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8-2 Foreign functions

presence of changes in the C compilers.

8.1 LISP uses the operating system loader to load files containing compiled foreign
Loading code and/or libraries. Any one file may contain many foreign functions or pro-

foreign code

cedures. Once a piece of foreign code has been loaded into the running LISP
process, it need never be loaded again.

8.1.1 Foreign code is loaded in by the function load. If there is only one file to be
The loader loaded with a .r extension, then you use load in the same way it is used to load
LISP files. There are two added keywords for multiple files or for libraries.

load filename &key :foreign-files :system-libraries [Function]

M If load succeeds, the return value is t. If load fails, the return value is
nil. Reasons for the loader to fail include an incorrect file name, or an
external reference multiply defined in one or more of the files and in the
LISP symbol table. Loader error messages are output to standard output.

:foreign-files ( extra-file+ ) [Keyword)]

B This keyword specifies a list of names of additional files. The -
flename argument to the load function and each extra-file are han-
dled slightly differently (for unavoidable system reasons). The -
filename argument is converted to a pathname, and merged with each
element of the search list system:*load-search-list* until a file is
located. This is identical to what the load function does with LISP
files. However, each extra-file specified with the :foreign-files key-
word is not handled this way—each name is passed on to the loader
verbatim. The loader executes in the current directory, therefore
each extra-file will be interpreted relative to the current directory
(which need not be in the load search list).

O If there are several files, they can all be included in the list speci-
fied by the :foreign-files keyword, but then the initial argument to

"

load must be the empty string "".

:system-libraries ( library+ ) [Keyword]

B This keyword specifies the system libraries. By default this list of
libraries always contains the C run-time library, so do not specify this
library. Loaders usually use an abbreviation for system libraries; you
must use the same abbreviation. See the /d command in the Unix
User’s Manual for an explanation of the system libraries and their
abbreviations. For example, the abbreviation for the math library is
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mathlib so to include this library, you include m in the library list.

O For example, if you have two files /usr/mymod2.r and mymodl .r,
which use a graphics library, mylib and the system math library, load
this foreign code into LISP using:

(load "mymod1.r"
foreign-files '("/usr/mymod2.r" "+imylib")
:system-libraries '("mathlib"))

O Note that mylib will be searched for unresolved entry points
before the math library. The loader searches the libraries for
unresolved external references found in the .r files and does not load
any other code from the libraries.

To load a library function, one need only make a .r file with the function refer-
ence and load it. Here is an example.

Say you wish to load the system function crypt(), found in the standard C
library. Create a C file (say cnames.c) containing the following.

dummy () /* The dummy function does not */
/* do anything except contain */
/* the reference to the C library */
/* function crypt */
{
crypt () : /* refer to crypt */

}

Compile it to cnames.r and load this file into LISP using
(load "cnames.o")

Since the C run-time library is searched automatically, it is not specified. (See
the Unix User’s Manual for the functions available in the C run-time library).

The most common load error arises when the foreign code has an entry point
name duplicating one already present in LISP. The entry point name must be
removed before the foreign code will successfully load. = While each foreign
function name corresponds to an entry point name, a foreign function with the
same name as a LISP function name causes no name conflict.

Entry point names are usually system dependent variations on the name of
the function in the foreign source code. On the Tektronix, C externals and func-
tion names are turned into entry point names by prepending an underscore. the
following function produces the correct entry point name.

8.1.2
Loading
library
functions

8.2
Load errors
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ff:convert-to-lang string &key :language [Function]

M This function takes the string arguments and returns a string of the
correct form for the system. The keyword :language is either :c or :for-
tran, with the default being :c.

Remove name conflicts between foreign entry points and LISP internal
entry points with the utility function

ff:remove-entry-point name-of-entry-point [Function]

B This function removes the entry point name in a running LISP. It
returns t if it successfully finds and removes the entry point name, other-
wise it returns nil.

For example, suppose you have a foreign function named curpgmname. As it
happens, a C function named curpgmname is loaded with the initial LISP sys-
tem. All references to that curpgmname in already loaded code have already
been resolved into absolute addresses, so removing the entry point will not
affect that code. (Code loaded after removing the entry point will not, how-
ever, find the original curpgmname.) Prior to loading in your foreign code,
give the command:

(remove-entry-point (convert-to-lang "curpgmname")))

and then load your code. You can find out whether an entry point is present in
LISP without going through the load step by using the function

ff:get-entry-points name-list address-list &optional print [Function]

B This function takes a vector of names, each a string, and finds the
memory address of each name inside the running LISP process. The
address of the ith name is put in the ith position of address-list, which
must be of type (simple-array (unsigned-byte 32) (*)). If a name is not
found, the address is filled with value sys:*impossible-load-address*.
The function returns the number of unmatched names in the name-list.
The print argument is a Boolean variable (default nil), which, if t, will
print useful information to the standard output.

If you need to wipe out all the entry-point names for all previously loaded
foreign code and start afresh, you should use the function

ff:reset-entry-point-table [Function]

B This function has no arguments and restores the list of all entry-point
names to be the same as when the LISP process started. All foreign code
is still present and any LISP functions already defined for that foreign code
will still work.

D-01-02(2-1;
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Once the foreign code is loaded, the calling convention to invoke the foreign
function must be specified to LISP. This includes specifying:

I The name of the function in LISP;

2 The name (or entry point) of the function in the compiled foreign code (if
not specified, a default name depending on the LISP name and the foreign
language is used);

3 The arguments that the foreign function expects, the passing convention
for each argument, and whether argument checking should be turned on or
off;

4 The type of the return value of the foreign function;

Foreign functions that are called by other foreign functions but not by LISP
need not be specified to LISP.

Defining a foreign function to LISP is the job of the LISP function
ff:defforeign. Before showing it in its full generality, we give an example.
Say we have the following C function:

int add2(x, y)
int x, y:
{

return x+y;

}

compiled in the file Then the following LISP session loads and runs this func-
tion, returning the sum.

<cl> (load "add2.r")
;7 load the foreign code into LISP
T
<cl> (defforeign "add2 :arguments ’ (fixnum fixnum)
:return-type :integer)
;; return a LISP integer
T
<cl> (add2 3 5)
;7 1invoke the foreign function
8

(The LISP type fixnum is used instead of integer in specifying the arguments
since a LISP integer can be a bignum, which can be larger than the biggest pos-
sible C integer.) In this example there are many default values in the function
ff:defforeign. For example, no argument checking was specified and it
defaulted to t. Function ff:defforeign is next presented in full generality.

8.3
Defining a
foreign
function to
LiSP
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ff:defforeign lisp-name &key :entry-point :arguments :pass- [Function]
type :arg-checking :return-type :language :print
:convert-symbol :address :remember-address

M This function defines the calling convention which allows LISP to call
a foreign function correctly, passing arguments of the correct type, and
interpreting the returned value correctly. lisp-name is the name by which
LISP will refer to the foreign function.

O The following are the keyword arguments to ff:defforeign.

:entry-point foreign-name [Keyword]

B This keyword’s value foreign-name is the name of the entry point
as found in the compiled foreign code. In general, this will be lisp-
name converted to follow the conventions of the language and the
system, so this defaults to

(convert-symbol lisp-name)

where convert-symbol is the conversion function given in the key-
word argument :convert-symbol described below.

:arguments ( argument-type+ ) [Keyword]

B This specifies the arguments that will be passed to the forreign
function. Its value must be a list of valid LISP types (e.g. the expres-
sions integer, string, (simple-array double-float), etc.), or t, which
converts arguments according to their type, whatever they are, or nil,
which means no arguments. Valid types are given in Tables 8.1 and
8.2 at the end of this chapter. Defaults to t.

:pass-type ( passing-convention+ ) [Keyword]

B This keyword specifies the passing convention of each argument.
The choices are pass by address (FORTRAN style) and pass by value
(C style). The default is the style of the language specified, so users
will rarely have to use this keyword. If the C code passes arguments
by address, however, then this keyword should be used and its value
should be a list of the same length as the argument list with elements
:by-value if the corresponding argument is passed by value and :by-
address if it is passed by address.

:arg-checking boolean [Keyword]

M This argument defaults to ¢, in which case LISP will check that the
arguments passed through to the foreign function are of the types
specified in :arguments. Ignored if :arguments is t.

D-01-02(2 124
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:return-type return-type [Keyword]

B The value of return-type must be one of the keywords :integer,
:fixnum, :single-float, :double-float, :character, :void, which
indicates no value is returned, or :lisp, which indicates a lisp value is
returned (normally used only if a C program returns a value accessed
by the C library routine lisp_value()). Defaults to :integer.

:language language-name [Keyword]

B This keyword is included to facilitate possible extensions to
languages other than C. The only allowable value is keyword :c.
which is also the default. Ignored if :entry-point is specified.

:print boolean [Keyword]

W If t, information useful for debugging will be printed to
*terminal-io*. Defaults to nil.

:convert-symbol conversion-function [Keyword]

M This keyword’s value conversion-function is the name of the func-
tion that does the conversion of the lisp name to an entry-point name.
The function must take as arguments a symbol and the keyword
zlanguage, and must return a string recognizable to the operating
system as an entry-point name. Default is ff:convert-to-lang defined
above.

:address entry-point-address [Keyword]

B The entry-point-address may be supplied as the in-memory
address of the entry point instead of the entry-point name. Normally
not used and ignored if :entry-point is specified. This argument
must be of type (simple-array (unsigned-byte 32) (1)) (a one-element
simple array of 32-bit integers) containing the in-memory address of
the entry-point.

:remember-address boolean [Keyword]

W If set to t, the in-core memory address of the foreign function is
saved on the property list of lisp-name as the value of property
ff::foreign-addr. Default is nil.

Function ff:defforeign returns a function lisp-name, which passes its argu-
ments through to the foreign code and returns the return-value of the foreign
function to LISP. The passing convention depends on the type of argument and
the language. For example, C normally expects its arguments to be passed by
value, FORTRAN expects arguments to be passed by address. Tables 8.1 and
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8.2 describe exactly how arguments are passed.

Identifying a foreign function involves a very slow library function. To
avoid this wait when defining many foreign functions, the LISP function
defforeign-list is provided. This takes as one argument a list of lists of the
arguments normally passed to ff:defforeign and returns the number of unsuc-
cessfully defined foreign functions.

ff:defforeign-list ( arg-list+ ) [Macro]

B This function is equivalent to (but faster than) the LISP form:

(do ((list list-of-arg-lists (cdr list)))
((null list))
(apply #defforeign (car list)))

We give some examples. Consider a C function that adds three numbers and
returns a double.

#include <stdio.h>
double t_double(x, y, z)
double x;
float y:
int z;

double w;
wW=Xx+y + z;
return w;

}

Say this is in a compiled C file resz.r. Here is that rest.r being loaded into LISP.

<cl> (use-package ’ff)
;7 use foreign function package

T
<cl>
; Foreign loading /a/cl-ff/test.r.
T
<cl> (defforeign
"t-double
:entry-point (convert-to-lang
"t_double"
:language :c)
:return-type :double-float
rarguments ‘' (double-float single-float
fixnum) )
T

<cl> (t-double 2.5d0 4.5 3)
10.0d0

D-01-022-12
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If you want to live dangerously and speed up the calling procedure, set :arg-
checking to nil in the ff:defforeign form. Then, no argument checking is
done and the call to t_double() is faster. But, if there are errors passing argu-
ments, the LISP process may fail mysteriously and unreproducibly. For exam-
ple, with :arg-checking set to nil, the call

(t-double 0 4.5 3)

is likely to result in a bus error or a memory fault, causing a LISP error.
To illustrate the use of the :convert-symbol keyword, you could define
the above function t-double by using:

(defun dash-to-underscore
(symbol &key (language :c))
(let ((str (convert-to-lang
symbol :language language)))
(dotimes (n (length str))
(if (eql (aref str n) #\-)
(setf (aref str n) #\_)))
str))

followed by:

(defforeign 't-double
‘return-type :double-float
:arguments '(double-float single-float
fixnum)
convert-symbol ‘dash-to-underscore)

This takes the symbol t-double and converts it to the entry-point name
corresponding to the function call in C given as t_double().

Arguments to function calls can be passed in two ways, by value and by
address. When an argument is passed by value, a copy of the value is placed
somewhere (typically on the stack) where the function can access it. When an
argument is passed by address, a pointer to its actual location is given to the
function. Arguments in C are usually (but not always) passed by value.

When an argument is passed by address in C and the called function
changes the value of the argument, the argument will stay changed even after
control returns from the called function. The actual stored value of the argu-
ment will have been permanently modified. This is expected behavior and is
generally what is intended and desired. Users therefore should be warned that
in many cases, when LISP code calls a foreign function that modifies one of the
arguments passed by address, the LISP value of that argument will be
unchanged. The reason is that LISP represents objects differently from C and,

8.4
Conventions
for passing
arguments
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therefore, cannot pass the actual address of the LISP object to the foreign code,
since the foreign code would not correctly interpret the value pointed to.
Instead, LISP makes a copy of the LISP object, changing the representation
appropriately, and passes the address of the copy. Although this copied value
is modified by the foreign code, LISP ignores the copied value after the func-
tion returns, looking only at the unmodified LISP object.

To repeat the above warning: functions which receive their values by
address do not always affect the value of a LISP object when this is passed to
the function. The following example illustrates this behavior. Say we have the
C file cnames.c containing the function itimes2().

itimes2 (x)
int *x;

{

*xX = 2% (*x);
return (*x):;

}

which appears to double the C integer value stored in the location x. If we
compile and load this file into LISP, then run this function, as in the following
session:

<cl> (load "cnames.r")
T
<cl> (defforeign 'itimes2 :arguments ’ (fixnum)
:pass-type :by-address)
;7 send in a fixnum, but pass by address

<cl> (setqg x 19)
19
<cl> (itimes2 x)
;; gives 38 as expected

38
<cl> x

s, but x is unchanged
19

The problem is that a LISP fixnum is not the same as a C integer, and thus the
foreign-function interface must convert it. It copies the LISP fixnum, converts
it to a C integer, and then passes the address of the converted copy to the func-
tion. The expected behavior can be achieved by passing an array instead of a
fixnum.

D-01-02¢2-1
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<cl> (defforeign
ritimes2
rarguments ' ((simple-array £fixnum (1)))
:pass-type :by-value)
T
<cl> (setqg x (make-array 1
:element-type ’fixnum
:initial-element 19))
#(19)
<cl> (itimes2 x)
;7 gives 38 as expected
38
<cl> x
;; as does x
#(38)

So some LISP objects cannot be changed by passing them to foreign functions,
and some can.

Another difficulty arising out of differing LISP and non-LISP representa-
tions of values is illustrated by the example just given. The argument passed to
the foreign function was a fixnum, not an integer. Integers can be bignums or
fixnums. C integers may be larger than all possible LISP fixnums and smaller
than most but not all bignums. If a fixnum is passed to foreign code, it is
always correctly represented, but a bignum can be represented only if it is small
enough. The foreign-function interface will truncate any bignum that does not
fit into the foreign integer representation without warning. Users can avoid this
by not using :argument integer (and thus not passing bignums) except when
the argument value was generated by foreign code. The return value from
foreign code defaults to type integer, and since some foreign integers are too
big to be fixnums, they may be bignums. But, since they came from foreign
code, they will be correctly represented as foreign integers when passed back to
foreign code. In that case only is :argument integer recommended.

An example illustrates the use of arrays. Say there is a compiled C file
myreverse.r:

int myreverse (n,x)
double *x; /* pointer to array of doubles */

int n; /* array length */
{

int i

double d;

for (i=0; i <= n/2; i++) {
d = x[1i]1;
x[1i] = x[n-1-1];
x[n-1-1] = d;

}

return n;
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8.5

Passing
arrays of
strings from
LiISPto C

}

in LISP you might define (after loading myreverse.r) this function as follows:

<cl> (defforeign
'myreverse
:arguments ’ (fixnum
(array double-float))
T
<cl> (setqg x (make-array
3
:element-type ’‘double-float
:initial-contents ’ (1.0d0
2.0d40
3.0d0)))
#(1.0d0 2.0d4d0 3.0d0)
<cl> (myreverse (length x) x)
3
<cl> x
#(3.0d0 2.0d0 1.0d0)

A common usage in C is typified by the following program fragment:

#define NULL O
char *z[] = {"stringsl", "string2", NULL};

handle_strings(z);

handle_strings(argv)
char **argv;
{
while( *argv != NULL ) {
handler_ for_ string(*argv):
argv = argv + 1;

}

Similar usage is also common with the array size included:

char *z[] = {"stringsl", "string2", "string3"}:
handle strings(3,z);
handle_ strings(argc, argv)

char **argv:;
int argc:;

D-01-mR(212
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}

The variable argv is an array with each element pointing to a C string in both
cases. (Note, however, that in the first case a NULL pointer terminates the
array.) One would like to call handle_strings() from Lisp (after doing a
ff:defforeign) by something like the following:

(handle_strings (make-array 3 :initial-contents
'("string1" "string2" 0)))

or:

(handle_strings 3 (make-array 3 :initial-contents
'("string1" "string2" "string3")))

depending on the definition of handle_strings() above. However, the
foreign-function interface does not normally convert the individual elements of
a LISP array.

The conversion will be done if the foreign function has the appropriate
argument declared to be of type (simple-array simple-string (*)). While this is
not implemented as a distinct data type in Tek COMMON LISP, the foreign-
function interface will recognize this declaration and convert the array
appropriately for C. This is a slow function call as the interface must allocate
space to do the conversion. So to get the desired behavior (e.g. for the second
of the above two possibilities for handle_strings()) you should use:

(defforeign 'handle_strings :arguments
'(fixnum (simple-array simple-string (*))))

Note that if you do not declare arguments—e.g. if you use:
(defforeign 'handle_strings :arguments t)

the array will not be converted correctly on the call to handle_strings(). Note
that this is not typical; the interface normally converts arguments according to
their LISP data type whether or not they are declared.

If you do make this declaration and pass in an arbitrary LISP array, all bets
are off. Only 0 and array elements of type simple-string are guaranteed to be
correctly converted.
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8.6

Defining and
calling LISP
functions
from foreign
code

This section describes the Tek COMMON LISP facility that permits C functions
to call LISP. The C functions must have been loaded into LISP and have been
called from LISP.

Because some LISP objects move in memory when a garbage collection
occurs, calling out to LISP must be used with great care on the part of the C
programmer. As an example, if an array is passed to a C function which calls
out to a LISP function and a garbage collection occurs, then after the C function
returns, the pointer to the array will point to nothing; the array data will have
moved somewhere else. So if a C function accesses a LISP value and calls out
to LISP, then it is recommended that the LISP value be registered and accessed
as described next.

To give a particular example, let us say:

1 You register a LISP object (e.g. an array). (This is detailed below.)

2 You use ff:defforeign to define a C function with return type :lisp.

3 In the C program you retrieve and use the registered LISP value.

4 You call out to a LISP function and a garbage collection occurs—the LISP
value in C is no longer valid.

5 The C function returns the LISP value it retrieved earlier.

6 Then on the next garbage collection LISP dies because of an illegal object

reference: the LISP value returned by the C function no longer points to
valid data.

The problem only occurs if a garbage collection happens during the call to the
LISP function. What you should do is to make sure that any LISP value you
return to LISP or work with within a C function is retrieved only after there is
no possibility of calling out to a LISP function where a garbage collection may
occur. To fix the example above so it is safe, you should add another step after
step 4:

4a Retrieve the registered LISP value again.

Other scenarios can be played out, for example where C changes array data
using an invalid array pointer—LISP never sees the changes. '

For purposes of allowing call-backs from foreign code, Tek COMMON
LISP maintains two tables of LISP objects: one is the function table and the
other is the value table. The LISP program can ‘register’ functions or values by
requesting that they be stored in the respective table. The size of the value
table will grow dynamically, but the size of the function table is fixed to the
value of comp::foreign-callback-table-size. This cannot be changed, and is set
to 7000 in this release.

In LISP, there are the following functions (in the foreign-function package,
nicknamed ff).
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ff:register-value value &optional index [Function]

B The value is stored in the table of foreign values at the requested index,
if index is given; or in a free slot if index is not given. Two,values are
returned: the index and the previous value at that index (or nil if there was
no previous index).

ff:register-function symbol-or-compiled-function-object [Function]
&optional index

B The symbol-or-compiled-function-object is stored in the table of foreign
functions at the requested index, if the index is given, or in a free slot if
the index is not given. Three values are returned:
1 An integer which can be passed to C and used to directly call to this
function using the (*f)(arg1, arg2, ..., argn) syntax given below.
2 The index in the table used where this function is stored. This index
can be used in the lisp_call() function.
3 The previous value at this slot (or nil if there was no previous value).

Once a value is registered, the C program can obtain the value from the value
table with the C function:

long lisp_value(index)
int index;

where index is the index of the registered value in the value table in LISP. This
C function will always return the current value at the index index even after a
garbage collection has occurred. The result value from lisp_value() will be a
LISP object and macros are provided to help C analyze the LISP object and con-
vert it to something meaningful. These macros are found in the C header file
lisp.h, usually distributed in the /ib/misc directory with Tek COMMON LISP.

The C program can request that the function in the function table be
evaluted inside LISP by using the C function lisp_call(). The form is

long lisp_call(index,arg1,arg2,...,argn)
int index;

where index is the index of the registered function in the function table. The C
arguments need to be turned into LISP arguments so that the LISP function can
use them. There is no type information in C, so you must declare these argu-
ments when you define the LISP function. This is done with the macro defun-
c-callable, which acts like defun, but defines the function as one called by C
(details and an example given a little later). lisp_call() returns the return value
of the called LISP function. The returned value is not converted to be a C style
value, and nor is the returned value of lisp_value().

The following LISP function may be useful for debugging code. It simu-
lates the C function lisp_value() , but may be called from within LISP at any
time.



Tektronix, Inc.
8-16 Foreign functions

ff:lisp-value index ‘ [Function]

M This returns the value in the table at the given index.

Function code is never garbage-collected and thus does not move in Tek COM-
MON LISP, so a C program can also call a LISP function using the syntax
(*f)(arg1, arg2, ..., argn), where the value of f is an integer determined by the
LISP function register-function.

For example, say we have loaded the compiled C file:

void c_calls_lisp(fun, index)

long (*fun) ().
{

(*fun) () ;

/* direct call to LISP function */

lisp call(index);

/* call to LISP function using index */
}

and had the following session in LISP:

<cl> (setq called 0)
0
<cl> (defun-c-callable lisp-talks ()
(format t "This is Lisp called for the ~:x
time. %"
(setqg called (1+ called)))))
LISP-TALKS
<cl> (multiple-value-bind (ptr index prev-ptr)
(register-function ’lisp-talks)
(list ptr index prev-ptr))
(1404302 0 NIL)
;7 ptr is 1404302, index 0 in
;; function table, previous
;s function none
<cl> (defforeign
'e-calls-lisp
:entry-point (convert-to-lang
"c_calls_lisp")
:arguments / (integer fixnum)
:return-type :void)
T
<cl> (c-calls-lisp ptr index)
This is Lisp called for the first time.
This is Lisp called for the second time.
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The C representation and the LISP representation of data types are not 8.7
necessarily the same. When a C function calls a LISP function, The LISP func- How
tion needs to have its arguments declared so that it ‘knows’ what the C argu- forei
: . ; . oreign-

ments were and how to convert them. This declaration scheme is wrapped in a led L
macro defun-c-callable. ca _e ISP
functions get
ff:defun-c-callable lisp-function-name ( { arg | (arg type) }* ) body- [Macro] arguments

form+

W Each arg is an argument which C passes to LISP. This macro does not
allow &rest or &optional arguments in the argument list. Each argument
is either a symbol (as in the usual function definition), or it is a list of
length two, a symbol and its type. If a symbol only is present, then it has a
default type. The type corresponds to the type of a C argument and is
currently limited to be one of the following:

:signed-byte 8 bits

:unsigned-byte 8 bits

:signed-word 16 bits

:unsigned-word 16 bits

fixnum 29 bits

:signed-long 32 bits (the default)
:unsigned-long 32 bits

disp (Assumes that C passes an

actual LISP value.)

[ If the type is not present, it defaults to signed-long.

We give an example: say that we define the following C function, compile it
and load it into LISP:

void add(x, y, index)

int x, y, index;
{

lisp_call(index, X, y);
}

Then the following LISP session could take place:
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<cl> (defforeign 'add
carguments ' (integer integer fixnum)
:return-type :void)
T
<cl> (defun-c-callable add-two-c-args
((x :signed-long) (y :signed-long))
(setq xy (+ x y)))
;7 set a global variable
;; to the sum of x and y
ADD-TWO-C-ARGS
<cl> (setq index
(cdar (multiple-value-list
(register-function
" add-two-c-args))))
1
<cl> (add 4 5 index)
;; call to the foreign function
NIL
<cl> xy
;; test the value of the
;7 global variable xy
9

Note that in the example above, we get exactly the same result by omitting the
type declarations for the function add-two-c-args (i.e. we could have defined
it as:

(defun-c-callable add-two-c-args (x y)
(setq xy (+x y)))

since the default is to assume the arguments are signed-longs.

Some more detail on exactly how a LISP function gets C arguments fol-
lows. The defun-c-callable macro expands into something defined in terms of
the following. :

Really, exactly one argument is passed from C to LISP—a descriptor that
tells LISP how to access the C arguments and turn them into LISP objects.
(This ‘descriptor’ is actually a pointer at the memory position where the C
function stacked its arguments). The LISP function foreign-argument uses
this ‘descriptor’ to access the C arguments.

ff:foreign-argument descriptor arg-number &key :type :skip- [Function]
bytes '

W This returns the argument numbered arg-number (first argument counts
as arg-number 0) from the list of arguments passed from C to LISP. The
:type tells LISP how to convert the C argument to a LISP type and can be
one of:
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:signed-byte 8 bits

.ynsigned-byte 8 bits

:signed-word 16 bits

:unsigned-word 16 bits

Afixnum 29 bits

:signed-long 32 bits (typical)
:unsigned-long 32 bits

lisp (Assumes that C passes an

actual LISP value.)

O The arg-number can only be used to find the correct argument if all
arguments are the same size (four bytes). If this isn’t the case, if for
example a structure or double float is passed, then the calculation will be
wrong. Thus the :skip-bytes value is used to skip a number of bytes of
arguments (default zero).

For example, suppose a LISP function called-from-c is defined and registered
in the following LISP session:

<cl> (defun called-from-c (desc)
(format t "Second C arg is “s"
(foreign-argument desc 0
:type :signed-long
:skip-bytes 8)))
;s This skips 8 bytes (the size of a double)
;; and then gets the zeroth argument.
CALLED-FROM-C
<cl> (register-function ’'called-from-c 23)
1404302
;; the in-memory address C calls to
;7 1lnvoke CALLED-FROM-C
23
;; the slot number of the function table
NIL
;; the previous function in this slot
;7 (nil means none)

When a C function makes the call
lisp_call(23, f, j)
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8.8
C structures

where f is a double and j is an integer, the LISP function called-from-c will be
called and output the value of j.

Functions coded in C often use struct (structure) data types and pointers to such
data as arguments and returned values. Tek COMMON LISP has an interface
called cstructs to facilitate operations on foreign-language data types.
Although the cstruct interface closely parallels C data typing, the facility is
straightforwardly useful with other foreign languages.

Consider the following example of the use of the struct data type in C.
Most UNIX and UNIX-like operating systems feature a stat() system call that
returns complete information about a file based on the per-file information kept
on disk. The following model of the stat() system call does not correspond
exactly to any particular system, but something similar to these C data defini-
tions will be found in the operating system documentation.

struct device {
char major;
char minor;

b

struct stat {
struct device st_dev;
short inode;
short st_mode;
short st_nlink;
short st_uid;
short st_gid;
struct device st_rdev;
long st_size;
long st_atime;
long st_mtime;
long st_ctime;

k

struct stat *stat(path, buf);
char *path;
struct stat *buf;

The stat() function is called with two arguments, the pathname of the file to be
examined and the address of a stat C structure into which the file data will be
placed.

Three problems must be solved for a LISP program to use stat(): the func-
tion itself must be made available via the foreign-function interface; LISP must
have some way to allocate an appropriate object to serve as the second argu-
ment to stat(); and LISP must have accessor mechanisms for the slots of the
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structure. The first is accomplished with the ff:defforeign function. The
remaining two are satisfied using the ff:defestruct macro. The C structure stat
from the C example above could be defined for LISP using ff:defcstruct as fol-
lows:

(ff:defcstruct device
(major :char)
(minor :char))

(ff.defcstruct stat
(dev device)
(inode :short)
(mode :short)
(nlink :short)
(uid :short)
(gid :short)
(rdev device)
(size :long)
(atime :long)
(mtime :long)
(ctime :long))

(ff:defforeign 'stat)

ff:defestruct name slot [slot ...] [Macro]

B This macro defines a C structure to LISP by defining appropriate acces-
sor and creator functions. The creator function is named make-name.
The accessor function names for each slot are the hyphen-separated con-
catenation of the cstruct name and the slot name. The creator and acces-
sor functions are described in greater detail below.

- [0 Argument name is either the name of this cstruct or a list. In the latter
case the first element of the /isz is the name of the cstruct and the remain-
ing elements are options described below.

[0 Each slot is a lisz. The first item on the list is a symbol naming the slot,

and the rest of the list is a data type. A data type takes one of the follow-

ing forms:

O A single keyword, which is one of the following: :char, :byte,
:short, :long, :unsigned-byte, :unsigned-short, :unsigned-long,
:short-float, or :long-float. This will provide space for the specified
atomic C data type to be placed in that slot.

A symbol, which must name of a previously defined cstruct.

* data-type where data-type is any valid data type. As in C, the *

indicates that the slot will contain a pointer to an object of the speci-

fied type. Also, as in C, if data-type is a symbol, the requirement is

oo
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8.8.1
Accessing
slots

8.8.2
Storage
allocation for
cstructs

relaxed that a structure of that name must already be defined.

O integer [integer...] data-type Again, data-type is any valid (possibly
compound) data type, which may include the pointer *. The integers
denote an array of the indicated dimensions. The accessor
function(s) will accept appropriate subscript argument(s).

O slot [slot ...] cstructs may include other cstructs. Here slot is recur-
sively defined as another list. This is similar to including another
cstructs by name.

The slots of a cstruct are accessed by functions defined by the expansion of the
ff:defcstruct macro. Accessor functions are named by concatenating the
cstruct name with the slot names, separated by hyphens. The accessor function
name for a compound slot—that is, a slot which contains another named cstruct
or whose data type is a list of named slots—is the hyphen-separated concatena-
tion of all its cstruct and slot names. For example, the i-node number is
accessed by the function stat-inode, and the device upon which that i-node
resides is accessed by the function stat-dev-major.

All accessor functions take a cstruct as argument, and return the value in
that slot. Slot accessor functions are understood by setf. The compiler
expands cstruct accessors and setf forms inline.

If the name of the cstruct being defined is name, the creator function is named
make-name. This function creates an object in which the slot data can be
stored. In the above example the creator function will be make-stat, which
will create a LISP object of type (simple-array (unsigned-byte 32) (8)). The
ff:defestruct facility provides two distinct types of C structures distinguished
by how and where their storage is allocated. A cstruct can be allocated in regu-
lar LISP heap space (the part of memory that is garbage-collected by the LISP
system) or else it can be allocated in C space. The difference between the two
allocation methods is that C space is not garbage-collected, and therefore the
data is never moved by the garbage collector. LISP heap space is regularly
freed up by the garbage collector. Objects that are still active are moved when
a garbage collection occurs. Structures allocated in C space, whether by LISP,
by being declared at compile time in a foreign subroutine, or by the C function
malloc(), are not affected by the garbage collector. Although the usage is the
same, the internals of the accessor functions for structures located in LISP heap
space are necessarily different from those located in C space. Therefore, the
difference must be specified when the cstruct is defined, with the ff:defcstruct
macro.

There are two reasons why it may be necessary to define a cstruct to be in
C space. In some cases LISP needs to access storage allocated by C routines,
which obviously will be in C space. In others cases the C code may retain a
pointer to a cstruct passed to it when LISP resumes control. The garbage
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collector may be invoked any time that LISP is run, and pointers from foreign
space to a cstruct will not be forwarded by the garbage collector. Therefore
such a cstruct cannot be in LISP space.

By default ff:defcstruct defines a structure which will occupy LISP space.
To define a structure which will occupy C space the keyword :malloc must be
given as a ff:defcstruct option in the first subform. Such cstructs are called
malloc-style cstructs. LISP represents a pointer to an instance of a malloc-style
cstruct as an integer, which is its memory address. This is reminiscent of C
pointers.

In the above example, a stat structure was allocated in Lisp space and
passed to the stat() C function to be filled in. What follows is an example
using a malloc-style cstruct. Most UNIX systems provide a standard
input/output facility called the Standard I/O Library, or stdio. Functions that
open a stream return a pointer to a FILE structure that represents the stream.
The stdio facility maintains storage for FILE objects in C space, so a LISP pro-
gram that (for whatever reason) wanted to use stdio would have to use a
malloc-style cstruct. The following code describes one implementation of a
FILE structure in C.

extern struct_iobuf {
unsigned char *_ptr;
int _cnt;
unsigned char *_base;
short _flags;
char _fileno;

|5

Then the following LISP code will define an ‘equivalent’ cstruct to LISP:

(ff:defestruct (iobuf :malloc)
(ptr * :char)
(cnt :int)
(base * :char)
(flags :short)
(fileno :char))

Note the use of pointer data types, indicated by *. Note too that the C name
conventions have been made LISP-like by eliminating underscores.

The expansion of ff:defcstruct defines a creator function make-name. Two 8.83
other creator functions exist that take a cstruct name as an argument, but other- Allocating
wise have the same effect as make-name. and freeing

cstructs
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8.8.4
Pointers,
embedded
structures,
and arrays

make-cstruct name [Function]

M This function returns a new instance of the cstruct named name, which
must have already have been defined with the ff:defestruct macro. Both
ordinary and malloc-style cstructs may be created with this function.

malloc-cstruct name [Function]

M This function creates a malloc-style cstruct. The cstruct named by
name, which must already have been defined with the ff:defestruct
macro as a malloc-style cstruct. This function is slightly faster than
make-cstruct.

Since malloc-style cstructs are not garbage-collected, the user has the responsi-
bility of freeing their storage when they are no longer needed. The following
function deallocates space for malloc-style cstructs.

free-cstruct cstruct-instance [Function]

B This function frees space allocated to the malloc-style cstruct cstruct-
instance.

The initial content of a cstructs slot defined by ff:defestruct is undefined and
the creator functions just described make no provision for initialization. Initial
slot contents are unpredictable. Even trying to print a slot’s contents, for
example, may result in an error. LISP code can initialize a slot only by a setf
of the slot accessor function.

As shown abive, C structure slots are often compound. A pointer to any data
type may be specified with a *, as in the iobuf example above: A cstruct slot
may contain an embedded substructure instead of an atomic data type. Such an
embedded structure is specified by providing as its data type either the (non-
keyword) name of a previously-defined cstruct or a list of named slots.
Further, the cstructs package permits arbitrary levels of array specification by
prefixing any simple or compound data type with integer dimension values.
Here are some examples showing arrays and embedded substructures. In C, we
have:

struct fft_buf_1d {
struct { float real, imag; } point[1024];

¥

struct fft_buf_2d {
struct { float real, imag; } point[64][64];

b
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The equivalent cstruct definitions in LISP are

(ff:defcstruct fft-buf-1d
(point 1024 (real :short-float) (imag :short-float)))

(ff:defestruct fit-buf-2d
(point 64 64 (real :short-float) (imag :short-float)))

In addition to the usual first argument which is the object itself, accessor func-
tions for dimensioned data take one additional subscript argument for each
dimension. Subscript arguments must evaluate to integers, but do not undergo
range checking.

As a guide for translating C declarations into LISP, it should also be clear
by now that structure slot definitions in C and LISP employ approximately
reversed component orderings. In C the slot name follows the data type, in
LISP it precedes. The pointer indicator * follows the data type in C and pre-
cedes it in LISP. However, array dimensions follow their slot names in both
languages, and the subscript ordering in both C and LISP places the most-
rapidly varying subscripts last. Consider the following example:

struct foo { char a[3][5]; } my_foo;

The structure contains three strings of length five. One accesses the fourth
character of the second string with

my_foo.a[1][3]
In LISP, the cstruct is defined and created by

(ff:defcstruct foo (a 3 5 :char))
(setqg my-foo (make-foo))

and the fourth character of the second string is accessed by
(foo-a my-foo 1 3)

Although it makes sense in C to operate on an embedded substructure or
part of an array (i.e., to take its address, pass it as an argument, or test it for
equality with another) it does not make sense in LISP to define accessors for
non-atomic components because there are no corresponding I data types. Com-
pound slots may be dimensioned, however, and the subscript arguments will be
inherited by the accessor functions of all contained slots. For example:

(ff:defcstruct two-fft-bufs-2d (buf 2 fft-buf-2d))
(setq fft-bufs (make-two-fft-bufs-2d))
(two-fft-bufs-2d-point-real fft-bufs 1 8 7)

The last expression accesses the real component of element [8][7] in the second
of two two-dimension fft buffers.
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8.8.5 C compilers differ radically in the alignment and size of data types. Obviously,

Portability any use of the cstruct facility makes a COMMON LISP program non-portable.

: ‘ However it might sometimes be appropriate to use similar foreign function rou-

ISsSues . . . , . . .
tines on different target machines. A programmer writing a sophisticated inter-
face between LISP and C code using ff:defestruct is encouraged to check
agreement between the languages by comparing the expansion of the
ff:defestruct macro with code produced by the particular C compiler. The
cstruct facility attempts to generate accessors that are correct for the local
machine, but these accessors will not necessarily be correct on a different type
of machine, and sometimes the data alignment behavior of a particular C com-
piler will change between releases.

Existing C compilers differ in these ways: slots of type :long, pointers,
and floating data, are aligned on either 2 or 4 byte boundaries; and the overall
size of a outermost C structure is padded to 4 bytes instead of 2 in some imple-
mentations.

8.9 The following two tables summarize information on argument-passing between
Argument- LISP and C. Table 8.1 shows how the principal LISP data types are passed by

. value to C. Table 8.2 shows how these data types are passed by reference to C.
passing
synopsis

LISP type Procedure Declaration

fixnum converted to machine integer int arg;
single-float converted to machine single-float float arg;
double-float converted to machine double-float double arg;
character converted to C character after font and other char arg;

attributes have been removed

array pointer to array is passed; for displaced arrays, a int *arg;

pointer to the data at the displacement offset is float *arg;

passed; arrays of fixnums behave as expected, (etc.)

fixnums being stored in arrays as machine

integers; for bit arrays that are displaced to other

bit arrays, a pointer is passed to the data byte

addressed by the displacement divided by eight

(rounded down); LISP array elements can be

changed by C

string a special case of arrays: they are always NUL- char *arg;

terminated
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(vector
simple-string)

if declared, a new vector is allocated and each
slot filled with a pointer to the actual string; this
new array is passed in the usual way; if not
declared, no conversion is performed, and a
pointer to an array of LISP objects is passed

char **arg;

bignum

truncated to a machine integer

int arg;

other types

unimplemented; strange things will happen

Table 8.1. By-value passing conventions to C.

LISP type

Procedure

C Declaration

fixnum

copy is made of the fixnum, converted to machine
integer, and pointer to converted copy is passed;
LISP value is not changed

int *arg;

single-float

pointer to that part of the LISP object containing a
machine single float is passed; LISP value may be
changed by C or FORTRAN

float *arg;

double-float

pointer to that part of the LISP object containing a
machine double float is passed; LISP value may
be changed by C or FORTRAN

double *arg;

character

copy is made, converted to a C character, and a
pointer to the converted copy is passed; LISP
value is not changed

char *arg;

array

pointer to array is passed; for displaced arrays, a

pointer to the data at the displacement offset is
passed; arrays of fixnums behave as expected,
fixnums being stored in arrays as machine
integers; for bit arrays that are displaced to other
bit arrays, a pointer is passed to the data byte
addressed by the displacement divided by eight
(rounded down); LISP array elements can be
changed by C; (this procedure is identical to that
for passing arrays ‘by value’)

int *arg;
float *arg;
(etc.)

string

a special case of arrays: they are always NUL-
terminated

char #*arg;

(vector
simple-string)
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if declared, a new vector is allocated and each
slot filled with a pointer to the actual string; this
new array is passed in the usual way; if not
declared, no conversion is performed, and a
pointer to an array of LISP objects is passed; (this
procedure is identical to that for passing arrays
‘by value’)

char **arg;

bignum

unimplemented; strange things will happen

other types

unimplemented; strange things will happen

Table 8.2. By-reference passing conventions to C.
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9 Packages

Tek COMMON LISP allows the use of packages to keep different parts of an
application separate, permitting multiple use of symbol names and independent
development of different parts of a large program. See chapter 11 of Common
Lisp for further details. Tek COMMON LISP comprises several packages, and
users should be aware of what packages are available, which should be used by
the user, and which should, in general, be avoided.

The following packages used by Tek COMMON LISP are of direct importance to
the user:

lisp standard COMMON LISP
excl extensions to COMMON LISP
system relating to operating-system
user user environment
flavors object-oriented environment

When you start up Tek COMMON LISP, you are in the user package. At
the start, there are no symbols in the user package, but the lisp and the exc/
packages are inherited by default, so external symbols from those packages are
available to the user package. The lisp package contains only those symbols
specified in Common Lisp. Some of the capabilities of standard COMMON LISP
functions have extended, but they can all be used in the way specified in Com-
mon Lisp. At the moment, only load has been extended (to allow loading of
foreign code.) It is possible that further functions, particularly compiler func-
tions, will also be extended in the future. Users who want the most portable
code should not use these extensions, which will be described in the Release
Notes. Therefore, if you use the lisp package only, you will have portable code
which can with greatest ease be ported to COMMON LISP systems other than
Tek COMMON LISP. (But see the comments about portability in the introduc-
tion.) The excl package contains the COMMON LISP environment and many of
the simple extensions. A list of external symbols in the Tek COMMON LISP
package is given at the end of the chapter. In excl, the user gets access to the
top level, the profiler, and so on. The system package should not be used since
the user may inadvertently modify system variables, which may have strange
and disastrous consequences. The flavors package contains the flavors system

9.1
Packages in
Tek
COMMON
LISP

9-1
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9.2
Symbols in
the excl
package

described in chapter 6 of this manual.
Chapter 11 of Common Lisp describes packages and their use. The user should
refer to that chapter for the description of how to create, use or exclude pack-

ages.

The following table lists the symbols exported from the excl package.

Symbol Type
arglist function
bignump function
compile-file-if-needed  function
dumplisp function
errorset function
exit function
ignore-if-unused declare specifier
instancep function
file-older-p function
fixnump function
function-call-report function
function-call-run function
gc function
ifx macro
PP macro
putprop function
ratiop function
set-case-mode function
shell function
single-float-p function
uncompile function
*gcprint* variable
*compiler-package* variable
*excl-package* variable
*franz-package* variable
*keyword-package* variable
*lisp-packagex* variable
*system-package* variable
*user-package* variable

Table 9.1. List of symbols exported from excl pack-

age
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+...5-20
++ ...5-20
+++ ...5-20
-...521
* . .5-21
*% .. 5-21
*%% . 5-21
/...5-21
I...5-21
n...5-21

:abstract-flavor . ..6-31
:accessor-prefix ...6-30

:address entry-point-address . ..

:after ... 6-41

8-7

Summary of symbols

top-level:alias {name | (name [option ...])} arglistbody ... 5-21

:aliases ...5-9

:alias-flavor ... 6-31
*all-flavor-names* ... 6-17
:and ...6-39,6-41, 6-42
:append ...6-39, 6-42
:arg-checking boolean ... 8-6

:arguments ( argument-type+) ..

top-level:*auto-zoom* ... 5-19
bbcompv ... S-4

bb-d ...S-5

bb-d-or-not-s ...S-5
bb-not-d ...S-5

bb-not-s ...S-5
bb-not-s-and-d ...S-5
bb-not-s-and-not-d ...S-5
bb-not-s-or-not-d ...S-5
bb-not-s-xor-d ...S-5

" bb-one ...S-5
" bb-s ...S-5

bb-s-and-d ...S-5
bb-s-and-not-d ...S-5

. 8-6



Tektronix, Inc. i
A-2 Summary of symbols

bb-s-or-d ...S-5
bb-s-or-not-d ...S-5
bb-s-xor-d ...S-5
bb-zero ...S-5

:before ...6-41
excl:bignump object ... 3-9
bit-blt bbcom ... S-6
*black-halftonex ... S-19
:bottom ...5-7

:break ...6-35
:break-after val ... 5-11
:break-all val ... 5-11
:break-before val ... 5-11

:brief ...5-6
ccall ...3-7
:case ...6-40
:cf filex ...5-9

char-draw char point ... S-6

char-draw-raw-x char point bbcom font ... S-6
char-draw-x char point bbcom font ... S-7
char-width char font ... S-7

excl:chdir pathname &key simple ... 4-3
circle-draw center radius ... S-7

circle-draw-x center radius width bbcom ... S-7
clear-screen ...S-7

:combined ... 6-42

top-level:*command-charx ... 5-19
system:command-line-argumentn ... 4-3
system:command-line-argument-count ... 4-3
system:command-line-arguments ... 4-3

excl:compile-file-if-needed filename &key :output-file :force-compile ..

compile-flavor-methods flavor-names#* ... 6-23
compiler:declared-fixnums-remain-fixnums-switch . .. 2-5
compiler:*do-call-counts* ... 7-2
compiler:generate-call-count-code-switch . .. 2-5
compiler:generate-interrupt-check-switch ... 2-5
compiler:trust-declarations-switch ... 2-6
compiler:verify-argument-count-switch . .. 2-6
compiler:verify-car-cdr-switch ... 2-6
compiler:verify-non-generic-switch ... 2-6
compiler:verify-symbol-value-is-bound-switch . .. 2-6
:condition expr ...5-11

:continue ...5-5

:convert-symbol conversion-function ... 8-7
ff:convert-to-lang string &key :language ... 8-4

. 3-10
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:current ...5-7

excl:*current-case-mode* ... 3-2

excl:current-directory ...4-3

cursor-track trackp ... S-7

cursor-visible visiblep ... S-7

:daemon ...6-38

:daemon-with-and ... 6-38

:daemon-with-or ... 6-38

:daemon-with-override ... 6-38

*dark-grey-halftone* ... S-19
compiler:declared-fixnums-remain-fixnums-switch ... 2-5

:default ... 6-41

:default-handler ... 6-29

:default-init-plist ... 6-26

ff:defcstruct name slot [slot ...] ... 8-21

defflavor flavor-name (vars=*) (flavors#*) options* ... 6-17
tf:defforeign-list ( arg-list+ ) ... 8-8

defmethod (flavor-name [method-type] operation) lambda-list forms* ... 6-17
ff.defun-c-callable lisp-function-name ( { arg | (arg type) }* ) body-form+ ... 8-17
defwhopper (flavor-name operation) lambda-list &body body ... 6-22
defwrapper (flavor-name operation) lambda-list &body body ... 6-21
:describe ...6-34

describe-flavor flavor-name ... 6-25

display-state-pv ... S-4

display-visible visiblep ... S-7

dn ...5-7

dn[n] ...5-7

compiler:*do-call-counts* ... 7-2

load filename &key :foreign-files ...7-2

top-level:do-command name &rest arguments ... 5-22
:documentation ... 6-33

excl:dumplisp &key :name :restart-function :read-init-file [else else-form+] ... 3-10
:entry-point foreign-name ... 8-6

:error ...5-5

excl:errorset form [announcep] ... 3-4

top-level:*eval* ...5-20

:eval-inside-yourself form ... 6-35

event-clear-alarm ... S-8

event-disable ...S-8

event-enable ... S-8

event-get-count ...S-8

event-get-new-count ... S-8

event-get-next ... S-8

event-get-time ... S-9

event-set-alarm time ... S-9
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event-set-mouse-interval interval ... S-9

event-set-signal ... S-9

excl:bignump object ... 3-9

excl:chdir pathname &key simple ... 4-3
excl:compile-file-if-needed filename &key :output-file :force-compile ... 3-10
excl:*current-case-mode* ... 3-2

excl:current-directory ... 4-3

excl:dumplisp &key :name :restart-function :read-init-file .. .4-4
excl:errorset form [announcep] ... 3-4

excl:exit &optional val ... 4-4

excl:file-older-p file-1 file-2 ... 3-10

excl:fixnump object ... 3-9

excl:function-call-clear ... 7-2

excl:function-call-count function ... 7-2

excl:function-call-list ... 7-1

excl:function-call-report &optional number-to-report ... 7-1
excl:gc ...2-2

excl:xgeprintx ... 2-2

excl:generate-library-pathnames library-root-directory ... 3-11
excl:get-and-zero-call-count function ... 7-2
excl:*ignore-package-name-case* ... 3-2

excl:instancep object ... 6-21

excl::*library-code-cl-pathname* ... 3-9
excl::*library-code-fasl-pathname#* ... 3-9

excl:pp name ... 3-10

excl:ratiop object ... 3-9

excl:set-case-mode new-mode ... 3-2

excl:shell &optional command ... 4-3

excl:single-floatp object ... 3-9

excl:*trace-output* ...5-11

excl:*trace-print-length* ...5-11

excl:*trace-print-level* ... 5-11

excl:uncompile function-name ... 3-9
excl:username-to-home-directory name ... 4-4

excl:exit &optional val ... 4-4

:exit [val] ...5-10

exit-graphics ... S-9

top-level:*xexit-on-eof* ...5-19

lisp:export ...3-11

ff:convert-to-lang string &key :language ... 8-4

ff:defcstruct name slot [slot ...] ... 8-21

ff:defforeign-list ( arg-list+) ... 8-8

ff:defun-c-callable lisp-function-name ( { arg | (arg type) }* ) body-form+ ... 8-17
ff:foreign-argument descriptor arg-number &key :type :skip-bytes ... 38-18
ff:get-entry-points name-list address-list &optional print ... 8-4
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ff:lisp-value index ... 8-16

ff:register-function symbol-or-compiled-function-object &optional index ... 8-15
ff:register-value value &optional index ... 8-15
ff:remove-entry-point name-of-entry-point ... 8-4
ff:reset-entry-point-table ... 8-4

top-level: *file-ignore-case* ... 5-20

excl:file-older-p file-1 file-2 ... 3-10

:find func options* ...5-7

lisp:find-symbol ... 3-11

Afirst ...3-6

excl:fixnump object ... 3-9
si:flavor-allowed-init-keywords flavor-name ... 6-24
flavor-allows-init-keyword-p flavor-name keyword . .. 6-24
font-close font ... S-9

font-open font-file ... S-9

ff:foreign-argument descriptor arg-number &key :type :skip-bytes ... 8-18
:foreign-files ( extra-file+) ... 8-2

form-createwh ...S-2,S-9

form-draw form ... S-9

form-get-point form &optional point ... S-10

form-hf ... .S-2

formpv ...S-3

form-read file-name ... S-10

form-set-point form point value ... S-10

form-wf ... S-2

form-write form file-name ... S-10

free-cstruct cstruct-instance ... 8-24

funcall instance message &rest arguments ... 6-23
:funcall-inside-yourself function &rest args ... 6-35
funcall-self message arguments* ... 6-23
excl:function-call-clear ...7-2

excl:function-call-count function ... 7-2
excl:function-call-list ... 7-1

excl:function-call-report &optional number-to-report ... 7-1
excl:gc ...2-2

excl:xgcprint* ... 2-2
compiler:generate-call-count-code-switch . .. 2-5
compiler:generate-interrupt-check-switch . .. 2-5
excl:generate-library-pathnames library-root-directory ... 3-11
:get property-name ... 6-46

excl:get-and-zero-call-count function ... 7-2

get-buttons ... S-10

get-cursor &optional form ... S-10

get-cursor-position &optional point ... S-10
ff:get-entry-points name-list address-list &optional print ... 8-4
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system:getenv string ... 4-4
get-handler-for object operation ... 6-24
:get-handler-for operation ... 6-35

:getl property-name-list ... 6-47
get-machine-type ... S-10
get-mouse-bounds &optional point1 point2 ... S-11
get-mouse-position &optional point ... S-11
get-real-machine-type ... S-11 :
:gettable-instance-variables ... 6-25
get-term-em-rc ... S-11

get-viewport &optional point ... S-11
*grey-halftone* ... S-19

:help [command-name] ... 5-2
top-level:*history* ... 5-19

:history [:reverse] [n] ... 5-3
icon-menu-create icon-vector ... S-4, S-11

icon-menu-create-x icon-vector flag-vector previous :if-error-output-exists . .

excl:xignore-package-name-case* ... 3-2
lisp:import ... 3-11
:included-flavors ... 6-29

:init init-plist . . . 6-20
:initable-instance-variables . .. 6-26
init-graphics &optional set-full-graphics-mode-p ... S-12
initialize-tek-graphics ... S-12
zinit-keywords ... 6-26

:inside func ...5-11

iinspect ... 5-15

linspect * ... 5-15

linspect ? ...5-15

sinspect- ...5-16

iinspect index ... 5-15

inspect name ... 5-15

inspect object ... 5-15

:inspect print max ...5-16
tiinspectqg ...5-16

:inspect set index form ... 5-16
:inspect set name form ... 5-16
iinspect skipn ...5-16

iinspect tree ...5-17
excl:instancep object ... 6-21

instantiate-flavor flavor-name init-plist &optional send-init-message-p return-unhandled-

keywords area ...6-19
lisp:intern ... 3-11
zinverse-list ... 6-40, 6-42

:language language-name :language :print :convert-symbol :address :remember-address

:4-1
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...86
:ld filex ...5-10
top-level:*Id-options* ... 5-19
lexpr-funcall-self message arguments* list-of-arguments ... 6-23
recompile-flavor flavor-name &optional single-op ... 6-23
lexpr-send object message arguments* list-of-arguments ... 6-9
lexpr-send-self message arguments# list-of-arguments . .. 6-23
excl::*library-code-cl-pathname#* ... 3-9
excl::xlibrary-code-fasl-pathname* ... 3-9
*light-grey-halftone* ... S-19
line-draw point-1 point-2 ... S-12
line-draw-x point-1 point-2 width draw-last-p bbcom ... S-12
lisp:export ... 3-11
lisp:find-symbol ... 3-11
lisp:import ... 3-11
lisp:intern ...3-11
lisp:shadow ... 3-11
lisp:shadowing-import ... 3-11
lisp:unexport ... 3-11
lisp:unintern ... 3-11
lisp:unuse-package ... 3-11
lisp:use-package ... 3-11
ff:lisp-value index ... 8-16
:dlist . .. 6-39, 6-42
system:*load-search-list* ... 3-8
:local name ...5-8
make-bbcom &key :srcform :destform :srcpoint :destrect :cliprect :halftoneform :rule
...S-3
make-cstruct name ... 8-24
make-display-state ... S-4
make-halftoneform &optional patternlist ... S-19
make-instance flavor-name {init-option value}* ... 6-18
make-point xy ...S-1
make-rectxywh ...S-2
malloc-cstruct name ... 8-24
menu-create vector-of-strings ... S-4,S-12
menu-create-x vector-of-strings flag-vector previous font ... S-4, S-12
menu-destroy menu ... S-5, S-12
menu-left ...S-5
menu-noselect . ..S-5
menu-right ...S-5
menu-select menu ... S-13
:method-combination ... 6-31
:mixture defflavor ... 6-32
:moderate ...5-6
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:nconc ... 6-39, 6-42

:newest ...3-6

:newest-ask-compile ...3-6
:newest-do-compile ...3-6

no method type ... 6-41

:no-vanilla-flavor ... 6-29

:[+|-]Jnumber [?] ...5-3
:operation-handled-p operation ... 6-35

cor ...6-39, 6-41, 6-42
:ordered-instance-variables ... 6-29
system:os-wait ... 4-1
excl:run-shell-command command &key :input ... 4-1
routside-accessible-instance-variables ... 6-30
roverride ... 6-42

paint-line bbcom point ... S-13
pan-cursor-enable enablep ... S-13
pan-disk-enable enablep ... S-13

:pass-on ...6-40, 6-42

:pass-type ( passing-convention+) ... 8-6
cpattern[? | 4] ...5-3

point-distance point-1 point-2 ... S-13
point-from-user point ... S-13

point-max point-1 point-2 ... S-13
point-midpoint point-1 point-2 ... S-13
point-min point-1 point-2 ... S-14

pointpp ...S-2

points-to-rect point-1 point-2 ... S-14
point-to-row-column point ... S-14
point-xp ...S-1

pointyp ...S-1

polygon-draw point-vector ... S-14
polygon-draw-x point-vector bbcom ... S-14
polyline-draw point-vector ... S-14
polyline-draw-x point-vector width closed bbcom ... S-14
ipop[n] ...5-5

excl:pp name ... 3-10

excl:ifx test-form then then-form+ ... 3-10
top-level:xprint*x ... 5-20

:print boolean ... 8-7

:print-after expr ...5-11

:print-all expr ...5-11

:print-before expr ...5-11
top-level:*print-length* ... 5-20
top-level:*print-level* ... 5-20

:print-self stream prindepth escape-p ... 6-34
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:progn ... 6-39, 6-42

top-level:*prompt* ... 5-19

:property-list ... 6-47

si:property-list-mixin ... 6-46

protect-cursor rect! &optional rect2 ... S-15

prt ...5-5

:push-propertyvalueproperty-name ... 6-47

:putprop value property-name ... 6-47

excl:ratiop object ... 3-9

top-level:*read* ...5-20

rect-areas-differing rectangle-1 rectangle-2 ... S-15
rect-areas-outside rectangle-1 rectangle-2 ... S-15
rect-box-draw rectangle width ... S-15

rect-box-draw-x rectangle width bbcom ... S-15
rect-contains-point rectangle point ... S-15

rect-contains-rect rectangle-1 rectangle-2 ... S-15

rect-draw rectangle ... S-16

rect-draw-x rectangle bbcom ... S-16

rect-from-user &optional rectangle ... S-16

rect-from-user-x minimum-size form &optional rectangle ... S-16
rect-hr ...S-2

rect-intersect rectangle-1 rectangle-2 &optional rectangle-3 ... S-16
rect-intersects rectangle-1 rectangle-2 ... S-16

rect-merge rectangle-1 rectangle-2 &optional rectangle-3 ... S-16
rectpv ...S-2

rect-wr ...S-2

rect-xr ...S-2

rectyr ...S-2

ff:register-function symbol-or-compiled-function-object &optional index . ..

ff:register-value value &optional index ... 8-15
release-cursor ... S-17

:remember-address boolean ... 8-7
top-level:remove-alias &rest names ... 5-22
ff:remove-entry-point name-of-entry-point ... 8-4
:remprop property-name ... 6-47
:required-flavors ... 6-28
:required-init-keywords ... 6-27
:required-instance-variables ... 6-27
rrequired-methods ... 6-27
system:xrequire-search-list¥ ... 3-9

reset ... 5-4

ff:reset-entry-point-table ... 8-4

ff:defforeign lisp-name &key :entry-point ... 8-4
top-level:xreset-hook . ..5-20
restore-display-state display-state ... S-17

8-15
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:return-type return-type ... 8-7
row-column-to-rect row column &optional rect ... S-17
:run-time-alternatives defflavor ... 6-32
save-display-state &optional display-state ... S-17
:scont[n] ...5-14

*screen-height* ... S-5

screen-saver-enable enablep ... S-17
*screen-width* ... S-5

self ...6-22

send instance message [argument ...] ... 6-23
send object message &rest arguments ... 6-8
:send-if-handles operation arguments* ... 6-35
send-self message arguments* ... 6-23
excl:set-case-mode new-mode ... 3-2
set-cursor form ... S-17

set-cursor-position point ... S-17
set-in-instance instance symbol value ... 6-24
set-keyboard-code val ... S-17
set-machine-type value ... S-18
set-mouse-bounds point1 point2 ... S-18
set-mouse-position point ... S-18
:set-property-list list ... 6-47
:settable-instance-variables ... 6-25
set-viewport point ... S-18

lisp:shadow ... 3-11

lisp:shadowing-import ... 3-11

excl:shell &optional command ... 4-3
si:flavor-allowed-init-keywords flavor-name ... 6-24
excl:single-floatp object ... 3-9
si:property-list-mixin ... 6-46
si:vanilla-flavor ... 6-34

:skipn ...5-7

*source-file-type* ... 3-11

:sover ...5-14

:special-instance-variables ... 6-26

:step [t | nil | function-list] ... 5-13
*step-print-length* ...5-14

*step-print-level* ...5-14

string-draw string point ... S-18
string-draw-raw-x string point bbcom font ... S-18
string-draw-x string point bbcom font ... S-18
string-width string font ... S-18

symeval-in-instance instance symbol &optional no-error-p .

system:command-line-argumentn ... 4-3
system:command-line-argument-count ... 4-3
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system:command-line-arguments ... 4-3
system:getenv string :system-libraries ... 8-2
:system-libraries ( library+) ... 8-2
system:*load-search-list* ... 3-8
system:os-wait ... 4-1
system:xrequire-search-listx ... 3-9
terminal-enable enablep ... S-19

:top ...5-7

top-level:alias {name | (name [option ...])} arglist body ... 5-21
top-level:*auto-zoom=* ... 5-19
top-level:*command-char* ...5-19
top-level:do-command name &rest arguments ... 5-22
top-level:*eval* ... 5-20

top-level:*exit-on-eof* ... 5-19

top-level: *file-ignore-casex ... 5-20
top-level:*history* ...5-19
top-level:*|d-options* ... 5-19

top-level:*printx ... 5-20

top-level:*print-length+ . ..5-20
top-level:*print-level* ... 5-20
top-level:*prompt* ...5-19

top-level:*read* ...5-20
top-level:remove-alias &rest names ... 5-22
top-level:*reset-hook* . ..5-20
top-level:*zoom-display* ...5-8
top-level:*zoom-print-length* . .. 5-8
top-level:*zoom-print-level* ...5-8

:trace function-or-option-list* ... 5-10
excl:*xtrace-output* ... 5-11
excl:*trace-print-length* ... 5-11
excl:*trace-print-level* ...5-11
compiler:trust-declarations-switch .. .2-6
excl:uncompile function-name ... 3-9
undefflavor flavor ... 6-22

undefmethod flavor [type] operation [suboperation] ... 6-22
lisp:unexport ...3-11

lisp:unintern ... 3-11

:untrace [function-list] ...5-11
lisp:unuse-package ... 3-11

up ...5-7

:up [n] use-old-combined-methods do-dependents . .. 6-23
lisp:use-package ...3-11
excl:username-to-home-directory name ... 4-4
si:vanilla-flavor ... 6-34

:verbose ...5-6
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compiler:verify-argument-count-switch ... 2-6

compiler:verify-car-cdr-switch ... 2-6

compiler:verify-non-generic-switch ... 2-6
compiler:verify-symbol-value-is-bound-switch . . .

*very-light-grey-halftone* ...S-19
video-normal normalp ... S-19
*view-height* ...S-5
*view-width* ... S-5
:which-operations ... 6-34
*white-halftone** ... S-19
:wrapper ...6-42

:zoom arguments#* . ..5-6
top-level:*zoom-display* ...5-8
top-level:*zoom-print-length* ... 5-8
top-level:xzoom-print-level* . ..5-8
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Tektronix 4400 graphics library

The LISP tek4400-graphics (nicknamed gr) package permits LISP users to
directly call functions in the graphics library on the 4400 series machines. The
LISP interface is nearly identical to the C interface. Please refer to the Graph-
ics Library documentation in the Workstation Reference Manual for informa-
tion on what each graphics routine does. Listed below are the LISP function
names and the reference to the C graphics name in the 4400 Series C Refer-
ence.

The tek4400-graphics module can be loaded automatically with COMMON
LISP require function as in (require 'tek-graph). Once loaded, the graphics
mode must be initialized by calling the function initialize-tek-graphics which
sets the *screenx variable. *screen# is the form representing the display bit-
map.

A point is a special data type which internally consists of two 16-bit signed

integers.

make-point x y [Function]
B Returns a point. x and y are integers.

point-x p [Function]

point-y p [Function]

M Accesses point p’s x and y coordinates respectively.
O To modify the x and y coordinates of a point p, use setf as in (setf
(point-x p) x2), where X2 is an integer.

i
Introduction

2
Data
structures

2.1
Points
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2.2
Rectangles

2.3
Forms

pointp p \ [Function]

M Returns t if and only if p is a poinz.
A rectangle is a special data type internally represented as four 16-bit signed
integers.

make-rectxywh [Function]

B Returns a rectangle. X, y, w, and h are each integers.

rect-x r [Function]
rect-y r [Function]
rect-wr [Function]
rect-hr [Function]

B Accesses rectangle r’s x, 'y, w, and h corrdinates respectively.
O To modify these coordinates of rectangle r, use setf as in (setf (rect-x r)
x2), where x2 is an integer.

rectp v [Function]

M Returns t if and only if v is a recrangle.

A form is a bitmap. The contents of a form should only be manipulated with
such functions as bit-blt or paint-line; the fields should never be modified in
any other way by a user program! Doing so may cause the low level bizr-bir
primitive to overwrite adjacent LISP objects and cause LISP to crash. Forms
created by the form-create function contain the bitmap in the form (thus unless
you set *print-array* to nil or set *print-length* to a small value you will not
want ‘print’ to ever print a form value). The form returned by init-graphics
points to the screen form (which is not in the form itself but which is pointed to
by the form). Each form begins with a ‘magic’ number to aid type checking.

form-create wh [Function]

M Creates and returns a form. This function is described in the ‘Func-
tions’ section below.
O See the C function FormCreate in §5 of the 4400 Series C Reference.

form-w f [Function]
form-h f [Function]

W Accesses form f’s w (width) and h (height) dimensions respectively.
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formp v [Function]

B Returns t if and only if v is a form.

A bbcom is a bit-blt command vector. The user constructs the command vector
and then passes it to such functions as bit-blt or paint-line. The contents of the
bbcom may be modified, but only with legal values. Fields are:

srcform a form or nil
destform a form
srcpoint a point
destrect arect
cliprect a rect
halftoneform  a form or nil
rule a fixnum
make-bbcom &key :srcform :destform :srcpoint :destrect [Function]

:cliprect :halftoneform :rule

M Returns a bbcom. The default values are

srcform nil

destform *screen*

halftoneform  nil

srcpoint (0,0)

destrect (0,0, *screen-width*, *screen-height*)
cliprect (0,0, *screen-width*, *screen-heightx*)
rule bb-s if srcform is non-nil or

bb-one if srcform is nil.

*screen* names the form for the screen. *screen-width* and *screen-
height* name the pixel width and height of the screen respectively.

O For each of the fields X, there is a bbcom-X function to access that
field.

O To modify a field X, one can use setf for each X as in (setf (bbcom-
halftoneform form) r2) where form is a form, and r2 is a bbcom rule.

O This function replaces the BbcomDefault function in the C graphics

library.

2.4
Bbcoms
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2.5
Display
states

2.6
Menus

bbcomp v [Function]

B Returns t if and only if v is a bbcom.

A display state holds the complete state of the display (except the screen bit-
map). '
make-display-state [Function]

B Returns a display state.

display-state-p v [Function]

B Returns t if and only if v is a display state.

A menu is a structure containing forms, a bbcom and several other fields.

icon-menu-create icon-vector [Function]

M Initializes and returns a menu. This function is described in the ‘Func-
tions’ section below.

O See the C function lconMenuCreate in §5 of the 4400 Series C Refer-
ence.

icon-menu-create-x icon-vector flag-vector previous [Function]

M Initializes and returns a menu. This function is described in the ‘Func-
tions’ section below.

O See the C function lconMenuCreateX in §5 of the 4400 Series C
Reference.

menu-create vector-of-strings [Function]

M Initializes and returns a menu. This function is described in the ‘Func-
tions’ section below.
O See the C function MenuCreate in §5 of the 4400 Series C Reference.

menu-create-x vector-of-strings flag-vector previous font [Function]

B Initializes and returns a menu. This function is described in the ‘Func-
tions’ section below.
O See the C function MenuCreateX in §5 of the 4400 Series C Refer-

ence.
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menu-destroy menu [Function]

B Deallocates a menu. This function is described in the ‘Functions’ sec-
tion below.
O See the C function MenuDestroy in §5 of the 4400 Series C Reference.

menu-left [Constant]
menu-noselect [Constant]
menu-right [Constant]
B Constants for the flag vectors of menu structures.
bb-zero [Constant]
bb-s-and-d [Constant]
bb-s-and-not-d [Constant]
bb-s [Constant]
bb-not-s-and-d [Constant]
bb-d [Constant]
bb-s-xor-d [Constant]
bb-s-or-d [Constant]
bb-not-s-and-not-d - [Constant]
bb-not-s-xor-d [Constant]
bb-not-d [Constant]
bb-s-or-not-d [Constant]
bb-not-s [Constant]
bb-d-or-not-s [Constant]
bb-not-s-or-not-d [Constant]
bb-one [Constant]

W These LISP constants are the rules passed to bit-blt and correspond to

the C constants defined in //ib/include/graphics.h.

*screen-height*
*screen-width

[Variable]
[Variable]

B These variables contain the size in pixels, as height and width, of the

screen bitmap.

*view-height*
*view-width*

[Variable]
[Variable]

W These variables contain the size in pixels, as height and width, of the

visible portion of the screen bitmap.

3

Rules for -

bit-blt

4
Variables
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5
Functions

The documentation for these functions can be found in §5, ‘Graphics Library
Reference,’ of the 4400 Series C Reference. The order that the functions are
listed below is the same order as they appear in that section of the manual, i.e.
in alphabetical order. Note that some of the functions have been described
above, and that some functions in the C library have no counterpart in LISP.
Functions that have no counterpart are functions such as BbcomDefault and
FormCopy that manifest the unique programming paradigm of C. In the case
of BbcomDefault, the LISP counterpart is make-bbcom, which both allocates
and initializes a bbcom object. In C a bbcom would be created by declaring a
struct BBCOM structure, whereas in LISP a bbcom object must be allocated. In
the case of FormCopy, the generic LISP function copy-seq subsumes the
data-specific C function.

In general the LISP function’s name is generated by a simple transforma-
tion of the C function name. The C function name is divided just before each
embedded capital letter, the letter is converted to lower case, and a hyphen is
inserted at each such division. For example, the C library function Clear-
Screen becomes the LISP function clear-screen. In some cases the LISP func-
tion expands abbreviated components in C function names, e.g. the C function
GetCPosition becomes the LISP function get-cursor-position.

Certain conventions are observed in describing the arguments to these
functions. Arguments ending with "p" are predicates. The value nil means
‘false’ and anything else means ‘true’. Some of the functions that return struc-
tures take optional arguments (e.g. get-viewport). If the argument is passed to
the function, then the result value will be stored in that argument, otherwise the
function will allocate a new structure and return it.

N.B. All functions check for errors from the library and signal an error if
an error is detected. Thus functions don’t return if there was an error. If there
was no error, the functions return the value returned by the C library function,
converted to an appropriate LISP data type.

bit-blt bbcom [Function)
M Performs the bit-blt command described in the bbcom record.
O See the C function BitBIt in §5 of the 4400 Series C Reference.
char-draw char point [Function]
M Draws the character char at point point.
O See the C function CharDraw in §5 of the 4400 Series C Reference.
char-draw-raw-x char point bbcom font [Function]

B Draws the character char in font font at point point using the parame-
ters of the bbcom.

O See the C function CharDrawRawX in §5 of the 4400 Series C Refer-
ence.
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char-draw-x char point bbcom font [Function]
B Draws the character char in font font at point point using the parame-
ters of the bbcom. The value of point is updated to location at the end of
the character.
O See the C function CharDrawX in §5 of the 4400 Series C Reference.
char-width char font [Function]
B Returns the width in pixels required to draw character char in font font.
O See the C function CharFont in §5 of the 4400 Series C Reference.
circle-draw center radius [Function]
B Draws a circle centered at point center of the specified fixnum radius.
O See the C function CircleDraw in §5 of the 4400 Series C Reference.
circle-draw-x center radius width bbcom [Function]
B Draws a circle centered at point center of the specified fixnum radius
using a line of fixnum width onto the form specified by bbcom.
O See the C function CircleDrawX in §5 of the 4400 Series C Reference.
clear-screen [Function]
M Clear the screen.
O See the C function ClearScreen in §5 of the 4400 Series C Reference.
cursor-track trackp [Function]
B Force cursor to track the mouse if trackp is true.
O See the C function CursorTrack in §5 of the 4400 Series C Reference.
cursor-visible visiblep [Function]

B Make cursor visible or invisible based on visiblep
O See the C function CursorVisible in §5 of the 4400 Series C Refer-
ence.

display-visible visiblep [Function]

B Make the display visible or invisible based on visiblep.
O See the C function DisplayVisible in §5 of the 4400 Series C Refer-
ence.
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event-clear-alarm [Function]
B Clears any pending alarms that the process has requested.
O See the C function EClearAlarm in §5 of the 4400 Series C Reference.
event-disable [Function]
B Disables event processing.
O See the C function EventDisable in §5 of the 4400 Series C Reference.
event-enable [Function]
B Enables event processing.
O See the C function EventEnable in §5 of the 4400 Series C Reference.
event-get-count [Function]

B Returns the number of event vvalues in the event buffer waiting to be
processed.
O See the C function EGetCount in §5 of the 4400 Series C Reference.

event-get-new-count [Function]

B Returns the number of event values in the event buffer which have
occurred since the previous call to this function.
O See the C function EGetNewCount in §5 of the 4400 Series C Refer-

ence.

event-get-next [Function]

B Returns two values: an event-type code and an event value. The
event-type codes are shown below.

delta time

mouse x location

mouse y location
key or button pressed
key or button released

AWM ||O

absolute time

O Whenever the keyboard or mouse changes state, a time event is
generated (either a type O or type S event) that reports the time of the
event. This is accompanied by an event value that specifies the actual

change that occurred.
O See the C function EGetNext in §5.of the 4400 Series C Reference.
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event-get-time [Function]
B Returns the time, in milliseconds, since the system was powered up.
O See the C function EGetTime in §5 of the 4400 Series C Reference.
event-set-mouse-interval interval [Function]

B Specifies how frequently mouse motion events are to be created if the
mouse is continuously moving. interval is a fixnum.
O See the C function ESetMinterval in §5 of the 4400 Series C Refer-
ence.

event-set-alarm time [Function]
B Requests a signal when the specified time, in milliseconds, is reached.
O See the C function ESetAlarm in §5 of the 4400 Series C Reference.

event-set-signal [Function]

B Requests the event manager to signal the current process when events
occur.

O See the C function ESetSignal in §5 of the 4400 Series C Reference.
exit-graphics [Function]

B Exit graphics mode.

O See the C function ExitGraphics in §5 of the 4400 Series C Reference.
‘font-close font [Function]

B Releases storage used for the specified font font.

O See the C function FontClose in §5 of the 4400 Series C Reference.
font-open font-file [Function]

M Initializes a font from the font file font-file.

O See the C function FontOpen in §5 of the 4400 Series C Reference.
form-draw form [Function]

B Displays the form form.

form-create w h [Function]

B Creates and returns a form with width w and height h.
O See the C function FormCreate in §5 of the 4400 Series C Reference.
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form-get-point form &optional point [Function]

M Returns the value of a particular point (default (0, 0)) in a form.
O See the C function FormGetPoint in §5 of the 4400 Series C Refer-
ence.

form-read file-name [Function]

M Reads a file in Smalltalk ‘form’ format from disk and returns a form
object initialized from the file.
O See the C function FormRead in §5 of the 4400 Series C Reference.

form-set-point form point value [Function]

W Sets the value of a single point in form to value.
O See the C function FormSetPoint in §5 of the 4400 Series C Refer-
ence.

form-write form file-name [Function]
B Writes the form form to the file file-name in Smalltalk format.
O See the C function FormWrite in §5 of the 4400 Series C Reference.

get-buttons [Function]

M This returns an integer whose lower three bits are the mouse button
values (1 =down).
O See the C function GetButtons in §5 of the 4400 Series C Reference.

get-cursor &optional form [Function]

M Returns the cursor image bitmap. The image will be stored in form if
provided.
O See the C function GetCursor in §5 of the 4400 Series C Reference.

get-cursor-position &optional point [Function]
B Get the position where the cursor is currently displayed.
O See the C function GetCPosition in §5 of the 4400 Series C Reference.
get-machine-type [Function]

B Returns the 4400-series model number as set at machine initialization
time or by the function set-machine-type.

O See the C function GetMachineType in §5 of the 4400 Series C Refer-
ence.
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get-real-machine-type [Function]

M Returns the 4400-series model number stored in internal ROM.
O See the C function GetRealMachineType in §5 of the 4400 Series C
Reference.

get-mouse-bounds &optional point1 point2 [Function]

B Get the limits on mouse motion. The poinzs will be stored in pointi
and point2 if provided.
O See the C function GetMBounds in §5 of the 4400 Series C Reference.

get-mouse-position &optional point [Function]

B Get the position where the mouse is currently pointing. The point will
be stored in point if provided.

O See the C function GetMPosition in §5 of the 4400 Series C Refer-
ence.

get-term-em-rc [Function]

B Returns two fixnum values, the number of rows and columns, of the
terminal emulator.

O See the C function GetTermEmRC in §5 of the 4400 Series C Refer-
ence.

get-viewport &optional point [Function]

B Get the position which the panning hardware is displaying as the upper
left-hand corner of the display.
O See the C function GetViewport in §5 of the 4400 Series C Reference.

icon-menu-create icon-vector [Function]

B Initializes and returns a menu. The argument icon-vector is a vector of
pointers to forms or nil.

O See the C function lconMenuCreate in §5 of the 4400 Series C Refer-
ence.

icon-menu-create-x icon-vector flag-vector previous [Function]

M Initializes and returns a menu. The argument icon-vector is a vector of
pointers to forms or nil. The argument flag-vector must be an array of
(signed-byte 32) elements of the same length as icon-vector. The fixnum
parameter previous specifies the initial mouse position.

O See the C function lconMenuCreateX in §5 of the 4400 Series C
Reference.
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init-graphics &optional set-full-graphics-mode-p [Function]

B Initialize display for graphics.
O See the C function InitGraphics in §5 of the 4400 Series C Reference.

initialize-tek-graphics [Function]

M This function sets the *screen* variable and must be called before
doing any graphics operations.
O This function is equivalent to (setq *screen* (init-graphics nil)).

line-draw-point-1 point-2 [Function]

B Draws a one-pixel wide line between the points point-1 and point-2.
Both endpoints are drawn.
O See the C function LineDraw in §5 of the 4400 Series C Reference.

line-draw-x point-1 point-2 width draw-last-p bbcom [Function]

B Draws a line of width width pixels between the points point-1 and
point-2 onto the form specified by bbcom. Both endpoints are drawn
unless draw-last-p is nil and width is 7.

O See the C function LineDrawX in §5 of the 4400 Series C Reference.

menu-create vector-of-strings [Function]

B Initializes and returns a menu. The argument vector-of-strings must be
of type (simple-array (simple-string *) (*)).
O See the C function MenuCreate in §5 of the 4400 Series C Reference.

menu-create-x vector-of-strings flag-vector previous font [Function]

W Initializes and returns a menu. The argument vector-of-strings must be
of type (simple-array (simple-string #*) (*)). The argument flag-vector
must be of type (array (signed-byte 32)) and of the same length as vector-
of-strings. The fixnum argument previous specifies the initial mouse posi-
tion. Menu items are displayed in font font.

O See the C function MenuCreateX in §5 of the 4400 Series C Refer-
ence.

menu-destroy menu [Function]

B The menu menu is deallocated.
O See the C function MenuDestroy in §5 of the 4400 Series C Reference.
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menu-select menu [Function]
M Opens the specified menu and waits for a mouse click or release.
O See the C function MenuSelect in §5 of the 4400 Series C Reference.
paint-line bbcom point [Function]
W Paints a line on the display.
O See the C function PaintLine in §5 of the 4400 Series C Reference.
pan-cursor-enable enablep [Function]

B Enable screen panning using the cursor if enablep is true.
O See the C function PanCursorEnable in §5 of the 4400 Series C
Reference.

pan-disk-enable enablep [Function]

B Enable screen panning using the joydisk if enablep is true.
O See the C function PanDiskEnable in §5 of the 4400 Series C Refer-
ence.

point-distance point-1 point-2 [Function]

B Returns the distance between the two points.
O See the C function PointDistance in §5 of the 4400 Series C Refer-
ence.

point-from-user point [Function]

B Returns a point selected by the user.
O See the C function PointFromUser in §5 of the 4400 Series C Refer-
ence.

point-max point-1 point-2 [Function]

B Returns the lower right comer of the rectangle defined the the two

points.
O See the C function PointMax in §5 of the 4400 Series C Reference.

point-midpoint point-1 point-2 [Function]

B Returns the midpoint of the line defined by the two points.
O See the C function PointMidpoint in §5 of the 4400 Series C Refer-
ence.
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point-min point-1 point-2 [Function]

B Returns the upper left corner of the rectangle defined by the two points.
O See the C function PointMin in §5 of the 4400 Series C Reference.

point-to-row-column point [Function]

M Converts a screen coordinate to the row, column indices which define
the terminal emulator character cell which contains that point. Returns
two values: the row and column.

O See the C function PointToRC in §5 of the 4400 Series C Reference.

points-to-rect point-1 point-2 [Function]

B Returns the minimum rectangle that contains both points.
O See the C function PointsToRect in §5 of the 4400 Series C Refer-
ence.

polygon-draw point-vector [Function]

B Draws a filled-in polygon defined by the points in the simple-vector
point-vector.

O See the C function PolygonDraw in §5 of the 4400 Series C Refer-
ence.

polygon-draw-x point-vector bbcom [Function]

M Draws a filled-in polygon defined by the points in the simple-vector
point-vector onto the destination form specified by bbcom.

O See the C function PolygonDrawX in §5 of the 4400 Series C Refer-
ence.

polyline-draw point-vector [Function]

B Draws a series of line segments connecting the points of the simple-
vector point-vector using the bbSorD combination rule. The line segments
are one-pixel wide.

O See the C function PolyLineDraw in §5 of the 4400 Series C Refer-
ence.

polyline-draw-x point-vector width closed bbcom [Function]

M Draws a series of line segments connecting the points of the simple-
vector point-vector, each line of width width pixels onto the form specified
by bbcom. If the fixnum closed is not zero, then a closing line segment is
drawn from the last to the first point in the vector. The last endpoint is not
drawn.
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O See the C function PolyLineDrawX in §5 of the 4400 Series C Refer-

ence.

protect-cursor rect1 &optional rect2 [Function]

B Tell the operating system to respond by removing the cursor from the
screen if it is in either rect1 or (optionally) rect2.

O See the C function ProtectCursor in §5 of the 4400 Series C Refer-
éence.

rect-areas-differing rectangle-1 rectangle-2 [Function]

M Returns the regions of rectangle-1 that are outside of rectangle-2, and
the regions of rectangle-2 that are outside of rectangle-1.

O See the C function RectAreasDiffering in §5 of the 4400 Series C
Reference.

rect-areas-outside rectangle-1 rectangle-2 [Function]

M Returns the regions of rectangle-1 that are outside of rectangle-2.
[0 See the C function RectAreasOutside in §5 of the 4400 Series C
Reference.

rect-box-draw rectangle width [Function]

M Draws a box of fixnum width pixels around rectangle using the bbSorD
combination rule.
O See the C function RectBoxDraw in §5 of the 4400 Series C Refer-

éence.

rect-box-draw-x rectangle width bbcom [Function]
M Draws a box of fixnum width pixels around rectangle onto the form
specified by bbcom.
O See the C function RectBoxDrawX in §5 of the 4400 Series C Refer-
ence.

rect-contains-point rectangle point [Function]

B Returns nil if rectangle does not contain point, otherwise it returns t.
O See the C function RectContainsPoint in §5 of the 4400 Series C
Reference.

rect-contains-rect rectangle-1 rectangle-2 [Function]

M Returns nil unless rectangle-1 contains rectangle-2, in which case it
returns t.
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O See the C function RectContainsRect in §5 of the 4400 Series C
Reference.

rect-draw rectangle [Function]
B Draws a solid rectangle using the bbS combination rule.
O See the C function RectDraw in §5 of the 4400 Series C Reference.
rect-draw-x rectangle bbcom [Function]
M Draws a solid rectangle onto the form specified by bbcom.
O See the C function RectDrawX in §5 of the 4400 Series C Reference.
rect-from-user &optional rectangle [Function]

B The region selected by the user is returned.
O See the C function RectFromUser in §5 of the 4400 Series C Refer-
ence.

rect-from-user-x minimum-size form &optional rectangle [Function]

M The region selected by the user is returned. The minimum-size argu-
ment specifies. the minimum size of the region. The form argument speci-
fies a half-tone form to highlight the selected region.

O See the C function RectFromUserX in §5 of the 4400 Series C Refer-
ence.

rect-intersect rectangle-1 rectangle-2 &optional rectangle-3 [Function]

B Returns (in rectangle-3 if given) the intersection of rectangle-1 and
rectangle-2. If the rectanges don’t intersect it returns nil.
O See the C function Rectintersect in §5 of the 4400 Series C Reference.

rect-intersects rectangie-1 rectangle-2 [Function]

M Returns t if the rectangles intersect, otherwise nil.
O See the C function Rectintersects in §5 of the 4400 Series C Refer-
ence.

rect-merge rectangle-1 rectangle-2 &optional rectangle-3 [Function]

B Returns (in rectangle-3 if given) the minimum rectangle that contains
both rectangle-1 and rectangle-2.
O See the C function RectMerge in §5 of the 4400 Series C Reference.
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release-cursor [Function]

B Tell the operating system to restore the cursor if it was removed due to
a call to protect-cursor.
O See the C function ReleaseCursor in §5 of the 4400 Series C Refer-

ence.

restore-display-state display-state [Function]

B Re-establish the state defined by display-state.
O See the C function RestoreDisplayState in §5 of the 4400 Series C

Reference.

row-column-to-rect row column &optional rect [Function]

B Returns rectange which describes the terminal emulator character cell
given by row and column. The rectangle will be returned in rect if pro-
vided.

O See the C function RCToRect in §5 of the 4400 Series C Reference.

save-display-state &optional display-state [Function]

M Return the display-state of the current display state. The display-state
will be stored in display-state if provided.

O See the C function SaveDisplayState in §5 of the 4400 Series C
Reference.

screen-saver-enable enablep [Function]

M Enable the screen saver timeout, which causes the screen to be blanked
after 10 minutes of keyboard or mouse inactivity.

O See the C function ScreenSaverEnable in §5 of the 4400 Series C
Reference.

set-cursor form [Function]
M Install a new cursor. form must be a 16x16 bit form.
O See the C function SetCursor in §5 of the 4400 Series C Reference.
set-cursor-position point [Function]
W Display the cursor at the specified position.
O See the C function SetCPosition in §5 of the 4400 Series C Reference.
set-keyboard-code val [Function]

B Tells the keyboard to output either event codes, if val is 0, or ANSI
character strings, if val is 1.
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O See the C function SetKBCode in §5 of the 4400 Series C Reference.

set-machine-type value [Function]

M Sets the machine type to the fixnum value.
O See the C function SetMachineType in §5 of the 4400 Series C Refer-
ence.

set-mouse-bounds point1 point2 [Function]

B Set the limits on mouse motion to be the rectangle defined by the upper
left point point1 and the lower right point point2.
O See the C function SetMBounds in §5 of the 4400 Series C Reference.

set-mouse-position point [Function]
W Position the mouse at the specified position.
O See the C function SetMPosition in §5 of the 4400 Series C Reference.
set-viewport point [Function]

B Set the panning hardware to display the upper left-hand corner of the
display at the specified point.
O See the C function SetViewport in §5 of the 4400 Series C Reference.

string-draw string point ' [Function]

B Draws the simple-string string using the default font starting at the
specified point.
O See the C function StringDraw in §5 of the 4400 Series C Reference.

string-draw-raw-x string point bbcom font [Function]

B Draws the simple-string string using font font starting at the specified
point onto the form specified by bbcom.
O See the C function StringDrawRawX in §5 of the 4400 Series C Refer-

ence.

string-draw-x string point bbcom font [Function]

M Draws the simple-string string using fonr font starting at the specified
point onto the form specified by bbcom.
O See the C function StringDrawX in §5 of the 4400 Series C Reference.

string-width string font [Function]

M Returns the width in pixels of the simple-string string in font font.
O See the C function StringWidth in §5 of the 4400 Series C Reference.
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terminal-enable enablep [Function]

B Enable the terminal emulator if enablep is true. The previous mode is
returned (t for enabled, nil for disabled).
O See the C function TerminalEnable in §5 of the 4400 Series C Refer-

ence.

video-normal normalp [Function]

B Set display to white on black if normalp is nil, and to black on white
otherwise.
O See the C function VideoNormal in §5 of the 4400 Series C Reference.

Tek COMMON LISP includes a function for creating halftone forms, and several
variables that represent common halftone forms.

make-halftoneform &optional patternlist [Function]

B Make a halftone which has the given pattern in it. patternlist is nor-
mally a list of sixteen 16-bit signed integers. If patternlist has fewer than
sixteen integers, then the whole pattern is repeated as many times as is
necessary to get sixteen integers.

*black-halftone* [Variable]
*dark-grey-halftone* [Variable]
*grey-halftone* [Variable]
*light-grey-halftone* [Variable]
*very-light-grey-halftone* [Variable]
*white-halftone** [Variable]

B Various common halftone forms.

6
Halftone
forms
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defflavor macro 6-17
Defflavor options (§6.8) 6-25
ff:defforeign function 8-6
:address keyword 8-7
:arg-checking keyword 8-6
:arguments keyword 8-6
:convert-symbol keyword 8-7
:entry-point keyword 8-6
:language keyword 8-7
:pass-type keyword 8-6
:print keyword 8-7
:remember-address keyword 8-7
:return-type keyword 8-7
ff.defforeign-list macro 8-8
Defining a foreign function to LISP (§8.3) 8-5
Defining and calling LISP functions from foreign
code (§8.6) 8-14
defmethod macro 6-17
ff:defun-c-callable macro 8-17
defwhopper macro 6-22
defwrapper macro 6-21
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:describe message 6-34
describe-flavor function 6-25
Display states (§2.5) S-4
display-state-p function S-4
display-visible function S-7

:dn keyword 5-7

:dn top-level command 5-7
compiler:*do-call-counts* variable 7-2
top-level:do-command function 5-22
:documentation defflavor option 6-33
excl:dumplisp function 4-4

:entry-point keyword 8-6
Environment functions (§4.2) 4-3
:error top-level command 5-5

Errors (§3.2) 3-4

excl:errorset macro 3-4
top-level:xeval* variable 5-20
ceval-inside-yourself message 6-35
event-clear-alarm function S-8
event-disable function S-8
event-enable function S-8
event-get-count function S-8
event-get-new-count function S-8
event-get-next function S-8
event-get-time function S-9
event-set-alarm function S-9
event-set-mouse-interval function S-9
event-set-signal function S-9
Example (§3.3.2) 3-7

excl:bignump function 3-9
excl:chdir function 4-3
excl:compile-file-if-needed function 3-10
excl:xcurrent-case-mode#* variable 3-2
excl:current-directory function 4-3
excl:dumplisp function 4-4
excl:errorset macro 3-4

excl:exit function 4-4
excl:file-older-p function 3-10
excl:fixnump function 3-9
excl:function-call-clear function 7-2
excl:function-call-count function 7-2
excl:function-call-list function 7-1
excl:function-call-report function 7-1
excl:gc function 2-2

excl:xgcprint* variable 2-2
excl:generate-library-pathnames function 3-11
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excl:get-and-zero-call-count function 7-2
excl:ifx macro 3-10
excl:xignore-package-name-casex variable 3-2
excl:instancep function 6-21
excl::xlibrary-code-cl-pathname* variable 3-9
excl::*library-code-fasl-pathnamex variable 3-9
excl:pp macro 3-10

excl:ratiop function 3-9
excl:run-shell-command function 4-1
excl:set-case-mode function 3-2

excl:shell function 4-3

excl:single-floatp function 3-9
excl:*xtrace-output* variable 5-11
excl:xtrace-print-length* variable 5-11
excl:xtrace-print-level* variable 5-11
excl:uncompile function 3-9
excl:username-to-home-directory function 4-4
excl:exit function 4-4

:exit top-level command 5-10

exit-graphics function S-9
top-level:xexit-on-eof* variable 5-19
lisp:export function 3-11

Extensions (Chapter 3) 3-1

ff:convert-to-lang function 8-4
ff:defcstruct macro 8-21
ff:defforeign function 8-6
:address keyword 8-7
:arg-checking keyword 8-6
:arguments keyword 8-6
:convert-symbol keyword 8-7
:entry-point keyword 8-6
:language keyword 8-7
:pass-type keyword 8-6
:print keyword §-7
:remember-address keyword 8-7
:return-type keyword 8-7
tf.defforeign-list macro 8-8
ff:defun-c-callable macro 8-17
ff:foreign-argument function 8-18
ff:get-entry-points function 8-4
ff:lisp-value function 8-16
ff:register-function function 8-15
ff:register-value function 8-15
ff.:remove-entry-point function 8-4
ff:reset-entry-point-table function 8-4
File types (§2.4.1) 2-4
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top-level:*file-ignore-case* variable 5-20
excl:file-older-p function 3-10
:find top-level command 5-7

:dn keyword 5-7

:skip keyword 5-7

:up keyword 5-7
lisp:find-symbol function 3-11
:first search-list keyword 3-6
excl:fixnump function 3-9
Flavor families (§6.9) 6-33
Flavor functions (§6.7) 6-17
si:flavor-allowed-init-keywords function 6-24
flavor-allows-init-keyword-p function 6-24
Flavors (Chapter 6) 6-1
font-close function S-9
font-open function S-9
Foreign functions (Chapter 8) 8-1
ff:foreign-argument function 8-18
:foreign-files keyword 8-2
Format of the manual (§1.1) 1-1
form-create function S-2, S-9
form-draw function S-9
form-get-point function S-10
form-h function S-2
formp function S-3
form-read function S-10
Forms (§2.3) S-2
form-set-point function S-10
form-w function S-2
form-write function S-10
free-cstruct function 8-24
funcall function 6-23
:funcall-inside-yourself message 6-35
funcall-self macro 6-23
Functionality (§2) r-2
excl:function-call-clear function 7-2
excl:function-call-count function 7-2
excl:function-call-list function 7-1
excl:function-call-report function 7-1
Functions (8§85) S-6

excl:gc function 2-2

excl:xgcprint* variable 2-2

compiler:generate-call-count-code-switch variable
2-5

compiler:generate-interrupt-check-switch variable
2-5

excl:generate-library-pathnames function 3-11

Generic operations (§6.3) 6-6

Generic operations in LISP (§6.4) 6-8

:get message 6-46

excl:get-and-zero-call-count function 7-2

get-buttons function S-10

get-cursor function S-10

get-cursor-position function S-10

ff:get-entry-points function 8-4

system:getenv function 4-4

get-handler-for function 6-24

:get-handler-for message 6-35

:getl message 6-47

get-machine-type function S-10

get-mouse-bounds function S-11

get-mouse-position function S-11

get-real-machine-type function S-11

:gettable-instance-variables defflavor option
6-25

get-term-em-rc function S-11

Getting help (85.3) 5-2

get-viewport function S-11

*grey-halftone* variable S-19

Halftone forms (86) S-19

:help top-level command 5-2

History (§2) p-1

:history top-level command 5-3

top-level:xhistory* variable 5-19

How foreign-called LISP functions get arguments
(88.7) 8-17

How to compile functions (§1.6) 1-4

How to exit LISP (§1.5) 1-3

How to run LISP (§1.4) 1-3

icon-menu-create function S-11, S-4
icon-menu-create-x function S-11, S-4
excl:if¥ macro 3-10
excl:xignore-package-name-case* variable 3-2
Image functions (§4.3) 4-4

Implementation (Chapter 2) 2-1

Implementing flavors (§6.12) 6-44
lisp:import function 3-11

:included-flavors defflavor option 6-29

zinit message 6-20
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:initable-instance-variables defflavor option
6-26
init-graphics function S-12
Initialization (§5.1) 5-1
initialize-tek-graphics function S-12
:init-keywords defflavor option 6-26
Input/output (§2.3) r-2
:inside keyword 5-11
inspect function 5-15
:inspect top-level command 5-15, 5-16, 5-17
The inspector (§5.10) 5-14
excl:instancep function 6-21
instantiate-flavor function 6-19
Interaction (§5.2) 5-1
lisp:intern function 3-11
Internal functions (§2.5) 2-7
Introduction (§1) S-1
(Chapter 1) 1-1
:inverse-list method type 6-42
:inverse-list method-combination type 6-40

Keeping abreast (§5) p-4

The language (§1) p-1

:language keyword 8-7

:Id top-level command 5-10
top-level:xld-options* variable 5-19
lexpr-funcall-self macro 6-23
lexpr-send macro 6-9
lexpr-send-self macro 6-23
excl::xlibrary-code-cl-pathnamex* variable 3-9
excl::xlibrary-code-fasl-pathnamex variable 3-9
*light-grey-halftone* variable S-19
line-draw function S-12

line-draw-x function S-12
lisp:export function 3-11
lisp:find-symbol function 3-11
lisp:import function 3-11
lisp:intern function 3-11
lisp:shadow function 3-11
lisp:shadowing-import function 3-11
lisp:unexport function 3-11
lisp:unintern function 3-11
lisp:unuse-package function 3-11
lisp:use-package function 3-11
ff:lisp-value function 8-16
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:list method type 6-42

:list method-combination type 6-39

Load errors (§8.2) 8-3

load function 8§8-2 .
:foreign-files keyword 8-2
:system-libraries keyword 8-2

The loader (§8.1.1) 8-2

Loading foreign code (§8.1) 8-2

Loading library functions (§8.1.2) 8-3

system:*load-search-listx variable 3-8

:local top-level command 5-8

make-bbcom function S-3
make-cstruct function 8-24
make-display-state function S-4
make-halftoneform function S-19
make-instance function 6-18
make-point function S-1
make-rect function S-2
malloc-cstruct function 8-24
menu-create function S-12, S-4
menu-create-x function S-12, S-4
menu-destroy function S-12, S-5
menu-left constant S-5
menu-noselect constant S-5
menu-right constant S-5

Menus (§2.6) S-4

menu-select function S-13
Merging pathnames (8§2.3.2) 2-3
Method combination (§6.11) 6-35
:method-combination defflavor option 6-31
Miscelianeous commands (85.7) 5-9
Miscellaneous features (§3) r-2
Miscellaneous functions and symbols (§3.5) 3-9
Mixing flavors (§6.6) 6-13
:mixture defflavor option 6-32
:moderate keyword 5-6

Modularity (§6.2) 6-3

:nconc method type 6-42

:nconc method-combination type 6-39

New features in this release (§1) r-1

:newest search-list keyword 3-6
:newest-ask-compile search-list keyword 3-6
:newest-do-compile search-list keyword 3-6
no method type method type 6-41
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A note on portability (§2.6) 2-8
:no-vanilla-flavor defflavor option 6-29
:[+|-Jlnumber top-level command 5-3

Objects (§6.1) 6-1

Operating-system interface (Chapter 4) 4-1

:operation-handled-p message 6-35

ror method type 6-41, 6-42

sor method-combination type 6-39

Order of definition (§6.12.1) 6-45

:ordered-instance-variables defflavor option
6-29

system:os-wait function 4-1

Other documents (§1.3) 1-2

An outline of the manual (§1.2) 1-2

‘outside-accessible-instance-variables defflavor
option 6-30

:override method type 6-42

Packages (Chapter 9) 9-1

Packages in Tek COMMON LISP (§9.1) 9-1

paint-line function S-13

pan-cursor-enable function S-13

pan-disk-enable function S-13

Parsing pathnames (§2.3.1) 2-2

Passing arrays of strings from LISP to C (§8.5)
8-12

:pass-on method type 6-42

:pass-on method-combination type 6-40

:pass-type keyword 8-6

Pathnames (§2.3) 2-2

::pattern top-level command 5-3

point-distance function S-13

Pointers, embedded structures, and arrays (§8.8.4)
8-24

point-from-user function S-13

point-max function S-13

point-midpoint function S-13

point-min function S-14

pointp function S-2

Points (§2.1) S-1

points-to-rect function S-14

point-to-row-column function S-14

point-x function S-1

point-y function S-1

polygon-draw function S-14

polygon-draw-x function S-14
polyline-draw function S-14
polyline-draw-x function S-14

:pop top-level command 5-5
Portability issues (§8.8.5) 8-26
excl:pp macro 3-10

Preface (Prependix p) p-1

:print keyword 8-7

top-level:*print* variable 5-20
:print-after keyword 5-11

:print-all keyword 5-11
:print-before keyword 5-11
top-level:*print-length* variable 5-20
top-level:*print-level* variable 5-20
:print-self message 6-34

Profiling (Chapter 7) 7-1

:progn method type 6-42

:progn method-combination type 6-39
top-level:*prompt* variable 5-19
Property list operations. (§6.13) 6-46
:property-list message 6-47
si:property-list-mixin flavor 6-46
protect-cursor function S-15

:prt top-level command 5-5
:push-propertyproperty-name message 6-47
:putprop message 6-47

excl:ratiop function 3-9
top-level:xread* variable 5-20
Reader case modes (§3.1) 3-1
recompile-flavor function 6-23
Rectangles (§2.2) S-2
rect-areas-differing function S-15
rect-areas-outside function S-15
rect-box-draw function S-15
rect-box-draw-x function S-15
rect-contains-point function S-15
rect-contains-rect function S-15
rect-draw function S-16
rect-draw-x function S-16
rect-from-user function S-16
rect-from-user-x function S-16
rect-h function S-2
rect-intersect function S-16
rect-intersects function S-16
rect-merge function S-16

rectp function S-2
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rect-w function S-2

rect-x function S-2

rect-y function S-2

ff:register-function function 8-15

ff:register-value function 8-15
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(Prependixr) r-1

release-cursor function S-17

:remember-address keyword 8-7

top-level:remove-alias function 5-22

ff:remove-entry-point function 8-4

:remprop message 6-47

Reporting bugs (§4) p-2

:required-flavors defflavor option 6-28

:required-init-keywords defflavor option 6-27

:required-instance-variables defflavor option
6-27

:required-methods defflavor option 6-27

system:*require-search-list* variable 3-9

:reset top-level command 5-4

ff:reset-entry-point-table function 8-4

top-level:*reset-hook variable 5-20

restore-display-state function S-17

:return-type keyword 8-7

row-column-to-rect function S-17

Rules for bit-blt (§3) S-5

excl:run-shell-command function 4-1

srun-time-alternatives defflavor option 6-32

A sample initialization file (§5.13) 5-23
save-display-state function S-17
:scont top-level command 5-14
*screen-heightx variable S-5
screen-saver-enable function S-17
*screen-width* variable S-5
Search lists (§3.3) 3-5

self variable 6-22

send function 6-8

send macro 6-23
:send-if-handles message 6-35
send-self macro 6-23
excl:set-case-mode function 3-2
set-cursor function S-17
set-cursor-position function S-17
set-in-instance function 6-24
set-keyboard-code function S-17
set-machine-type function S-18

Tek COMMON Lis#e T
Index [|-79"!

set-mouse-bounds function S-18

set-mouse-position function S-18

:set-property-list message 6-47

:settable-instance-variables defflavor option
6-25

set-viewport function S-18

lisp:shadow function 3-11

lisp:shadowing-import function 3-11

excl:shell function 4-3

si:flavor-allowed-init-keywords function 6-24

Simple use of flavors (§6.5) 6-9

excl:single-floatp function 3-9

si:property-list-mixin flavor 6-46

si:vanilla-flavor flavor 6-34

:skip keyword 5-7

*source-file-type* variable 3-11

:sover top-level command 5-14

:special-instance-variables defflavor option
6-26

Stack commands (§5.6) 5-6

:step top-level command 5-13

The stepper (§5.9) 5-13

*step-print-length* variable 5-14

*step-print-level* variable 5-14

Storage allocation (§2.2) 2-2

Storage allocation for cstructs (§8.8.2) 8-22

string-draw function S-18

string-draw-raw-x function S-18

string-draw-x function S-18

string-width function S-18

Structure (§3.3.1) 3-5

Subprocess functions (§4.1) 4-1

Symbols in the exc/ package (§9.2) 9-2

symeval-in-instance function 6-24

system:command-line-argument function 4-3*

system:command-line-argument-count function
4-3

system:command-line-arguments function 4 3

system:getenv function 4-4

:system-libraries keyword 8-2

system:xload-search-listx variable 3-8

system:os-wait function 4-1

system:*require-search-listx variable 3-9
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Tektronix 4400 graphics library (Supplement S)&
S-1 3
terminal-enable function S-19 o
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:top keyword 5-7
Top level (Chapter5) 5-1
Top-level forms (§2.4.3) 2-7
Top-level variables (§5.11) 5-19
top-level:alias macro 5-21
top-level:xauto-zoom#* variable 5-19
top-level:*xcommand-char* variable 5-19
top-level:do-command function 5-22
top-level:xeval* variable 5-20
top-level:xexit-on-eof* variable 5-19
top-level:xfile-ignore-case* variable 5-20
top-level:xhistory* variable 5-19
top-level:xId-options* variable 5-19
top-level:xprint* variable 5-20
top-level:*xprint-length* variable 5-20
top-level:xprint-level* variable 5-20
top-level:*prompt* variable 5-19
top-level:xread variable 5-20
top-level:remove-alias function 5-22
top-level:xreset-hook* variable 5-20
top-level:xzoom-display* variable 5-8
top-level:*zoom-print-length* variable 5-8
top-level:*zoom-print-level* variable 5-8
:trace top-level command 5-10

:break-after keyword 5-11

:break-all keyword 5-11

:break-before keyword 5-11

:condition keyword 5-11

:inside keyword 5-11

:print-after keyword 5-11

:print-all keyword 5-11

:print-before keyword 5-11
excl:*trace-output* variable 5-11
excl:xtrace-print-length* variable 5-11
excl:xtrace-print-level* variable 5-11
The tracer (§5.8) 5-10
compiler:trust-declarations-switch variable 2-6

excl:uncompile function 3-9
undefflavor function 6-22
undefmethod macro 6-22
lisp:unexport function 3-11
lisp:unintern function 3-11
:untrace top-level command 5-11
lisp:unuse-package function 3-11
:up keyword 5-7

:up top-level command 5-7

lisp:use-package function 3-11
excl:username-to-home-directory function 4-4

Vanilla flavor (§6.10) 6-34

si:vanilla-flavor flavor 6-34

Variables (§3.3.3) 3-8
(84) S-5

:verbose keyword 5-6

compiler:verify-argument-count-switch variable
2-6

compiler:verify-car-cdr-switch variable 2-6

compiler:verify-non-generic-switch variable 2-6

compiler:verify-symbol-value-is-bound-switch vari-
able 2-6

*very-light-grey-halftone* variable S-19

video-normal function S-19

*view-height* variable S-5

*view-width* variable S-5

:which-operations message 6-34
*white-halftone** variable S-19
:wrapper method type 6-42

:zoom top-level command 5-6

:bottom keyword 5-7

:brief keyword 5-6

:moderate keyword 5-6

:top keyword 5-7

:verbose keyword 5-6
top-level:*zoom-display* variable 5-8
top-level:*zoom-print-length* variable 5-8
top-level:xzoom-print-level* variable 5-8
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Release 1.4 notes for Tektronix Workstations

This chapter describes release 1.4 of Tek COMMON LISP for the Tektronix
Workstations. The information provided here pertains specifically to this
release—general information on the topics discussed here may be found in the
Tek COMMON LISP User Guide and in Common Lisp: The Language.

An extension to COMMON LISP, the foreign-function interface, is included in
this release. The interface allows LISP to call C functions, and allows C func-
tions to call back to LISP. A C structures package is part of the foreign func-
tion interface. Also included is a file which provides macros for C code to
correctly convert LISP objects to C data formats is also included. It is called
lisp68k.h and is located in the /ib/misc directory on the distribution tape. This
directory will usually have absolute name /common-lisp/lib. You should con-
sult your system manager for the exact location on your system. The foreign-
function interface is documented in Chapter 8 of Tek COMMON LISP User
Guide.

Other new functions for interfacing with the operating system have been
added. The most powerful is run-shell-command. All are documented in
Chapter 4.

Various new functions and macros have been added to fill in some gaps in
the COMMON LISP specification. Additions include tests for more data types
and a ‘keyword-style’ if construct. All are documented in Chapter 3.

Other new features include:

I In order to make explicit the difference between pure COMMON LISP code
(as specified in Common Lisp) and the extensions found in Tek COMMON
LISP, the location of many symbols has been changed. Chapter 9 of Tek
COMMON LISP User Guide describes this change in detail. Please note
that files compiled under earlier versions of Tek COMMON LISP must be
recompiled with this version.

2 There is now an inspector accessable through the The inspector is

described in Chapter 5 of Tek COMMON LISP User Guide.

3 The compiler optimizations can be better controlled by the user. See sec-
tion 1.5 of Tek COMMON LISP User Guide for details.

1
New
features in
this release
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r-2 [Release 1.4 notes for Tektronix Workstations

2
Functionality

2.1
Closures

2.2
Arrays

2.3
Input/output

3
Miscellaneous
features

Certain limitations on the functionality of L are noted here.

It is not possible to compile functional objects (closures) created by interpre-
tive evaluation of the function special form. For example, the functional value
of symbol closure-sym below cannot be compiled in this release, and an error
will be signalled by the compile function.

<cl> (setf (symbol-function ’‘closure-sym)
(let ((local-var 0))
(function
(lambda (bound-var)
(+ bound-var local-var))}))))
<cl> (compile 'closure-sym)

The functions bit, sbit, char and schar are treated just like aref in that no
effort is made to ensure that the first argument is of the correct type. It is an
error, although it is not signalled, to provide a sequence argument of the wrong
type.

Because of limitations of the operating system, the functions read-char-no-
hang and listen may hang, so they should be avoided.

When the Tek COMMON LISP image is invoked, it will initially attempt to allo-
cate the maximum heap space for which it was configured (see the ‘Installation
guide’ for details). If, however, it is unable to allocate the requested amount of
heap space, it will attempt to allocate 256 kbytes less. The image will repeat-
edly attempt to allocate space, each time asking for 256 kbytes less space, until
the amount of space requested is allocatable or until the mimimum request of 3
Mbytes is reached. If the miminum of 3 Mbytes cannot be allocated, the image
terminates with an error message.
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