


































































































































































































































ARRAYS AND VECTORS 

Subpart name Get value Set value Type 

datumld vrefi-byte vseti-byte fixnum 
vrefi-word vseti-word fixnum 
vrefi-Iong vseti-Iong fixnum 

property vprop vsetprop lispval 
vputprop 

size vsize - fixnum 
vsize-byte fixnum 
vsize-word fixnum 

To create immediate vectors specifying size and fill data, you can use the functions new­
vectori-byte, new-vectori-word, or new-vectori-Iong. You can also use the functions vectori­
byte, vectori-word, or vectori-Iong. All of these functions are described in Chapter 2. 
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CHAPTER 10 

Exception Handling 

10.1. Errset and Error Handler Functions 
FRANZ LISP allows you to handle in a number of ways the errors that arise during 

computation. One way is through the use of the errset function. If an error occurs dur­
ing the evaluation of the errsels first argument, then the locus of control returns to the 
errset which returns nil (except in special cases, such as err). The other method of error 
handling is through an error handler function. When an error occurs, the error handler 
is called and is given as an argument a description of the error that just occurred. The 
error handler may take one of the following actions: 

(1 ) It could take some drastic action like a reset or a throw. 
(2) It could, if that the error is continuable, return to the function that noticed the 

error. The error handler indicates that it wants to return a value from the error by 
returning a list whose car is the value it wants to return. 

(3) It could decide not to handle the error and return a non-list to indicate this fact. 

10.2. The Anatomy of an error 
Each error is described by a list of these items: 

(1) Error type - This is a symbol that indicates the general classification of the error. 
This classification may determine which function handles this error. 

(2) fixnum id - a fixnum identifying the error. In the future each error will have a 
unique number. 

(3) Continuable - If this is non-nil, then this error is continuable. 

(4) Message string - This is a symbol whose print name is a message describing the 
error. 

(5) Data - There may be from zero to three Lisp values that help describe this particu­
lar error. For example, the unbound variable error contains one datum value, the 
symbol whose value is unbound. The list describing that error might look like: 

(ER%misc 0 t IUnbound Variable:1 foobar) 

10.3. Error handling algorithm 

This is the sequence of operations when an error occurs: 

(1) If the symbol ER%all has a non-nil value, then this value is the name of an error 
handler function. That function is called with a description of the error. If that 
function returns (and, of course, it may choose not to) and the value is a list and 
this error is continuable, then the car of the list to the function which called the 
error is returned. Presumably, the function uses this value to retry the operation. 
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On the other hand, if the error handler returns a non-list, then it has chosen not to 
handle this error, which leads to step (2). Something special happens before the 
EROfoall error handler is called, which does not happen in any of the other cases 
described later. To help insure that infinitely recursive errors do not occur, if 
EROfoall is set to a bad value, the value of EROfoall is set to nil before the handler is 
called. Thus, it is the responsibility of the EROfoall handler to 'reenable' itself by 
storing its name in EROfoall. 

(2) Next, the specific error handler for the type of error that just occurred is called, if 
one exlsts, to see if it wants to handle the error. The names of the handlers for 
the specific types of errors are stored as the values of the symbols whose names are 
the types. For example, the handler for miscellaneous errors is stored as the value 
of EROfomisc. Of course, if EROfomisc has a value of nil, then there is no error 
handler for this type of error. Appendix B contains a list of all error types. The 
process of classifying the errors is not complete, and, thus, most errors are lumped 
into the EROfomisc category. Just as in step (0, the error handler function may 
choose not to handle the error by returning a non-list, which leads to step (3). 

(3) Next, a check is made to see if there is an errset surrounding this error. If so the 
second argument to the errset call is examined. If the second argument was not 
given or is non-nil then the error message associated with this error is printed. 
Finally, the stack is popped to the context of the errset and then the errset returns 
nil. If there was no errset step (4) is executed. 

(4) If the symbol EROfotpl has a value, then it is the name of an error handler that is 
called in a manner similar to that discussed earlier. If it chooses not to handle the 
error, step (5) is executed. 

(5) At this point, it has been determined that you do not want to handle this error. 
Thus, the error message is printed out and a reset is done to send the flow of con­
trol to the top-level. 
To summarize the error handling system: When an error occurs, you have two 

chances to handle it before the search for an errset is done. Then, if there is no errse4 
you have one more chance to handle the error before control jumps to the top level. 
Every error handler works in the same way: It is given a description of the error (as 
described in the previous section). It mayor may not return. If it returns, then it 
returns either a list or a non-list. If it returns a list and the error is continuable, then the 
car of the list is returned to the function that noticed the error. Otherwise, the error 
handler has decided not to handle the error. 

10.4. Default aids 
There are two standard error handlers that probably handle the needs of most 

users. One of these is the Lisp-coded function break-err-hand1er, which is the default 
value of ER Ofotpl. Thus, when all other handlers have ignored an error, break-err-handler 
takes over. It prints out the error message and goes into a read-eval-print loop. The 
other standard error handler is debug-err-handler. This handler is designed to be con­
nected to EROfoall and is useful if your program uses errset and you want to look at the 
error before it is thrown up to the errset 

10.5. Autoloading 

10-2 

When eva~ apply, or jUncall are told to call an undefined function, an EROfoundef 
error is signaled. The default handler for this error is undef-jUnc-handler. This function 
checks the property list of the undefined function for the indicator, autoload. If it is 
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present, the value of that indicator should be the name of the file that contains the 
definition of the undefined function. Undef-func-handler loads the file and check if it has 
defined the function which caused the error. If it has, the error handler returns and the 
computation continues as if the error did not occur. This provides a way for you to tell 
the Lisp system about the location of commonly used functions. The trace package sets 
up an autoload property to point to llisp/lib/trace. 

10.6. Interrupt processing 

The operating system provides one user-interrupt character that defaults to ~C. t 
You may select a Lisp function to run when an interrupt occurs. Since this interrupt 
could occur at any time and, in particular, could occur at a time when the internal stack 
pointers are in an inconsistent state, the processing of the interrupt may be delayed until 
a safe time. When the first ~C is typed, the Lisp system sets a flag that an interrupt has 
been requested. This flag is checked at safe places within the interpreter and in the 
qlinker function. If the Lisp system does not respond to the first AC, another ~C should 
be typed. This causes all of the transfer tables to be cleared, forcing all calls from com­
piled code to go through the qlinker function where the interrupt flag is checked. If the 
Lisp system still doesn't respond, a third ~C causes an immediate interrupt. This inter­
rupt is not necessarily in a safe place, so the user should reset the Lisp system as soon as 
possible. 

tActually there are two but the lisp system does not allow you to catch the QUIT interrupt. 
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CHAPTER 11 

The Lister Trace Package 

The Lister Trace package is an important tool for the interactive debugging of a Lisp pro­
gram. It allows you to examine selected calls to a function or functions, and optionally to stop 
execution of the Lisp program to examine the values of variables. 

The trace package is a set of Lisp programs located in the Lisp program library (usually in 
the file llisp/lib/trace.O. Although not normally loaded in the Lisp system, the package is 
loaded when the first call to trace is made. 

(trace [ls_arg 1 ... J) 

WHERE: The form of the Is_argiis described later. 

RETURNS: A list of the function sucessfully modified for tracing. If no arguments are 
given to trace, a list of all functions currently being traced is returned. 

SIDE EFFECT: The definitions of the functions indicated in the argument list are (usually 
temporarily) modified. 

The Is_argican have one of the following forms: 

foo - When foo is entered and exited, the trace information is printed. 

(foo break) - When foo is entered and exited, the trace information is printed. Also, just 
after the trace information for foo is printed upon entry, you are put in a special 
break loop. The prompt is 'T{l}' and you may type any Lisp expression and see its 
value printed. The th argument to the function just called can be accessed as 
(arg D. 

To leave the trace loop, just type ?ret and execution continues. 

(foo if expression) - When foo is entered and the expression evaluates to non-nil, then the 
trace information is printed for both exit and entry. If expression evaluates to nil, then 
no trace information is printed. 

(foo ifnot expression) - When foo is entered and the expression evaluates to nil, then the trace 
information is printed for both entry and exit. If both if and ifnot are specified, then the 
if expression must evaluate to non nil AND the ifnot expression must evaluate to nil for 
the trace information to be printed out. 

(foo evalin expression) - When foo is entered and after the entry trace information is printed, 
expression is evaluated. Exit trace information is printed when foo exits. 

(foo evalout expression) - When foo is entered, entry trace information is printed. When foo 
exits, and before the exit trace information is printed, expression is evaluated. 
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(foo evalinout expression) - This has the same effect as (trace (foo evalin expression evalout 
expression» . 

(foo lprint> - This tells trace to use the level printer when printing the arguments to and the 
result of a call to foo. The level printer prints only the top levels of list structure. Any 
structure below three levels is printed as an &. This allows you to trace functions with 
massive arguments or results. 

11-2 

Ordinarily the output from the trace package is printed with prinlevel bound to 
trace-prinlevel (default 4) and prinlength bound to trace-prinlength (default 5). Prinlevel 
and prinlength, which are useful in cutting off verbose or infinite (cyclical) structures, are 
described in Appendix B. If you wish to always print full lists then setting trace-prinlevel 
and trace-prinlength each to nil, will accomplish this. 

The following trace options permit you to have greater control over each action that 
takes place when a function is traced. These options are only meant to be used by pro­
grammers who need special hooks into the trace package. Most programmers should skip 
reading this section. 

(foo traeeenter tefune> - This tells trace that the function to be called when foo is entered 
is tefunc. tefunc should be a lambda of two arguments. The first argument is 
bound to the name of the function being traced, foo in this case. The second argu­
ment is bound to the list of arguments to which foo should be applied. The func­
tion tefunc should print some sort of "entering foo" message. It should not apply 
foo to the arguments, however. That is done later on. 

(foo traeeexlt tdune> - This tells trace that the function to be called when foo is exited is 
txfunc. txfunc should be a lambda of two arguments. The first argument is bound 
to the name of the function being traced, foo in this case. The second argument is 
bound to the result of the call to foo. The function txfunc should print some sort 
of "exiting foo" message. 

(foo evfen evfune> - This tells trace that the form evfunc should be evaluated to get the 
value of foo applied to its arguments. This option is a bit different from the other 
special options since evfunc is usually an expression, not just the name of a func­
tion, and that expression is specific to the evaluation of function foo. The argu­
ment list to be applied is available as T -arglist. 

(foo printaqs pdune> - This tells trace to use prfunc to print the arguments to be applied 
to the function foo. prfunc should be a lambda of one argument. You may want 
to use this option if you want a print function which can handle circular lists. This 
option works only if you do not specify your own traceenter function. Specifying 
the option Iprint is just a simple way of changing the printargs function to the level 
printer. 

(foo printres pdune> - This tells trace to use prfunc to print the result of evaluating foo. 
prfunc should be a lambda of one argument. This option works only if you do not 
specify your own traeeexit function. Specifying the option lprint changes printres 
to the level printer. 
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You may specify more than one option for each function traced. For example: 

(trace ([00 if (eq 3 (arg 1)) break /print) (bar evalin (print xyzzy))) 

This tells trace to trace two more functions, foo and bar. Should foo be called with the 
first argument eq to 3, then the entering foo message is printed with the level printer. 
Next it enters a trace break loop, allowing you to evaluate any lisp expressions. When 
you exit the trace break loop, foo is applied to its arguments and the resulting value is 
printed, again using the level printer. Bar is also traced, and each time bar is entered, an 
entering bar message is printed and then the value of xyzzy is printed. Next bar is applied 
to its arguments and the result is printed. If you tell trace to trace a function that is 
already traced, it first un traces it. Thus, if you want to specify more than one trace option 
for a function, you must do it all at once. The following is notequivalent to the preceding 
call to trace for foo: 

(trace ([00 if (eq 3 (arg 1))) ([00 break) ([00 /print)) 

In this example, only the last option, lprint, is in effect. 

If the symbol Stracemute is given a non nil value, printing of the function name and 
arguments on entry and exit is surpressed. This is particularly useful if the function you 
are tracing fails after many calls to it. In this case, you would tell trace to trace the func­
tion, set Stracemute to t, and begin the computation. When an error occurs, you can use 
tracedump to print out the current trace frames. 

Generally, the trace package has its own internal names for the Lisp functions it 
uses, so that you can feel free to trace system functions like cond and not worry about 
adverse interaction with the actions of the trace package. You can trace any type of func­
tion: lambda, nlambda, lexpr, or macro, whether compiled or interpreted, and you can 
even trace array references. However, you should not attempt to store in an array that has 
been traced. 

When you are tracing compiled code, keep in mind that many function calls are 
translated directly to machine language or other equivalent function calls. A full list of 
open-coded functions is listed at the beginning of the Liszt compiler source. Trace does a 
(sstatus trans/ink nil) to insure that the new traced definitions it defines are called instead 
of the old untraced ones. You may notice that compiled code runs slower after this is 
done. 

<traceargs s func [x levelJ) - -
WHERE: If xJevel is missing, it is assumed to be l. 
RETURNS: The arguments to the xJevel th call to traced function sjunc are returned. 

<tracedump) 
SIDE EFFECT: The currently active trace frames are printed on the terminal. It returns a 

list of functions untraced. 
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(untrace [s_argl ... ]) 

11-4 

RETURNS: A list of the functions that were untraced. 

NOTE: If no arguments are given, all functions are untraced. 

SIDE EFFECT: The old function definitions of all traced functions are restored except in 
the case where it appears that the current definition of a function was not 
created by trace. 
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CHAPTER 12 

Liszt - the Lisp compiler 

12.1. General strategy of the compiler 

The purpose of the Lisp compiler, Liszt, is to create an object module that, when 
brought into the Lisp system using fas~ has the same effect as bringing in the 
corresponding Lisp-coded source module with load with one important exception: func­
tions are defined as sequences of machine language instructions instead of Lisp S­
expressions. Liszt is not a function compiler; it is a .file compiler. Such a file can contain 
more than function definitions; it can contain other Lisp S-expressions, which are 
evaluated at load time. These other S-expressions are also stored in the object module 
produced by Liszt and are evaluated at fasl time. 

As is almost universally true of Lisp compilers, the main pass of Liszt is written in 
Lisp. 

12.2. Running the compiler 

The compiler is normally run in this manner: 
+ + liszt foo 
This compiles the file foo.l or foo. (The preferred way to'indicate a Lisp source file is to 
end the file name with '.I'.) The result of the compilation is placed in the file foo.o, if no 
fatal errors were detected. All messages that Liszt generates go to the standard output. 
Normally each function name is printed before it is compiled. (However, the +q option 
suppresses this.) 

12.3. Special forms 

Liszt makes one pass over the source file. It processes each form in this way: 

12.3.1. macro expansion 

If the form is a macro invocation (that is, it is a list whose car is a symbol 
whose function binding is a macro), then that macro invocation is expanded. This is 
repeated until the top level form is not a macro invocation. When Liszt begins, there 
are already some macros defined, in fact some functions, such as defun, are actually 
macros. You may define your own macros as well. For a macro to be used, it must 
be defined in the Lisp system in which Liszt runs. 
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12-2 

12.3.2. classlflcation 
After all macro expansion is done, the form is classified according to its car. If 

the form is not a list, then it is classified as an other.) 

12.3.2.1. eval-when 
The form of eval-when is 

(eval-when (timel time2 .. J forml form2 .. J 
where the time i are one of eva( compile, or load The compiler examines the 
form i in sequence and the action taken depends on what is in the time list. If 
compile is in the list then the compiler invokes evalon each form i as it examines 
it. If load is in the list, then the compile recursively calls itself to compile each 
form i as it examines it. Note that if compile and load are in the time list, then the 
compiler both evaluates and compiles each form. This is useful if you need a 
function to be defined in the compiler at both compile time, perhaps to aid macro 
expansion, and at run time after the file is lasM in. 

12.3.2.2. declare 
Declare is used to provide information about functions and variables to the 

compiler. It is (almost) equivalent to 

(eval-when (compile) .. J. 
You may declare functions to be one of three types: lambda (*expr), nlambda 
(*fexpr), or lexpr (*Iexpr). The names in parenthesis are the Maclisp names and 
are accepted by the compiler as well, and not just when the compiler is in Maclisp 
mode. Functions are assumed to be lambdas until they are declared otherwise or 
are defined differently. The compiler treats calls to lambdas and lexprs 
equivalently, so you need not worry about declaring lexprs either. It is important 
to declare nlambdas or define them before calling them. Another attribute you 
can declare for a function is localf, which makes the function 'local'. A local 
function's name is known only to the functions defined within the file itself. The 
advantage of a local function is that is can be entered and exited very quickly and 
it can have the same name as a function in another file and there will be no name 
conflict. 

Variables may be declared special or unspecial. When a special variable is 
lambda bound, either in a lambda, prog, or do expression, its old value is stored 
away on a stack for the duration of the lambda, prog, or do expression. This takes 
time and is often not necessary. Therefore, the default classification for variables 
is unspecial. Space for unspecial variables is dynamically allocated on a stack. An 
unspecial variable can only be accessed from within the function where it is 
created by its presence in a lambda, prog, or do expression variable list. It is pos­
sible to declare that all variables are special as will be shown later. 

You may declare any number of things in each declare statement. A sample 
declaration is 
(declare 

(lambda funcI func2) 
('*/expr fund) 
(*Iexpr func4) 
Oocalffunc5) 
(special varl var2 varl) 
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(unspecial var4)) 

You may also declare all variables to be special with (declare (specials t)). 
You may declare that macro definitions should be compiled as well as evaluated at 
compile time by (declare (macros t)). In fact, as was mentioned earlier, declare is 
much like (eval-when (compile) .. J Thus, if the compiler sees (declare (faa bar)) 
and foo is defined, then it evaluates (faa barJ. If foo is not defined, then an 
undefined declare attribute warning is issued. 

12.3.2.3. (progn 'compile forml form2 ... formn) 

When the compiler sees this it simply compiles forml through formn as if 
they too were seen at top level. One use for this is to allow a macro at top-level 
to expand into more than one function definition for the compiler to compile. 

12.3.2.4. include/includef 

Include and include/cause another file to be read and compiled by the com­
piler. The result is the same as if the included file were textually inserted into the 
original file. The only difference between include and include/is that include does 
not evaluate its argument and includef does. Nested includes are allowed. 

12.3.2.5. def 
A def form is used to define a function. The macros dejun and dejmacro 

expand to a def form. If the function being defined is a lambda, nlambda, or 
lexpr, then the compiler converts the Lisp definition to a sequence of machine 
language instructions. If the function being defined is a macro, then the compiler 
evaluates the definition -- thus defining the macro within the running Lisp com­
piler. Furthermore, if the variable macros is set to a non-nil value, then the 
macro definition also is translated to machine language and, thus, is defined when 
the object file is fasled in. The variable macrosis set to t by (declare (macros t)). 

When a function or macro definition is compiled, macro expansion is done 
whenever possible. If the compiler can determine that a form would be evaluated 
if this function were interpreted, then it macro-expands it. It does not macro­
expand arguments to an nlambda unless the characteristics of the nlambda are 
known, as is the case with condo The map functions ( map, mape, mapcar, and so 
on) are expanded to a do statement. This allows the first argument to the map 
function to be a lambda expression that references local variables of the function 
being defined. 

12.3.2.6. other forms 

All other forms are simply stored in the object file and are evaluated when 
the file is lased in. 
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12.4. Using the compiler 

The previous section describes exactly what the compiler does with its input. Gen­
erally, you do not have to worry about all that detail because files that work interpreted, 
work compiled. The following is a list of steps you should follow to insure that a file 
compiles correctly. 

[1] Make sure all macro definitions precede their use in functions or other macro 
definitions. If you want the macros to be around when you fasl in the object file, 
you should include this statement at the beginning of the file: (declare (macros t)) 

[2] Make sure all nlambdas are defined or declared before they are used. If the com­
piler comes across a call to a function that has not been defined in the current file, 
that does not currently have a function binding, and whose type has not been 
declared, then it assumes that the function needs its arguments evaluated. That is, 
it is a lambda or lexpr and generates code accordingly. This means that you do not 
have to declare nlambda functions like status since they have an nlambda function 
binding. 

[3] Locate all variables that are used for communicating values between functions. 
These variables must be declared special at the beginning of a file. In most cases, 
there aren't many special declarations, but, if you fail to declare a variable special 
that should be declared, references to those variables which are used 'free' will not 
access the expected values. Examining the compiler listing will provide indications 
of variables used 'free' but not declared 'special'. You may eliminate all such mes­
sages by adding declarations. Unusual constructions calling interpreted code with 
'free' variables can still fail if called from compiled code in which those variables 
are not declared 'special'. Here is an example. Assume that a file contains just 
these three lines: 

(def aaa (lambda (glob loc) (bbb loc))) 
(def bbb (lambda (myloc) (add glob myloc))) 
(defccc (lambda (glob loc) (bbb loc))) 

You can see that if you load in these two definitions, then (aaa 3 4) is the same as 
(add 3 4) and gives us 7. Suppose you compile the file containing these definitions. 
When Liszt compiles aaa, it assumes that both glob and loc are local variables and 
allocates space on the temporary stack for their values when aaa is called. Thus, 
the values of the local variables glob and loc do not affect the values of the sym­
bols glob and loc in the Lisp system. Now, Liszt moves on to function bbb. Myloc 
is assumed to be local. When it sees the add statement, it finds a reference to a 
variable called glob. This variable is not a local variable to this function, and, 
therefore, glob must refer to the value of the symbol glob. Liszt automatically 
declares glob to be special, and it prints a warning to that effect. Thus, subsequent 
uses of glob always refer to the symbol glob. Next, Liszt compiles ccc and treats 
glob as a special and loc as a local. When the object file is fasted in and (ccc 3 4) 
is evaluated, the symbol glob is lambda-bound to 3, bbb is called and returns 7. 
However, (aaa 3 4) fails since when bbb is called, glob is unbound. What should 
be done here is to put (declare (special glob) at the beginning of the file. 

[4] Make sure that all calls to arg are within the lexpr whose arguments they reference. 
If foo is a compiled lexpr and it calls bar, then bar cannot use arg to get at foo's 
arguments. If both foo and bar are interpreted, this works however. The macro lis­
lilY can be used to put all or some of 
a lexpr's arguments in a list, which can then be passed to other functions. 
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12.S. ComplIer options 
The compiler recognizes a number of options that are described later. The options 

are typed anywhere on the command line preceded by a plus sign. The entire command 
line is scanned and all options recorded before any action is taken. Thus 
+ + liszt +mx foo 
+ + liszt +m +x foo 
+ + liszt foo +mx 
are all equivalent. The meanings of the options are: 

C The assembler language output of the compiler is commented. This is useful when 
debugging the compiler and is not normally done since it slows down compilation. 

I The next command line argument is taken as a filename and loaded prior to compi­
lation. 

e Evaluate the next argument on the command line before starting compilation. For 
example, 
@ liszt +e '(setq foobar "foo string")' foo 
evaluates the earlier s-expression. Note that the shell requires that the arguments 
be surrounded by single quotes. 

m Compile this program in Maclisp mode. The reader syntax is changed to the 
Maclisp syntax and a file of macro definitions is loaded in,· usually named 
llisp/lib/machacks. However FRANZ LISP cannot guarantee that this switch allows 
you to compile any given program without some change. 

o Select a different object or assembler language file name. For example, 
+ + liszt foo +0 xxx.o 
compiles foo and into xxx.o instead of the default foo.o, and 
+ + liszt bar +S +0 xxx.s 
compiles to assembler language into xxx.s instead of bar.s. 

q Run in quiet mode. The names of functions being compiled and various "Note"'s 
are not printed. 

Q Print compilation statistics and warn of strange constructs. This is the inverse of 
the q switch and is the default. 

r Place bootstrap code at the beginning of the object file, which, when the object file 
is executed, causes a Lisp system to be invoked and the object file lased in. This is 
known as 'autorun' and is described later. 

S Create an assembler language file only. 
+ + liszt +S foo 
Creates the assembler language file foo.s but does not attempt to assemble it. If 
this option is not specified, the assembler language file is put in the temporary disk 
area under an automatically generated name based on the Lisp compiler's process 
id. Then, if there are no compilation errors, the assembler is invoked to assemble 
the file. 

T Print the assembler language output on the standard output file. This is useful 
when debugging the compiler. 

u Run in VCI-Lisp mode. The character syntax is changed to that of VCI-Lisp and a 
VCI-Lisp compatibility package of macros is read in. 

w Suppress warning messages. 

x Create a cross reference file. 
+ + liszt +x foo 
not only compiles foo into foo.o but also generates the file foo.x. The file foo.x is 
Lisp-readable and lists for each function all functions which that function could 
call. The program lxref reads one or more of these ".x" files and produces a 
human-readable cross reference listing. 
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12.6. autorun 

12-6 

The object file that Liszt writes does not contain all the functions necessary to run 
the Lisp program, which was compiled. In order to use the object file, a Lisp system 
must be started and the object file lased in. When the +r switch is given to Liszt, the 
object file created contains a small piece of bootstrap code at the beginning, and the 
object file is made executable. Now, when the name of the object file is given to the 
operating system command interpreter (shell) to run, the bootstrap code at the beginning 
of the object file causes a Lisp system to be started. The first action the Lisp system 
takes is to laslin the object file that started it. In effect, the object file has created an 
environment in which it can run. 

Autorun is an alternative to dumplisp. The advantage of autorun is that the object 
file that starts the whole process is typically small, whereas the minimum dumplis~d file 
is very large -- one half megabyte. The disadvantage of autorun is that the file must be 
lased into a Lisp system each time it is used, whereas the file which dumplisp creates can 
be run as is. Liszt itself is a dumplis~d file since it is used so often and is large enough 
that too much time is spent lasing it in each time it is used. The Lisp cross reference 
program, lxref, uses autorun, since it is a small and rarely used program. 

In order to have the program lased in, begin execution (rather than starting a Lisp 
top level); the value of the symbol user-top-Ievel should be set to the name of the func­
tion to get control. An example of this is shown next. 
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Suppose you want to replace the operating system 
date program with one written in Lisp. 

+ + cat lispdate.l 
(defun mydate nil 

(patom 'The date is ,,) 
(patom (status ctime» 
(terpr) 
(exit 0» 

(setq user-top-Ievel 'mydate) 

+ + liszt +r lispdate 
Compilation begins with Lisp Compiler 5.2 
source: Iispdate.l, result: Iispdate.o 
mydate 
%Note: Iispdate.l: Compilation complete 
%Note: Iispdate.l: Time: Real: 0:3, CPU: 0:0.28, GC: 0:0.00 for 0 gcs 
%Note: Iispdate.l: Assembly begins 
%Note: Iispdate.l: Assembly completed successfully 

This changes the name to remove the" .d', (this isn't necessary). 
+ + move lispdate.o lispdate 

This tests it out 
+ + lispdate 
The date is Sat Aug 1 16:58:33 1984 
++ 

12.7. pure literals 

LISZT, THE LISP COMPILER 

Normally, the quoted lisp objects (literals) that appear in functions are treated as 
constants. Consider this function: 

(de//oo 
(lambda nil (cond ((not (eq 'a (car (setq x '(a b))))) 

(print 'impossible!!)) 
(t (rplaca x'd))))) 

At first glance it seems that the first cond clause is never true, since the car of (a b) 
should always be a. However, if you run this function twice, it prints 'impossible!!' the 
second time. This is because the following clause modifies the 'constant' list (a b) with 
the rplaca function. Such modification of literal Lisp objects can cause programs to 
behave strangely as the earlier example shows, but, more importantly, it can cause gar­
bage collection problems if done to compiled code. When a file is lased in, if the sym­
bol $purcopylits is non-nil, the literal Lisp data is put in 'pure' space; that is, it is put in 
space that need not be looked at by the garbage collector. This reduces the work the gar­
bage collector must do, but it is dangerous, since if the literals are modified to point to 
non-pure objects, the marker may not mark the non-pure objects. If the symbol Spur­
copylits is nil, then the literal Lisp data is put in impure space and the compiled code acts 
like the interpreted code when literal data is modified. The default value for $purcopylits 
is t. 
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12.8. transfer tables 

A transfer table is setup by /asl when the object file is loaded in. There is one 
entry in the transfer table for each function that is called in that object file. The entry 
for a call to the function /00 has two parts whose contents are: 
[1] Function address - This initially points to the internal function qlinker. It may 

some time in the future point to the function /00, if certain conditions are satisfied. 
(See later for more on this.) 

[2] Function name - This is a pointer to the symbol/oo. This is used by qlinker. 

When a call is made to the function /00, the call actually is made to the address in the 
transfer table entry and ends up in the qlinker function. Qlinker determines that /00 is 
the function being called by locating the function name entry in the transfer table t. If 
the function being called is not compiled, then qlinker just calls juncall to perform the 
function call. If /00 is compiled and if (status translink) is non-nil, then qlinker modifies 
the function address part of the transfer table to point directly to the function /00. 

Finally, qlinker calls /00 directly. The next time a call is made to /00 the call goes 
directly to /00 and not through qlinker. This results in a substantial speedup in compiled 
code to compiled code transfers. A disadvantage is that no debugging information is left 
on the stack, so showstack and baktrace are useless. Another disadvantage is that if you 
redefine a compiled function either through loading in a new version, or interactively 
defining it, then the old version may still be called from compiled code, if the fast link­
ing described earlier has already been done. The solution to these problems is to use 
(sstatus translink value). If value is 

nil All transfer tables are cleared. That is, all function addresses are set to point to 
qlinker. This means that the next time a function is called qlinker is called and 
looks at the current definition. Also, no fast links are set up since (status translink) 
is nil. The result is that showstack and baktrace work and the function definition at 
the time of call is always used. 

on This causes the Lisp system to go through all transfer tables and set up fast links 
wherever possible. This is normally used after you have lased in all of your files. 
Furthermore, since (status translink) is not nil, qlinker makes new fast links if the 
situation arises, which is not likely unless you /aslin another file. 

t This or any other value not previously mentioned just makes (status translink) be 
non-nil and, as a result, fast links is made by qlinker if the called function is com­
piled. 

12.9. Fbnum functions 

The compiler generates inline arithmetic code for fixnum only functions. Such 
functions include +, -, ., /, \, 1 + and 1-. The code generated is much faster than 
using add, difference, etc. However it only works if the arguments to and results of the 
functions are fixnums. No type checking is done. 

t Qlinker does this by tracing back the call stack until it finds the calls machine instruction that called it. The ad­
dress field of the calls contains the address of the transfer table entry. 
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CHAPTER 13 

TPL: the Top-Level Listener 

13.1. Introduction 

Tpl is the default top-level "listener" for FRANZ LISP. This program reads input 
from the keyboard, evaluates the input, and prints the value(s) returned by the evalua­
tion. While it is possible for a Lisp system to provide just this bare "read-eval-print 
loop" and be quite useful, most users prefer a more "user-friendly" top level. 

Part of the attraction of Lisp is that this or any other top-level interface to the user 
is easy to change for special uses. In many cases, serious application programs replace tpl 
with a different top level. Several widely-used programs replace it with an algebraic infix 
parser; others use a natural language (English) parser, or a database command language. 
Since the source text for tpl is available in the lisp library as tp1.l, the code can be used 
by programmers as a basis for other top-level "listeners". 

13.2. A top-level for debugging Lisp programs 

The particular goal of this top-level listener is to provide a natural link to FRANZ 
LISP debugging facilities, and support the programmer with various mechanisms to keep 
track of command histories, simplify the setting and examination of debugging flags, etc. 
Tpl provides enhanced debugging facilities, history command substitution, a file package, 
frame evaluation, and lisp stack manipulating functions. 

13.3. How to use tpl 

If you start up the FRANZ LISP system as delivered, tpl is the program which reads 
your keyboard input and determines what is done with it. Tpl prints a prompt" = > ". 

Any input that is valid use at any level in FRANZ LISP will have exactly the same 
meaning to tpl, with the exception that new lines beginning with a question mark (?) are 
interpreted as special commands to tpl, and not passed immediately to Lisp for evalua­
tion. 

In the description of the tpl commands, the notation Ll indicates optional argu­
ments, and the notation [a I b] means 'a' or 'b' or neither. 
?help [topic] 

prints the help text associated with a particular command within tpl. 'topic' can be 
selected from one of the tpl keywords; if no argument is given, a list of the key­
words and a brief summary of their meanings is printed. For example: 

= > ?help history 
prints an explanation of what you get when you type" ?history". 
=> ?help? 
similarly, prints an explanation of "??" 
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?? [location-specifier] 
finds a particular previous command line identified by the location-specifier, and 
re-executes it as if it were retyped to tpl directly. If the location-specifier is a non­
numeric ymbol, tpl scans backward through the commands to find an expression 
whose 'car' is equal to the symbol. For example, "?? print" will repeat the last 
command beginning (print .... ). It is not necessary to type the whole symbol: you 
can type an asterisk to match "the rest of the atom". For example, "?? pr *" will 
also find (print .. .) unless some more recent command also begins with (pr ..... .). 
If the location-specifier is a positive integer, the command line with that number is 
re-executed. If location-specifier is a negative number (-N) then the Nth previous 
command is redone. If location-specifier is not given, then the last command is 
redone. Thus "??" is equivalent to "?? -1". 

?his[tory] [r] 
prints the history list of recent Lisp commands. You may set the variable tpl­
history-show to alter the number of the most recent commands which are 
displayed. Invoking the 'r' option will display the results of those commands. 

?re[set] 
is equivalent to typing the Lisp command (reset). 

?tr [fn1 fn2 .. .1 
traces 'fn1 fn2 .. .'. While this will usually be a simple enumeration of functions to 
be traced, more options can be passed to the trace function by using (name 
option-list) expressions as in the normal trace package (e.g. "?tr (foo break)"). 

?untr [fn1 fn2 .. .1 
untraces the specified functions, or if given no argument, will untrace all traced 
functions. 

?step [t I fn1 fn2 .. .1 

?soff 

initiates a mode of single-step execution of Lisp, If 't' is the argument, this is done 
immediately. Otherwise stepping is initiated upon entry to any of the functions fn1 
fn2,.... The next two commands control this mode. 

turns stepping off. 

?sc [n] 
(step counter) steps 'n' times, then enters a Lisp (break). 'n' defaults to one. if 
'n' is the symbol 'inr then steps forever without breaking. When in stepping 
mode, typing a < return> is equivalent to ?sc 1. 

?state [sym1 vall .. .1 
prints/changes the state of tpl flags and variables. The variables listed by '?state' 
are the only ones which can be changed via this command. Sym1 is set to vall, 
etc. 

?prt 'pop and retry': does a ?pop, followed by a retry of the command which caused the 
last break to be entered. This is one of the most commonly useful tpl commands, 
since it resumes computation, probably after a fix-up, from the last error. 

?ld [file1 file2 ... ] 
loads the given files, or re-Ioads the just previously loaded file if no arguments are 
supplied. 

?fast sets up Lisp for fast execution, by: turning off debugging mode (?debug off), set­
ting translink to 'on', and setting displace-macros to t. Debugging information will 
be lost when this mode is entered. These settings generally would be used during 
the running of compiled programs which are known to be correct and in which 
high-speed execution is important. 
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?pop pops up one break level. If at the top level, it has no effect. 
?ret [val] 

returns 'val' from this break level. If the argument is missing, nil is returned. The 
value is returned to the function which produced the error, allowing it to continue. 
The break must have originated from invoking the break function or from the sig­
nalling of a continuable error. The argument 'val' is evaluated. 

?zo views (Zooms) a portion of the Lisp stack. You may use ?up and ?dn to move the 
pointer to the current stack frame. Prior to using this you should execute the tpl 
command ?debug so that sufficient information is stored on the stack. 

?dn [n] 
without arguments, moves the current frame pointer down one level and executes 
a ?zo. If n is given, it moves that number of frames down. The stack grows 
upward, so the oldest frames are on the bottom. 

?up [n] 
is the same as ?dn, except the current frame pointer is moved in the up direction. 

?ev symbol 
determines the value of symbol in the context of the current stack frame, as if the 
frames above the current one had not yet been created. 

?pp "pretty prints" the current frame with neat indentation and without ellipsis. Ordi­
narily this would be used after ?zo is used to locate a frame of interest. 

<eof> 
(a single character, without a '?' prefix) pops up one break level if it is typed to tpl 
from a keyboard input stream. Depending upon the catching of signals, if it is 
typed on the top level, may be used to exit from lisp. Lisp. 

13.4. Tpl special symbols 

The following are special symbols: 

user-top-Ievel 
may be bound to a function (Le. a lambda-expression, or more likely a symbol 
which is the name of a defined function), which will be evaluated instead of (tpl) 
as the read-eval-print loop. 

top-level-prompt 
if bound to a non-nil S-expression, will be used as the top-level prompt. 

top-Ievel-init 
if bound to a function, will be used to initialize tpl. Normally, the lisprc file is 
read, and the copyright notice and version number are printed. 

top-level-print 
if bound to a function, will be used to print values returned by the read-eval part of 
the read-eval-print loop. 

tpl-number-prompt 
if t, will cause tpl to print an index number with the' = >' prompt. 

tpl-prinlevel 
the maximum nesting level to print lists. Beyond that point, lists are abbreviated to 
&. 

tpl-prinlength 
the maximum length to print a list. Beyond that point, lists are abbreviated to &. 

tpl-history-show 
the number of history items to show with the ?history command. 
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displace-macros 
if t, then displace macros with their expansion. This will speed execution, occupy 
more space, and possibly interfere with debugging by replacing macro calls by pos­
sibly obscure expansions. 

13.5. A sample session with TPL 

13-4 

; first we load in a factorial function: 
=> ?ld fact 
[load fact.I1 
(fact) 
; we 'prettyprint' the fact function 
=> (pp fact) 
(def fact 

(lambda (n) 
(cond «= nO) (bug» «times n (fact (sub! n»»») 

t 
; we somehow fail to notice that there is a bug in when n equals 0 
; so we try it out: 
=> (fact 10) 
Error: eval: Undefined function bug 
Form: (fact 10) 
; we could use showstack or backtrace to find out what is wrong, but 
; for this example we decide that we want to use the more powerful 
; ?zo (zoom) function. In order to use ?zo, we have to be in debugging 
; mode before the error occurs. Since we aren't, we decide to turn 
; on debugging and run the function again so it gets an error 
c{1} ?debug 
Debug is on 
t 
; the ?prt function pops up a break level and retries the function that 
; caused the error. The line just below which says '=> (fact 10)' was 
; printed by tpl. It was not typed by the user. tpl is showing the 
; function it is retrying. 
c{1} ?prt 
= > (fact 10) 
Error: eval: Undefined function bug 
Form: (fact 10) 
; the error occurred again. Now that we are in debug mode, we can do 
; a zoom 
c{1} ?zo 
Should I re-calc the stack (yIn) :y 
....... top ••• 
II current \ 
(bug) 
(cond « = n 0) (bug» «times n &») 
(fact (subl n» 
(times n (fact (subl n») 
nil 
; it shows that the current frame is the top frame and that is the 
; evaluation of (bug). 
; We can ask what the value of n is at this point: 
c{1} ?ev n 

REV, FEB 1985 4404P30 LISP PROGRAMMERS 



o 
; it is pretty clear that the problem is that the bug function is 
; undefined. Before we correct it, we show a bit more of tpl. Here 
; we go down five frames: 
c{1} ?dn 5 
(cond « = n 0) (bug» «times n &») 
(fact (subl n» 
(times n (fact (subl n») 
(cond « = n 0) (bug» «times n &») 
/ / current \ 
(fact (subl n» 
(times n (fact (sub1 n») 
(cond « = n 0) (bug» «times n &») 
(fact (sub1 n» 
nil 
; now we inquire as to n's value at this point in the execution: 
c{1} ?ev n 
2 
; Now let us fix the bug. The function fact could be edited by using 
; editf (see chapter 16), or we can define (bug) as returning 1. 
c{1} (defun bug () 1) 
bug 
; Now we pop and retry. Notice that we didn't have to move the 
; current frame to the top. 
c{1} ?prt 
=> (fact 10) 
3628800 
; this time it works. 
=> 
, 
; sample session 2. 
; things work slightly differently when fact is compiled 
, 
=> ?1d fact 
[fasl fact.o] 
(fact) 
; we turn on debugging since we know that an error will occur 
=> ?debug . 
Debug is on 
t 
=> (fact 10) 
Error: Undefined function called from compiled code bug 
Form: (fact 10) 
; look at the stack 
c{1} ?zo 
Should I re-calc the stack(y/n):y 
*** top *** 
/ / current \ 
a:(fact (0» 
a:(fact (1) 
a: (fact (2» 
a:(fact (3» 
nil 
; The call to (bug) isn't visible on the stack, since undefined functions 
; are detected in compiled code in a different manner. 

4404P30 LISP PROGRAMMERS REV, FEB 1985 13-5 



; Notice that the frames are preceded by 'a:' and the arguments look 
; unusual. This is an 'apply' form, which you may think of as a shorthand for 
; (apply 'fact '(2». This is how frames showing calls from compiled 
; code look. 
c{1} (defun bug 0 1) 
bug 
; again we fix the bug and retry 
c{1} ?prt 
=> (fact 10) 
3628800 
; and it works. 
=> 

13.6. The File Subsystem 

13-6 

The FRANZ LISP file package helps support the residential environmental style of 
lisp programming in which most or all program editing is done within lisp itself, probably 
using ediif, editv, editp to create and debug programs. Although ordinary data files are 
used by the file package to store the programmer's alterations to the function definitions 
and other data that persist between runnings of programs, management of those files is 
controlled by the FRANZ LISP system. 

As an interactive session proceeds, the file package (in cooperation with the top 
level) . tracks the changes the user makes to the lisp environment. Those changes are of 
three types: function (or macro) definitions, values of variables (symbols) altered, and 
properties of symbols altered. At any point the user can find out what has been changed 
by typing ?changed to the top level, which will print the information out in a table form. 

Each item (function, value or property) may be associated with a file. The list 
printed by '?changed' will show the associated file for each changed item. In order to 
save a change, the user must request that the associated file be written out (using 
'?fileout', described below). If an item doesn't have an associated file, then one can be 
declared using' ?add-function', '?add-var' or '?add-prop', depending on the type of item. 

Command Summary for the File Package 

?filein [name 1 name2 .. .1 
loads the named files using a read-eval loop, printing the names (not the values) 
being loaded. The files being read should have been written with ?fileout. If no 
files are named as arguments, a list of all previously loaded files is returned. The 
command 

?fileout [name 1 name2 .. .1 
writes the given files if any of the items in the file have changed. With no argu­
ments, all files that need updating are rewritten. 

?changed 
reports on those data items which have changed but not stored on files, and the 
names of associated files. 

?add-function filen fcnl [fcn2 .. .1 
adds 'fcnl', 'fcn2', etc. to the list of functions associated with the the file 'filen'. 
The file 'filen' should either not exist or should be the name of a file which has 
been loaded with ?filein. 

?add-var filen varl [var2 .. .1 
adds the given symbols 'varl', 'var2', etc. to the list of symbols stored in the file 
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'filen'. The file 'filen' should either not exist or should be the name of a file which 
has been loaded with ?filein. 

?add-prop 
adds symi's indi property to the list of properties stored in the file 'filen'. The file 
'filen' should either not exist or should be the name of a file which has been 
loaded with ?filein. 

?rem-function filen fcnl [fcn2 .. .1 
?rem-var filen varl [var2 .. .1 
?rem-prop filen (syml indl) [(sym2 ind2) .. .1 

remove the named items from filen. They do this by deleting the association of the 
item from the file. When the file is next written with '?fileout', the items will not 
be written out. 

?whichfile fcn I var I (symbol ind) ... 
for each item (which can be a function, variable or (symbol ind», prints the asso­
ciated filename, if there is one. If a symbol is both a function and a variable (in 
different files), both associated files are printed. 

?filestatus [filenl filen2 .. .1 
prints the names of the items in each file listed. If no filenames are given, prints a 
summary status report of all files. 

Backup Variables in the File Package 

There are several variables which the user might wish to alter to assist in backup 
maintenance: 
file: backup-prepend 

is a string (or symbol) to prepend to the filename to generate a backup filename 
during a '?fileout' 

file:backup-append 
is a string (or symbol) to append to the filename to generate a backup filename 
during a '?fileout' 

13.7. File subsystem implementation notes 

The file package maintains a database of knowledge about files. For each file it 
keeps track of the items stored in that file. The file package also maintains a list of items 
which have changed, called the changed-list. 

Filein notes: 

Filein recognizes three types of items: functions, variables and properties. 

A junction item has this form: (kwd functionname anything .. .) where kwd is an 
element of the list which is the value of file:function-modifiers. The initial value of 
file:function-modifiers is (defun def defmacro). The user may wish to add something to 
this list to read in a file not created by '?fileout'. The' ?fileout' function-printing func­
tion will only use the 'deC form, which provides a superset of the capabilities of the 
other forms. 

A variable item has this form: (kwd variablename anything .. .) where kwd is an ele­
ment of the list which is the value of file:variable-modifiers. The initial value of 
file:variable-modifiers is (setq). 

A property item has this form: (kwd symbol anything indicator) where kwd is an 
element of the list which is the value of file:property-modifiers. The initial value of 
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file:property-modifiers is (defprop). Note that the symbol and indicator are not 
evaluated before they are added to the list of items, so 'putprop' is not a valid kwd to be 
added to file:property-modifiers. 

Fileout notes: 

Files created by ?fileout contain only a few types of forms (def, setq and defprop). 
If the file is edited externally from the lisp system and other forms are inserted (such as 
declares or comments), and then the file is filed in-and-out, the other forms will be lost. 
It is also important to keep forms syntactically correct (e.g. with parentheses balanced), 
because then forms following the error will not be read in to the lisp system. It is gen­
erally safe to edit or merge files to add, delete or alter syntactically proper definitions of 
the forms already known to the file package. 

?fileout performs the following sequence of operations: it opens up a file in /tmp 
and writes all items in the file. As each item is written, it is also removed from the glo­
bal changed-list if it was on that list. If a file with the same name as the one being writ­
ten exists then ?fileout will preserve the previous file by changing its name, if the user 
has set one or both of the variables file:backup-prepend and file:backup-append. If both 
of these variables are nil, then a backup will not be done. If file:backup-prepend is non­
nil, then its value should be a symbol or string which will be prepended to the filename 
in order to create the backup name. Likewise file:backup-append will be appended to the 
filename to create the backup name. If both variables are non-nil, then both will be 
used. Finally, the file in Itmp is renamed to the name of the file being filed out. 

A caution is appropriate: suppose you start lisp and define the function 'solveit'. 
You would like to add this function to the file 'eqn.1' which you created earlier and 
which already contains a number of functions. Your first thought may be to type: 
?add-function eqn.l solveit 
Since the file 'eqn.1' exists on the disk but hasn't been loaded yet, the file package is 
ignorant of any functions other than 'solveit' associated with 'eqn.1'. Executing 
?fileout eqn.1 
would cause the contents of 'eqn.1' to be replaced with the definition of the single func­
tion 'solveit'. As a guard against this situation, the file package asks you if you want to 
abort the ?add-function operation when you mention an existing file which however has 
not been read-in. It is best to type 'yes' at this point, then 
?filein eqn.1 
and then 
?add-function eqn.1 solveit 
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CHAPTER 14 

Miscellaneous Topics 

14.1. Keyword Arguments 

FRANZ LISP new offers an alternative function calling convention: keyword argu­
ments. This feature is borrowed from Common Lisp and is completely compatible with 
Common Lisp keywords. 

Keyword arguments are used in functions which are largely given as an interface to 
the user to some package which has a large number of selectable parameters. When cal­
ling a function of this type, it would be hard to remember the ordering of arguments, 
since this ordering is possibly random. Keyword arguments offer the ability to tag the 
parameters to a function so they can be given in any order and so they are easy to 
remember. 

In Common Lisp, any symbol which contains a colon (:) as the first character is 
called a keyword, and is then treated very specially: keywords evaluate to themselves. 
This means :foo evaluates to :foo, where normal symbols would need a quote (') in front 
of them to evaluate this way. Currently, in FRANZ LISP, keywords do not exist, and they 
need the preceding quote to make them evaluate to themselves. In the near future this 
limitation will be lifted with the implementation of the packages facility. 

A keyword is a tag for an argument to a function, and keyword-argument 
sequences come in pairs, in that order. To illustrate the use of keywords to tag argu­
ments, consider the function make-hash-table (explained below) which takes up to four 
arguments. A possible invocation might be (make-hash-table ':size 100). The :size key­
word tags the argument 100 as the size parameter to the function make-hash-table. Also, 
note that the following forms (make-hash-table ':size 10 ':test 'equal) and (make-hash-table 
':test 'equal ':size 10) are equivalent. 

Whenever a keyword appears in a function definition in this manual, it will be 
named without the quote, and it is implied that the user must supply the quote until the 
packages facility has been installed. 

14.2. Hash Tables 

A hash table is an object that can efficiently map one object to another. Each hash 
table is a collection of entries, each of which associates a unique key with a value There 
are functions to add, delete, and find entries based on a particular key. Finding a value 
in a hash table is relatively fast compared to looking up values in, for example, an assoc 
list or property list. 

The hash table is not a true data type, but rather a type which is constructed from 
objects of the type vector. Because of this, the vector predicate returns a non- nil value 
when handed a hash table. It should be noted that using vset to set a element of the 
hash table will yield unpredictable results. 

© 1984 by Franz Inc. 
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Adding a key to a hash table modifies the hash table, and is therefore a destructive 
operation. 

There are two different kinds of hash tables: those that use the function equal for 
the comparing of keys, and those that use eq, the default. When a hash table is created, 
the type of comparator is set. If "eq" is chosen as the comparator, and a lookup of a key 
is being performed, then the given key is compared to the keys in the table using "eq". 

Hashing provides an efficient basis for the construction of the packages facility and 
for various sorts of data retrieval techniques. 

This hash table package is completely compatible with the one in Common Lisp. 

14.2.1. Functions 

(makeht 'x_size [ 's_test ]) 

RETURNS: A hash table with x_size hash buckets. If present, s_test is used as the test to 
compare keys in the hash table, the default being eq. Other valid values for 
s_test are equalor nil (to use the the default comparator eq). 

NOTE: This function in not present in Common Lisp. 

(make-hash-table :size :test :rehash-size :rehash-threshold) 

RETURNS: A hash table object of some number of buckets, given by the :size argument. If 
the function to compare hash table keys is be something other than eq, then the 
:test argument should be used to set this (the choices are eq, equa~ or nn). 

NOTE: The :rehash-size and :rehash-threshold keywords are ignored at this time, and no 
rehashing is done. Please see the Keywords section in this chapter for an explana­
tion of the colon. 

(hash-table-p 'H_arg) 

RETURNS: t if H_arg is a hash table. 

NOTE: Hash tables are really vectors with the car of the their property list equal to hash­
table 

(gethash 'g_key 'H_htab [ 'g_defval ]) 

14-2 

RETURNS: two values, first, the value associated with the key g key in hash table H htab, 
or nll if the key was not in the table, and then a -Boolean value to indicate 
whether or not there was a match. If g defval is given and there is no entry in 
the hash table, then g_ defval is returned-:-

NOTE: set/may be used to set the value associated with a key. 
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(addhash 'g_key 'H_htab 'g_vat) 

RETURNS: g_ key, after adding it with its value g_ val to the hash table. 

(remhash 'g_key 'H_htab) 

RETURNS: t if there was an entry for g key in the hash table H htab, nil otherwise. In the 
case of a match, the entry-and associated object are removed from the hash 
table. 

(maphash 'ujun 'H_htab) 

RETURNS: nil. 

NOTE: The function u fun is applied to every element in the hash table H htab. The 
function should- expect two arguments: the key and value of an element. The 
mapped function should not add or delete objects from the table because the 
results would be unpredictable. 

(clrhash 'H_htab) 

RETURNS: the hash table cleared of all entries. 

(hash-table-count 'H_htab) 

RETURNS: the number of entries in H_htab. Given a hash table with no entries, this func­
tion returns zero. 
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14-4 

; make a vanilla hash table using "eq" to compare items ... 
- > (setq black-box (makeht 20» 
hash-table [26] 
- > (hash-table-p black-box) 
t 
- > (hash-table-count black-box) 
o 
- > (setf (gethash 'anykey black-box) '(this list is the value» 
anykey 
- > (gethash 'anykey black-box) 
(this list is the value) 
- > (hash-table-count black-box) 
1 
- > (addhash 'composer black-box 'franz) 
composer 
- > (gethash 'composer black-box) 
franz 
- > (maphash '(lambda (key va)) (msg "key =" key ",value =" value N» 
black-box) 
key=composer,value=franz 
key = anykey, value = (this list is the value) 
nil 
- > (clrhash black-box) 
hash-table [26] 
- > (hash-table-count black-box) 
o 
- > (maphash '(lambda (key va)) (msg "key =" key ",value =" value N» 
black-box) 
nil 

; here is an example using "equal" as the comparator 
- > (setq ht (makeht 10 'equal» 
hash-table [16] 
- > (setf (gethash '(this is a key) ht) '(and this is the value» 
(this is a key) 
- > (gethash '(this is a key) ht) 
(and this is the value) 
; the reader makes a new list each time you type it. .. 
- > (setq x '(this is a key» 
(this is a key) 
- > (setq y '(this is a key» 
(this is a key) 
; these two lists are really different lists 
; they are "equal" but not "eq" 
- > (equal x y) 
t 
-> (eqxy) 
nil 
; since we are using "equal" to compare keys, we are OK. .. 
- > (gethash x ht) 
(and this is the value) 
- > (gethash y ht) 
(and this is the value) 
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14.3. Multiple Value Returns 

Sometimes a function logically needs to return more than one value. A function 
returning a complex number might return the real and imaginary parts separately, using 
multiple value returns. Only those functions which expect multiple values can receive 
them, and thus the default is to return a single value. The mechanism for using multiple 
values is explained below. 

There are special functions which must be used to produce and receive multiple 
value. If a called function produces multiple values and the calling function does not 
request them, then all but the first value are discarded. If no values are produced, then 
the caller receives nil for a value. The maximum number of multiple values which can 
be returned by a functions is bound to the global variable multiple-values-limit. 

The multiple value facility is completely compatible with the one in Common Lisp. 

Here are the functions to produce and receive multiple values: 

(values ['Largl '" 'g_argnD 

RETURNS:g argl, or nil if given no arguments. The g argi are returned as multiple 
values, needing one of the special forms below tO'receive them. 

(values-list 'l_arg) 

RETURNS: the car of I arg, and the elements in the list I arg as multiple values. This form 
is equivalent to (apply 'values 'l_arg). -

(multiple-value-call 'uJun 'gJorml ['gJorm2 ... D 

RETURNS: the result of calling uJun with the results of all gJormi as arguments. 

(multiple-value-list 'gJorm) 

RETURNS: a list of the multiple values returned by g form. This form is equivalent to 
(multiple-value-call #'list 'gJorm). -

(multiple-value-progl 'gJorml ['gJorm2 ... D 

RETURNS: the values produced by gJorml, after evaluating all gJormi. 

(multiple-value-setq '1_ varlist 'gJorm) 

RETURNS: the first value returned by g form after setting each variable in I varlist to the 
corresponding value returned by gJorm (the first variable gets the first value, 
and so on). 

NOTE: If there are more variables than returned values, then the remaining variables are 
given the value of nil. 

(multiple-value-bind 'l_varlist 'g_values-form 'gJorml [ 'gJorm2 ... D 

RETURNS: the result of evaluating gJormi. The variables in l_varlist are bound to the 
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values returned by g_ values-form, and then all the gJormi are evaluated. 

14.4. Miscellaneous Functions 

(map-over-oblist 'uJun) 

RETURNS: nil. . 

NOTE: uJun is applied to every element in the oblist. When packages are implemented, 
this function will disappear, and map hash will work on the oblist. 

(dolist (s_var IJorm gJesultform) gJorrn) 

RETURNS: if present, gJesultform, nil otherwise. Dolist provides a mechanism to iterate 
over the elements of the list IJorm, successively binding the elements to s_var, 
while executing the body of the loop gJorm. 

(dotimes (s_var i_countform gJesultform) gJorm) 

RETURNS: if present, g_resultform, nil otherwise. Dotimes provides a mechanism to 
iterate over a sequence of integers. First, i countform is evaluated to produce 
an integer, and then evaluates g form once for each integer from zero 
(inclusive) to i_countform (exclusive), in order, binding s_var to this integer. 

(do 1_ vrbs I_test g_expl ... ) 

RETURNS: the value of the last form in the cdr of I_test, or a value explicitly given by a 
return evaluated within the do body. 

NOTE: A feature has been added for Common Lisp compatibility. Each var-init-repeat 
form may be an atom, in which case it is bound to nil. Thus 'foo' may be regarded 
as an abbreviation for the var-init-form '(foo nil)'. 

(do· l_vrbs Uest g_expl ... ) 

RETURNS: the value of the last form in the cdr of I_test, or a value explicitly given by a 
return evaluated within the do body. 

NOTE: This is the Common Lisp do· form. It is very similar to do except that: (1) The 
var-init-repeat forms are evaluated sequentially rather than simultaneously. (2) 
There is no analogue of the old-style maclisp do. In particular, I vrbs must be a list 
of var-init-repeat forms. -

(with-keywords 'I_keys 'l_keydefs 'gJorml [ 'gJorm2 ... ] ) 
NOTE: Please see the Keywords section in this chapter. 

14-6 

RETURNS: The result of evaluating the g formi. The elements of the list I keys represent 
the calling parameters to a function using keyword arguments as tags, and takes 
the form of (keyword} value} keyword2 value2 .. .J. This is a list of the argu­
ments given to a function. The l_keydefs define which keywords are valid, what 
variable the value will be bound to, and what the default value is is the 
keyword-value pair does not exist in I keys. The g form are forms which are 
evaluated after binding the variable in the l_keydefs list. 
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- > (setq x 100) 
100 
- > (do list (x '(a bed e f g) 'result) (msg x " ,,» 
abc d e f g result 
->x 
100 
- > (dotimes (x 10) (msg x","» 
O,1,2,3,4,5,6,7,8,9,nil 
->x 
100 

;; here is the definition of make-hash-table using 
;; with-keywords: 

(defun make-hash-table (&rest keys) 
(with-keywords keys «:test test 'eq) 

(:size size 20) 
(:rehash-size dummy nil) .. a no-op 
(:rehash-threshold dummy nil) .. a no-op 

(makeht size test») 

(make-vector-float 'x_size) 

RETURNS: a vector for storing x_size float values to be passed to C routines. 

(net-float 'v_vec 'xjndex 'Cvalue) 

RETURNS: f value, after setting the x index'th element of v vec to f value. v _vec should 
have been created by make:vector-float - -

(vref-float 'v _ vec 'xjndex) 

RETURNS: the x index'th element of v vec. v _vec should have been created by make-
vector:jloat -

14.S. Sharp Sign Macro Syntax 

The sharp sign macro (using the # character) in a part of the standard lisp reader. 
Among it's uses, are to have the reader evaluate expressions short hand notations, and 
reading numbers in other than the standard radix. 

Sharp sign macros are invoked by a two character sequence, consisting of the sharp 
(or pound) sign (#), followed by an additional character, which will be discussed shortly. 
Here are the macros, listed by the two character sequences: 

#' This is an abbreviation of junction # '/00 is read as (fUnction /00). 

#( read the following forms, up to a right parenthesis, into a lisp vector. 

#, 
#. The following form is evaluated before being returned from the read. 

#\ If the form after the #\ is a one of newline, space, rubout, page, tab, backspace, 
return, line/eed, vert, sharp, then the character code for the above is read. And 
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14-8 

otherwise, the form must be a single character, and the form read is the character 
code for that character. 

#! The characters read between this marker and the characters 1# are discarded. This 
form does nest, so "#1 #11# 1#" is valid. 

#+ 
#- The following form is read (or not read) depending on whether (or not) the follow­

ing form is on the (status features) list. This is how read-time conditionalization is 
done. 

#0 
#0 read the following form as an octal number. 

#x 
#X read the following form as a hexidecimal number. 

4404P30 LISP PROGRAMMERS 



CHAPTER 15 

The Lisp Stepper and FIXIT 

Several handy debugging tools are described in detail in this chapter. 

1S.1. Simple Use Of Stepping 

(step s _ arg 1..,) 

NOTE: The Lisp "stepping" package is intended to give the Lisp programmer a facility 
analogous to the Instruction Step mode of running a machine language program. 
The user interface is through the function (fexpr) step, which sets switches to put 
the Lisp interpreter in and out of "stepping" mode. The most common step invo­
cations follow. These invocations are usually typed at the top-level, and will take 
effect immediately (i.e. the next S-expression typed in will be evaluated in stepping 
mode). The facilities of this package are similar to those in the 'tpl' system, but 
can be used separately. The capabilities of the two systems will be unified and 
expanded in the future. 

(step t) ; Turn on stepping mode. 
(step nit) ; Turn off stepping mode. 

SIDE EFFECT: In stepping mode, the Lisp evaluator will print out each S-exp to be 
evaluated before evaluation, and the returned value after evaluation, calling 
itself recursively to display the stepped evaluation of each argument, if the 
S-exp is a function call. In stepping mode, the evaluator will wait after 
displaying each S-exp before evaluation for a command character from the 
console. 

4404P30 LISP PROGRAMMERS 15-1 



THE LISP STEPPER AND FIXIT 

STEP COMMAND SUMMARY 
<return> 

c 

e 

g 

n <number> 

p 

b 

q 

d 

Continue stepping recursively. 

Show returned value from this level 
only, and continue stepping upward. 

Only step interpreted code. 

Turn otT stepping mode. (but continue 
evaluation without stepping). 

Step through <number> evaluations without 
stopping 

Redisplay current form in full 
(i.e. rebind prinlevel and prinlength to nil) 

Get breakpoint 

Quit 

Call debug 

15.2. Advanced Features 

15-2 

15.2.1. Selectively Turning On Stepping 

If 
(step fool fo02 .. .) 

is typed at top level, stepping will not commence immediately, but rather when the 
evaluator first encounters an S-expression whose car is one of fool, fo02, etc. This 
form will then display at the console, and the evaluator will be in stepping mode wait­
ing for a command character . 

. Normally the stepper intercepts calls to juneall and eva! When juneall is inter­
cepted, the arguments to the function have already been evaluated but when eva! is 
intercepted, the arguments have not been evaluated. To differentiate the two cases, 
when printing the form in evaluation, the stepper prints intercepted calls to juneall 
with "f:". Calls to juneall are normally caused by compiled Lisp code calling other 
functions, whereas calls to eva! usually occur when Lisp code is interpreted. To step 
through only calls to eval, use: (step e) 

15.2.2. Stepping With Breakpoints 

Step is turned off for the duration of error breaks, but not by explicit use of the 
break function. Executing (step nilJ inside a error loop will turn off stepping globally, 
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i.e. within the error loop, and after return the return from the break loop. 

15.3. Overhead of Stepping 

If stepping mode has been turned off by (step niiJ, there is no execution overhead 
for having the stepping packing in your Lisp. If one stops stepping by typing "g", every 
call to eval incurs a small overhead--several machine instructions, corresponding to the 
compiled code for a simple cond and one function pushdown. Running with (step /001 
/002 .. J can be more expensive, since a 'member' computation of the car of the current 
form into the list (foo1/002 .. J is required at each call to eval. 

15.4. Evalhook and Funcallhook 

For 'step' and potentially other user-written functions to gain control of the evalua­
tion process, hooks were installed in the FRANZ LISP interpreter. In fact there are two 
hooks and they have been strategically placed in the two key functions in the interpreter: 
eval (which controls execution of interpreted code) and /uncall (which controls compiled 
code if (sstatus translink nil) has been executed). The hook in eval is compatible with 
MacLisp, but there is no MacLisp equivalent of the hook in /uncall 

To arm the hooks two forms must be evaluated: ("'rset t) and (sstatus evalhook t). 
Once that is done, eval and /uncall do a special check when they are invoked. 

If eval is given a form to evaluate, say (foo bar), and the symbol 'evalhook' is 
non-nil, say its value is 'ehook', then eval will lambda-bind the symbols 'evalhook' and 
'funcallhook' to nil and will call ehook, passing (foo bar) as the argument. It is ehook's 
responsibility to evaluate (foo bar) and return its value. Typically ehook will call the 
function 'evalhook' to evaluate (foo bar). Note that 'evalhook' is a symbol whose func­
tion binding is a system function described in Chapter 4, and whose value binding, if 
non-nil, is the name of a user written function (or a lambda expression, or a binary 
object) which will gain control whenever eval is called. 'evalhook' is also the name of 
the status tag which must be set for all of this to work. 

If /uncall is called on a function, say foo, and a set of already evaluated arguments, 
say barv and bazv, and if the symbol 'funcallhook' has a non nil value, say 'fhook', then 
/uncallwilliambda-bind 'evalhook' and 'funcallhook' to nil and will call fhook with argu­
ments barv, bazv and foo. Thus fhook must be a lexpr since it may be given any 
number of arguments. The function to call, foo in this case, will be the last of the argu­
ments given to fhook. It is fhook's responsibility to do the function call and return the 
value. Typically fhook will call the function /uncallhook to do the funcall. This is an 
example of a funcallhook function which just prints the arguments on each entry to fun­
call and the return value. 
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-> (dejUnjhook n Oet (form (cons (arg nJ Oistify (1- nJ))) 
(retvaO) 

!book 

(patom" calling ")(print/orm)(terpr) 
(setq retval (ftmcallhook/orm './hook)) 
(patom" returns ")(print retvaO(terpr) 
retvalJ) 

-> (*rset tJ (ssfiltus evalhook tJ (ssfiltus translink niO 
-> (setq jUncallhook './hook) 
calling (print !book) ;; now all compiled code is traced 
!bookfeturns nil 
calling (terpr) 

returns nil 
calling (patom "- > ,,) 
-> returns "-> " 
calling (read nil QOOOOO) 
(array /00 t 10) ;; to test it, we see what happens when 
returns (array foo t 10) ;; we make an array 
calling (eval (array foo t 10)) 
calling (append (10) nil) 
returns (10) 
calling (Iessp 1 1) 
returns nil 
calling (apply times (10)) 
returns 10 
calling (small-segment value 10) 
calling (hoole 4 137 127) 
returns 128 
... there is plenty more ... 

15.5. The FIXIT Debugger 

15-4 

FIXIT is a debugging environment for FRANZ LISP written and documented by 
David S. Touretzky of Carnegie-Mellon University for MacLisp, and adapted to FRANZ 
LISP by Mitch Marcus of Bell Labs. One of FIXIT's goals is to get a program being 
tested running again as quickly as possible. The user is assisted in making changes to his 
functions "on the fly", i.e. in the midst of execution, and then computation is resumed. 

To enter the debugger type (debug). The debugger goes into its own read-eval­
print loop. Like the top-level, the debugger understands certain special commands. One 
of these is help, which prints a list of the available commands. The basic idea is that you 
are somewhere in a stack of calls to eva!. The command "bka" is probably the most 
appropriate for looking at the stack. There are commands to move up and down. If you 
want to know the value of "x" as of some place in the stack, move to that place and 
type "x" (or (cdr x) or anything else that you might want to evaluate). All evaluation is 
done as of the current stack position. You can fix the problem by changing the values of 
variables, editing functions or expressions in the stack etc. Then you can continue from 
the current stack position (or anywhere else) with the "redo" command. Or you can 
simply return the right answer with the "return" command. 

When it is not immediately obvious why an error has occurred or how the program 
got itself into its current state, FIXIT comes to the rescue by providing a powerful 
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debugging loop in which the user can: 

- examine the stack 

- evaluate expressions in context 

- enter stepping mode 

- restart the computation at any point 

The result is that program errors can be located and fixed more rapidly. 

The debugger can only work effectively when extra information is kept about forms 
in evaluation by the Lisp system. Evaluating ("rset t) tells the Lisp system to maintain 
this information. If you are debugging compiled code you should also be sure that the 
execute (sstatus translink nit). 

(debug [ s _ msg ]) 

NOTE: Within a program, you may enter a debug loop directly by putting in a call to debug 
where you would normally put a call to break. Also, within a break loop you may 
enter FIXIT by typing debug. If an argument is given to debug, it is treated as a 
message to be printed before the debug loop is entered. Thus you can put (debug 
l;ust before tooIV into a program to indicate what part of the program is being 
debugged. 
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F/XIT Command Summary 

TOP 
BOT 
P 
PP 
WHERE 
HELP 

U 
Un 
Uf 
Unf 
UP 
UPn 

OK 
REDO 

REDOf 

STEP 

RETURN e 

BK.. 

.. F .. 

.. A .. 

.. V .. 

.. E .. 

.. C .. 

BK .. n 

BK .. f 
BK .. nf 

go to top of stack (latest expression) 
go to bottom of stack (first expression) 
show current expression (with ellipsis) 
show current expression in full 

. give current stack position 
types the abbreviated command summary found 
in /lisp/lib/fixit.ref. Hand? work too. 
go up one stack frame 
go up n stack frames 
go up to the next occurrence of function f 
go up n occurrences of function f 
go up to the next user-written function 
go up n user-written functions 
... the DN and DNFN commands are similar, but go down 
... instead of up. 
resume processing; continue after an error or debug loop 
restart the computation with the current stack frame. 
The OK command is equivalent to TOP followed by REDO. 
restart the computation with the last call to function f. 
(The stack is searched downward from the current position.) 
restart the computation at the current stack frame, 
but first turn on stepping mode. (Assumes the stepper is loaded.) 
return from the current position in the computation 
with the value of expression e. 
print a backtrace. There are many back trace commands, 
formed by adding suffixes to the BK command. "BK" gives 
a backtrace showing only user-written functions, and uses 
ellipsis. The BK command may be suffixed by one or more 
of the following modifiers: 
show function names instead of expressions 
show all functions/ expressions, not just user-written ones 
show variable bindings as well as functions/expressions 
show everything in the expression, i.e. don't use ellipsis 
go no further than the current position on the stack 
Some of the more useful combinations are BKFV, BKF A, 
and BKFAV. 
show only n levels of the stack (starting at the top). 
(BK n counts only user functions; BKA n counts all functions.) 
show stack down to first call of function f 
show stack down to nth call of function f 

15.5.1. Interaction with trace FIXIT knows about the standard Franz trace package, 
and tries to make tracing invisible while in the debug loop. However, because of the 
way trace works, it may sometimes be the case that the functions on the stack are 
really un intened atoms that have the same name as a traced function. (This only 
happens when a function is traced WHEREIN another one.) FIXIT will call attention 
to trace's hackery by printing an appropriate tag next to these stack entries. 
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15.5.2. Interaction with step The step function may be invoked from within FIXIT via 
the STEP command. FIXIT initially turns off stepping when the debug loop is 
entered. If you step through a function and get an error, FIXIT will still be invoked 
normally. At any time during stepping, you may explicitly enter FIXIT via the "D" 
(debug) command. 

15.5.3. Multiple error levels FIXIT will evaluate arbitrary Lisp expressions in its 
debug loop. The evaluation is not done within an errset, so, if an error occurs, 
another invocation of the debugger can be made. When there are multiple errors on 
the stack, FIXIT displays a barrier symbol between each level that looks something 
like <------------UDF-->. The UDF in this case stands for UnDefined Function. 
Thus, the upper level debug loop was invoked by an undefined function error that 
occurred while in the lower loop. 
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CHAPTER 16 

The Lisp Editor 

16.1. Introduction 
Many people use standard text editors to edit their Lisp programs. However there 

are also Lisp "structure-oriented" embedded editors which are particularly handy for the 
editing of Lisp programs and data. These operate in a rather different fashion, namely 
within a Lisp environment. Such an editor is handy for rapid fixes and re-evaluating of 
tests without exiting from the Lisp system. For example, you can fix a bug and then con­
tinue your computation from a break-point. The editor has its own command structure 
which includes the ability to evaluate arbitrary Lisp expressions. 

The Lisp editor "editr' and its related components in FRANZ LISP differ from 
file/text editors in that editor commands directly change the internal structure of Lisp 
expressions rather than an external character representation. In particular, it is not possi­
ble for the Lisp editor to create an expression with unbalanced parentheses because such 
expressions cannot occur in the internal representation of a Lisp object. This editor 
modifies the structure of existing Lisp objects but does not automatically update any 
copies of the objects on files. See, for example, the function "pp" in chapter 5, for writ­
ing functions to files. 

This editor is based on the InterLisp editor and has an almost identical command syntax. 

16.2. Tutorial 

Suppose that we wish to define a function foo which adds five to its argument if it is a 
number, and returns nil otherwise. We might type the following (incorrect) expression 
into the interpreter: 

-> (defun foo (x) ; incorrect 

foo 

«numberp x) (plus x 5)} 
(t nil)} 

Executing foo will cause an error because the conditional function condhas been left out. 
We can correct it by editing the function foo: 

-> (editf foo) 
edit 
# 

We are now in edit mode, with the attention of the editor focused on the expression 
which defines /00. To print the expression on the screen, type: 

#p 
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16-2 

(lambda (x) (& & ) (t nit) 

This is not exactly what was typed in. defun is really a macro which expands into some­
thing involving def and lambda, so that is why the lambda is there. The comment has 
been omitted and the spacing is different. The reason for these differences is that we are 
editing a Lisp object, and not the characters which were typed to define the Lisp object. 
The symbol "&" is just a shorthand for a more complicated subexpression. To see the 
full expression, type: 

#? 
(lambda (x) «numberp x) (plus x 5» (t nil» 

This is the current expression being edited. To insert cond before the third expression 
in the current expression, type: 

#(-3 cond) 
(lambda (x) cond (& & ) (t nit) 

Now we need a pair of parentheses. The editor requires that they be entered as a pair. To 
insert a left parenthesis before the third element of the current expression and a match­
ing right parenthesis at the end, type: 

#(li 3) 
(lambda (x) (cond & & & &» 

The expression appears even more abbreviated as the default print function only shows 
parenthesis nesting up to a level of two. For the full expression, type: 

#? 
(lambda (x) (cond «numberp x) (plus x 5» (t nit)) 

This definition for foo will work, so we can save the change and return to Lisp by typing: 

#ok 
foo 
-> (foo 20) 
25 
-> (foo 'not-a-number) 
nil 
-> 

Now suppose that we wish to change foo so that it adds ten instead of adding five. We 
reenter the editor: 

-> (editf foo) 
edit 
#? 
(lambda (x) (cond «numberp x) (plus x 5» (t nil)) 

The current expression only has three elements and "5" is not one of them, so we can­
not change "5" directly. Typing "3" causes the editor to focus attention on the third 
element, and to consider that to be the current expression. 

#3 
(cond «numberp x) (plus x 5» (t nit) 
#2 
«numberp x) (plus x 5» 
#2 
(plus x 5) 

The following command replaces the third element with a 10. 
#(3 10) 
(plus x 10) 

Typing "0" (zero) takes us to a higher level: 
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#0 
«numberp x) (plus x 10» 
#0 
(cond «numberp x) (plus x 10» (t nil» 
#0 
(lambda (x) (cond «numberp x) (plus x 10» (t niI)) 

LISP EDITOR 

Suppose that we wish to change /00 so that it returns "not-a-number" if the argument is 
not a number. A quick way to find nilin the current expression is to type: 

#fnil 
The current expression is a valid Lisp object, but it is called the "tail" of an expression 
because a left parenthesis would be misleading. The following commands replace ni( 
check the result, and exit the editor. 

#(1 'not-a-number) 
#A 
(lambda (x) (cond & & & &» 
#? 
(lambda (x) (cond «numberp x) (plus x 10» (t 'not-a-number») 
#ok 
-> 

Variable values and property lists can also be edited. The following example illustrates 
assigning a value and a property list to a variable, and then using the editor to make 
modifications. 

-> (setq foo ' (this is a chair» 
(this is a chair) 
-> (putprop 'foo 'blue 'color) 
color 
-> foo 
(this is a chair) 
-> (get 'foo 'color) 
blue 
-> (editv fool 
edit 
#p 
(this is a chair) 
#(4 pillow) 
pillow 
#p 
(this is a pillow) 
#ok 
foo 
-> (editp fool 
edit 
#p 
(color blue) 
#(2 red) 
(color red) 
#ok 
foo 
-> (get 'foo 'color) 
red 

While within the editor, you can reverse the most recent change, type the command 
undo. The command lundo undoes all changes made during the editing session. 

4404P30 LISP PROGRAMMERS 16-3 



LISP EDITOR 

16.3. Editor Functions 

(editf s_xl .. J 
SIDE EFFECT: Edits a function with the name s_xl. Any additional arguments are 

optional commands to the editor. 

RETURNS: s_xl. 

NOTE: If s_xl is not an editable function, editf generates a "fn not editable" error. 

(editv s _ var [g_ com 1 ... ]) 

SIDE EFFECT: Edits values in a manner similar to the way editf edits functions. The value 
of the variable can be changed by subsequent editing commands. 

RETURNS: the name of the variable whose value was edited. 

(editp s_x) 

SIDE EFFECT: Edits property lists. 

RETURNS: the atom whose property list was edited. 

(editfns s_x [g_comsl ... ]) 

SIDE EFFECT: Performs the same editing operations on several functions. The symbol s_x 
is the function or list of functions, and the following arguments are the 
editing commands. Evaluation of editfns will map down the list of func­
tions, print the name of each function, and call the editor (via editf) on 
each function. 

RETURNS: nil. 

EXAMPLE: {editfns foofns (r fie fum» will change every fie to fum in each of the func­
tions in the list called foofns. 

NOTE: The call to the editor is errset protected, so that if the editing of one function 
causes an error, editfns will proceed to the next function. In the above example, 
if one of the functions did not contain a fie, the r command would cause an error, 
but editing would continue with the next function. 

(editracefn s _com) 

16-4 

NOTE: This is available to help the user debug complex edit macros, or subroutine calls to 
the editor. It is initially an undefined function, to be defined by the user. When­
ever the value of editracefn is non-nil, the editor calls the function editracefn 
before executing each command (at any level), giving it that command as its argu­
ment. 
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(editflndp x pat nil) 

NOTE: Allows a program to use the editor find command as a pure predicate from outside 
the editor. It searches for the pattern pat in the expression x. 

RETURNS: t if the editor command !pat would succeed, nil otherwise. 

16.3.1. The Edit Chain The edit-chain is a list of which the first element is the 
expression you are now editing ("current expression"), the next element is what 
would become the current expression if you were to type a 0, etc., until the last ele­
ment which is the expression that was passed to the editor. 

EDIT CHAIN COMMAND SUMMAR Y 

mark. Adds the current edit chain to the front of the list marklst. 

. Makes the new edit chain be (car marklst). 

l pattern). Ascends the edit chain looking for a link which matches pattern. 

_. A double underscore is similar to a single underscore (J but also erases the mark. 

/. Makes the edit chain be the value of unfind. Unfind is set to the current edit chain by each command that makes a 
"big jump", i.e., a command that usually performs more than a single ascent or descent, namely', _, _, !nx, all com­
mands that involve a search, e.g., f, Ie, ii, below, et al and / and /p themselves. If the user types f cond, and then f 
car, / would take him back to the condo Another / would take him back to the car, etc. 

/p. Restores the edit chain to its state as of the last print operation. If the edit chain has not changed since the last 
printing, /p restores it to its state as of the printing before that one. If the user types p followed by 3 2 1 p, /p will 
return to the first p, i.e., would be equivalent to 000. Another /p would then take him back to the second p. 

(\# g_coml .. J 
RETURNS: what the current expression would be after executing the edit commands coml 

... starting from the present edit chain, generating an error if any of comi 
cause errors. The current edit chain is never changed. 

EXAMPLE: (j r (quote x) (\# (cons .. z») replaces all x's in the current expression by the 
first cons containing a z. 

16.4. Printing Commands 

PRINTING COMMAND SUMMARY 

p Prints current expression in abbreviated form. (p m) prints mth element of current expression in abbreviated form. 
(p m n) prints mth element of current expression as though printlev were given a depth of n. (p 0 nJ prints the 
current expression as though printlev were given a depth of n. (p 100) will search for the first occurrence of 100 and 
then print it. 
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? prints the current expression as though printlev were given a depth of 100. 

pp. pretty-prints the current expression. 

pp~ is like pp, but forces comments to be shown. 

16.5. Scope of Attention 

Attention-changing commands allow you to look at a different part of a Lisp expression 
you are editing. The sub-structure upon which the editor's attention is centered is called 
"the current expression". Changing the current expression means shifting attention 
and not actually modifying any structure. 

SCOPE OF ATTENTION COMMAND SUMMARY 

n (n> 0) . Makes the nth element of the current expression be the new current expression. 

-n (n> 0). Makes the nth element from the end of the current expression be the new current expression. 

a Makes the next higher expression be the new correct expression. If the intention is to go back to the next 
higher left parenthesis, use the command !O. 

up. Unless the current expression is a tail, up changes the current expression to the one which has the previous 
current expression as its first element. Tails are unchanged. (A tail is an expression which starts with " ... " when 
printed with the p command.) 

fO. Goes back to the next higher left parenthesis. 

'. Makes the top level expression be the current expression. 

/IX. Makes the current expression be the next expression. It wi1\ not go through an unmatched right parenthesis, so it 
generates an error if the current expression is the last 

(m: n) n> o equivalent to n consecutive /IX commands. 

!/IX. Makes current expression be the next expression at a higher level. Goes through any number of right 
parentheses to get to the next expression. It always gives a different result from /IX. 

bk. Makes the current expression be the previous expression in the next higher expression. 

(nth n) n> O. Makes the list starting with the nth element of the current expression be the current expression. 

(nth $) . This generalized nth command locates $, and then backs up to the current level, where the new current 
expression is the tail whose first element contains, however deeply, the expression that was the terminus of the loca­
tion operation. 

!! , as in (pattern !! . $). Searches for an expression or tail which starts with pattern and ends with $. For example, 
(cond !! return) finds a cond that contains a return, at any depth. 

(below com x) . This ascends to higher levels searching for com and then changes the current expression to the one 
which is x levels below com. The default value of x is 1. For example (below cond) will cause the cond clause contain­
ing the current expression to become the new current expression. 

(nex x). same as (below x) followed by nx. For example, if you are deep inside of a selectq clause, you can advance to 
the next clause with (nex selectq). 
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nex. The atomic form of nex is useful if you will be performing repeated executions of (nex x). By simply 
marking the chain corresponding to x, you can use nex to step through the sublists. 

16.6. Pattern and Search Commands 

In many of the editor commands it is possible to specify a pattern to direct an 
operation to a subexpression or change the attention of the editor. This section describes 
the types of patterns and searches. 

PATTERN SPECIFICATION SUMMARY 

A pattern pat matches with x if: 

- patis eq to x. In this case, x may not be a tail, so (a b) will not match ... a b). 

- x is a list, (car pan matches (car x), and (cdr pai) matches (cdr x). 

- patis &. 

- patis a number and equal to x. 

- (car pai) is the atom *any~ (cdr pai) is a list of patterns, and one of those patterns matches x. 

- palis a literal atom or string, and (nthchar pat-I) is @, then pat matches with any literal atom or string which has the 
same initial characters as pa~ e.g. ver@ matches with verylongatom, as well as "verylongstring". 

- if (car pan is the atom --, pat matches x if (a) (cdr pat) = nil, i.e. pat= (--), e.g., (a --) matches (a) (a b c) and (a. b) 
in other words, -- can match any tail of a list. (b) (cdr pai) matches with some tail of x, e.g. (a -- (&» will match with 
(a b c (d», but not (a b c d), or (a b c (d) e). however, note that (a -- (&) --) will match with (a b c (d) e). in other 
words, -- will match any interior segment of a list. 

- if (car pan is the atom = =, pat matches x if and only if (cdr pat) is eq to x. (This pattern is for use by programs that 
call the editor as a subroutine, since any non-atomic expression in a command typed in by the user obviously cannot be 
eq to existing structure.) 

- pat has !!! for its car, and either its cdr matches with x or x is a tail which would match if it had a left parenthesis. 
For example, searching for a match with (!!! b c) will succeed on (a (b c» as well as on (a b C). 

SEARCH COMMAND SUMMARY 

f pattern. Finds the next instance of pattern. If no pattern is given then the last pattern is used. 

(f pattern nJ. Finds the next instance of pattern. (Here, n stands for next, and not an integer.) 

(f pattern tJ. Similar to f pattern, except, for example, if the current expression is (cond .J, f cond will look for the 
next cond, but (f cond t) will not. 

(f pattern n) n> a Finds the nth place that pattern matches. If the current expression is (fool fo02 fo03), (f foo@ 3) 
will find foo3. 
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if pattern) or if pattern nit). only matches with elements at the top level of the current expression. If the current 
expression is (prog nil (setq x (cond & &)) (cond &) .. J f (cond --) will find the cond inside the setq, whereas (f (cond 
--)) will find the top level cond, i.e., the second one. 

(fs pattern1 ... patternn). Is equivalent to I pattern1 followed by I pattern2 ... followed by I patternn, so that if a search 
fails, the edit chain is left at the place where the previous pattern matched. 

if- expression x). Searches for a structure eq to expression. 

(0r/pattern1 ... patternn). Searches for an expression that is matched by either pattern10r ... patternn. 

blpattern. This backwards find searches for the first previous occurrence of the pattern. If the current expression is the 
top-level expression, then the entire expression is searched in reverse print order. For example, if the current expres­
sion is (prog nil (setq x (setq y (list z))) (print x)) , then I list followed by bl setq will change the current expression to 
(setq y (fist z)), as will Iprintfollowed by blsetq. 

(bl pattern (). This is similar to the above backwards find. Search always includes current expression, i.e., starts at end 
of current expression and works backward, then ascends and backs up, etc. 

16.7. Location Specifications 

Many editor commands use a method of specifying position called a location 
specification. The meta-symbol $ is used to denote a location specification. $ is a list of 
commands interpreted as described above. $ can also be atomic, in which case it is inter­
preted as (list $). A location specification is a list of edit commands that are executed in 
the normal fashion with the following exception. All commands not recognized by the 
editor are interpreted as though they had been preceded by f The location specification 
(cond 2 3) specifies the third element in the first clause of the next condo 

The if command and the \# function provide a way of using in location 
specifications arbitrary predicates applied to elements in the current expression. 

LOCATION COMMAND SUMMARY 

.$ In descriptions of the editor, the meta-symbol $ is used to denote a location specification. $ is a list of commands 
interpreted as described above. $ can also be atomic. 

Oe . $). Provides a way of explicitly invoking the location operation. (lc cond 2 3) will perform a search for a cond 
clause and then change the current expression to the third element of the cond clause. 

Oel . $). Same as Ie except search is confined to current expression. To find a cond containing a return, one might 
use the location specification (cond (IcI return) /) where the / would reverse the effects of the lei command, and make 
the final current expression be the condo 

(second. $). same as (Ie. $) folJowed by another (Ic. $) except that if the first succeeds and second fails, no change 
is made to the edit chain. 

(third. $). Similar to second. 
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16.8. Structure Modification Commands 

All structure modification commands are undoable. See section 16.11 for a descrip­
tion of undoing commands. 

In insert, delete, replace and change, if $ is nil (empty), the corresponding opera­
tion is performed on the current edit chain, Le. (replace with (car x» is equivalent to (! 
(car x». For added readability, here is also permitted, e.g., {insert (print x) before 
here) will insert (print x) before the current expression (but not change the edit chain). 
It is perfectly legal to ascend to insert, replace, or delete. For example {insert (returrd 
after A prog -1) will go to the top, find the first prog, and insert a (returrd at its end, and 
not change the current edit chain. 

The a, b, and! commands all make special checks in el thru em for expressions of the 
form C\# . corns). In this case, the expression used for inserting or replacing is a copy 
of the current expression after executing corns, a list of edit commands. (insert C\# f 
cond -1 -1) after3} will make a copy of the last form in the last clause of the next cond, 
and insert it after the third element of the current expression. 

STRUCTURE MODIFICATION COMMAND SUMMAR Y 

(nJ n> 1 deletes the corresponding element from the current expression. 

(n el ... emJ n,m> I, replaces the nth element in the current expression with el ... em. 

(-n el ... emJ n,m > 1 inserts el ... em before the n element in the current expression. 

(n el ... emJ (the letter "n" for "next" or "nconc", not a number) m> 1 attaches el ... em at the end of the current 
expression. 

(a el ... emJ. inserts el ... em after the current expression (or after its first element if it is a taiO. 

(b el ... emJ. inserts e 1 ... em before the current expression. To insert foo before the last element in the current 
expression, perform -I and then (b foo). 

(J el ... emJ. replaces the current expression by el ... em. If the current expression is a tail then replace its first ele­
ment. 

(r x y) replaces each occurrence of x with y in the current expression. The term x can be an atom, a list, or a location 
specification. 

(sw n m) switches the nth and mth elements of the current expression. For example, if the current expression is (list 
(cons (car x) (car y» (cons (cdr y))), (sw 2 3) will modify it to be (list (cons (cdr x) (cdr y» (cons (car x) (car 
y»). (sw car cdr) would produce the same result. 

delete or (!) . deletes the current expression, or if the current expression is a tail, deletes its first element. 

(delete. $). does a (Ic. $) followed by delete. current edit chain is not changed. 

(insert el ... em be/ore. $). similar to (Ic. $) followed by (b el ... em). 

(insert el .. , em after. $). similar to insert before except uses a instead of b. 

(insert el ... em/or. $). similar to insert before except uses! for b. 

(replace $ with el ... emJ. here $ is the segment of the command between replace and with. 

(change $ to el ... emJ. same as replace with. 
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EXTRACTION AND EMBEDDING COMMAND SUMMAR Y 

(xtr. $). Replaces the original current expression with the expression that is current after performing (lcl . $). 

(mbd x). If x is a list, substitutes the current expression for all instances of the atom • in x, and replaces the current 
expression with the result of that substitution. If x is atomic, (mbd x) is the same as (mbd (x .». 
(extract $1 from $2). This is an editor command which replaces the current expression with one of its subexpressions 
(from any depth). ($1 is the segment between extract and from.) For example, if the current expression is (print 
(cond «null x) y) (t z))) then following (extract y from cond), the current expression will be (print y). (extract 2 -1 
from cond) , (extract y from 2), (extract 2 -1 from 2) will all produce the same result. 

(embed $ in . x). Replaces the current expression with a new expression which contains it as a subexpression. ($ is the 
segment between embed and in.) Some examples: (embed print in setq x), (embed 3 2 in return), (embed cond 3 I 
in (or • (null x))). 

MOVE AND COpy COMMAND SUMMARY 

(move $1 to com. $2). ($1 is the segment between move and to.) where com is before, after, or the name of a list 
command, e.g., :, n, etc. If $2 is nil, or (here), the current position specifies where the operation is to take place. If $1 
is nil, the move command allows the user to specify some place the current expression is to be moved to. If the 
current expression is (a b d c), (move 2 to after 4) will make the new current expression be (a c db). 

(mv com. $). is the same as (move here to com. $). 

(copy $1 to com. $2) is like move except that the source expression is not deleted. 

(cp com. $). is like mv except that the source expression is not deleted. 

16.9. Parentheses Moving Commands The commands presented in this section permit 
modification of the list structure itself, as opposed to modifying components. Their 
effect can be described as inserting or removing a single left or right parenthesis, or pair 
of left and right parentheses. Some people find that use of only 'bi' and 'bo' to be less 
confusing and quite adequate for use instead of the 4 additional commands. 

PARENTHESES MOVING COMMAND SUMMARY 

(bi n mY. This "both in" command inserts parentheses before the nth element and after the mth element in the 
current expression. example: if the current expression is (a b (c d e) f g), then (bi 2 4) will modify it to be (a (b (c d 
e) f) g). (bi n) : same as (bi n n). example: if the current expression is (a b (c d e) f g), then (bi -2) will modify it 
to be (a b (c d e) (f) g). 

(00 n). This "both out" command removes both parentheses from the nth element. example: if the current expres­
sion is (a b (c d e) f g}, then (bo d) will modify it to be (a b c d e f g). 

(Ii n). This "left in" command inserts a left parenthesis before the nth element (and a matching right parenthesis at 
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the end of the current expression). example: if the current expression is (a b (c d e) f g), then (Ii 2) will modify it to 
be (a (b (c d e) fg». 

(to n). This "left out" command removes a left parenthesis from the nth element. all elements following the nth 
element are deleted. example: if the current expression is (a b (c d e) f g), then (Io 3) will modify it to be (a b cd 
e). 

(rj n m). This "right in" command moves the right parenthesis at the end of the nth element in to after the mth 
element. inserts a right parenthesis after the mth element of the nth element. The rest of the nth element is 
brought up to the level of the current expression. example: if the current expression is (a (b c d e) f g), (ri 2 2) will 
modify it to be (a (b c) de f g). 

(,0 n). This "right out" command moves the right parenthesis at the end of the nth element out to the end of the 
current expression. removes the right parenthesis from the nth element, moving it to the end of the current expres­
sion. all elements following the nth element are moved inside of the nth element. example: if the current expres­
sion is (a b (c d e) f g), (ro 3) will modify it to .be (a b (c d e f g». 

Certain commands can be made to made to operate on several contiguous elements of a list by 
using the to or thru command in their respective location specifications. These commands are 
to, thru, extract, embed, delete, replace, and move. to and thru can also be used directly with xtr 
(which takes after a location specification), as in (xtr (2 thru 4)) (from the current expression). 

TO AND THRU COMMAND SUMMARY 

($1 to $2) . same as thru except last element not included. 

($1 to). same as ($1 thru -1) 

($1 thru $2) . If the current expression is (a (b (c d) (e) (f g h) j) j k), following (c thru g), the current expression 
will be «c d) (e) (f g h». If both $1 and $2 are numbers, and $2 is greater than $1, then $2 counts from the begin­
ning of the current expression, the same as $1. in other words, if the current expression is (a b 'd e f g), (3 thru 4) 
means (c thru d), not (c thru f). in this case, the corresponding bi command is (bi 1 $2-$1 + 1). 

($1 thru). same as ($1 thru -1). 

16.10. Undoing Commands Each command that causes structure modification automati­
cally adds an entry to the front of a list called undolst. The undo command undoes the 
most recent such command based on information in undolst. 

UNDO COMMAND SUMMARY 

undo. the undo command undoes most recent, structure modification command that has not yet been undone, and 
prints the name of that command, e.g., mbd undone. The edit chain is then exactly what it was before the 'undone' 
command had been performed. 

!undo. undoes all modifications performed during this editing session, i.e., this call to the editor. 

unblock. removes an undo-block. If executed at a non-blocked state, i.e., if undo or !undo could operate, types not 
blocked. 
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test adds an undo-block at the front of undolst. Note that By using test together with !undo, the user can perform a 
number of changes, and then undo all of them with a single lunda command. 

?? prints the entries on undo 1st. The entries are listed most recent entry first. 

16.11. Commands that Evaluate 

These commands allow you to execute arbitrary Lisp expressions, perhaps including 
calling a function you are editing! All the changes you have made are "in place" in the 
interpreted version of the function under edit. 

EVALUATION COMMAND SUMMARY 

e. when typed in as a single atomic command, passes the next s-expression to the Lisp reader and evaluates and prints 
it. Other uses of the symbol 'e' are unaffected: (j.e., (insert d before e) will treat e as a pattern) (e x) evaluates x and 
prints the result. (e x t) is the same as (e x) but does not print. 

(i c xl ... xn) same as (c yl... yn) where yi = (eval xi). example: (i 3 (cdr foo» will replace the 3rd element of the 
current expression with the cdr of the value of foo. (j n foo (car fie» will attach the value of foo and car of the value 
of fie to the end of the current expression. (j f= foo 1) will search for an expression eq to the value of foo. If c is not 
an atom, it is evaluated as well. (The corns and comsq commands below provide more general ways of computing 
commands.) 

(cams xl ... xn). Each xi is evaluated and its value executed as a command. For example, (corns (cond (x (list I 
x»» will replace the first element of the current expression with the value of x if non-nil, otherwise do nothing. (Note 
that nil as a command does nothing.) 

(comsq coml ... comn). Executes coml ... comn and used mainly useful in conjunction with the corns command. 
For example, suppose the user wishes to compute an entire list of commands for evaluation, as opposed to computing 
each command one at a time as does the corns command. He would then write (corns (cons 'comsq x» where x com­
puted the list of commands, e.g., (corns (cons 'comsq (get foo 'commands») 

16.12. Commands that Test 

TESTlNG COMMAND SUMMARY 

((Ix) Generates an error unless the value of (eval x) is non-nil. Thus an error is generated if either (eval x) causes an 
error or if (eval x) is nil. 

(ifx comsJ) Evaluates x and if it is non-nil, executes corns!. Otherwise, generates an error. 

(ifx comsl coms2) Evaluates x and if it is non-nil, executes corns!. If (eval x) causes an error or is equal to nil, coms2 
is executed. 

(Ip . cams). repeatedly executes corns, a list of commands, until an error occurs. (Ip f print (n t)) will attach a t 
at the end of every print expression. (Jp f print (if C\# 3) nil «n 1»))) will attach a t at the end of each print expres­
sion which does notalready have a second argument. (j.e. the form (\# 3) will cause an error if the edit command 3 
causes an error, thereby selecting «n t» as the list of commands to be executed. The if could also be written as (if 
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(cddr (\#)) nil «n 1))).). 

(Ipq . corns) same as Ip but does not print n occurrences. 

(orr corns} ... comsn). orr begins by executing comsl, a list of commands. If no error occurs, orr is finished. other­
wise, orr restores the edit chain to its original value, and continues by executing coms2, etc. If none of the com­
mand lists execute without errors, i.e., the orr "drops off the end", orr generates an error. Otherwise, the edit chain 
is left as of the completion of the first command list which executes without error. 

16.13. Editor Macros 

Many of the more sophisticated branching commands in the editor, such as orr, if, etc., 
are most often used in conjunction with edit macros. The macro feature permits the 
user to define new commands and thereby expand the editor's repertoire. (However, 
built in commands always take precedence over macros, i.e., the editor's repertoire 
can be expanded, but not modified.) Macros are defined by using the m command. If a 
macro is redefined, its new definition replaces its old. 

(m c . corns) defines c as an atomic command, where c is an atom and corns is a list. 
Executing c is then the same as executing the list of commands corns. see the next 
paragraph for an example. Macros can also define list commands, i.e., commands that 
take arguments. (m (c) (arg [1] ... arg [nD . corns) c an atom. m defines c as a list com­
mand. Executing (c el ... en) is then performed by substituting el for arg[1l, ... 
en for arg[n] throughout corns, and then executing corns. a list command can be 
defined via a macro so as to take a fixed or indefinite number of 'arguments'. The 
form given above specified a macro with a fixed number of arguments, as indicated by its 
argument list. If the of arguments. (m (c) args . corns) c, args both atoms, defines 
c as a list command. executing (c el ... en) is performed by substituting (e1 ... en), 
i.e., cdr of the command, for args throughout corns, and then executing corns. 

(m bp bk up p) will define bp as an atomic command which does three things, a bk, 
an up, and a p. note that macros can use commands defined by macros as well as built in 
commands in their definitions. For example, suppose z is defined by (m z -1 (if 
(null (\#» nil (p)), i.e. z does a -1, and then if the current expression is not nil, a p. 
now we can define zz by (m zz -1 z), and zzz by (m zzz -1 -1 z) or (m zzz -1 zz). We 
could define a more general bp by (m (bp) (n) (bk n) up p). (bp 3) would perform 
(bk 3), followed by an up, followed by a p. The command second can be defined as 
a macro by (m (2nd) x (orr «(Ic. x) (Ie. x»». 

Note that for all editor commands, 'built in' commands as well as commands defined 
by macros, atomic definitions and list definitions are completely independent. In 
other words, the existence of an atomic definition for c in no way affects the treatment 
of c when it appears as car of a list command, and the existence of a list definition for c 
in no way affects the treatment of c when it appears as an atom. In particular, c can be 
used as the name of either an atomic command, or a list command, or both. In the latter 
case, two entirely different definitions can be used. Note also that once c is defined as 
an atomic command via a macro definition, it will not be searched for when used in a 
location specification, unless c is preceded by an f. (insert -- before bp) would not 
search for bp, but instead perform a bk, an up, and a p, and then do the insertion. The 
corresponding also holds true for list commands. 
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(bind. corns) This is an edit command which is useful mainly in macros. It binds three 
dummy variables #1, #2, #3, (initialized to nil), and then executes the edit com­
mands corns. Note that these bindings are only in effect while the commands are being 
executed, and that bind can be used recursively; it will rebind #1, #2, and #3 each 
time it is invoked. 

usermacros is a Lisp variable which contains a list of the user-defined editing macros 
with their definitions. These macros remain in effect from one editing session to 
another. you can save your macros for another Lisp session by saving usermacros on a 
disk file. 

editcomsl is a Lisp variable which contains a list of the "list commands" recognized by 
the editor. (These are the commands such as Ii whose execution takes the form (com­
mand argl arg2 ... ).) 

16.14; Miscellaneous Editor Commands 

This section contains a descriptions of those editing functions which can be called from 
the lisp top level. These include functions for merely entering the editor as well as some 
which perform some editing tasks and return to the top level. 

MISCELLANEOUS EDITOR COMMAND SUMMARY 

ok. Exits from the editor. 

nil. Unless preceded by for bf, is always a null operation. 

tty . Calls the editor recursively. The user can then type in commands, and have them executed. The tty com­
mand is completed when the user exits from the lower editor (with ok or stop). The tty command is extremely 
useful. It enables the user to set up a complex operation, and perform interactive attention-changing commands 
part way through it. For example the command (move 3 to after cond 3 p tty) allows the user to interact, in effect, 
within the move command. He can verify for himself that the correct location has been found, or complete the 
specification "by hand". In effect, tty says "I'll tell you what you should do when you get there." 

stop. Exits from the editor with an error. This is mainly for use in conjunction with tty commands that the user 
wants to abort. Since all of the commands in the editor are errset protected, the user must exit from the editor via a 
command. The stop command provides a way of distinguishing between a successful and unsuccessful (from the 
user's standpoint) editing session. 

ti. Calls (top-Ieven. To return to the editor just use the return top-level command. 

repack. Permits the 'editing' of an atom or string. 

(repack $) Does (Ie . $) followed by repack, e.g. (repack this@). 

(,nakefn form args n mY n,m > O. Makes (car form) an expr with the nth through mth elements of the current 
expression with each occurrence of an element of (cdr form) replaced by the corresponding element of args. The 
nth through mth elements are replaced by form. 

(makefnform args n). Same as (makefn form args n n). 

(s var). Sets var (using setq) to the current expression. If the current expression is a tail, the appropriate left 
parenthesis is generated. 

(s var. $). Performs the location command (Ic . $) and then sets var to the new current expression. For example, (s 
foo -I 1) will set foo to the first element in the last element of the current expression. 
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APPENDIX B 

Special Symbols 

The values of these symbols have a predefined meaning. Some values are counters, while 
others are simply flags whose value the user can change to affect the operation of the Lisp sys­
tem. In all cases, only the value cell of the symbol is important; the function cell is not. The 
value of some of the symbols (like ER %misc) are functions. What this means is that the value 
cell of those symbols either contains a lambda expression, a binary object, or symbol with a 
function binding. 

The values of the special symbols are: 

$gccountS - The number of garbage collections which have occurred. 

Sgcprint - If bound to a non nil value, then, after each garbage collection and subsequent 
storage allocation, a summary of storage allocation is printed. 

$ldprint - If bound to a non nil value, then, during each fasl or cfas~ a diagnostic message is 
printed. 

ER%all - The function that is the error handler for all errors. (See Chapter §10) 

ER%brk - The function that is the handler for the error signal generated by the evaluation of 
the break function. (See Chapter §10). 

ER%err - The function that is the handler for the error signal generated by the evaluation of 
the err function. (See Chapter §10). 

ER%misc - The function that is the handler of the error signal generated by one of the 
unclassified errors. (See Chapter §10). Most errors are unclassified at this point. 

ER%tpl - The function that is the handler to be called when an error has occurred which has 
not been handled. (See Chapter §10). 

ER%undef - The function that is the handler for the error signal generated when a call to an 
undefined function is made. 

"w - When it is bound to a non-nil value, this prevents output to the standard output port 
(poport) from reaching the standard output (usually a terminal). Note that "w is a two 
character symbol and should not be confused with "w which is how control-w is 
denoted. The value of "w is checked when the standard output buffer is flushed, which 
occurs after a terpr, drain, or when the buffer overflows. This is most useful in con­
junction with ptport described later. System error handlers rebind "w to nil when they 
are invoked to ensure that error messages are not lost. (This was introduced for 
Maclisp compatibility.) 

defmacro-for-compiling - This has an effect during compilation. If it is non-nil, it causes mac­
ros defined by defmacro to be compiled and included in the object file. 

environment - The operating system environment in assoc list form. 
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errlist - When a reset is done, the value of errlist is saved away and control is thrown to the 
top level. . Eval is then mapped over the saved away value of this list. 

errport - This port is initially bound to the standard error file. 

evalhook - The value of this symbol, if bound, is the name of a function to handle evalhook 
traps (see §14.4) 

ftoat-format - The' value of this symbol is a string that is the format to be used by print to 
print flonums. See the documentation on the operating system function printf for a list 
of allowable formats. 

funcallhook - The value of this symbol, if bound, is the name of a function to handle fun­
callhook traps. (See Chapter §14.4). 

gcdisable - If it is non-nil, then garbage collections are not done automatically when a collect­
able data type runs out. 

ibase - This is the input radix used by the Lisp reader. It may be either eight or ten. 
Numbers followed by a decimal point are assumed to be decimal regardless of what 
ibase is. 

linel - The line length used by the pretty printer, pp. This should be used by print but it is 
not at this time. 

multiple-values-limit - The maximum number of multiple values that can be returned. This 
is a read-only variable. 

nil - This symbol represents the null list and, thus, can be written O. Its value is always nil. 
Any attempt to change the value results in an error. 

piport - Initially bound to the standard input (usually the keyboard). A read with no argu­
ments reads from piport. 

poport - Initially bound to the standard output (usually the terminal console). A print with no 
second argument writes to poport. See also: AW and ptport. 

prinlength - If this is a positive fixnum, then the print function prints no more than prinlength 
elements of a list or hunk and further elements abbreviated as ' ... '. The initial value of 
prinlength· is nil. 

prinlevel - If this is a positive fixnum, then the print function prints only prinlevel levels of 
nested lists or hunks. Lists below this level are abbreviated by '&' and hunks below 
this level are abbreviated by a '%'. The initial value of prinlevel is nil. 

ptport - Initially bound to nil. If bound to a port, then all output sent to the standard output 
is also sent to this port as long as this port is not also the standard output since this 
would cause a loop. Note that ptport does not get a copy of whatever is sent to poport 
if poport is not bound to the standard output. 

readtable - The value of this is the current readtable. It is an array, but you should NOT try 
to change the value of the elements of the array using the array functions. This is 
because the readtable is an array of bytes and the smallest unit the array functions work 
with is a full word (4 bytes). You can use setsyntax to change the values and (status 
syntax .. .J to read the values. 
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t - This symbol always has the value t. It is possible to change the value of this symbol for 
short periods of time, but you are strongly advised against it. 

top-level - In a Lisp system without /lisp/libltpl.l loaded, after a reset is done, the Lisp system 
jimcall's the value of top-level if it is non-nil. This provides a way for you to introduce 
your own top level interpreter. When /lisp/libltpl.l is loaded, it sets top-level to tpl and 
changes the reset function so that once tpl starts, it cannot be replaced by changing 
top-level. tpl does provide a way of changing the top level however, and that is 
through user-top-Ievel. 

user-top-Ievel - If this is bound, then after a reset the top level function jimcall's the value of 
this symbol rather than going through a read eval print loop. 
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The Garbage Collector 

The FRANZ LISP storage management "garbage collector" is invoked automatically when­
ever a collectable data type's current allocation is exhausted. All data types are collectable 
except for strings. After a garbage collection finishes, the collector calls the function gca/ter, 
which should be a lambda of one argument. The argument passed to gca/ter is the name of the 
data type that ran out and which caused the garbage collection. It is gcajters responsibility to 
allocate more pages of free space. The default gca/ter makes its decision based on the percen­
tage of space still in use after the garbage collection. If there is a large percentage of space still 
in use, gca/ter allocates a larger amount of free space than if only a small percentage of space is 
still in use. The default gca/ter also prints a summary of the space in use if the variable $gcprint 
is non-nil. The summary always includes the state of the list and fixnum space, and includes an 
additional type if that type caused the garbage collection. The type that provoked the garbage 
collection is preceded by an asterisk. 
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