROP1,PROP2] (MSC) +ivevses
CHARACTERIU] .eeessessnsasssccsconssans
CHCON[U)V]  seevvacocsnsonssostonsasssons
CLEARRBUF[U] ceevecsvevsovtocncsosvcancans
CLEARSTAT[] ,.eeeevcucoseassscesasaccans
CLOCK[U] coenvvcosvoevossoscosescseasssnns
CLOSEF[U] sseuccecnvrnccsassssncasscans
CLOSER[U)V] .evceeeosersccascsnsonansans
COMPILE[X] (COMPILER) seesecseccocscses
COMPILE2(FN)DEF] (COMPILER) ,ev000e0000s
COND[~-]NL* ,i0ceceseensoceccsasvcnsons
CONSTULV]  seuesonncnnsonsanasansoansone
CONSCOUNTIU] .ecoetcesnosescasoosecvans
CONSPAGELU)  4eveuneenoovnonssnssoonsans
CONTRACTI[] .eevevncavacscscecscscascons

CONTROL[UDVJ 99 % Q000909 ®oen0ee 0t 009

COPY[XJ 0.;o.;oo;;c..o..c.looo;togo0...

COPYFILE[PROM.TOJ @ 0 g @9 % 8¢ 00 00 ge ot g

COSINE[THETA] (DISPLAY) seveccevccscsess

COUNT[L] -...}00..0..0.!0..0.ioi...lg..

DKTE[] o.oOoo‘atn.Oloio'oo----.-..--..c

24,3

DESCRIPTION
PAGE

15,19
7.1
10,2
18,2
14,1¢
10.6
22,2
14,2

10,4

22,2



NAME OF

FUNCTION

DATOM[ATOM,PRIN2,X,Y] (DISPLAY) +eeeees
DCIRCLE[RADIUS,DTHETA,A,M] (DISPLAY) ,.
DDTL] eeecocessvccsossnsssssssscssnonse
DEFINE[LX] soeescoasonesossssncsseasssos
DEFINEQIXINL* s4iusenesacscocccssannsens
DEFLISTLL,IND] eovsovcovsonsasscnanssas
DELFILE[FILE] .eeesvevesescsacscncsvaas
DIFFERENCE[X,Y] csveeacescsccecscscsccans
DISARM[] (BREAKDOWN) seessvesnsesonscooas
DISCHAR[C] (DISPLAY) ssvesesecavceosscns
DISPLAY[FIG] (DISPLAY) sevecesacecnooes
DISPLIST[FIG,PLACE,HANDLE] (DISPLAY) ,.

DISPLIST1[FIG,X,Y,SCALEX,SCALEY])
(DISPLAY) P00 0 e PRt ger®ee

DIVIDE[X)Y] seeseecoesvesscesecrscoasvans
DLINE[X,Y,DX,DY,N,A,M,SHIFT] (DISPLAY)

DPRINT[X,PRIN2] (DISPLAY) ,eeceeceesvces
DPRIN2[X] (DISPLAY) ,es0ses0cccccsasses
DPRINT[X] (DISPLAY) ,enocesvssscecssces
DREMOVELX, Y] sevessesencsnsransoncsones
DREVERSE[X] .uvcesscesasceasssasansecas
DRUN[HANDL,NT] (DISPLAY) .eesesoencsces

DSESJ (DISPLAY) 00000005.00000000;0.!00

24,4

DESCRIPTION
PAGE
18,13
18,7

17.9

22,14
18.14
18,17

18,15

18.15
13.2



NAME OF
FUNCTION

DSPACES[N] (DISPLAY) seveavscansocncnns
DSUBSTLX»YpZ] seeencoasosocavsesnsacscsns
DTERPRI[] (DISPLAY) seevnvvsnvesnosscas
DTREE[TREE] (DISPLAY) ,eeevseceoscosnsce
DVECTOR[X®,¥0,X1,Y1,N,A,M] (DISPLAY) .
DWIMEX] (DWIM) vuveveseasesncanssocnsans
E[XEEEEINL* ..uvecesesesecssacsvsoancons
EDITA[EDITARRY,COMS] (EDITA) sieeuecass
EDITCOMEC] (EDIT) svuseveassccoasvnacsans
EDITCOMS[CY (EDIT) .sueevnsssncscssoncan
EDITDEFAULTLEDITX] (EDIT) soeescenscans
EDITE[X)OPS] (EDIT) ,euesavsecssnsscnss
EDITF[XINL* (EDIT) sevvvscsnccsrocssnns
EDITL[L)OPS] (EDIT) .eevsvececocoascans
. EDITNTHIX,N] (EDIT) saseeeesccnsosevans
EDITP[X]INL* (EDIT) +syeeassssvssasencccss
EDITVLEDITVXINL* (EDIT) eeesesasoasvoss
ELTCA)N]  Leveeoceencocatnassacasoassoans
ENDFILELY] (PRETTY) 4evsvocrcvnsoonsons
EQ[U, V] .....;.......;.-........;;....;

EQPtUOVJ 0000000'-00}0;'!p'tooo.o-OOO;o

EQUALEX'Y] oco.co}oo.o.o.‘ttoon‘u;non;o

24,5

DESCRIPTION
PAGE
18,13
6,4
18,13
18,8
18,7
20,5
8.5
9,41-49
9.19,20
9,20
9,21
9,18,20
9,18

9,18,20

12,7
14,16
5.9
5,10
5,10



NAME OF
FUNCTION
ERROR[U] 0 s s a0t 0 ettt ePtocetese®see®on
ERRORM[UDVJ e 000000900 ®ostern®oee®ogn
ERRORN[] 00 a0t 00 0?0009t

ERRORSET[ERSETX,ERSETFLG]

ERRORX[ERRORXN,ERRORXFLG]

90 900090

ERSETQ[ERSETX]NL

0 000 0P e as o0t 9®ee

ESGAG[X]

20 0000t e0oo0a®eerteosnPoostgoe

EVALIU]

EVALA[FEVAL,AEVAL]

sespteantaoce®oqgss oo

EVALR[U,V]

e et o000 Rtoer®oretee0®Pe

EVALV({U,V]

LA B B B N BB BN BN B B BB B BN IR A BN B IR A B W

EVERY[EVERYX,EVERYF] (MSC)

Sovafapn e

EVQ[X] (COMPILER)

® 0 o0 a®aortoea®pg0®ge

EXPAND1[]

LU B B N B BN DY BN BB BN U N B A BN B BN B B B A BN

EXPANDCOMP[MF,A] (COMPILER)

e0 9% goe e

EXPT[X,Y]

S0 oa0 0000 Proptere®ose gy

FAULTEVAL[LFAULTX]*

FpDDT(]

2000 a0t et RorePeontperten

FeTP[U,V]

PR o0ttt toarPeen®oeetpe

FILETYPE[U)

e 0o etostePoroeePtoeontosnteanr

FIRSTFNLFN] (PRINTSTRUCTURE)

FIx[U]

S0 e R0ttt ePoorPese®oe0®eoen

24,6

DESCRIPTION
PAGE

15,33
15,32
15.32‘
15.23,26,33
15,35
15.34
15,34

8.4

8.5

8.5
12,7
1.4
16,14
16.15
16,12
13.5
15,22,23
17.10
13,4
14,12
21,7

13.4



NAME OF
FUNCTION

FIXPEXJ 200 0000 000000 Q A ®e0rP®aet®gp

FLOATLU] seevescsavessasscescccsososocoas
FLOATPIU] seuevecsnssessvcsscessoccnsoans
FLTFMTIU] seucevoovonveosassocsosnssaas
FLUSHCODE[FROM,TO,PLG] eeuvveenscocnnnes
FMINUSIU]  suyuevacocesnsasasvarcncnsons
FNTYPLX] soeeacceaosasssoasvossonaronns
FOLLOW[EFN,FLG] ceuveesatsonvscsconsveans
FORKINIT[] (FORK) seessvecvvscsocnconse
FPLUST-=1%  vevevnennosasnessnonsancsens
FQUOTIENT[U)V] cevvcesncvonssscvncnnssans
FREEVARS[FN] (PRINTSTRUCTURE) sesescees
FTIMES[=-1% oivcoovsssossasvessconssane

FUNCTION['-]NL* Se 000 n oo ra®eoer g

GCGAGLU] .essevcecvcosatocesacsssasvsans
GCTRP[U] ceesasccescscnsscasncnssassoans
GENSYMI]  ovuvosensosrovecesocssoossans
GETLX,Y] coeeevcocnsacatocasacesoasoans
GETDIU] eevoeencocosnsesacesesncsascans

GETLEXDYJ Oo;ol-o-ooo;tivﬁoiocoylnonooo
GETPEXDY) "..".;l..l..l]!'..."..'...

GINFN[U] oOOnotoo;oou'o"-o‘-ooﬁu;oic;o

24,7

DESCRIPTION
PAGE
13.4
13,4
13.4
13,4
22,8

13. 4

21,9
17.13
13.5
13.5
21.8
13.5
11.1
10.4
10.3
10,2



NAME OF
FUNCTION

GO[“']NL* 900000000030 0°00000000%0e00000

GOUTFN[U) seseecnssnoosscassscncnsscnss
GREATERP[U,V] c.uvvoesnssnccecsssascons
GROUP[LST] 4uesencevesssoansosnceansans
HELPLHELPX,HELPY] 4.uevveassocscsnnsons
HPRUN[AP,LC,NP,ITER,PNO] (FORK) ..0eeas
HPSTARTLST,NT,LC,LD] (FORK) .eeveessnee
HPSTOP[] (FORK) sueveessescsecssssevnse
HPTABLE[M,N] (DISPLAY) seessasccensosas
HPTEST[] (FORK) sevecosvsnsscsncenssnnn
HPWAITC] (FORK) seeeecotoacseessenscons
INFILE[U)V] esenevcenssscnsocecsnascans
INPUTLU] sevueecsssoovasseososscoascnns
INTERRUPT[INTERRUPTARGS]* .secevsossvses
INTERSECTIONIX,Y] cueeeeveessecssnassans
LAMBDALNOT A FUNCTTION] eeveveoecosssoane
LASTEX] v eovensenonnncnsessensessansons
LASTFN[FN] (PRINTSTRUCTURE) .eveoevcnas
LCONCLX)P] secncnevsvsencassacssacacans
LDIFFLX»Yp2Z] coevesaesnccascscsssassons
LENGTHLX] eeveeenesessnvoscsosevannrons

LESSP[X'Y] .Q...l;'tb..'..l‘..l"."..l

24,8

DESCRIPTION
PAGE
5,7
14,12

13.2



NAME OF

FUNCTION

LI[N,X] (EDIT) suveensacsoensacccassonss
LINELENGTHLU) .euenenoocsacsacoscscsonce
LISTL~-J% ceeeeccorssssoscccsccnsscncosns
LISTFILE(FILESINL® (MSC) .,eveceaccenvcas
LISTPIX] teeeeecsaccoonssennanceansascnss
LOCN,X] (EDIT) sauesesecscesesacocscasns
LOAD[LOADF,SVFLG,LOADFLG] .eccecsccsccs

LOADCL[FILES]NL* (SAVECL) etesntenneon

LOCIU] cevtcnevccavensasoensacscssncans
LOGLX] eeusennscscccncavocssascscsancons
LOGAND[==-1* c.sesencosscessccssvsscnsess
LOGOR[-=1% .,uecenosasessessncsssescoas
LOGOUT[U) seeecesascessvssascsonnvessvons
LOGXOR[==J* ..eeeeereesosascassssasssss
LRSHLIX,N]  seeevcasccasssnecsasscnsavens
LSHIX,N]  seveunveesvesaroccsacnsccnnnns
LSUBLISLX,Y] (MSC) seeeoveocasosenscncs
MAKEFILE[FL)FLG] (MSC) eeseveceseassses
MAKELISTIN,NM] (MSC) cevvesesecnscessoss
MAKETABLE[PLACE,SIZE] (FORK) sacecesoes
MAP[MAPX,MAPFN1,MAPFN2)] +.eveesscosssns

MAP2C[MAPX,MAPY,MAPFN1,MAPFN2] evevcees

24,9

DESCRIPTION
PAGE

10,4



NAME OF
FUNCTION

MAP2CARLMAPX,MAPY, MAPFN1,MAPFN2]

® 00 eP 0 pot st reroPeoenttouetgaete

MAPA[MAPARRY,MAPFN1,MAPFN2,MAPN]

(MSC) Re 0 ® a0t 200Nttt et e

MAPCIMAPX,MAPFN1,MAPFN2] .vieseeceassnsns
MAPCAR[MAPX,MAPFN1,MAPEN2] 4,vevesecens
MAPCON[MAPX)MAPEN1,MAPFN2] ..eecenccsce
MAPCONCLMAPX,MAPFN1,MAPFN2] ..iveucerenc
MAPDL[{MPDLFN,MPDLN] (BREAK) .evesencens
MAPLISTLMAPX,MAPFN1,MAPFN2] ,vecvnestence
MAPRINT[LST,FL,L,R,S,PFNsC1 (MSC) seuse
MEMBIXs¥] eeevecoescasessacscsnvtonnvane
MEMBER[X,Y] cuieeeescncncoccnsccesosansoas
2 1
MINUS[U] Leoeaveosssccosoceosacscasnsons
MINUSPIX] seevvcoascssntecssasocsecnssas
MISSPELLED?[X;FN,SPLSTH (DWIM)  wevevens
MOVD[FROM,TO,COPYFLG] (MSC) .eevecssocs

MOVEFIG[{MVFGINL* (DISPLAY) ceeesecovace

DESCRIPTION
PAGE

13,2
20,15
8.1
18.10

MOVEPOINTS[{MATRIX,DX,DY,HANDL,REL,NP,FROM]

(FORK) [ AR NN RN RN AR NERNEN AN NEE RN

NARGSEXJ t".;.’...!'l.'....C..‘...‘l..
NCHARSCUJ Ooo-ooooitcititu.'nod'o;o'o;i
NCONC[U.V] PeoeR0s et ratoonPtoss oo

NCONCALLST,X] (MSC) cenvesesccssccsvsss

264,18

18,22
8.5

19.1
6.1
6,1



NAME OF
FUNCTION

NEQEXOY] e 0 0 000 @0t e®e 0t gt

NEWFILES[FLG] (DWIM) .sesseacesscncssaas
NILLL] cvcosecesccssenasscoscanoncnsnas
NLAMBDALNOT A FUNCTION] seveceesonecccs
NLIST[XNLISTINL* .eossecvessacacanssans
NLISTPLX] seeeoccoonssososssssscosssnne
NLSETQUNLSETXINL .eoseecocssconcsansans

NOFIXCJ (DWIM) .lll.l....o'.fii..;".;.

NOT[U] ® 2 a0 8 300 ° 0000t g0 e ® gt e

NTH[X’N] ‘....'............‘....'..'......

NTHCHAR[U,V] Leceeceasevsosncsassveasonns
NTHEN[U)V]  sueocacsasvosssssscessansans
NTHFNBACKLU] secoveoecntacncacerasasnas
NULLLU] cueeseascacocessscassacscnnassas
NUMBERPLU] .suevevcevvcosevsssnsassvseacesas
OBLISTL] cesecesoccccsssrsassanrscasnsons
OPENPIU] Leevesceeccosssreessasccancans
OPENRIU] .seseessvevossssvansosavsnansoas
OR[==INL*  4useuvoonnecssoacsansocancans
OUTFILELU,V] Luveeeoasosoesscnscsnssnns
OUTPUTIU]  cevvvvecceorussassssssassraas

PACK[U] ® et parasteere®esetoasr et

24,11

DESCRIPTION

PAGE
5,18

20,14

5.10

b, 1-4

6.1

5.9

15.34

20,16

5.1

1ﬂ.1
12,7
12,7

5.10 .

14,1

18,1



NAME OF DESCRIPTION
FUNCTION PAGE

PLOTARRAY[AP,DX,DY,SCLX,SCLY,VERT,HANDL,REL,NP)
(FORK)  sieesssscecsascsosvsaonceas 18,21
PLUS[--]% ceeuocsasecoosrassscaseansase 13,1
POSITION[U] s.eceevessnvonsovceseancses 1U4,11
PRETTYDEF(PRTYX,PRTYY,PRTYL] (PRETTY) , 14,16-~20
PRETTYPRINTLL] (PRETTY) seeesseveosveas 14,15
PRINT[USIV] eusvvececnsassevvsasncoasceas 14,3
PRIN2[UNV] ceuscncconostesnconavreanssss 14.3
PRIN3[UNV] ceuvcacssocnvsoancacsssaaseos /1u.u
PRINTLUNV]  cececeevorcntvsancscesoanceas 14,4
PRINTDATE[] (PRETTY) sueeveecacsscascses 14,21
PRINTDEF[E] (PRETTY) cavveccesccvocscees 14,16
PRINTFNS[X] (PRETTY) seeasecacavesnsecs 14,21
PRINTLEVELLU] seeescocnsoavcasessacooss 14,4
PRINTSTRUCTURE[FN,FILE] (PRINTSTRUCTURE) 21,6
PROGL--JINL* ,ireaasvesssanesasecssncesns 5.7
PROGI[UNIV] coesvnesoncetosesarsstacncnns 5.6
PROG2[U»V] cuuesveveesovsesscesncoasonss 5.6
PROGN[-=INL* ,eceecanoncsevvesscosssses 5.6
PROGN[IMPLICITINLA  +yseeveseennceanscene  b,3-4
PROPIX,Y¥)U] seeveassacntssncessesasvnne 7,1
PUTIX,Y02] suenveeaccnsectocnsenccensonas 7.1

PUTDEU!VJ PR e e 00 0e P gt e ® ottt g0 801

24,12



NAME OF
FUNCTION

PUTDO[X)YINL ,eeececenecsnscccssscnsosns
QUITLU) ceesoevocscssscacnsssscssscsvans
QUOTE[-~]INL* ,seseevncncscscccssscsvoansns
QUOTIENTLU,V] ceeencecnassesrcctsnascase
RADIX[UMV] ceeecenvcrsncsencaccosnsscncs
RAND[M,N] (MSC) seeveeesvecccstvsncscces
RATESTIU] sovevcocancscessenseceronccoan
RATOMIU]  seevesconcossnvenssasscacorans
RATOMS[A,FN]  Lsceasvecossansccconansnas
RBIN[U] cetoeeorceccccssssanssascnasvans
RCOMPILE[] (COMPILER) 4ovsesscocvevnsonn

RDFK[ADDRESSJ (FORK) 0 ® 000 ® o000

RDFLX[X] 08 % 000 P00 NP0t geteen e eanr

READ[U] 'Q...I'..;.l..l..;l.Q.O.’...l"

READC[U] seseecesssossatsascosnsonnsoan
READFILE[X,FILE] (MSC) «eeoceoscocssace
READFORK[AP,INCR,HANDL,REL,NP] (FORK) .,
READP[] w.iveeenvoacscssctscnsconconcsans
READVISE[NAME] (ADVISE) sveeseacenssnons
RECLAIMIU] sevececsnvsnvasscocasnansane

RECOMPILE[PRETTYFILE,COMPILEDFILE,FNS)
(COMPILER) 80 ¢80 B ®ReeP e o0 g0

REMAINDER[U'V] teetsess®esetenstont®anye

24,13

DESCRIPTION
PAGE

14,10
13.3
14,9
14,7
4.7
14,12
16.4
17.16
14,6
14,6
14.9
14,14
17.16
14,11
19.9
18,2

16.3

13,2



NAME OF

FUNCTION

REMOVE[RA,X] cssceessesecsoncsccacscsscas
REMPROPLX,Y] .sceeasesencenvvecsnscsvsas
RENAME[U,V,W] seeeesnsorocscacvssccnncas
RENAMEFILE[OLD,NEW] (M5C) .sevevccossons
RESETL] sisnvevsecossnecscsvasssonscsns
RETFROMIU,V] .ocescensnsssosacsccarsans
RETURNLU] veuevvoessoseveccsecsscancsas
REVERSE[LX] siuecessnsnatsessoscscnssons
RI(M)N,)X] (EDIT) .susevacosecsessnacvons
RO[LN,X] (EDIT) wuueseoosecssenssaassons
RPLACATUSV] s.iveectcrnscrescensccncsnne
RPLACDIU,V] suiveecesscnsocovanssoasoosas
RETIRPTN)RETE]  veuvenonsrasoecnsacscons
BSHLX)N]  Leeeesseesscnotocnsacsvsennsone
RTFRM[RTFN,RTFORM,RTNINL (DWIM) cevcoos
SASSOC[XSAS)YSAS,USAS] eeeesecscncvscas
SAVECL[LST,FILE,IDENT] (SAVECL) sevvees
SAVEDEFLX] eivvevescosntosevasscsscvans
SEARCHPDL[SRCHFN,SRCHM] (DWIM) cesvcses
SELECTQLSELCQINL* ,.eeevvescesasonscnas

SET[UIVJ e 03002000000t ontoso®en

SETA[A'N’VJ ‘.".0..0'.'!;0..0ll.;.'..'

24,14

DESCRIPTION
PAGE
6.3
7.1
12.7
14,12

15.34



NAME OF

FUNCTION

SETARGIU,V] ,esveeosscavesvnsarsecsoascnas
SETBRK[--1x R R R ERE R
SETBRKCIXINL*  4eienervsasocasessonansans
SETQL-=INL* ,.veeerseseosscscvcsnsacssnss
SETQO[XSET,YSETINL  +eessncecccncoccvnes
SETSEPRLI-=1% .eeeeeesnnsecescsnsacocons
SETSEPRCLXINL* ...esecvvoccrcacsssascnne
SETVIU,V,H] ve0 e etsnsstecsees et ot tann
SINE[THETA] (DISPLAY) seeeesescsacnsons
SOME[SOMEX,SOMEF] (MSC) svevecnccencnocs
SPACESLU)V] ,eeenescesssoostsoscaessans
START[] (DISPLAY) sueessocscescesscosnns
STARTI[] (DISPLAY) .ecevescasessccnscons
STATISTICSL] seeeessasavocscccssonsonsns
STFK[ADDRESS, %1 (FORK) Ceestesstsansacs
STORAGELF] 4. eceeeosnsssscssacsccassnas

STOREFORK[AP,INCR,HANDL,REL,NP]

(FORK) 80 00 00 0P gt 2e00 et

DESCRIPTION
PAGE
8.6
14,7

14,8

18,2
18,2
10.5
17,16

19,6

17,15

STOREPOINTS[AP,DX,DY,SCLX,SCLY,HANDL,REL,NP]

(FORK) ;C..l'l........Q’..’...'..

SUB1[x] ...O.’g.l........‘..Q..'l'_'..'..'

SUBLIS[A'Y] .'....ucgooiq;’l|l0'000'.l0
SUBPAIR[N’V’L.FL] .0@..’.’......'....‘..

SUBST[XIYDZJ .too.oc.o.oo;oocooo-.oo...

24,15

18,19

13, 1.



NAME OF

FUNCTION

SUBSYS[{NAME,FILE1,FILE2] .sveeevcnnvvnos
U SYSGETIU]  suuvesevssnonsoscreonsoassaoe
SYSINIU] seeesssescescssssssecccnasoaans
SYSOUT[U] sevuesoeserostosnsccnosnansans
TAB[POS,MINSPACES,FILE] (PRETTY) .cevnee
TCOMPL[LL] (COMPILER) esseussocsncannsons
TCONCLXsP] covsenccecoatanssesacaassnas
TERPRI[ﬁ] Seesscasasecessenresnteertons
TICKPS[] esveveccesonentscccacsconasccns
TIME[X,N)GINL  suusneeencveavesnsocnsans
TIMES[-=]% .uuvevevoansssannsccassccscas
TIMEX[L,QT,N] (BREAKDOWN) .+eeeevocevosoca
TRACE[XINL* (BRERK) ,euceeaccososnessoos
TREEPRINT[X,N] (PRINTSTRUCTURE) +soecaes
UNADVISE[XINL¥ (ADVISE) weeveeacocsnosns
UNASSIGNL] (FORK) seuescsancesncrescoans
UNBREAKLXINL* (BREAK) sevessccsconscons
UNBREAKD[X] (BREAK) sseveeesecescecccsne
UNBREAKIN[FN] (BREAK) seeesseoevesosces
UNIONLEX»Y] covvnvecscnesoansocnnssnscee
UNPACKIU] seeevvecocassssanresnssansans

UNREADC[U’V] .......'..Q'I."....D.O.....

24,16

DESCRIPTION
PAGE
17.18
2,1
14,11
14,11
14,21

16,4

14,4
22,2
22,1
13, 1
22,5
15.1,15
21,7
19,8
17,12
15.18
15,18
15.19
5.11
10, 1

14,9



NAME OF

FUNCTION

UNSAVEDEF[XsTYP] seevoencoevrsnossoassosse
UTILITYLFL] (MSC) eunescovavrenoceassaans
VAGIU]  eecevnesssessnsscsoascasesncssons
VALVIX,EN,NINL (BREAK) oeeesvesnscansces
VARIABLES[U] .seeescecatosscessosscascss
VARS[{FN] (PRINTSTRUCTURE) secesvsososes
VIRGINFN[FNsFLG] (BREAK) .uveessvesscos
WBINLU,V] c.euececscecocsaccnseosscoasosas
WRITEFILE[X)FILE] (MSC) eeevacncoeasssss
XCRL] (MSC)  suesaceconssocvsscecacncsas

ZEROPEXJ LI AC R B RN BT B S B R B B BL AN B B AN L B N 2L N B I

DESCRIPTION
PAGE
8.3
17.10
10.5
15.20
12.7
21.8
15,19
14,12
14,14
14,4

13,2






