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Preface

The programming features of the HP48 graphical calculator are very
powerful. They allow you to do virtually anything. However, the documented
programming functions, that are directly accessible to the user (the user lan-
guage), is not everything the calculator can do.

There is another language: the System language. The User language is
a subset of the System one, with just some commands and just a fraction of
its power. However, the System language is not well documented. The exist-
ing documents on that subject are turned to someone who already knows it;
they are just listings of the commands with some brief descriptions. Once you
already know the language, even the brief descriptions can be left out, and
those documents are really a very good source of information. But how does
one learn System RPL?

The purpose of this book is exactly that: to be a way for someone who
has already learned User RPL (if you havent yet, learn it before, then come
back to this), and wants to learn the real power of the calculator.

It is divided in three parts: the first (Basic RPL) teaches the basic as-
pects of the language, the ones the user must know in order to create some
simple programs, which take and return values from and to the stack. The
second part (Advanced RPL) deals about some more advanced concepts, such
as other ways of getting input (directly from the keyboard, using input forms,
etc.). Finally, the third and last part (Reference) is exactly what the name
says. In the first two parts, only the most important commands about a sub-
ject are listed. In the reference, you will find many other commands. In the
very end, there are two appendices: the first presents some tools for pro-
gramming in System RPL and their basic features. The second explains how
to create libraries.

I would greatly appreciate suggestions and corrections for further en-
hancements of this book.

July 12, 1998 Eduardo de Mattos Kalinowski
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Chapter 1
Introduction

If you know how to create programs in User RPL (if you dont, learn
before you continue reading this book), then you only know part of what the
HP48 calculator can do. The System RPL programming language gives you
power to do many thing which you could not even imagine, and fast. For ex-
ample, in System RPL you can handle all 29 object types available. User RPL
only gives access to some of them. Or you can do math with 15-digit accuracy,
use arrays with non-numeric elements, and much more.

But before we start talking of System RPL, let us go back to User RPL
to explain how it really works. | know you are anxious to start with the big
thing right now, but the following information is important to a good under-
standing of System RPL.

The HP48 programs (User and System) are not stored internally using
the names of the commands. Only the addresses of the objects are stored.
Each of these addresses takes 2.5 bytes. When a program is run, the only
thing that is actually done is a “gosub’ to that address.

Some times, the address is another program with more jumps to an-
other program with more jumps, and so on... A return stack keeps track of all
the jumps, and this return stack does not have a fixed size, so you can have as
many jumps as necessary, and you will always return to where you were be-
fore. Of course, the jumps must end somewhere, either in a program written
in machine language or in an object that just puts itself in the stack (num-
bers, strings, etc).

But if the programs are just addresses, how can they be edited? The
answer is that the HP has a table of the user commands’names and their cor-
responding addresses. So, when you put an User RPL program in the stack,
the HP searches the table to get the name of the commands corresponding to
the addresses stored in memory, and then displays the program in a readable
form. You can then edit it, and after the editing is done, the table is searched
for the addresses of the commands named, and only them are stored in mem-
ory. This is why it takes a long time to edit a long User RPL program.

That is OK, as long as all the commands have names. Guess what?
There are over two thousand commands without names. This is the distinc-
tion between User and System RPL. User RPL, the language described in the
manual (the « » language), can only access the named commands. (Actually, it
can access the unnamed commands via the command SYSEVAL, as long as you
know the address of the command. But this is not efficient, except for an oc-
casional use). System RPL can access all commands.

Because of that, System RPL programs cannot be edited directly. Spe-
cial tools are needed for that. On Appendix A you will find information about
the available tools for writing System RPL programs.



Programming in System RPL is worth all the work you have. It is
much more powerful and faster, because it does no error checking. In System
RPL, the programmer must be sure that no error occurs, otherwise a crash
might happen. For example, if a command requires two arguments in the
stack and they are not there, or are not of the type the function requires, a
warmstart or even a memory loss could happen. Fortunately, there are com-
mands for checking if there are enough arguments, for their types, and for
some other possible error conditions. The difference is that you probably just
need to check if all arguments are present once, when the program starts.
You do not need to repeat the check later. In User RPL, all commands have
error checking, so tests are done unnecessarily, slowing the program.

One more gquestion: if the commands do not have names, how can you
program in System RPL? All commands have address, so you can call the ad-
dress directly, using a PTR <addr ess> command, and whatever is at that ad-
dress will be executed. But there is an easier way.

The commands have names. The names simply are not stored in the
HP48. But the HP48 design team has given them names, and they are stored
somewhere (in the tools for creating System RPL programs). You write a pro-
gram using those names, and then the System RPL compiler searches the
names in the tables, and converts them to addresses. This is called compiling
or assembling. Some tools can also do the opposite: convert the addresses into
command names. This is called decompiling or disassembling.

Some of the commands are classified as “supported” They are guaran-
teed to stay at the same memory location in all ROM versions of the calcula-
tor, i.e., their address is not going to change, so programmers can use them
safely. But there are commands that are classified as “unsupported” Pro-
grammers must use call them using their address (PTR xxx), because they are
not listed in the command table of the compiler. But the address could be dif-
ferent in each ROM version, so the program may not work correctly in other
ROM versions, and could even crash the machine. However, since version ‘R”
has been released, in 1993, no more have been released, so you can use them
because it is very unlikely that a new version is going to be released now.

1.1 Your first System RPL program

Let us create a very simple System RPL program, and explain it in de-
tail. The program will calculate the area of a sphere, given the radius in the
stack. See Appendix A for information on how to compile it. If you down-
loaded the examples file, you will find it with the name FI RST.

" CKINOLASTWD

( check if there is an argument )
CK&DI SPATCH1 ( check if it is a real nunber )
real :: (ifitis)
”nw 9% ( square the radius )
%P ( put Pl in the stack )
% (and multiply )



Before we start analyzing it, on note: in System RPL, the case is
relevant, so pi is different from PI, which is different from pl. Be careful
when typing. Also, everything between ()3 is considered a comment. (The HP
Tools requires a whitespace after the leading open parenthesis). Lines that
have a * in the first column are also considered comments.

The first line contains the start of secondary (program) marker, ::
(DOcAL is its name). The end marker is; (SEM ).

Following, there is the command CKLINOLASTWD. This command checks
if there is one argument in the stack, and if there isnt generates a “Too Few
Arguments” error. The next command, CK&DI SPATCHO, checks the argument
type and can do different things for different argument types. Our program
only supports one argument type: real numbers. If any other argument type
is entered, a “Bad Argument Type” error will be produced. Argument check-
ing is described in detail on Chapter 4.

Following, there is the code to do if the argument is a real number.
Note that the code is between :: and ;. This is because only one object is ex-
pected after the argument type. A secondary (sub-program) is only one object
(with other objects inside it), so if we want to evaluate more than one object,
they must be included in a secondary.

The rest of the program is very simple. The number two is put in the
stack, and the radius (entered by the user) is raised to that power. There is a
command which squares the real number in level 1, but it is unsupported, so
I decided to make the program longer, but safer and more readable. You can
replace %2 % for PTR 1B47B, the address of that command. This would save
2.5 bytes.

To end, p is put in the stack, and the squared radius is multiplied by
it. The stack now contains the area.

This program is 25 bytes long (using the unsupported command), op-
posed to the 20 of the User RPL program « SQ p * ->NUM ». However, the
User RPL version took 0.0156 seconds to calculate (with radius 1). The Sys-
tem RPL took only 0.0019 seconds.

System RPL compilers (see Appendix A) support the following struc-
ture: DEFI NE <nanme> <t ext > (everything must be in one line only). Whenever
<pame> is found in the code, it will be replaced by <t ext >. For example, the
program

" DEFI NE 3DUP DUPDUP DUP
K1
3DUP

is equivalent to

CK1
DUPDUP
DupP



This is not part of the language, it is just a “help” compilers give you.
Using this may save a lot of typing, and can also make your code more read-
able, like in the example on Chapter 5.



Chapter 2
Object Types

As we have seen before, the basics of programming in User RPL and in
System RPL are the same: you put objects in the stack, call a function that
takes those objects as arguments, and the results are put back in the stack.

There are several types of objects that can be put in the stack. These
go from the simplest ones, like numbers or strings, to some more complicated,
like symbolics (algebraic expressions) and some even more complicated, like
ROM pointers (indicators to the location of a library command).

Now we will see how to create and deal with the various objects sup-
ported.

2.1 Binary Numbers

Binary numbers are the objects you will see more often. They are not
the user-level binary integers; those are actually hexadecimal strings. These
system-level binary integers (or bints, for short) are objects which are not di-
rectly accessible to the user. If you happen to have one in the stack, they
show like <10h>. Try this: enter the following number in the stack (triple
check if it is right): #408Fh. Now, type SYSEVAL and press ENTER. You should
get <10h> in the stack, or perhaps <16d>, if you are in decimal mode. Inter-
nally, they are always in hexadecimal mode.

Bints are the objects you will see more often because most commands
that require a numeric argument need that argument to be in the form of a
binary integer, as opposed to the real numbers needed by user functions. So,
they should be easy to create. And, indeed, they are. You can put one in stack
just by entering it on you program (in decimal form). But that is not recom-
mended. First, because you can also put a real number in stack by just en-
tering it in the same way (we will see later how to differ one from another).
So, it is a good idea to use the following structure: # <hex>. This way, you can
be sure you will get a binary number, and your code is clearer. Unfortunately,
you must use the hexadecimal representation.

The second reason is that there are several “built-in””binary numbers.
You can put one of these in the stack by just calling their address. Since al-
most all of them are supported, to get #6h in the stack, you just use the word
SI X. The main advantage is that if you enter # 6, it takes five bytes. The
word Sl X, as all other commands, take only 2.5 bytes. Some words put two or
even three bints in the stack, so the savings are even greater. The list of
built-in bints is on Chapter 17.

The four basic operations with bints are #+, #-, #* and #/ . There are
also many others, which are listed on Chapter 17.



Here is an example of program that just put three real numbers in the
stack, using the three methods:

13 ( <13d> or <Dh> )
# D ( the sanme, using preferred method )
THIRTEEN ( in this case, this nethod is shorter )

2.2 Real numbers

Real numbers can be created in two ways. The first is by just entering
them, without any prefix. But this method can also be used to create bints. So
how does the compiler know when you want a real number and when you
want a bint? If the number includes a radix and/or an exponent, then it is a
real number; otherwise, it is a bint.

But again, the preferred method is to use the structure % <dec>. This
way, you will surely get a real number, and the code is more readable.

As for bints, there are also many built-in real numbers. They are listed
in Chapter 18.

The basic operations using real numbers are %, %, %, % and %.
There are many other, which are listed in Chapter 18.

There is also another kind of real number, which is not accessible to
the user and to User RPL programs. They are the Extended (or Long) Real
Numbers. They work like normal real numbers, with two differences: they
have a 15-digit precision opposed to the 12-digit of the normal real numbers,
and their exponents are in the range from -50000 to 50000.

Extended real numbers are created using %% <dec>. If you happen to
get one in the stack, the only thing that you will see is Long Real . The basic
operations are the same, except that they are prefixed with % instead of %
Let me make one thing clear, if it is not already: in User RPL, + adds any
kind of object, for example real numbers, user binary integers (hexadecimal
strings as we will see later), adds elements to lists, etc. In System RPL, the
word % only works for two real numbers. To add two binary integers, you
must use #+. To add extended reals, the word is %%. If you call a function
with the wrong arguments, there is a possibility that your system will crash.

To convert from a real number to an extended real number, the com-
mand is %% Similarly, the opposite function is %84% To convert from a bint
to a (normal) real number, the function is UNCOERCE, and the opposite function
is COERCE.

2.3 Complex numbers

Complex numbers are created with the following structure:
C% <r eal > <i mag>. The real and imaginary parts are real numbers, in deci-
mal form. If you have the real and imaginary parts in the stack, the word
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%-C% will create a complex number from them. The command C¥%% takes a
complex number and returns the real and imaginary parts.

There are also the Extended Complex Numbers, which are not accessi-
ble to the user. They are complex number whose real and imaginary parts are
extended reals. They are created using C%x% <r eal > <i mag>, where the real
and imaginary parts are extended reals. They show in the stack as Long Com
pl ex.

In Chapter 19, there is a list of all the commands related to complex
numbers, including mathematical operations.

2.4 Characters

The characters are another data type not available to the user. They
are a string with only one character. You create them with CHR <char > or
using on of the many built-in characters (listed on Chapter 20), but in the
stack they show as Character. To convert a character to a bint, use CHR>#.
The bint returned is the code for the character. The opposite function is
#>CHR.

2.5 Strings

Strings are created with $ "<string>", or just "<string>". There are
some built-in strings, listed in Chapter 20. Or you can convert a character
into a string, with the command CHR>$.

Two useful and simple functions which deal with strings are LEN$ and
&$. The first returns the length (in bytes) of a string as a bint, and the second
concatenates two strings. To get a substring, i.e., part of a string, use the
function SUBS$. It expects three arguments: the original string, the start posi-
tion (a bint) and the end position (also a bint). Everything between the start
and end characters (inclusive) will be returned. And another function is PCS$,
which searches a string (in level three) for a character or string (in level two),
starting from a specified position (a bint, in level one). The position of the first
occurrence of the search string in the string is returned (as a bint) to level
one. If it could not be found, #0 is returned. There are also many other func-
tions, see Chapter 20 for a list.

2.6 Hexadecimal strings

Hexadecimal strings are the “base” numbers the user can access. They
are created using the structure HXS <I en> <hexbody>. | en is the length of
the string, in hexadecimal form, and hexbody is the actual contents of it. The
tricky part about it is that because of the HP internal architecture, you must
enter the contents in reverse order. To get, for example, the hex string
#12AD7h, you must enter HXS 5 7DA21. To get #12345678h use HXS 8
87654321.



To convert an hex string to and from a bint, use the commands HXS>#
and #>HXS. To convert an HXS to and from a real number, use #>%(or HXS>%)
and %#.

See Chapter 21 for more commands related to hex strings.

2.7 ldentifiers

Identifiers are names of objects in memory. To the user, they appear in
the stack between ' ' . In System RPL, they are created with | D <nane>. An-
other difference is that always that when you use the above structure, you do
not get the identifier in the stack. It is always evaluated. So, if variable anum
ber contains 123.45 and you put somewhere in your program I D anunber,
the stack will contain 123.45. To put an id to the stack, use' 1D <name>. As
you will see on Chapter 6, the command ' puts the object after it in the stack.

You can convert a string to an id using $>1 D, and the opposite trans-
formation is archived with | D>$.

There is also another kind of identifiers: the temporary identifiers, or
lams. These are used when creating local variables, and you will learn about
them later in Chapter 5. They are created with LAM <nanme>, and work like
normal ids.

2.8 Tagged objects

To create a tagged object, use the structure TAG <t ag> <obj ect >. Tag
is a string, and object can be anything. To create x: (2. 3; 3.5), for example,
you would use TAG x C% 2. 3 3. 5. An object can have multiple tags, but there
is not much use for that.

The word >TAG creates a tagged object, given the object (in level two)
and a string representing the tag (in level one). % TAG works the same way,
but tags an object with a real number. | D>TAG tags an object with an identi-
fier. To remove all tags from an object, call STRI PTAGS.

A few more commands related to tagged objects are listed on Chapter
22.

2.9 Lists

Lists are very easy to create: start the list with {, and end it with }.
Inside, put as many objects as you wish, of any kind. One difference from
User RPL is that if you put an id in a list, you will get its contents instead. So
if you want the id itself, add ' before. As in User RPL, you can have lists in-
side lists.

Lists are one kind of composite object. As the name says, they are com-
posed of other objects. Other kinds are the secondaries (programs) and sym-
bolics (algebraics). The commands described below for list also work for the
other kinds of secondaries.

10



To concatenate two composites, put them in the stack and use &COWP.
To add just one object to the head (beginning) or tail (end) of a composite, first
put the composite in the stack, then the object, and call >HCOVP or >TCOWP re-
spectively. To get the length of the composite (the number of objects, as a
bint), just put in level one and use the word LENCOWP. To get one object of a
composite, put the composite in level two, its number in level one (as a bint,
naturally), and run NTHELCOMWP. If the number were out of range, you would
get a FALSE, otherwise the object and TRUE. NTHCOMPDRCP is the above entry,
followed by DROP. And to get part of a composite, use the function SUBCOWP.
This function takes in level three the composite, in level two the start position
(guess what? a bint) and in level one the end position (from now on, unless
otherwise noted, all numeric arguments are bints). You will get a composite
(of the same type, obviously) with the elements between the start and end po-
sitions, inclusive. This function checks if the numbers are not out of range (if
they are, a null composite is returned. The same happens if the end position
is greater than the start position).

Other commands can be found on Chapter 25.

2.10 Arrays

In user RPL, arrays can be only of real or complex numbers. In System
RPL, you can have arrays of anything, even arrays of arrays.

If you use HP Tools or GNU Tools (see Appendix A), you can create an
array using this structure: ARRY mn [ objs ]. This will create an m x n ar-
ray. The objects are specified in order, from left to right and from top to bot-
tom. All objects must be of the same type, and they must be actual objects,
not pointers to objects. That means you cannot use built-in objects, you must
use % 2 if you want to have the number two on the array, and not %2.

Here is an example of a 3 x 3 array of real numbers. Note that there is
only one pair of delimiters.

ARRY 3 3 [ %11 %12 % 13
% 21 % 22 % 23
% 31 % 32 % 33 ]

If you use JAZZ (see Appendix A), you cannot create arrays this way.
This structure is not supported. A tip to create an array in JAZZ is to create
the array in the stack if possible (i.e., it is an array of real or complex num-
bers) or using the HP Tools. Then, use the command DI S in JAZZ to decom-
pile the array into a form recognized by JAZZ. Insert that code in your pro-
gram.

You can also create an array of (normal, not extended) real or complex
numbers by putting them in order in the stack, and entering a list repre-
senting the dimensions of the array (real numbers, not bints) in level one.
Then run XEQ>ARRAY. This function does error checks to ensure there are
enough arguments and if they are of the supported types.
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The function ARSI ZE returns the number of elements in an array. You
can get the dimensions of the array with DI MLI M TS, which returns a list of
bints representing the array dimensions. To get one element of an array, put
the element number in level two, the array in level one, and run GETATELN.
You will get the element and TRUE if it was found or only FALSE if the element
does not exist. More array functions are listed on Chapter 23.

There is also another kind of array: the linked arrays. Linked arrays
are like normal arrays, except that they have a table with pointers to all the
objects in the array. This makes access to array elements faster, because
when you need to access one object in the linked array, the only thing neces-
sary is to read the pointer to that object in the table, and go directly there.
With normal arrays, a sequential search is necessary.

2.11 Units

Units are another kind of composite objects. They are not really diffi-
cult to create, just laborious.

Units start with UNI T and end with ;. Inside, there are commands to
define the unit. The best way to understand how a unit is created is by disas-
sembling them. The unit object 3_kg* 2/ (A*s”3) was created using

CUNT

%3 ( 1:3)

CHR k ( 2:3 1:k )

$"g" ( 332k 1lg)

unP ( 2:3 1:kg )

$"m ( 3:3 2:kg 1:m)

%2 ( 4:3 3:kg 22m1:2)

untt ( 3:3 2:kg 1:m2 )

umnr ( 2:3 1:kg*m2 )

$"A ( 3:3 2:kgrm'2 1:A)

$ "s" ( 4:3 3:kg*m2 2:A 1:s)
%3 ( 5:3 4:kg*m2 3:A 2:s 1:3)
untt ( 4:3 3:kg*m2 2: A 1:.s"3)
umnr ( 3:3 2:kg*nm2 1: A*s"3 )
um ( 2:3 1:kg*m2/[ A*s"3] )
unEND ( 1:3_kg*m2/[ A*s"3] )

As you are saw, creating units is done using the words unt, unmt, um
and unP. The meaning of the first three ones is easy to guess. The last is used
to create prefix operators (kilo, mega, mili, etc.). First enter the prefix as a
character or string, and then the unit name (all operations take unit names
as characters or strings). Run unP and the prefixed unit is created. Then call
the other functions as needed. To end a unit, use unEND, which joins the num-
ber (entered first) to the unit part. This code could be made shorter if built-in
characters and strings (listed on Chapter 20) were used.
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Several operations can be done with units. The complete list is on
Chapter 24. The most important are UW+, UM, UM, UM and UFACT, whose
meanings are obvious; UMCONV, which works like user word CONVERT; UMSI,
equivalent to UBASE and U>nbr , which returns the numeric part of a unit.

2.12 Symbolics

Symbolics, algebraic expressions, are another type of composite ob-
jects. They are created in a similar manner to units. They are delimited by
SYMBOL and ;. Let us see an example of disassembly of the algebraic expres-

- b+b? - 4ac

sion X =

2a
SYMBCL
IDx ( 1:x)
IDb ( 2:x 1:b)
XNEG ( 2:x 1:-b)
IDb ( 3:x 2:-b 1:b )
%R ( 4:x 3:-b 2:b 1:2)
X" ( 3:x 2:-b 1:b"2)
%4l ( 4:x 3:-b 2:b"2 1:4)
IDa ( 5:x 4:-b 3:b"2 2:4 1.a)
X* ( 4:x 3:-b 2:b"2 1:4*a )
IDc ( 5:x 4:-b 3:b"2 2:4*a 1:c )
X* ( 4:x 3:-b 2:b"2 1:4*a*c )
X- ( 3:x 2:-b 1:b"2-4*a*c )
XV ( 3:x 2:-b 1:v[b"2-4*a*c] )
X+ ( 2:x 1:-b+v[br2-4*a*c] )
%R ( 3:x 2:-b+v[br2-4*a*c] 1:2 )
IDa ( 4:x 3:-b+v[b"2-4*a*c] 2:2 1:a )
X* ( 3:x 2:-b+v[br2-4*a*c] 1:2*a )
x/ ( 2:x 1:-b+v[b"2-4*a*c]/[2*a] )
X= ( 1:x=-b+v[b"2-4*a*c]/[2*a] )

As you have seen, creating symbolics is very similar (and as laborious)
to creating units. The variables are ids, and the functions are preceded by a
lowercase x.

There are many functions that deal with symbolics (and most of them
are not supported). The list is on Chapter 27.
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Chapter 3
Stack operations

In System RPL, using the stack is almost the same as in User RPL.
The basic operations are the same, except for little changes in the name: DUP,
2DUP (equivalent to User APL's DUP2), NDUP (DUPN), DROP, 2DROP (DROP2), NDROP

(DROPN), OVER, PI CK, SWAP, ROLL, UNROLL (ROLLD), ROT and DEPTH.

All commands that require or return a numeric argument (ROLL,
UNROLL, PI CK and DEPTH) use bints and not real numbers.

There is also new functions: UNROT, which is a ROT in the other way,
i.e., 3 ROLLD; and rever se, which takes n objects and a bint representing this
count, and reverses their order. For example the program

%W R 93 % FOUR reversym;

when run will reverse the order of the reals, leaving 4, 3, 2 and 1 in the stack.

There are also many commands that do two or even three operations
in sequence. The complete list can be found on Chapter 29. Here is a list of
the most used ones:

DUP DROP SWAP OVER ROT UNROT
DUPDUP DROPDUP SWAPDUP OVERDUP ROTDUP UNRGCTDUP
— 2DROP SWAPDROP — ROTDRCP UNRGTDROP
— DROPSWAP — OVERSWAP ROTSWAP UNROTSWAP
— DROPOVER SWAPOVER — ROTOVER UNROTOVER
DUPROT DROPROT SWAPROT — — —
DUPUNROT — — OVERUNROT — —
— DROPSWAPDROP — — — UNROTSWAPDRO
— — SWAPDROPDUP — — —
— — SWAPDROPSWAP — ROTDRCOPSWAP —
— — — — ROT2DROP UNROT2DROP
— — SWAP2DUP — ROT2DUP —
DUP3PI CK — SWAP3PI CK — — —
— — SWAP4P| CK — — —
— — — OVERSPI CK — —
— — SWAPAROLL — — —
DUP4UNRCLL — — — — —
— — — — ROTROT2DROP —
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Chapter 4
Checking arguments

In System RPL, it is very important to check if all arguments required
by a command are present, and if they are of a valid type. In User RPL, you
dont have to worry about this: it is done automatically. In System RPL, very
few commands do that, so this is left for the programmer. This may seen at
first a disadvantage, but it is in fact an advantage: you just need to check the
arguments once, in the beginning of the program. This generates a fast code,
differently from User RPL the arguments are checked in every command.

There are two kinds of checks: for number of arguments, and for ar-
gument type.

4.1 Number of arguments

To check for a specific number of arguments, use one of the following
commands. They check if there are enough arguments in the stack, and pro-
duce a “Too Few Arguments’error if not.

Command When to use

CKO, CKONOLASTWD No arguments required
CK1, CKINOLASTWD One argument required
CK2, CK2ZNOLASTWD Two arguments required
CK3, CK3NOLASTWD Three arguments required
CK4, CKANOLASTVD Four arguments required
CK5, CK5ENOLASTWD Five arguments required

Each word CK<n> “marks” the stack below the <n>th argument, and
saves a copy of the arguments, if argument recovery is enabled. In case an er-
ror happens, the stack is cleared by the marked level, and if argument recov-
ery is enabled, the saved arguments are restored.

The Ck<n> words save the name of the command in which they are
executed, and if an error happens, that name is displayed. These words must
be the first object in a program. Also, they should only be used in libraries,
because if they are not part of a library, and if there is an error, it will be
shown as something like “XLIB 1364 36 Error:”> To avoid this, use
CK<n>NOLASTWD, which does not save the name of the command, thus is ex-
cellent for programs that are not part of a library. These words may be used
in the middle of the program. Normally this should be done only after getting
input from the user.

If your program uses a stack-defined number of arguments, use the
words CKN or CKNNOLASTWD. These words first check for a real number in level
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one, and then for the specified number of objects in the stack. The stacked is
marked at level two, but only the real number is saved in LAST ARG.

4.2 Argument type

The words CK&DI SPATCHL and CK&DI SPATCHO are used to do different
actions based on different types of arguments. They are used like this:

CK&DI SPATCHL
#typel actionl
#type2 action2
#type3 action3

#t ype<n> action<n>

The type/action pairs are terminated by a SEM (;).

This is how CK&DI SPATCHO works: it checks if the stack matches the
definitions in #typel. If it does, actionl is executed, after which program
execution resumes after SEM . (Each act i on must be a single object, so if you
want to do more than one action, they must be included in a secondary, i.e.,
between : : and ;). If the type definition does not match the stack, then t ype2
is checked, and so on. If no match was found, a “Bad Argument Type™ error is
generated.

The difference between CK&DI SPATCHO and CK&DI SPATCHL is that the
latter, after completing the first pass, strips all the tags from the stack ob-
jects, and does a second pass. Only after the second pass without a match the
“Bad Argument Type’’error is generated.

Each type definition is a bint like this: #nnnnn. Each n is an hexadeci-
mal number representing the object in one position of the stack, according to
the table below. The first n represents the object in level five, the second in
level four, and so on. This way, #00201 represents a complex number in level
three, any object in level two and a real number in level one; #00096 repre-
sents a symbolic class in level two and an id in level one. There are also two-
digit object type numbers, ending in F. Each time you use one of these, the
number of arguments that can be checked is reduced. For example, #13F4F
represents a real number in level three, an extended real in level 2 and an ex-
tended complex in level one.

Value Argument User type
Any object

Real number
Complex number
Character string
Array

List

Global name

ouhwWNPRO
OUTWN Rk O
5
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Value Argument User type

7 Local name 7
8 Secondary 8
9 Symbolic 9
A Symbolic class 6,7,9
B Hexadecimal string 10
C Graphics object 11
D Tagged object 12
E Unit object 13
OF ROM Pointer 14
1F Binary integer 20
2F Directory 15
3F Extended real 21
4F Extended complex 22
5F Linked array 23
6F Character 24
7F Code object 25
8F Library 16
9F Backup 17
AF Library data 26
BF Access pointer (GX only) 27
CF External object 2 28
DF External object 3 29
EF External object 4 30

There are also the words CK<n>&Di spat ch, where <n> is a number
from one to five. These words combine CK<n> with CK&DI SPATCH1.

4.3 Examples

By disassembling and studying built-in words, you can learn a lot. Not
only about argument checking, but also about many other things. For exam-
ple, here is the disassembly of the user command STO

CK2&Di spat ch

* 2:any 1:tagged

THI RTEEN XEQXSTO
* 2:any 1l:id

SI X :: STRI PTAGS12 ?STO_HERE
* 2:any 1:1am

SEVEN .. STRI PTAGS12 STO ;
* 2:any 1:synb
NI NE :: STRI PTAGS12 SYMSTO
2:grob 1: program [ Pl CT]
# 000C8 Pl CTSTO
2: backup 1:real nunber
# 009F1 LBLSTO
2:library 1:real nunber
# 008F1 LBSTO
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The command STO starts by checking if there are two arguments pres-
ent, stores the arguments and the command STO for error handling, and then
dispatches to one of the actions listed. If the level one object is a tagged ob-
ject, STO executes the word XEQXSTO. For a global name, :: STRI PTAGS12
?STO_HERE ; is executed. And so forth, until the last one. If none of the types
can be matched, then an “Bad Argument Type” error will be generated.

The TYPE command provides an example of dispatching at a point
other than the start of a command. Its argument count and argument type
checking parts are separated so that the latter part can be called by other
system words that do not want to mark the stack. Here is its disassembly:

CK1

CK&DI SPATCHO

real %0

cnp 94

str %R

arry XEQTYPEARRY

list %5

id %6

[ am %

seco TYPESEC ( 8, 18 or 19 )
synmb %0

hxs %40

grob % 11

TAGGED % 12

uni t ob % 13

ronpoi nter % 14

THI RTYONE % 20 ( # )

rep % 15

# 3F %21 ( W)

# 4F %22 ( C%»0)

# 5F % 23 ( LNKARRAY )
# 6F %24 ( CHR)

# TF % 25 ( CODE )
library % 16

backup % 17

# AF % 26 ( Library Data )
any % 27 ( external )

SWAPDROP

In this case, CK&DI SPATCHL could have been used, because tagged ob-
jects are explicitly listed on the table. Since the last item on the list is any, so
type 27 is returned for any other object not listed.

The object names are built-in bints. See Chapter 17 for a list of built-in
bints.
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Chapter 5
Local variables

System RPL local variables (also known as temporary or lambda vari-
ables) work in the same way as in User RPL. You assign values to them, and
these values can be recalled or changed at any time. But there is one differ-
ence: in System RPL you can create unnamed local variables, which saves
memory. But before learning how to create and use unnamed local variables,
let us learn how to use normal, named ones.

5.1 Named local variables

Creating named local variables is very similar to creating temporary
variables in User RPL. You have to create a list of local identifier (lams), and
run the command BI ND. To recall the contents of one of them, just enter its lo-
cal identifier. To store a new value, put that value and the lam in the stack,
and run STO. To remove the local variables from memory, use ABND (“aban-
don”). The code is not checked for matching Bl ND/ABND, so you may include
them in different programs if you wish. But this also means you must be sure
to have an ABND for each BI ND.

Here is a little program that creates two local variables, recalls their
contents and assigns new values for them (it is called LAML):

w9

" LAM firstVar

' LAM secVar

}

Bl ND ( firstVar contains 2, and secVar 3 )
LAM firstVar ( recall contents fromfirstVar )
LAM secVar ( recall contents from secVar )
DUP

" LAM firstVar

STO ( store new contents in firstVar )
%o+ ( results 5)

" LAM secVar

STO ( store sumin secVar )

ABND ( delete variables fromnenory )
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5.2 Unnamed local variables

If there is no chance that a new temporary environment will be created
after the one you are about to create, you can use unnamed local variables
(actually, they have a name: null name). The above program could be rewrit-
ten using null named temporary variables this way (now called LAMR):

w Y3

{ NULLLAM NULLLAM }
Bl ND

1GETLAM

2CETLAM

DuP

1PUTLAM

Yo

2PUTLAM

ABND

The numbering is in the same order as the stack. There are functions
to recall and store directly for up to 22 variables (1GETLAM to 22GETLAM. To
access variables with numbers higher than 23, you GETLAM which takes a bint
representing the variable number and returns its contents; and PUTLAM
which takes an object and the variable number, and stores that object in the
specified variable.

5.3 Suggestions

The RPL Manual (file RPLMAN. DOC of the HP Tools) suggests that you
use DEFI NE (see Chapter 1) to make the use of unnamed local variables more
readable. For example, you could use

DEFI NE | %/R 1CETLAM
DEFI NE !'l %R 1PUTLAM
DEFI NE NPaynents 2GETLAM
DEFI NE ! NPaynment s 2PUTLAM

{ NULLLAM NULLLAM }
Bl ND

| %/R ( Recalls contents fromfirst var )
NPayment s ( Recalls contents from second var )
'l %R ( Stores sonmething in first var )

ABND
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When you are binding a great number of local variables, instead of en-
tering the following code (which takes 67.5 bytes)

{ NULLLAM NULLLAM NULLLAM NULLLAM NULLLAM NULLLAM
NULLLAM NULLLAM NULLLAM NULLLAM NULLLAM NULLLAM
NULLLAM NULLLAM NULLLAM NULLLAM NULLLAM NULLLAM
NULLLAM NULLLAM NULLLAM NULLLAM NULLLAM NULLLAM }

Bl ND

use this, which takes only 12.5 bytes, saving 55 bytes:

NULLLAM TVENTYFOUR NDUPN {}N BIND ...

You can even replace {} N BI ND for DOBI ND, which instead of a list of
names, takes all names in the stack plus the count to bind the variables. This
saves 2.5 bytes more.

Or you can also use TWENTYFOUR ' NULLLAM CACHE. However, if you
use this, an extra variable is created to hold the count, so you must add one to
the variable positions of the previous examples.

If you use JAZZ or GNU Tools (see Appendix A), you can use the fol-
lowing structure to create local variables:

R 93

{{ AB}} ( no spaces between the brackets )
A ( recalls contents of A)

B ( recalls contents of B)

DUP

TA ( stores new contents in A)

%

'B ( stores sumin B)

ABND ( destroy variables )

The code above binds 2 into variable A and 3 into variable B. To recall
the contents of any variable, just enter its name. To store a new value, use
I <pane>, <nanme>! 0Or =<name>.

The structure above is just a shortcut. The code is actually compiled
as:

w 93

" NULLLAM TWO NDUPN BI ND
1GETLAM 2GETLAM DUP 1PUTLAM
% 2PUTLAM ABND

21



Chapter 6
Runstream control

In System RPL, the normal program flow is simple: all commands are

executed in the order they are found in the program. However, there are some
commands that change this flow. There are conditional and loops structures,
which you will see in the following chapters, and there are words whose sole
purpose is to interfere with the normal program flow. The complete list is on
Chapter 34. Below, the most important are listed.

Stack and action

Word

( ® ob )

This command assumes the next object after it is not SEM . Then,
if the next object in the runstream is an object, then that object is
put into the data stack, and the interpreter pointer is moved to
the next object. If the next object is a pointer, its pointee is put
into the data stack, and the interpreter pointer is also moved to
the next object. Basically, it means that as long as the object fol-
lowing ' is not SEM, it is put into the data stack, instead of being
executed. Execution resumes at the object following that one. For
example, the program :: 9% % ' SWAP EVAL ; is equivalent to

98 % SWAP ;.

( ® ob )

If the object pointed to by the top pointer on the return stack
(i.e., the first element in the second body of the runstream) is an
object, then that object is pushed into the data stack, and the
pointer is advanced to the next object in the same composite. If
the pointer points to an object pointer whose pointee is not SEM ,
the pointee is pushed into the data stack, and the return stack
pointer is also advanced. If the pointee is SEM, then if the first
element in the second body in the runstream is a pointer to SEM ,
a null secondary is pushed into the data stack and the return
stack pointer is not advanced. Rewriting this in a way a normal
human can understand, this command does the following: the
object after the next SEM is put in the stack. Then, the execution
continues after ' R If the object following SEM was another SEM ,
then a null composite is put in the stack. For example, assuming
nl contains 1, n2 contains 2, n3 contains 3 and n4 contains 4, the
following code will put in the stack, in order ' n3', 1, 2 and 4:

'"RIDnN1 IDnNn2; IDN3IDMN
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Word

Stack and action

ticR

>R

R@

( ® ob TRUE )

( ® FALSE )

This works similarly to ' R. The difference is that an object was
found, it is returned along with TRUE. If it could not be found (i.e.,
the object after SEM was another SEM ), FALSE is returned. The
above code, if ti cR were used instead, would return ' n3', TRUE,
1, 2 and 4. The following code

ticRIDnNl1 ID n2 ;
would return FALSE, 1 and 2.

( = ® )

This command takes a composite as argument. The body of the
composite is put into the runstream, just below the top one (i.e., a
pointer to the body of the composite is pushed into the return
stack). All that above can be simplified as: the objects following
>R are executed, and in sequence the composite taken as argu-
ment. For example, the code below would put 3, 4, 1, 2 in the
stack, in this order:

IDnl IDn2; >RIDN3 ID n4 ;

( ® :: )

Creates a program object from the composite body pointed to by
the top return stack pointer, pushes it into the data stack, and
pops the return stack. That means that a composite is created
from the elements following the next SEM (until the other SEM )
and put in the stack. Execution continues at the object following
R>. For example, the code

R>1Dnl IDn2; IDN3 1D nNn4 ;

puts into the stack :: ID n3 ID n4 ;, 1 and 2. If it were
changed to

R> EVAL IDn1 IDn2 ; IDn3 ID N4 ;
then the stack would contain 3, 4, 1, 2.

( ® " )

The same as R>, except that the return stack is not popped. That
means that the code above, rewritten using R@ would produce 3,
4,1, 2,3, 4.

( ® )

Duplicates the top body in the runstream, i.e., the next objects
until a SEM are executed twice.
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Word

Stack and action

RDUP

RDROP

?SEM

COLA

SKI P

?SKI P

( ® )

Duplicates top return stack level, i.e., the rest of the composite
above the actual is executed twice. For example, the code below
would return 1, 2, 3, 4, 3, 4 to the stack:

IDnl RDUP IDn2 ; IDNn3 ID N4 ;

( ® )
Pops the return stack, i.e., the rest of the composite above the
actual is skipped. For example, the code

IDnl RDROP IDn2 ; IDNn3 1D nNn4 ;
would put in the stack only 1 and 2.

( flag ® )
Exits the actual composite if the flag is TRUE.

( ® )
Executes the next object in the composite and skip all the rest.
For example, the code below would put 1 in the stack.

COAIDNL IDN2 ID N3 ;

( ® )
Skips the next object, and executes the rest. The code below
would put 2 and 3 in the stack.

SKIPIDnN1 IDnNn2 ID N3 ;

( flag ® )
If the flag is TRUE, skips the next object.
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Chapter 7
Conditionals

In System RPL, conditionals are a bit different from User RPL. The
first difference is that in User RPL, a false is a zero; any other value is a true.
In System RPL, a false is FALSE, and a true is TRUE (amazing!). These words
just put the corresponding objects in the stack. All commands that do a test
return either one. Words like IF... THEN take one of these.

If you need, you can convert a TRUE or FALSE to a (real) O or 1 with
CCERCEFLAG. There is not a dedicated function to do the opposite transforma-
tion, like UNCOERCEFLAG, but %9<> does that.

There are many commands that put TRUE, FALSE, or some combination
of them in the stack. See the list on Chapter 33.

The Boolean operators are present too: NOT, AND, OR and XOR. There are
combinations: ORNOT and NOTAND. Finally, ROTAND does a ROT and then AND.

7.1 Tests

The test words are commands which take one or more arguments and
return either TRUE or FALSE, after doing some kind of comparison to them.
The tests for each kind of object type are listed on the chapter of the reference
dedicated to the object type. General tests and tests for object type can be
found on Chapter 33.

The most important of them are EQ and EQUAL. Both take two objects
and return a flag. The first checks if the objects are the same, i.e., occupy the
same address in memory. The second checks if the prolog and contents are
the same.

If you put a string in level one, and press ENTER, EQ and EQUAL will
return TRUE. However, if you enter a string, and then enter again the same
string, only EQUAL will return TRUE. This happens because the contents of the
strings are the same, but they are different objects in memory, occupying
each a different address in memory. They just happen to have the same con-
tents.

7.2 Object type tests

Use one of the following words to check if the object in level one is of a
specific type. The words that start with DUP or D make a copy of the object
first.
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Object No copy With copy

Real number TYPEREAL? DUPTYPEREAL ?, DTYPEREAL ?
Complex number ~ TYPECWP? DUPTYPECVP?

String TYPECSTR? DUPTYPECSTR?, DTYPECSTR?
Array TYPEARRAY? DUPTYPEARRY?, DTYPEARRY?
Real array TYPERARRY? Not available

Complex array TYPECARRY? Not available

List TYPELI ST? DUPTYPELI ST?, DTYPELI ST?
Global identifier =~ TYPEI DNT? DUPTYPEI DNT?

Local identifier TYPELAM? DUPTYPELAM?

Symbolic TYPESYMB? DUPTYPESYNB?

Hex string TYPEHSTR? DUPTYPEHSTR?

Grob TYPEGROB? DUPTYPEGROB?

Tagged TYPETAG? DUPTYPETAG?

Unit TYPEEXT? DUPTYPEEXT?

ROM Pointer TYPEROWP? DUPTYPEROVP?

Binary integer TYPEBI NT? DUPTYPEBI NT?

Directory TYPEERRP? DUPTYPEERRP?

Character TYPECHAR? DUPTYPECHAR?

Program TYPECOL? DUPTYPECOL?, DTYPECOL ?

/.3 1F.. THEN...ELSE

The conditionals of the type IF.. THEN...ELSE can be created using
the words RPI T and RPI TE.

Word Stack and action
RPI'T ( flag obl ® ? )
If the flag is TRUE, obl is EVALuated. Otherwise, it is DROPped.

RPI TE ( flag obl ob2 ® ?2 )
If the flag is TRUE, obl is EVALuated and ob2 is DROPped. If the
flag is FALSE, ob2 is EVALuated and ob1l is DROPped.

However, there are also available prefix versions of those operations,
which are more commonly used.

Word Stack and action

I'T ( flag ® )
If the flag is TRUE, the next object is executed, otherwise it is
skipped.

| TE ( flag ® )

If the flag is TRUE, the next object is executed, and the second is
skipped. If it is FALSE, the next object is skipped and the second
is executed.
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For example, the program

ID MyProg %= RPIT ...

will execute MyProg if there is a real number 0 in the stack. Its equivalent
using postfix notation is

%= IT ID MProg ...

The program below will output “Equal” if the two objects are equal,
otherwise it outputs “Not equal™

$ "Equal" $ "Not equal" EQUAL RPITE ...

Its equivalent using postfix notation is

EQUAL ITE $ "Equal"™ $ "Not equal"

7.4 CASE

The CASE words (there are combinations of case with other tests and
commands) are a combination of I T, SKIP and COLA. The basic word, case
takes a flag in level one. If the flag is TRUE, the next object is executed, and
the rest of the current stream is dropped, like COLA. If the flag is FALSE, then
the next object is skipped and execution continues after it, like SKI P. For ex-
ample, the following code outputs a string representing the bint in level one.

DUP #0= case $ "Zero"
DUP ONE #= case $ "One"
DUP TWO #= case $ "Two"

There are many words that are a combination of case with tests or
other actions. The complete list is on Chapter 35. One of them is OVER#=case.
Its action is as the name says. First, OVER is executed. Then, #=. Finally, case.
This way, the code above could be rewritten this way:

ZERO OVER#=case $ "Zero"
ONE OVER#=case $ "One"
TWO OVER#=case $ " Two"
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Chapter 8
Loops

As in User RPL, there are two types of loops in System RPL: the in-
definite loops and the definite loops. Indefinite loops are loops in which you do
not know beforehand how many times it will be executed: it will repeat until
a specific condition is met. They are created in a very similar manner to User
RPL indefinite loops. Definite loops, on the other hand, are executed a num-
ber of times specified before its start. They not created exactly like in User
RPL, but their use is simple and more powerful. For example, you can change
the number of times to run the loop while running it.

8.1 Indefinite loops

In System RPL, indefinite loops can be of three types (the third is
useless). The first is the WHILE loop. It is created like this:

BEG N

<t est cl ause>
VH LE

<l oop object>
REPEAT

This kind of loop executes <test clause>, and if the test is TRUE,
<l oop object> is executed, and the loop starts again. If the test returned
FALSE, then execution resumes past REPEAT. If the first test returned FALSE,
this loop would never be executed.

This loop requires <l oop obj ect > to be a single object. The HP Tools
automatically inserts all the objects between WHI LE and REPEAT in a compos-
ite. However, if there is only one object, this is not desired, so JAZZ does not
do that.

The second type of indefinite loop is the UNTIL loop. It is created like
this:

BEG N
<l oop cl ause>
UNTI L

This loop is always executed at least once. The word UNTI L expects a
flag. If it is TRUE, the <l oop cl ause> is executed again. If it is FALSE, execu-
tion continues past UNTI L.

There is also a third type of indefinite loop:
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BEG N
<l oop object>
AGAI N

This loop has no test. To exit it, an error condition must happen, or a
direct manipulation of the return stack.

8.2 Definite loops

Definite loops are created with DO. DO takes two bints from the stack,
representing the stop and start values. The start value is stored as the cur-
rent index, which can be recalled with | NDEX@ The stop value can be recalled
with | STOP@ You can store a new value to one of them with | NDEXSTO and
| STOPSTO, respectively.

DO3% counterparts are LOOP and +LOOP. LOOP increments by one the in-
dex value, and checks if the new value is greater than or equal to the stop
value, exiting the loop if it is. Otherwise, the loop is executed again. +LOOP
works similarly, incrementing the index by the bint in level one.

The standard form of a DO loop is

stop start DO <l oop cl ause> LOOP

which executes <l oop cl ause> for each index value from st art to st op-1.

There are several words provided to be used with DO loops, like
ONE_DO, whose meaning is obvious. The list in on Chapter 36.

Here is an example of a simple loop which outputs the bints #1h, #2h,
#3h and #4h to the stack:

FI VE ONE
DO

| NDEX@
LOCP

It could be changed to:

"FI VE ONE_DO
| NDEX@
LooP
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Chapter 9
System and memory
operations

The words listed below deal with variables, directories and system
functions, like changing the angle mode. Only the most important ones are
listed below. For a complete list, turn to Chapter 37 and Chapter 39.

9.1 Variables and directories

The basic equivalents to the user functions STOand RCL are the words
CREATE, STOand @

Word Stack and action
CREATE  ( ob id ® )
Creates a variable with the name id and contents ob. An error
occurs if the ob is or contains the current directory (“Directory
Recursion™. Assumes that ob is not a primitive code object.
STO ( ob id ® )
( ob lam ® )
In the lam case, the temporary identifier is re-bound to ob. An
error is returned if the lam is unbound. In the id case, STO at-
tempts to replace the contents of the variable with ob. If a vari-
able with that name was not found, a new variable is created.
STOassumes that ob is not a primitive code object in the id case.
@ ( id ® ob TRUE )
( id ® FALSE
( lam ® ob  TRUE )
( lam ® FALSE )

In the lam case, return the contents of the temporary variable
along with TRUE or just FALSE if no temporary variable could be
found with that name. In the id case does the same for global
variables, starting from the current directory and working up
through parent directories if necessary.

One problem with STOand @is that if you give, for example, SI N as the
(ob) argument, STO will copy the entire body of the program into a variable,
and then @would recall the undecompilable program. Because of this, it is
preferred to use SAFESTO and SAFE@ which work like STO and @ but auto-
matically convert ROM bodies into XLIB names.
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Some other words related are:

Word Stack and action
?STO_HERE ( ob id ® )
( ob lam ® )
This is the system version of user STO. Works like SAFESTO,
but only stores in the current directory and does not over-
write directories.
SAFE@ HERE  ( id ® ob TRUE )
( id ® FALSE
( lam ® ob TRUE )
( lam ® FALSE )
Like SAFE@ but searches only in the current directory.
PURGE ( id ® )
Purges variable specified by id, does no type check on stored
object.
?PURGE_HERE ( id ® )
Like PURGE, but works only in current directory.
XEQRCL ( id ® ob )
( id ® error! )
System version of user word RCL: same as SAFE@ but errors if
variable does not exist.
REPLACE ( newob oldob ® newob )
Like STO, but instead of the name of the variable takes the
previous contents as argument. For example:
$ "OLD' ' ID ABC STO ( creates var ABC)
$ "NEW | D ABC ( 2:NEW 1:0LD inside ABC)
REPLACE
I D ABC ( returns NEW)
Be sure that the object in level one is inside a variable, oth-
erwise you will probably get a memory clear. But using
REPLACE is worth be risk, because it is much faster than STO.
Instead of using “anobj ect ' 1D avar STGO’use “anobj ect
| D avar REPLACE”
CREATEDI R ( id ® )
Creates an empty directory inside the actual. Does
?PURGE_HERE first to delete the original.
XEQPGDI R ( id ® )
Purges a directory, making all possible checks before.
XEQORDER ( {varlvar2..} ® )

Orders the variables in current directory. Does checks first.
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Word Stack and action
DOVARS ( ® {varlvar2..} )
Returns list of variable names from current directory.

PATHDI R ( ® {HOME dir ...} )
Returns current path.

UPDI R ( ® )
Goes to parent directory

HOVEDI R ( ® )
Sets HOME as current directory.

9.2 System commands

The commands below deal with user and system flags, and with other
system functions like the angle mode.

Word Stack and action
Cl rUser Fl ag ( # ® )

Clears user flag.

Set User Fl ag ( # ® )
Sets user flag.

Test User Fl ag ( # ® flag )
Returns TRUE if user flag is set.
Cl r SysFl ag ( # ® )
Clears system flag.
Set SysFl ag ( # ® )
Sets system flag.
Test SysFl ag ( # ® flag )
Returns TRUE if system flag is set.
DOSTD ( ® )
Sets standard mode.
DOFI X ( # ® )
Sets fixed mode, with specified number of decimal places.
DOsCl ( NG )
Sets scientific mode, with specified number of decimal
places.
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Word

Stack and action

DOENG

SETRAD

SETDEG

SETGRAD

DOBEEP

set beep

( # ® )
Sets engineering mode, with specified number of decimal
places.

( ® )
Sets radians as the angle mode.
( ® )
Sets degrees as the angle mode.
( ® )
Sets grads as the angle mode.

( %freq %dur ® )
Beeps.

( #MHz #msec ® )
Beeps.

( ® # )

Returns amount of free memory (in nibbles). Does not
force garbage collection, like the user word does.
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Chapter 10
Error handling

10.

When en error occurs in a System RPL program, what normally hap-
pens is that the program is aborted and the error message is shown at the top
of the display. However, sometimes it is desired for the program to trap the
error and if possible continue execution, or perhaps show that an error hap-
pened in a different way.

But sometimes, the programs need to generate an error. For example,
if the user gave invalid input for the program, it should abort with a “Invalid
Argument Type”error, instead of risking crashing the machine.

1 Trapping errors

You can intercept the execution of the error handling subsystem, i.e.,
trap an error generated by your program, using the following structure:

ERRSET <suspect object> ERRTRAP <if-error object> ...

It works like this: if the <suspect object> generates an error, the
execution continues at <i f - error obj ect >. Otherwise, it continues past it.

The action of <i f-error object> is completely flexible. Normally, it
will handle the error and then continue or exit the program. The current er-
ror number can be recalled with ERROR@ and then your program can do dif-
ferent actions on different kinds of errors. The error messages and numbers
can be found on Appendix B of the HP48G Series User Manual. Other func-
tions related to error handling are on Chapter 32.

10.1.1 The protection word

Each temporary environment (see Chapter 5) and DO/LOOP environ-
ment (see Chapter 8) has a protection word. The purpose of this is to allow
the error handling sub-system to distinguish which environments were cre-
ated before the error trap, and which were created before. This way, all envi-
ronments that were created after the error trap was set will be deleted. For
example, consider the following code:

1LANVBI ND
TEN ZERO DO
ERRSET : :
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10.

1LAMBI ND
FI VE ONE_DO
<suspect object is here>

LOOP
ABND

ERRTRAP ::
<error handling>

LOOP

ABND

If an error is generated, then the error will be trapped. The inner
DO/LOOP and temporary environments will be deleted, thanks to the protec-
tion word.

The word ERRSET increments the protection word in the topmost tem-
porary environment and topmost DO/LOOP environment. Thus, these envi-
ronments now have a non-zero protection word. (The words DO and BI ND had
initialized the protection word to zero).

The words ERRTRAP and ERRIMP delete temporary and DO/LOOP envi-
ronments (from the innermost to the outermost) until, in both cases, they find
one with a non-zero protection word (which is then decremented). These envi-
ronments were the ones that already existed before the setting of the error
trap. This way, all environments created after the setting of the trap are de-
leted.

2 Generating errors

The error handling sub-system is invoked by the word ERRIMP. If an
error trap was set, the error handler will be executed. If none was set, then
the default one will be run (i.e., the error will be shown on the status line, to-
gether with a beep, etc.).

Normally, before calling ERRIMP, you must define which error you want
to generate (most of the time when you generate errors, they are to be han-
dled by the default error handler — such as displaying ‘Bad Argument
Value” if the input is invalid, which is better than a crash). This can be done
with the word ERRORSTO. It expects a bint as argument: the number of the er-
ror. The errors are listed on Appendix B of the HP48G Series User Manual.

There are some words that automate this process, automatically gen-
erating some common errors. They are listed on Chapter 32.
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Chapter 11
Keyboard control

11.

11.

A System RPL program can get input from the user in five different
ways:

From the stack;

Waiting keystrokes from the keyboard;
Using the internal | NPUT

Using the internal | NFORM

Setting up a Parameterized Outer Loop.

You have already seen how to get input directly from the stack. Using
I nput Li ne, Par Qut er Loop and input forms will be seen on the following chap-
ters. So, in this chapter you will learn how to read keystrokes from the key-
board.

1 Key locations

In User RPL, key representations have the form % c. p. In System
RPL, they are represented by two binary integers: #KeyCode, which goes from
one to 49, and represents each key, in order, from left to right and top to bot-
tom; and #Pl ane, which represents the modifier states, according to the table
below:

#Pl ane Modifiers | #PI ane Modifiers

ONE None FOUR Alpha

™D Left-shift FI VE Alpha, left-shift
THREE Right-shift Sl X Alpha, right-shift

You can convert from one mode to another using:
Ck&DecKeyLoc (%rc.p ® #KeyCode #Plane)
CodePl >% c. p (#KeyCode #Plane ® %rc.p)

2 Waiting for a key

The best function used to wait for a key is Wi t For Key. This word puts
the HP48 in a low-power state and waits until a key is pressed. It then re-
turns the key code and plane. There are other words, which can be found on
Chapter 40.
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Chapter 12

Using | nput LI ne

The word | nput Li ne is the system equivalent to the user word | NPUT.
Its use is similar, and it does the same:

Displays a prompt in the top of the screen;

Starts the keyboard entry modes;

Initializes the edit line;
Accepts input until ENTER is pressed;
Parses, evaluates, or just returns the user input;

Returns TRUE if it was exited by ENTER or FALSE if aborted by
ON/CANCEL.

The stack must contain the following parameters:

Name Description

$Prompt The prompt to be displayed during input.

$EditLine The initial edit line.

CursorPos The initial cursor position, specified as a binary integer
character number or a two-element list of binary integer
row and column. In both cases, #0 represents the end of
edit line, row or column.

#Ins/Rep The initial insert/replace mode:

#0  current mode
#1  insert mode
#2  replace mode

#Entry The initial entry mode:

#0  current entry plus program entry

#1  program/immediate entry

#2  program/algebraic entry
#Alphalock The initial alpha mode:

#0  current mode

#1  alpha enabled

#2  alpha disabled

ILMenu The initial menu, in the format specified in section 14.5.

#ILMenu The initial menu row number (normally ONE).

AttnAbort? A flag:

TRUE CANCEL aborts the input
FALSE CANCEL just clears the edit line
#Parse How to process the edit line:

#0  return edit line as a string
#1  return edit line as a string and a parsed object
#2  parse and evaluate edit line
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If AttnAbort? is TRUE, if the user presses CANCEL the edition is
aborted. If it is FALSE, CANCEL just clears the edit line. If it was already

empty, then it aborts the edit.

Depending on the value of #Parse, different values are returned, ac-

cording to the table:

#Parse Stack Description
#0 $Editline TRUE Edit line only
#1 $Editline obs TRUE Edit line and parsed object(s)
#3 obl ... obn TRUE Resulting object(s)
FALSE

12.1 An example

CANCEL pressed to abort

Here is an example of | nput Li ne, which prompts for your name, and if

the edition was not aborted, displays it.

$ "Your nane:"

line)
i nsert node )
prog/i med node, al pha enabled )

concatenate string & nane )

display string on 1st line )

( pronpt )
NULLS$ (initial edit
#ZERO#ONE ( cursor at end,
ONEONE (
NULL{} ( no menu )
ONE ( menu row)
FALSE ( CANCEL clears )
ZERO ( returns string )
I nput Li ne
NOT?SEM ( exit if FALSE)
$ "Your nane is "
SWAP&S$ (
CLEARLCD ( clear display )
DI SPROM (
Set DAsTenp ( freeze display )
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Chapter 13
Creating input forms

In User RPL, creating input forms is not one of the easiest tasks to do.
As expected, in System RPL it is even more difficult. But there are two ad-
vantages: in User RPL you can only have text fields, in System RPL you can
have all four kinds of fields (see below). And in System RPL they have the ex-
tra advantage of being fast.

There are four kinds of fields: data fields (DF), the normal user type
input fields; extended data fields (EDF), which allow you to enter text or se-
lect a variable; list fields (LF), which have a pre-determined set of values; and
check fields (CF), which you can select yes or no, for example.

The command Dol nput For mneeds the following arguments:

Parameter Description

| abel 1

- Label definitions
| abel n

fieldl

. Field definitions
field2

#l abel s Number of labels
#fields Number of fields
MessageHandl er Normally ' DROPFALSE
"Title String" Title string

13.1 Label definitions

Each label definitions is three arguments:

Parameter Description
"| abel " Label string

#x_of f set X coordinate
#y_of f set Y coordinate

The string will be displayed (with the small font) on the specified coor-
dinates of the screen. The coordinates are two bints. The upper-left corner of
the screen has the coordinates x=0 and y=0, and these values increase as the
position goes down or right.
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13.2 Field definitions

Each field definition is thirteen arguments:

Parameter Notes

MessageHandl er Normally ' DROPFALSE

#x_of f set X coordinate

#y_of f set Y coordinate (normally label Y coordinate + 2)

#Length Length of field

#Hei ght Height of field (usually NI NE)

#Fi el dType Specified filed type

#Al | onedTypes List of user types for DF/EDF, or M NUSONE for
LF/CF

Deconpi l e See below

"Hel pString" Help string

ChooseDat a See below.

ChooseDeconpi | e See below.

Reset Val ue Reset value: DF/EDF: any/M NUSONE; LF: { “label”
foo }; CF: TRUE/FALSE

Rni t Val ue Initial value, same as above

The message handler is normally specified as ' DROPFALSE, which
means the programs does not hande what the user enters.

The x and y positions specify where the field will appear. They work
similarly to the x and y positions of label definitions. Then length are also two
binary integers, which specify the size of the field.

The field type is a bint which defines the field type:

Decimal value Type

1 Text fields: DF or EDF

3 Algebraic fied: like DF, but automatically inserts ticks ().
12 List field

32 Check field

The allowed types is a list of system binary integers, where each rep-
resent a object type allowed for the field. The list of object types and numbers
can be found on Chapter 4. If the field is a LF or CF, specify M NUSONE in-
stead.

The decompile object can either be a secondary that takes an object
and returns a string, or a bint. Here is an example of secondary that could be
used for decompiling:

DUP M NUSONE EQUAL casedrop NULL$
DUPTYPECSTR? ?SEM EDI TDECOWPS$
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It first checks if the field is empty (i.e., its value is M NUSONE, in this
case a null string is returned. Then, if the object is not already a string, the
function EDI TDECOWPS$ is called for changing the object into a string.

You can also specify a binary integer, each bit represents something
different:

Bit Meaning if set

0 No decompile — only expects strings

1 Decompile object to have stack appearance (using current number
settings)

2 Decompile object to have stack appearance (but using STD mode)

3 Gets first character of a string (expects only strings)

4 Get first object of composite and decompile it

5 Get second object of composite and decompile it

Normally, for data and extended data fields, it is desired to display the
object, if it is a number, using STD mode, so you would set only bit two. This
results in 22, or FOUR. When using list fields, most of the type this value will
be set to SEVENTEEN, which is 20 + 24, This means that each object in the
choose box is a list. The first object is a string, which will be shown. The
meaning of the others will be explained in the description of the ChooseData
value. For check fiels, specify M NUSONE.

The help string is just a string that will be shown above the menu bar
when the field is selected.

The choose data field is only used for extended data and list fields.
Other types should specify M NUSONE as this parameter. For EDFs, it is a
string that will display in the title of the choose box of the variables. The cur-
rent directory name will be appended, so normally it is a string like ‘Reals
in 7, which will then show as something like “Reals in HOME™.

For LFs, it is a list with all the possible choices. The format depends
on the Decompile parameter. If it was specified as SEVENTEEN, then it is a list
of the format

{ { “label1” <foo> } { “label2” <bar>1} { ... } ... }

The first object in the sub-list will be shown, and the whole list will be
pushed to the stack. However, if <f oo> is something like DROP <bar >, then
you just need to execute COMPEVAL with the list as argument to evalute the
program <bar >.

The ChooseDecompile parameter follows the same rules as the De-
compile one. Normally, specify SEVENTEEN for a LF, or M NUSONE for any other
kind of field.

The reset and initial values specify the values which will show when
the form is first displayed, or when it is reset. For DFs and EDFs, it is any
object or M NUSONE if empy. For LFs, it is an object like in the ChooseData
paramter (normally { “l abel” <foo> }). And for CFs, it is either TRUE or
FALSE.
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13.3 Label and field counts

These are two bints, representing the number of labels and fields de-
fined. Note that since they are different values, you can have labels which
just show some kind of information to the user, or fields without any label
definition.

13.4 The message handler

The message handler is, again, a secondary (which is pushed in the
stack, not evaluated) or simply ' DROPFALSE, if your program does not test or
change the input entered by the user.

13.5 The title string

This is a string that will be shown on the top of the display, with the
small font. If it is longer than 131 characters (the width of the screen), it will
be truncated and a ““..” will be appended.

13.6 Results of the input form

The stack output, if the user exited the input form by ENTER is:

N+1: fieldl
N: field2

2: fieldN
1- TRUE

If CANCEL was used to exit the form, then just FALSE is returned.
For each field type the output is:

Field Type Return value

DF/EDF any (or M NUSONE if empty)
CF TRUE/FALSE

LE { “Label” foo }

13.7 An example

Here is a program that displays an input form for an Equation Solver
program. Then, if the screen was exited by ENTER, it puts some strings in
the stack showing to the user selections. A real program would solve the
equation, but this is only an example, so do not expect very much from it.
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CKONOLASTWD ( no args required )

* Label definitions

$ "EQ" ONE  TEN

$ "VAR " ONE NI NETEEN

$ "TOL: " SI XTY NI NETEEN

$ " COWPLEX ROOTS' El GHT TVENTYEl GHT
$ "ANGLE MODE:* ONE  THI RTYSEVEN

* EQ field definition

$ "Enter equation o
$ "Equations in "

M NUSONE

DUPDUP

press CHOOSE® ( help string )
string to show in CHOOSE box )
choose deconpile )

no reset/init value )

' DROPFALSE ( no nmessage handl er )
FI FTEEN ( x position)
El GHT (y position)
# 61 ( length)
NI NE ( standard height - NI NE)
TVENTYTHREE ( EDF )
{ NINE } ( symbolics allowed )
FOUR ( decomp with STD node )
r
(
(
(

* VAR field definition

' DROPFALSE ( no nessage handler )
El GHTEEN ( x position)
SEVENTEEN (y position)

THI RTYFI VE ( length)

NI NE ( height )

ONE ( DF)

{ sSIX} ( IDs allowed)

FOUR ( decomp with STD node )
$ "Enter variable" ( help string )

M NUSONE ( no choose data )

DUP ( no choose deconpile )
DUPDUP ( no reset/init value)

* TOL field definition

' DROPFALSE ( no nessage handler )

# 4D ( x position )
SEVENTEEN (y postion)

THI RTYFI VE ( length)

NI NE ( height )

ONE ( DF)

{ ZERO } ( reals allowed )

FOUR ( decomp with STD node )

$ "Enter tolerance" ( help string)

M NUSONE ( no choose data )
DUP ( no choose deconp )
% . 0001 ( reset value )
DUP ( init value )

* Checkmark field definition
' DROPFALSE ( no nessage handler )
ONE ( x position )
TVENTYSI X (y position)
SI X ( checkmark length is SIX)
NI NE ( height )
THI RTYTWO ( CF)
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M NUSONE ( no types in CF)

DUP ( CF)

$ "Use [+/-] to mark" ( help string)

M NUSONE ( no choose data )

DUP ( nor choose deconp )

Fal seFal se ( reset/init value: not checked )

* ANGLE MODE field definition

' DROPFALSE ( no nmessage handl er )

FORTYNI NE ( x position )

THI RTYFI VE (y position )

THI RTY ( length)

NI NE ( height )

TWELVE ( LF)

M NUSONE ( no types in LF)

SEVENTEEN ( display first object in conp )

$ "Use CHOCSE or [+/-] to select" ( help string)
Field contents. The first will be shown, the entire
list will be pushed to the stack
{ { "RAD'" DROP SETRAD }
{ "DEG' DROP SETDEG }
{ "GRAD' DROP SETGRAD } }

* ¥

SEVENTEEN ( choose deconp )
{ "RAD' DROP SETRAD } ( reset value )
DUP ( init value)

* CGeneral info

Fl VE five |l abels )
DUP sanme nunber of fields )
' DROPFALSE default nessage handler )

$ "Sol ve Equation”
Dol nput For m

title string )
do the form)
NOT?SEM exit if CANCEL pressed )
COVPEVAL set angl e node )
If this were a real program solving would
probably start here. But we will just show
what the user selected
FOUR rever sym DROP
SWAP $ "Solve for " SWAP
ID>$ & $ " in" &SWAP
$ "Tol.: " 4ROLL
DO>STR &$
4ROLL
| TE
$ "Real &onpl ex roots"
$ "Real roots only"

NN AN AN AN AN S

*  *

*

The picture below shows how the screen will look like.

uL|||E EQ“HTIDH ............

Ei

VAE: TOL: . HEE]
_ COMPLEY FKOOTS
AMGLE MODE: RAD

EMTER ERUATION OF PRESS CHOOZE
ECIT JcHoosl [ [CAWCL] (0K
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Chapter 14

The parameterized outer loop

The parameterized outer loop is a System RPL structure that allows
you to create a complete application, which receives keystrokes and does dif-
ferent actions, based on the key that was pressed. This is repeated s many
times as necessary, until an exit condition happens. Most of the times, there
is a key that stops the loop, like CANCEL or DROP. Generally, it is used with
programs that work with the display.

To set up a parameterized outer loop, nine parameters are necessary:

Parameter name

Description

AppDisplay

AppKeys

NonAppKeyOK?

DoStdKeys?

AppMenu

#AppMenuRow

SuspendOK?

ExitCond

AppError

This object is evaluated before each key evaluation.
“AppDisplay’” should handle display updating not
handled by the keys themselves, and should also
perform special handling of errors.

The hard key assignments, in the format described
below.

A flag: if TRUE, then the hard keys not assigned per-
form their normal actions. Otherwise, they are can-
celed.

A flag: if TRUE, then standard key definitions are
used for non-application keys instead of default key
processing.

The menu specification, in the format described
below, or FALSE.

The initial menu row. Normally ONE.

A flag: if TRUE, any user command that would create
a suspended environment and restart the system
outer loop will instead generate an error.

This object is evaluated before each display update
and key evaluation. If the result is TRUE, the loop is
exited.

The error-handling object to be evaluated in an er-
ror occurs during key evaluation.

After those arguments are in the stack, run Par Qut er Loop. This word
does not generate any results itself, but any of the key assignments can re-
turn results to the stack or any other form desired.
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14.1 Parameterized outer loop words

The parameterized outer loop is formed by calls (with proper error
handling) to calls to the following words. None of them return anything, and
only POLSet Ul takes arguments: the nine required by Par Qut er Loop.

Word Action

POLSaveUl Saves the current user interface in a temporary environ-
ment.

POLSet Ul Sets the current user interface, according to the parame-
ters given.

POLKeyUl Displays, reads and evaluates keys. Handles errors, and

POLRest or eUl

POLResUl &Err

exits according to the user interface specified by PQL-
Set Ul .

Restores the user interface saved by POLSaveU and
abandons temporary environment.

Restores the user interface and errors. This is used when
there is an error not handled within the parameterized
outer loop.

The word Par Qut er Loop decompiles to:

POLSaveUl

ERRSET ::
POLSet Ul
POLKey Ul

ERRTRAP
POLResUl &Er r

POLRest or eUl

save the current user interface )
start error trap )

set new user interface )

handl e keypresses )

NN SN~

( if an error happened, restore the saved )
interface and error )
( restore saved user interface )

If you use the words above instead of Par Qut er Loop, you must provide
the same level of error protection as the code above.

One note: the parameterized outer loop creates a temporary environ-
ment when it saves its current user interface, and it abandons the interface
when if restores a saved user interface. This means that you cannot use
words that operate on the topmost temporary environment, like 1GETLAM
within the loop, unless the variable was created after calling POLSaveUl , and
it is abandoned before calling POLRest oreUl . For temporary environments
created before POLSaveUl , named temporary variables should be used.
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14.2 The display

14.

14.

In the parameterized outer loop, the user is responsible for setting up
the display and updating it; there is no default display.

The display can be updated in two ways: with the parameter “AppDis-
play’” or with key assignments. For example, when the user presses a key to
move the cursor, the key assignment can either pass information to “AppDis-
play’’ (often implicitly), so that it handles the code, or the key assignment ob-
ject can handle the display itself. Which method is more efficient depends on
the situation. In our example below, AppKeys just sets the positions of the
grob, which is draw by AppDisplay.

3 Error handling

If an error occurs during the key processing, AppError is executed.
This parameter is responsible for processing any errors generated while the
parameterized outer loop is running. AppError should determine the specific
word and act accordingly. Or you can just specify ERRIMP as AppError, which
means your application does not handle any errors.

4 Hard key assignments

In the parameterized outer loop, any key in any of the six planes (see
section 11.1) can be assigned for a new function. The parameter AppKeys
specifies which keys to assign and their new assignments.

If a key is not assigned by the application, and the NonAppKeyOK?
parameter is TRUE, the standard key definition is executed if the DoStdKeys?
parameter is TRUE, or, if available, the USER key assignment, if it is FALSE. If
NonAppKeyOK? is FALSE, a warning beep is produced, and nothing else is
done.

Most of the time, NonAppKeysOK? should be set to FALSE.

The AppKeys parameter is a secondary, which must take as argument
the keycode and plane, and return either the desired key definition and TRUE
or FALSE if the application does not handle it. Specifically, the stack diagram
is as follows:

( #KeyCode #Plane ® KeyDef TRUE )
( #KeyCode #Plane ® FALSE )

The suggested form for the key assignments is:

ONE #=casedrop :: (process unshifted plane )
TWO #=casedrop :: (process left-shifted plane ) ;

2DROP FALSE
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14.

Each plane handler normally has the form

SEVEN ?CaseKeyDef :: TakeOver <process MIH key> ;
NI NETEEN ?CaseKeyDef :: TakeOver <process TAN key> ;

DROP FALSE

The word ?CaseKeyDef replaces #=casedrop :: ' <keydef> TRUE ;.
It should be used because it saves code and makes the definitions more legi-
ble. Specifically, ?CaseKeyDef is used in the form:

#KeyCode #Test KeyCode ?CaseKeyDef <keydef> ...

If #Test KeyCode equals #KeyCode, ?CaseKeyDef drops both of them,
pushes <KeyDef > and TRUE to the stack, and exits the secondary. Otherwise, it
drops only #Test KeyCode, skips <KeyDef > and continues.

5 Menu key assignments

Any application can specify an initial menu via the AppMenu parame-
ter to be displayed when the parameterized outer loop starts. All menu keys
can have assignments to the unshifted, left-shifted and right-shifted planes.
When the loop exits, the previous menu is restored intact.

You can specify FALSE as AppMenu. This indicates that the current
menu is to be left intact. If you specify an empty list, then a menu of six null-
menu keys is created.

Note: hard key assignments have priority over menu key assignments.
So, if you are planning to include a menu key handler, you must put the fol-
lowing line in the hard key assignments parameter:

DUP#<7 casedrpfls

The parameter AppMenu is a list of the form:

{
Menu Key 1 Definition

Menu Key 2 Definition

I\/Enu Key n Definition
}

Each menu key definition is one the following:
1. Nul | MenuKey
2. { Label Ovj :: TakeOver <action> ; }

3. { Label Obj {
.. TakeOver <prinmary action> ;
TakeOver <l-shift action> ;

b}
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14.

14.

14.

4. { Label Obj {

:: TakeOver <primary action> ;
TakeOver <l-shift action> ;
TakeOver <r-shift action> ;

b}

A Label Obj may be any object, but it is normally a string or a 21x8
grob. The word Nul | MenuKey inserts a blank menu key that just beeps when
pressed.

The word TakeOver indicates that the program will be executed even if
the command line is active.

6 Preventing suspended environments

Your application may require the evaluation of arbitrary commands
and user arguments, but do not want the current environment to be sus-
pended by HALT or PROVPT commands. The parameter SuspendOK?, when
FALSE, will cancel these and any other commands that would suspend the en-
vironment and generate a “HALT Not Allowed” error, which AppError can
handle. If the parameter is TRUE, the application must be prepared to handle
the consequences. “The dangers here are many and severe”, as it is written on
RPLMAN. DOC.

All foreseeable application should set FALSE as the SuspendOK? pa-
rameter.

7 The exit condition

The parameter ExitCond is an object that is evaluated before each key
evaluation. If it evaluates to TRUE, the loop is exited, otherwise it continues.
You could define, for example, ExitCond as ' LAM exi t. When the “quit” key
is pressed, you just have to use TRUE ' LAM exit STOand the loop will be
exited. Of course, you must create the lam and initialize it with FALSE before.

8 An example

The following program is an example of an application that uses a pa-
rameterized outer loop to create an environment where the user may move a
little graphic over the screen. You can use the arrow keys to move, or the
menu keys. In both cases, if you press left-shit before, the graphic moves ten
steps instead of one. | added code so that the graphic does not go off the
screen boundaries.
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* Defines nanes for used keys. Makes things easier and
* nore readabl e

DEFI NE kpNoShi f t ONE

DEFI NE kpLeftShift TWO

DEFI NE kcUpArr ow ELEVEN

DEFI NE kcLeft Arrow S| XTEEN

DEFI NE kcDownArrow SEVENTEEN

DEFI NE kcRi ght Arrow EI GHTEEN

DEFI NE kcLeftShift THI RTYFI VE

DEFI NE kcOn FORTYFI VE

* Prepare display
RECLAI MDI SP ( clear and resize display )
Cl r DALl sSt at ( tenporarily disable clock )

* Smling face grob. The bel ow nust be in one line only.

GROB 7C 310003100008F000060300810C004000104000102000202401201000
4010004010004010004011044021042026032048F010400010810C0006030008F0
00

FI FTYSI X ( initial x coordinate for box )
El GHTEEN ( initial y coordinate for box )
FALSE (initial exit condition)
{

LAM M Smi |l e

LAM x

LAM y

LAM exit?
} BIND ( binds local variables )

* The follow ng conposite is the display update object. It
clears the screen and draws the smiling face grob to it.

' CLEARVI SP

( clear display )
LAM MSnile ( recall smling face grob )
HARDBUFF ( recall current display )
LAM x LAMy ( smle coordinates )
GROB! ( REPL )
D spMenu. 1 ( display menu )

* The follow ng conposite is the key action handl er.

kpNoShi ft #=casedrop ::

DUP#<7 casedrpfls ( enable softkeys )

kcUpAr row ?CaseKeyDef
TakeOver LAMy DUP ONE #<ITE :: DROP ERRBEEP ; :: #1- '
LAMy STO ; ;

kcDownAr r ow ?CaseKeyDef
TakeOver LAMy DUP THI RTYSI X #>I TE :: DROP ERRBEEP ;
#1+ ' LAMy STO ; ;

kcLeft Arrow ?CaseKeyDef

TakeOver LAM x DUP ONE #<ITE :: DROP ERRBEEP ; :: #1- '
LAM x STO ; ;

kcRi ght Arrow ?CaseKeyDef
TakeOver LAM x DUP # 6F #>I TE :: DROP ERRBEEP ; :: #1+
" LAMx STO ; ;

kcOn ?CaseKeyDef

.. TakeOver TRUE ' LAM exit? STO ;
kcLeft Shift #=casedrpfls
DROP ' DoBadKeyT
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kpLeft Shift #=casedrop ::

DUP#<7 casedrpfls ( enable softkeys )

kcUpAr r ow ?CaseKeyDef
TakeOver LAMy DUP TEN #<ITE :: DROPZERO ERRBEEP ;
TEN #- ; ' LAMy STO;

kcDownAr r ow ?CaseKeyDef
TakeOver LAMy DUP TWENTYSEVEN #>I TE :: DROP
THI RTYSEVEN ERRBEEP ; #10+ ' LAMy STO ;

kcLeft Arrow ?CaseKeyDef
TakeOver LAM x DUP TEN #<I TE :: DROPZERO ERRBEEP ;
TEN #- ; ' LAMx STO ;

kcRi ght Arrow ?CaseKeyDef
TakeOver LAM x DUP # 66 #>ITE :: DROP # 70 ERRBEEP ;
#10+ ' LAM x STO ;

kcLeft Shift #=casedrpfls

DROP ' DoBadKeyT

2DROP ' DoBadKey T

TrueTrue ( key definitions )
* Menu specification

{ { "W {
TakeOver LAMy DUP ONE #<ITE :: DROP ERRBEEP ;
#1- ' LAMy STO; ;
TakeOver LAMy DUP TEN #<ITE :: DROPZERO ERRBEEP ;
TEN #- ; ' LAMy STO ;
} }
{ "Down" { :: TakeOver LAMy DUP THI RTYSI X #>I TE :: DROP
ERRBEEP ; :: #1+ ' LAMy STO; ;
TakeOver LAMy DUP TVENTYSEVEN #>| TE :: DROP
THI RTYSEVEN ERRBEEP ; #10+ ' LAMy STO ;
}

}
{ "Left" { :: TakeOver LAM x DUP ONE #<|TE :: DROP ERRBEEP ;
1 #1- ' LAMx STO ; ;

TakeOver LAM x DUP TEN #<ITE :: DROPZERO ERRBEEP

;. TEN #- ; ' LAMXx STO ;
}

}

{ "Right" { :: TakeOver LAM x DUP # 6F #>ITE :: DROP ERRBEEP ;
. #1+ ' LAMx STO ; ;
TakeOver LAM x DUP # 66 #>ITE :: DROP # 70
ERRBEEP ; #10+ ' LAM x STO ;

}

}

Nul | MenuKey

{ "Qit" :: TakeOver TRUE ' LAMexit? STO; }
}
ONEFALSE ( first row, no suspended envs )
" LAMexit? ( exit condition)
" ERRIMP ( error handler )
Par Qut er Loop ( run the par outer |oop )
RECLAI MDI SP ( resize and clear display )
C r DAsOK ( redraw display )
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Chapter 15
The display

15.

There are two screens available to the programmer while program-
ming in System-RPL: the graphics screen, which is visible, for example, in the
Plot application, and the text screen, which is the graphic visible in the stan-
dard stack environment. Whenever possible, the latter should be used, leav-
ing the graphics screen as a “owned’ resource.

1 Display organization

The HP48 system RAM contains three dedicated graphic objects (sub-
sequently called grobs) used for display purposes.

Pointer Grob

HARDBUFF2 Menu labels

ABUFF Text grob (stack)
GBUFF Graphics grob (PICT)

The text and graphic grobs may be enlarged, and may be scrolled. The
menu label grob has a fixed size of 131x8 pixels.

The word TOADI SP makes the text grob visible; the word TOGDI SP
makes the graphic grob visible.

The following words return display grobs to the stack:

Word Stack
ABUFF ( ® textgrob )
GBUFF ( ® graphgrob )
HARBUFF2 ( ® menugrob )
HARDBUFF ( ® HBgrob )
Returns whichever grob is visible (text or graph)
HBUFF_X_Y ( ® HBgrob #x1 #yl )

One thing to note is that the words above return just pointer to the
grob, so if you alter the grob, the display will also be altered automatically. If
you do not want that behavior, after using any of the words above, call
TOTEMPOB to make a unique copy in temporary memory.

The text grob is divided in three regions. The display areas are num-
bered one, two and three. In many words you will find ‘DA™, which means
‘Display Area”
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15.

DA {R:gME T U=ER Status area (16 lines)

______________ — Stack display {40 lines)

DAZa q.i;

DAZb 1 .

RS VECTRI MATR] LIsT | HYP | REAL | EAE IUCUCIELEEGIES)

Display area 2 is actually divided in two areas: 2a and 2b. The bound-
ary between the two areas can move, but the overall size of all three areas is
fixed.

2 Preparing the display

Two words establish control over the text display: RECALI MDI SP and
d r DALl sSt at . The first does the following:

Assures the current display is the text one;
Clears the text display;

If necessary, resizes the text display to the default size of 131x56
pixels.

This word works very similarly to the user word CLLCD, the difference
is that CLLCD never resizes the text display.

The word Cl r DA1l sSt at is optional, but most of the time it should be
used. It suspends the ticking clock display temporarily. When input is ex-
pected from the user from the keyboard, using Wi t For Key or the parameter-
ized outer loop, the ticking clock would botch the display. C r DAll sSt at
avoids this problem.

When the menu is not necessary, use the word TURNMVENUCFF to hide
the menu and enlarge the text grob to 131x64 pixels. It is turned on again
with TURNMENUON.

The suggested framework for an application that uses the text display

is:

. Cl r DALl sSt at ( suspend cl ock )
RECLAI MDI SP ( set, clear and resize text display )
TURNVENUOFF ( turns off nenu )

<appl i cati on>

C r DAsOK ( redraw LCD)
_Or_
Set DASTEMP ( freeze the whol e display )
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15.3 Controlling display refresh

In some programs, it is desired that, after the application ends, the
screen is not redrawn, but continues frozen so that the user can see the re-
sults. In User RPL the word FREEZE is responsible for this. But sometimes, it
is desired that the display is returned back to normal. In System RPL, sev-
eral words serve those purposes. The most used ones are listed below; the
whole list is on Chapter 41.

Word Action

Set DA1Tenp Freezes display area 1.

Set DA2aTenp Freezes display area 2a.

Set DA2bTenp Freezes display area 2b.

Set DA2CKTenp Freezes display areas 2a and 2b.
Set DA3Tenp Freezes display area 3.

Set DA12Tenp Freezes display areas 1 and 2.
Set DAsTenp Freezes the whole display.

A r DAIXX Redraws display area 1.

d r DA2alX Redraws display area 2a.

A r DA2bXXK Redraws display area 2b.

G rDA2CK Redraws display areas 2a and 2b.
C r DASXK Redraws display area 3.

C rDAsCK Redraws the whole display.

15.4 Clearing the display

The following words clear either the whole or part of HARDBUFF. Re-
member that HARDBUFF refers to the currently displayed grob, either the text
or the graph display. Except from BLANKI T, no words take or return argu-

ments.

Word Action

BLANKI T ( #startrow #rows ® ) Clears #rows from HARDBUFF
CLEARVDI SP Clears entire HARDBUFF.

Bl ank DAl Clears display area 1

Bl ank DA2 Clears display area 2

Bl ankDA12 Clears display areas 1 and 2

Clril6 Clears top 16 rows

cr8 Clears top 8 rows

G r8-15 Clears rows 8 to 15 (second status line)
CLCD10 Clears status and stack area
CLEARLCD Clears entire display
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15.5 Annunciator control

You can control the left-shift, right-shift and alpha annunciators di-
rectly, using the words listed below and on Chapter 41. However, be careful to
return them to the state they were before after your application finishes.

Word Action

G r Al phaAnn Clears the alpha annunciator.

Set Al phaAnn Sets the alpha annunciator.
CrLeftAnn Clears the left-shift annunciator.
Set Lef t Ann Sets the left-shift annunciator.

d rRight Ann Clears the right-shift annunciator.
Set Ri ght Ann Sets the right-shift annunciator.

15.6 Display coordinates

The upper-left pixel of the display has the coordinates x=0 and y=0,
and the bottom-right pixel has coordinates x=130 and y=63.

Subgrobs are taken from the upper left coordinate to the pixel below
and to the right of the lower right corner coordinate. The terms #x1 and #y1
refer to the upper left coordinates, and #x2 and #y2 refer to the pixel below
and to the right of the lower right corner.

15.6.1 Display subgrobs

The words described below return HARDBUFF and coordinates for the
stack in a form suitable for a subsequent call to SUBGROB in order to get a por-
tion of the current display. #x1 and #y1 refer to the upper left corner of the
window on the currently displayed grob. If the grob has been scrolled (see sec-
tion 15.6), these will not be #0 and #0.

When HARDBUFF has been scrolled, some of the words below may not be
appropriate since they depend on the upper left corner being #0, #0. The LCD
is then called window and the terms #x1 and #y1 refer to the upper left corner
of the window. The word HBUFF_X_Y returns HARDBUFF and these coordinates.
The word W NDOACORNER returns just the coordinates.

Word Stack

TOP8 ( ® HBgrob #x1 #yl #x1+131 #yl+8 )
TOP16 ( ® HBgrob #x1 #yl #x1+131 #yl+16 )
Rows8- 15 ( ® HBgrob #x1 #yl+8 #x1+131 #yl+16 )

15.6.2 Scrolling the display

To scroll the display, use the words SCROLLUP, SCROLLDOWN,
SCROLLLEFT and SCROLLRI GHT. These words scroll the display in the specified
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direction one pixel, and check if their corresponding arrow key is being held
down. If it is, they repeat their action until the key is released or the edge of
the display is reached.

To go directly to one edge of the display, use one of these words:
JUMPTOP, JUMPBOT, JUMPLEFT or JUVPRI GHT.

15.7 Displaying text

The HP48 has three fonts available: the large font (5x9), the medium
font (5x7) and the small font. The small font is variable width; the medium
and large ones are fixed width.

In User RPL, the programmer can only use the medium font directly
(with DI SP). In System RPL, it is possible to display text directly with the
large and medium fonts. If you want to use the small font or place the text
exactly where you want, that must be done graphics, which will be described
later.

15.7.1 Medium font

To display text with the medium font, use one of the words below.
These words should only be used when the text grob is the current display
and the screen has not been scrolled. Strings longer than 22 characters will
be truncated to 21 characters and a trailing ellipsis (...) will be added. Shorter
strings will be blank filled.

Word Stack and description
DI SPROM ( $ ® )

Displays string on first line.

DI SPROV2 ( $ ® )
Displays string on second line.

DI SPRONB ( $ ® )
Displays string on third line.

DI SPROM ( $ ® )
Displays string on fourth line.

DI SPROG ( $ ® )
Displays string on fifth line.

DI SPROWG ( $ ® )
Displays string on sixth line.

DI SPROA ( $ ® )
Displays string on seventh line.

DI SPROMS ( $ ® )
Displays string on eight line. Only works if menu is off.

59



Word

Stack and description

DI SPN

DI SP5x 7

( $ #row ® )
Displays string on specified line.

( $ #start #max ® )

Display string starting at #start row, spanning up to #max
rows. The string must have embedded carriage returns to
show where to break to next line. If any line segment is
longer than 22 characters, it is truncated and an ellipsis is
added.

You can use the words DI SPROM* and DI SPROA2* when the display has
been scrolled. These words display in the first and second lines the given
string, but the difference is that they display relative to the window corner.
Unfortunately, there are no equivalents for the other five rows.

15.7.2 Large font

The words below can be used to display text in the large font. The
same rules for long strings of the medium fonts are applied to the large font.

Word Stack and description
Bl GDI SPROM. ¢ $ ® )

Displays string on first line.
Bl GDI SPRO2 ¢ $ ® )

Displays string on second line.
Bl GDI SPROVNB ( $ ® )

Displays string on third line.
Bl GDI SPROM $ ® )

Displays string on fourth line.
Bl GDI SPN

( $ #row ® )
Displays string on specified row.

15.7.3 Displaying warnings

The word Fl ashWar ni ng is used to display a warning message. It dis-
plays the given string on the status area, beeps and pauses for approximately
three seconds. To display a message in the status area, it uses the word
DI SPSTATUS2, which takes a string with a line break in it, and displays it us-
ing the two lines of the status area. After that, the display is returned to the
state it was before.

A variation of Fl ashwar ni ng is Fl ashMsg, which does not beep and
pauses for a shorter time.
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15.8 The menu line

The menu line consists of six grobs eight pixels high and 21 pixels
wide. The starting columns for each menu key label in HARBDUFF2 is:

Column (Hex) Softkey |Co|umn (hex) Softkey

0 First softkey (A) 42 Fourth softkey (D)
16 Second softkey (B) |58 Fifth softkey (E)
2C Third softkey (C) 6E Sixth softkey (F)

The word Di spMenu. 1 redisplays the current menu; and Di spMenu re-
displays the current menu and calls Set DA3Val i d to freeze the menu display
area (display area 3).

The words below convert several kinds of objects to menu labels and
display them at the specified column:

Word Stack and action
Str>Menu ( #col $ ® )
Makes and displays a standard menu label.
| d>Menu ( #col id ® )
Recalls id and displays standard or directory label, de-
pending on the contents.
G ob>Menu ( #col grob ® )
Displays a grob as a menu label.
Seco>Menu

( #col :: ® )
Evaluates secondary and uses results to create and display
appropriate menu label.

The words below convert strings to the four different kinds of grobs
available. All of them take a string and return a grob as arguments

Word Action

MakeSt dLabel Makes a black label (standard).
MakeBoxLabel Makes label with a box inside.
MakeDi r Label Makes directory label (bar above)
Makel nvLabel

Makes white label (like in Solver).

15.9 Using graphic objects

Following, there are words for creating, manipulating and displaying
graphic objects. The ones listed below are just the most used or important.
You can find a complete list on Chapter 42
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When dealing with graphics, keep two things in mind:

1. Some grob operations work directly on the grob without making a
copy. So, all pointers to that object in the stack will be modified.
You can use the word CKREF to ensure an object is unique. This
kind of operation is denominated ‘bang-type”, and the commands
normally have an exclamation point to indicate that, like GROB! or
GROB! ZERO. These operations also have no error checking, so im-
proper or out-of-range parameters may corrupt memory.

2. To place a grob in the display grob, it is better to use the word
XYGROBDI SP. This word checks if the grob to be placed in HARDBUFF
would exceed its boundaries, and if so HARDBUFF is enlarged so that
the grob fits.

15.9.1 Grob tools

The words below are used for creating or modifying graphic objects.
The complete list is on Chapter 42

Word Stack an description
GROB! (grobl grob2 #x #y ® )
Stores grobl into grob2. Bang type.

GROB! ZERO ( grob #x1 #y1 #x2 #y2 ® grob?)
Blanks a rectangular region of the grob. Bang type.

GROB! ZERCDRP  ( grob #x1 #yl #x2 #y2 ® )
Blanks a rectangular region of the grob. Assumes text or
graph grob. Bang type.

SUBGROB ( grob #x1 #y1 #x2 #y2 ® grob?)
Returns specified portion of grob.

XYGROBDI SP ( #row #col grob ® )
Stores grob in HARDBUFF, expanding if necessary.

GROB>GDI SP ( grob ® )
Stores new graph grob.

MAKEGROB ( #height #width ® grob)
Creates a blank grob.

| N\VGROB (grob ® grob?)
Inverts grob data bits. Bang type.

Pl XON (#x#y ® )
Sets pixel in text grob.
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Word

Stack an description

Pl XOFF

Pl XON?

Pl XON3

Pl XOFF3

Pl XON?3

ORDERXY#

LI NEON

LI NEOFF

TOGLI NE

LI NEON3

LI NEOFF3

TOGLI NE3

$>BlI GGROB

$>GROB

$>grob

Symb>HBuf

(#x#y ® )
Clears pixel in text grob.

(#x#y ® flag)
Is pixel in text grob on?

(#x#y ® )
Sets pixel in graph grob.

(#x#y ® )
Clears pixel in graph grob.

(#x#y ® flag)
Is pixel in graph grob on?

(#x1 #y1 #x2 #y2 ® #x1 #y1 #x2 #y27)

To draw lines, #x2 must be greater than #x1. This func-
tion orders the coordinates so that the above condition is
met.

(#X1 #HYy1l #x2 #y2 ® )
Draws a line in text grob.

(#x1 #yl #x2 #y2 ® )
Clears a line in text grob.

(#X1#HY1l #x2 #y2 ® )
Toggles a line in text grob.

(#X1#HY1l #x2 #y2 ® )
Draws a line in graph grob.

(#x1 #yl #x2 #y2 ® )
Clears a line in graph grob.

(#X1 #HY1l #x2 #y2 ® )
Toggles a line in graph grob.

($® grob)
Makes grob of the string using the large font (5x9).

($® grob)
Makes grob of the string using the medium font (5x7).

($® grob)
Makes grob of the string using the small font.

(symb® )
Displays symbolic in HARDBUFF in Equation Writer form.
Enlarges HARDBUFF if necessary, so use RECLAI MDI SP after.
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15.9.2 Grob dimensions

The words below return or verify size information of grobs.

Word Stack and description
GROBDI M (grob ® #height #width)
Returns dimensions of the grob.
GROBDI Mv (grob ® #width)
Returns width of the grob.
DUPGROBDI M

GBUFFGROBDI M

CKGROBFI TS

(grob ® grob #height #width )
Does DUP, then GROBDI M

(® #height #width)
Returns dimensions of graphic grob.

(grobl grob2 #row #col ® grobl grob2’#row #col )

Shrinks grob?2 if it wouldnt fit in grobl, starting at speci-
fied row and column.
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Chapter 16
Notes

In the following chapters, there is a list of (almost) all commands
available in System RPL to the programmer. As observed earlier, there are
two Kinds of commands: supported and unsupported. Supported are the ones
the HP design team guarantees to stay always at the same address in all
ROM versions, so they can be used safely. Unsupported ones dont have that
guarantee, so you must be careful when using them, or your program might
not run in all ROM versions, and could even cause a crash. Unsupported
commands have their names listed between ()3. They must be called by their
addresses, using PTR <addr ess>, because their names are not in the entry
point list of the compilers.

However, it is better to assign names to those address (which will be
valid only for that project). This way, you can call them by their names, and
not by their addresses. This also makes your code more readable, and if the
function is going to be called several times, you have one more reason to do
that. Just include in your source file:

ASSEMBLE
=<nanme> EQU #<address>

RPL

You can include as many of these as needed. Just call the function us-
ing <nanme>.

In some chapters, there are conversion functions. The listed functions
are the ones for converting to the data type described in the chapter only. So,
to find a function to convert from a real number to a binary integer, look at
the chapter about binary integers, and the opposite function will be found in
the chapter about real numbers. The exceptions are the functions that con-
vert complex numbers to reals representing the real and imaginary parts.
Theses are listed in the chapter about complex numbers.

These are the object types and their representation in stack diagrams:

Type Address Prolog Object Type Stack
1 02933 DOREAL Real number %

2 02977 DOCVP Complex number C%

3 02A2C DOCSTR Character string $

4 029E8  DOARRY Array []

5 02A74 DOLI ST List {}

6 02E48 DO DNT Global identifier id

7 02E6D DOLAM Local identifier lam

8 02D9D DOCOL Secondary i
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Type Address Prolog Object Type Stack
9 02AB8 DOSYMB Algebraic object symb
B 02A4E DOHSTR, Hexadecimal string hxs
DOHXS
C 02B1E DOGROB Graphics object grob
D 02AFC DOTAG Tagged object tag
E 02ADA  DOEXT Unit unit
OF 02E92 DOROWP ROM Pointer romptr
1F 02911 DOBI NT Binary integer #
2F 02A96 DORRP Directory rrp
3F 02955 DCEREL Extended real number %%
4F 0299D DOECWP Extended complex number C%%
5F 02A0A DOLNKARRY  |inked array [L]
6F 029BF DOCHAR Character chr
7F 02DCC DOCCDE Code object code
)= 02B40 DOLI B Library lib
9F 02B62 DOBAK Backup bak
AF 02B88 DOEXTO Library data libdat
BF 02BAA DOACPTR  Access pointer (GX only) acptr
CF 02BCC DOEXT2 External type 2 ext2
DFE 02BEE DCEXT3 External type 3 ext3
EF 02C10 DOEXT4 External type 4 ext4

The stack representations below have special meanings:

Representation

Meaning

comp
sym
symf
pco

ROMPTR

romptr
romp

meta or M

F%
L%
B%
ob

nob

Composite: either symb or :: or { }
Symbolic class: either symb or id or lam
Either symb or id or lam or % or C%
Primitive code object

ROMPTR object

Contents of ROMPTR (preceded by property fields)
ROMPTR or romptr

Meta object (see Chapter 26)

Either % or C%

Either %% or C%

Either % or C% or %% or C%

Any object

Next object in the runstream
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Chapter 17
Binary integers

17.1 Built-in binary integers

Dec Hex Address Name(s)

0 0 O3FEF ZERO

1 1 03FF9 ONE, r eal , MEMERR
2 2 04003 T™VWO

3 3 0400D THREE, st r

4 4 04017 FOUR

5 5 04021 FIVE, | i st

6 6 0402B SI X, id,idnt

7 7 04035 SEVEN

8 8 0403F El GHT, seco

9 9 04049 NI NE, symb

10 A 04053 TEN, sym

11 B 0405D ELEVEN

12 C 04067 TWELVE

13 D 04071 TH RTEEN

14 E 0407B FOURTEEN, EXT
15 = 04085 FI FTEEN

16 10 0408F S| XTEEN, REALOB
17 11 04099 SEVENTEEN, 2REAL, REALREAL
18 12 040A3 El GHTEEN

19 13 040AD NI NETEEN

20 14 040B7 TWELVE

21 15 040C1 TVEENTYONE

22 16 040CB TVENTYTWO

23 17 04005 TVENTYTHREE

24 18 040DF TVENTYFOUR

25 19 040E9 TVEENTYFI VE

26 1A 040F3 TWENTYSI X, REALSYM
27 1B 040FD TVENTYSEVEN

28 1C 04107 TWENTYEI GHT

29 1D 04111 TVENTYNI NE

30 1E 0411B THI RTY, REALEXT
31 1F 04125 TH RTYONE

32 20 0412F TH RTYTWD

33 21 04139 THI RTYTHREE

34 22 04143 TH RTYFOUR

35 23 0414D THI RTYFI VE
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Dec Hex Address Name(s)

36 24 04157 THI RTYSI X
37 25 04161 THI RTYSEVEN

38 26 0416B THI RTYEI GHT

39 27 04175 THI RTYNI NE

40 28 0417F FORTY, FOURTY

41 29 04189 FORTYONE

42 2A 04193 FORTYTWO

43 2B 0419D FORTYTHREE

44 2C 64B12 FORTYFOUR

45 2D 64B1C FORTYFI VE

46 2E 64B26 FORTYSI X

47 2F 64B30 FORTYSEVEN

48 30 64B3A FORTYEI GHT

49 31 64B44 FORTYNI NE

50 32 64B4E FI FTY

51 33 64B58 FI FTYONE

52 34 64B62 FI FTYTWO

53 35 64B6C FI FTYTHREE, STRLIST
54 36 64B76 FI FTYFOUR

55 37 64B80 FI FTYFI VE

56 38 64BBA FI FTYSI X

57 39 64B94 FI FTYSEVEN

58 3A 64B9E FI FTYElI GHT

59 3B 64BA8 FI FTYNI NE

60 3C 64BB2 S| XTY

61 3D 64BBC SI XTYONE

62 3E 64BCo6 SI XTYTWO

63 3F 64BD0 SI XTYTHREE

64 40 64BDA SI XTYFOUR, YHI , BI NT_40h
65 41 64BE4 Bl NT_65d, ARRYREAL
66 42 64BEE FOURTWO

67 43 64BF8 FOURTHREE

68 44 64C02 S| XTYEI GHT

69 45 64C0C FOURFI VE

70 46 64Cl16 SEVENTY

74 4A 64C20 SEVENTYFOUR

79 AF 64C2A SEVENTYNI NE

80 50 64C34 El GHTY

81 51 64C3E El GHTYONE, LI STREAL
82 52 64CA8 LI STCWP

83 53 64C52 FI VETHREE

84 54 64C5C FI VEFOUR

85 55 64C66 2LI ST

86 56 64C70 Fl VESI X

87 57 64C7A LI STLAM

91 5B 64C84 BI NT_91d

96 60 64C8E BI NT_96d

97 61 64C98 | DREAL

100 64 64CAC ONEHUNDRED

111 6F 64CC0 char
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Dec Hex Address Name(s)

115 73 64CE8 BINT_115d
116 74 64CF2 BI NT_116d
122 7A 64006 BI NT_122d
128 80 64D10 Bl NT80h
130 82 64D1A BI NT130d, XHI - 1
131 83 64D24 Bl NT131d, XHI
145 91 64D38 SYMBREAL
158 9E 64056 SYMBUNI T
160 A0 64D6A SYMOB

161 Al 64D74 SYMREAL
166 A6 64092 SYM D

167 A7 64D9C SYMLAM
170 AA 64DB0 SYMSYM
174 AE 64DBA SYMEXT

175 AF 1CD69 (BI NT_AFh)
192 Co 64DD8 Bl NTCOh
204 CcC 64DE2 2GROB

208 DO 64DEC TAGGEDANY
225 E1l 64DF6 EXTREAL
234 EA 64E00 EXTSYM
238 EE 64EO0A 2EXT

240 FO 64E14 ROVPANY
253 FD 64EL1E Bl NT253
255 FF 64E28 Bl NT255d
256 100 64E32 REALOBOB
258 102 64E3C # 102

273 111 64E64 3REAL

279 117 15D6F (BI NT_117h)
337 151 64F04 | NTEGER337
2563 A03 34301 ATTN#

2563 AO03 64FC2 ATTNERR
3082 COA 6506C Connecti ng
3584 EOO 6508A EXTOBOB
10547 2933 0O3F8B TYPEREAL
10581 2955 03FDB (TYPEEREL)
10568 2948 03FA9 TYPEI DNT
10615 2977 03F95 (TYPECMP)
10868 2A74 03F9F (TYPELI ST)
10902 2A96 03FC7 (TYPERRP)
10936 2AB8 03FBD (TYPESYMB)
10970 2ADA O3FE5 (TYPEEXT)
11677 2D9D 03FB3 (TYPECOL)
11885 2E6D 03FD1 (TYPELAM)
458752 70000 65094 #EXI TERR
1048575 FFFFF 6509E M NUSONE
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These words either put more than one bint in the stack or do some
kind of stack manipulation:

Address Name Stack

641FC ZEROZERO ® #0 #0 )

64209 #ZERO#ONE ® #0 #1 )

6427A #ZERO#SEVEN ® #0 #7 )

63AC4  ONEONE ® #1 #1 )
Iso called ONEDUP.

6428A #ONE#27 #1  #27d

6429D #TWOHONE #2 #1

642AF #TWOHTWO #2 #2

642BF #TWOHFOUR #2 #4

642D1  #THREE#FOUR 43  #4

642E3 #FI VE#FOUR #5 HA

64309 ZEROZEROZERO
6431D ZEROZEROONE
64331 ZEROZEROTWO

#0 #0  #0
#0 #  #1
#0 #0  #2

e N e N e e e R e R e e R e R e e R R N R R >AAAA
CNCNONONONONONONONORONONONONONONONONOROROND)

)
)
)
)
)
)
)
)
)
)
)
#0 #0 )
)
)
)
)
)
)
)
)
)
)

62535 DROPZERO ob #0

64449 (3DROPZERO) obl ob2 ob3 #0

6254E 2DROP00 obl ob2

62946 DROPONE ob #1

63A88 DUPZERO ob ob #0

63A9C DUPONE ob ob #1

63AD8 DUPTWVO ob ob #2

63AB0 SWAPONE obl ob2 ob2 obl #1

62E3A ZEROSWAP ob #0 ob

63079 ZEROOVER ob ob #0  ob

6351F ZEROFALSE #0 FALSE

62E67 ONESWAP ob #1 ob

63533 ONEFALSE #1 FALSE

17.2 Conversion words

Address Word Stack and notes

18CEA COERCE ( % ® # )

62CE1 COERCEDUP ( % ® # # )

62E7B COERCESWAP ( ob % ® # ob )

194F7  COERCE2 ( % % ® # #o)

18CD7  %ABSCOERCE % ® @ # )

2EC11 % P># ( % ® i )
Does ABS too.

193DA  (CoERCE{}2)  ( {%} ® {#} )
( {%%} ® {##} )

05A03 HXS># ( hxs ® # )

4F3D1 (2HXS>#) ( hxs hxs ® # # )
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Address Word Stack and notes

05A51 CHR># ( chr ® # )

51532 2HXSLI ST? ( {hxslhxs2} ® #1 #2 )
Converts list of two hxs to two bints. Generates
“Bad Argument Value”for invalid input.

17.3 Arithmetic functions

In the following table, the object #1 and #2 represent two binary inte-
gers, and not the binary integers 1 and 2.

Address Name Stack and comments
03DBC #H+ ( #1 #2 ® #1+#2 )
25B0B  (#+OvF) ( #1l #2 ® H1+#2 )
0 = result = FFFFF
03DEF  #1+ ( # ® #+1 )
03E2D #H2+ ( # ® #+2 )
6256A #3+ ( # ® #+3 )
6257A  #4+ ( # ® #+4 )
6258A  #5+ ( # ® #+5 )
6259A  #6+ ( # ® #+6 )
625AA  #T+ ( # ® #+7 )
625BA #8+ ( # ® #+8 )
625CA #O+ ( # ® #+9 )
625DA #10+ ( # ® #+10 )
625EA  #12+ ( # ® #+12 )
03DEO #- ( #1 #2 ® #1-#2 )
03EOE #1- ( # ® #-1 )
03E4E  #2- ( # ® #-2 )
625FA #3- ( # ® #-3 )
6260A  #4- ( # ® #-4 )
6261A  #5- ( # ® #-5 )
6262A  #6- ( ¥ ® #-6 )
03EC2 #* ( #1 #2 ® H#1*H#2 )
191B9 #* OVF ( #1 #2 ® H1*#2 )
0 = result = FFFFF
03E6F  #2* ( # ® #*2 )
62691 #6* ( # ® #*6 )
62674 #8* ( # ® #*8 )
6264E #10* ( # ® #*10 )
03EF7 #/ ( #1 #2 ® #rem #quo )
03E8E #2/ ( # ® #/2 )
Rounded down
637CC  #-+1, #1-- ( #1 #2 ® (#1-#2)+1 )
63808 #+-1, #1-+ ( #1 #2 ® (#1+#2)-1 )
624FB  #-#2/ ( #1 #2 ® (#1-#2)/2 )
627D5 #+DUP ( #1 #2 ® #1+#2 #1+#2 )
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Address Name

Stack and comments

— N N N

— N

e N N N N N N N N N N N

62DFE #+SWAP ( ob #1 #2 ® #1+#2 ob
63051 #+OVER ( ob #1 #2 ® ob #1+#2 ob
627F8 #- DUP ( #1 #2 ® #1-#2 #1-#2
62E12 #- SWAP ( ob #1 #2 ® #1-#2 ob
63065 #- OVER ( ob #1 #2 ® ob H#1-#2 ob
62809 #1+DUP ( # ® #+1 #+1
62E26 #1+SWAP ( ob # ® #+1 ob
1DABB  #1+ROT ( obl ob2 # ® ob2 #+1 obl
6281A #1- DUP ( # ® #-1 #-1
SE4A9 #1- SWAP ( ob # ® #-1 ob
62FD9 #1- ROT ( obl ob2 # ® o0ob2 #-1 ob1
28558 #1- UNROT ( obl ob2 # ® #-1 ob1 ob2
62E4E #1- 1SWAP ( # ® 1 #-1
Returns the bint ONE and the result
628EB  DUP#1+ ( # ® # #+1
626F7 DUP#2+ ( # ® # #+2
6292F DUP#1- ( # ® # #-1
63704 2DUP#+ ( #1 #2 ® #1 #2  #14+#2
Also called DUP3PI CK#+
637F4 DROP#1- ( # ob ® #-1
62794 SWAP#- ( #1 #2 ® #2-#1
62904 SWAP#1 + ( # ob ® ob #+1
Also called swP1+
51843 SWAP#1+SWAP  ( # ob ® #+1 ob
637EO SWAP#1- ( # ob ® ob #-1
51857 SWAP#1- SWAP ( # ob ® #-1 ob
SEAF4 (SWAPDROP#1-)  ( ob # ® #-1
637A4 SWAPOVER¥#- ( #1 #2 ® #2 #1-#2
6272C OVER#+ ( #1 #2 ® #1 H#H2+#1
6377C OVER#- ( #1 #2 ® #1 #2-#1
63718 ROT#+ ( #1 ob #2 ® ob #2+#1
63768 ROT#- ( #1 ob #2 ® ob #2-#1
637B8 ROT#1+ ( # obl ob2 ® obl ob2 #+1
5FB76 ROT#1+UNROT  ( # obl ob2 ® #+1 obl ob2
62DCC ROT#+SWAP ( #1 ob #2 ® #2+#1 ob
Also called ROT+SWAP
63740 3Pl CK#+ ( #1 ob #2 ® #1 ob  #2+#1
63754 4P| CK#+ ( #1 ob ob #2 ® #1 ob ob #2+#1
62DES5 4P| CK#+SWAP ( #1 ob ob #2 ® #1 ob #2+#1 ob
Also called 4PI CK+SWAP
624BA  #MN ( #1 #2 ® #
624C6 #MAX ( #1 #2 ® #
03EB1 #AND ( #1 #2 ® #
Bitwise AND
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17.4 Tests

The words below return TRUE or FALSE depending on the condition.
Their names should be enough to understand the use. 2#=0R returns TRUE if
either of the two arguments is ZERO. Note that ONE_EQ does an EQ check, not
EQUAL check (see Chapter 33). Another name for #>1 is ONE#>.

Address Name Address Name Address Name
03D19 #H= 636C8 #2<> 6289B 2DUP#<
03CA6 #0= 03CE4 #< 63687 DUP#<7
622A7 #1= 63673 #<3 628D1 2DUP#>
6229A #2= 03D83 #> 63385 ONE_EQ
62289 #3= 636F0 #>1 620EB OVER#=
636B4 #5= 628B5 2DUP#= 6364B OVER#0=
03D4E #<> 62266 DUP#0= 6365F OVER#<
03CcC7 #0<> 622C5 DUP#1= 636DC OVER#>
622B6 #1<> 6224 DUP#0<> 6362D 2#0=0R
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Chapter 18
Real numbers

18.1 Built-in real numbers

Number Address Real word Address Extended real word
-9.99E499 2A487 % MAXREAL —
-9 2A42E % 9 _
-8 2A419 % 8 _
-7 2A404 % 7 _
-6 2A3EF % 6 _ _
-5 2A3DA %5 _ _
-4 2A3C5 % 4 __
-3 2A3B0 % 3 __
-2 2A39B % 2 __
-1 2A386 % 1 _
-1E-499 2A4B1 % M NREAL _
0 2A2B4 %0 2A4C6 0]
1E-499 2A49C %M NREAL L
p/180 2A62C PI /180
(0,0174...) T
A 494B1 % 1 2A562 %6 1
.15 495AA (% 15) N
4 - — 2B3DD W 4
.5 650BD % 5 2A57C %6 5
.555... - — 10E68 cfF
1 2A2C9 ol 2A4EQ %A
10E82 cf C (also %%1)
2 2A2DE o2 2A4FA %R
e (2.7183...) 650A8 % __
3 2A2F3 %3 2A514 %03
p (3.1416..) 2A443 wPl 2A458 (8% )
4 2A308 L 2A52E 474
5 2A31D % 2A548 wWb
6 2A332 75 __
2p (6.2832..) 514EB (9=PI) 0OF688 WRPI
7 2A347 %’ 2B1FF 0B
8 2A35C oz __
9 2A371 %0 _ _
10 650E7 %40 2A596 9840
11 1CC03 %41 _
12 1CC1D a2 2B2DC ORAL2
13 1CC37 %43 _
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Number Address Real word |Address Extended real word
14 1CC51 %4 __
15 1CC85 %5 - —
16 1CD3A %4.6 __
17 1CD54 947 __
18 1CDF2 %18 - —
19 1CEO7 %49 - —
20 1CC6B %20 _ _
21 1CCA4 w1 -
22 1CCC3 "2 -
23 1CCE2 %23 __
24 1CD01 w4 __
25 1CD20 w25 __
26 1CD73 %26 __
27 1CD8D wR7 __
60 - — 2B300 %60
80 320B1 %80 __
100 415F1 %400 __
180 650FC %480 __
273.15 - — 10E9C (Y9AKZERO)
360 65126 %860 - —
459.67 —— 10EB6 (YBRZERO)
1200 22352 (%4.200) - =
2400 22367 (92400) - —
4800 2237C (9#800) - -
8192 OEFEE (%1 CKSsec) - =
9600 22391 (#9600) - -
491520 0F003 (961 CKSni n) - —
29491200  OF018 (96T CKShour) - =
707788800 OFO02D (%'l CKSday) - =
4954521600 OF042 (91 CKSweek) - -
9.99E499 2A472 9%VAXREAL -

These words combine stack manipulation with built-in real numbers:

Address Word Address Word

5198F (DROPY®) 1CAO0D (DROPY%4.)
S54BlE (DROPY® ABND) 54A9C (DROPY4. ABND)
1F047 (2DROPYD)

56 AFB (4DROPYD)

S0A3B (UNROT 2 DROPY®)
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18.2 Conversion words

Address Word Stack
245C1L %% ( % ® %% )
62E8F  %YBEWAP ( ob % ® %% ob )
2A5B0 %8 % ( %% ® % )
2BA5C  2%9%b ( % % ® %% %% )
2B470 2986% ( %% %% ® % % )
5435D HXS>% ( hxs ® % )
18DBF  UNCOERCE ( #  ® % )
1950B UNCCERCE2 ( # # ® % % )
63B96 UNCOERCEY®6  ( # ® %% )
19529 (UNCCERCE(}2) ( {#} ® {%} )
( {##} ® {%%} )

18.3 Real functions

In the table below, all CK% functions work like the user versions. For
example, CK¥SQRT returns a complex number if its argument is negative.
%SQRT error if its argument is negative. The same happen for the other Ck%

words.
Address Real function Address Ex. Real function
2A974 %o+ 2A943 9o
2A981 % 2A94F %W
2A95B %906 _ _
2A9BC % 2A99A R
2A9FE % 2A9ES8 04

- — 63B82 994 >%
2AA70 % 2AASF 98
2A900 %ABS 2A8F0 9%ABS
2A920 UCHS 2A910 WLCHS
2AAAF od/ 2AA92 od/
2AA9E %98 / __
2AB09 YBORT 2AAEA YEQRT
2AAF6 % 9RESQRT __
1B3F5 (CKYBQRT) - —
1B47B (%89 - —
2AB2F %EXP 2AB1C WEXP
2AB42 YEXPML _ _
2ABG6E %N 2AB5B %N
1B995 (CK%.N) _
2ABAT %.NP1 2AB94 984 NP1
2AB81 2%.0G — _
1BAOC (CK%4.0G) - —
2ABBA YALOG __
2ABEF %Sl N 2AC06 088l N

78



Address Real function Address Ex. Real function
- 2AC27 988 NRAD
- — 2ACL17 %8| NDEG
2AC40 %C0OS 2AC57 99C0S
- 2ACT78 9Y®COSRAD
- 2AC38 9Y®4COSDEG
2AC91 %T'AN — —
- — 2ACA8 98 ANRAD
2ACC1 %ASI N - —
1B6EA (CKY%ASI N) -—
- — 2ACD8 YASI NRAD
2ACF1 Y%ACOS - —
1B775 (CKY%ACOS) N
- — 2AD08 YYACOSRAD
2AD21 YATAN
2ADAE %8sl NH 2AD95 o8I NH
2ADDA (sesy 2ADC7 9BO0SH
2ADED %l ANH - —
2AEQ0 %ASI NH - —
2AE13 Y%ACOSH ——
1B86C (CKYACOSH) -
2AE26 YATANH - —
1BSDE (CK%ATANH) - —
2A930 9%VANT| SSA _
2AE39 YEXPONENT __
2AF4D %P - —
2AF60 % P - —
2AF86 %LOOR 2AF99 994 OOR
2AF73 %CEl L L
2ABDC %vioD ——
2AFAC (% NT) 2AF99 94 NT
1B30D (%ARG) - —
2AD38 %ANGLE 2AD4F YANGLE
2AD3G % 98ANGLE -
- 2AD7C 9®ANGLERAD
- 2AD6C 9®ANGLEDEG
2B529 RNDXY o
( Y%onumber %places ® %number?)

2B53D TRCXY | — —
(%number %places ® %number?)

2AE62 %COVB -

2AE75 9%PERM -

2AE4AC 9YNFACT _
Calculates factorial of number.

2BoC4 %-ACT | __
Calculates G(x+1)

2AA81 YNROOT | - —
Equivalent to user function XROOT

2A70E %MV N __

2A6F5 %VAX 2A6DC 99AVAX
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Address Real function |Address Ex. Real function
62D81 %4vAXor der | —_
(% % ® %max %min )
51AB7 (9VAXI M ZE) | - —
(% ® %0, %AXREAL Or % MAXREAL )
2AFC2 YRAN - —
Returns next random number.
2B044 %RANDOM ZE - —
System level RDZ.
2B07B DORANDOM ZE | - —
Stores given number as random number seed.
2A9C9 %OF -
2AA0B oar -
2AA30 9%CH __
2A622 %>R __
2A655 %R>D __
2B48E UYREC>%POL 2B498 WWR>P
(xy ® radius angle)
2B4BB %POL>YREC | 2B4C5 %WRP>R
(radius angle ® xvy)
2B4F2 YSPH>YREC -
(%r %th %ph ® %Xx %y %z )
—— |51A94 (YER)
(%%1 %%2 ® %%1MN2+%%212 )
51A71 (2% 9/BQR) - —
Does 2%%band then %96QR
- = |52082 (2DUP%R)
(%%1 %%2 ® %%1 %%2 %%(sqrt(%%1"2+%%2/2)) )
50262 94 + -
50276 o - __
62BF1 %4.0* __
51BE4 %+ SWAP - —
- 62EA3 986 SWAP
- — 62FED %88 ROT
- — 63C18 986 UNROT
- — 63BBE SWAPY®/4
18.4 Tests
Address Word |Address Word |Address Word |Address Word
2A8C1 %= 2A8B6 U<= 2A75A %WO= 2A87F %W
2A76B %= 2A738 %9< 2A7BB  WO<> [2A895 %We=
63BAA  DUPY%= |2A88A % 2A81F 98/< 2A788 %%0>
2A8CC %> 2A8A0 %= 2A8AB  %W&<= 2AT7E3 WO>=
2A7CF %<> 2A799 %> 2A727 90<
2A871 %< 2A7TF7 %0 >= 2A80B %WO<=
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Chapter 19
Complex numbers

19.1 Built-in complex numbers

Number Address Word | Number Address Word
(0,0 S24AF 0 (%%1,%%0) 5193B A
(1,0) 524F7 A (0,1) 5267F (C% )
(-1,0) 5196A C% 1 (0,-1) 526AE (C% i)

19.2 Conversion words

Address Word Stack

519F8 Co86>C% ( C%% C%
05C27 % C% ( %re  %im C%
632A9 SWAPY%>C% ( %im %re C%

51A37 Re>C%
05D2C C%%
519A3 CRe%
519B7 Cl mr
05C72 (9860984
05DBC C-%8%6
51A07 %W C%
519CB CY%>%8%
519DF CYeW/EWAP

C%
%re %im
%re
%im
C%%
%%re %%im
C%
%%re  %%im
%%im %%re

%re
C%
C%
C%
%%re  %%im
C%%
%%re  %%im
C%
C%

—~
N N N N N N N N N N N N

CNCONONORORONORORONONONORONC)

51C6B  (swaP2c%% ( C%2  C%l rel iml  re2 im2 )

51C84  (swaP2C%86984 ( C%%2 C%%1 rel im2  re2 im2 )
19.3 Complex Functions

Functions requiring two arguments:

Address  Word | Address Word | Address Word

51C16 (CUc+0) 51BDO (C¥C+R) 51BF8 (CR+C)

51C3E (CoBC+C) 51C9D (CREC+R) 51CB1 (CoR+C)

51CFC (C¥C- ©) 51CES8 (% R 51CH4 (CR- C)
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Address Word Address Word Address Word
51D10 (C%AC- ©) 51D38 (CWEC- R) 51D24 (C%R- C)
51088 (Cuc* Q) 51D4C (% R) 51D60 (CR* C)
51DE2 (Cv8AC ©) 51DAB (CAC* R) 51DBF (C%R* Q)
51EC8 (C%Cl ©) 51E64 (C%C R) 51E19 (CWR ©)
51F13 (C%ACI C) 51F7C (CBC R) 51F3B (C%R ©)
52374 e C 52360 CUC R 52342 cRrC
51A4A (C%i)

51A5F (i)

Functions that require just one argument:

Address Complex Word Address Ex. Complex Word
52062 CYABS 52080 (COB#ABS)
51B70 CUCHS 51B91 CWACHS
51EFA cA/ - —
52107 CYSQRT — —
1B48F (C¥8Q -
520CB C¥BGN _
51BB2 CUCONJ 51BC1 CY4CONJ
52099 CYARG - —
52193 CYEXP __
521E3 CY%.N — —
522BF CY.OG -
52305 CYALOG _
52530 C¥8I N _
52571 CUCOS -
525B7 CYrAN -
52804 CY¥ASI N __
52863 CYACOS _
52675 CYATAN - —
5262F C¥sl NH - —
52648 CYCOSH — —
5265C CY% ANH - —
5281D CYASI NH - —
52836 CYACOSH - —
527EB CYATANH - —
19.4 Tests

There are only two tests available for complex numbers:
Address Word | Address Word
51B43 C%= [51B2A CW0=
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19.5 Reals and complex numbers functions

Address

Name

Stack and description

35B47

35B88

37D19

37BE9

37C0C

37C2F

37C52

37CD3

37C75

37DF6

(SW TCHFLOATS)

(SW TCH2FLOATS)

(F9%L%

(L%r)

(L% )

(Lo& )

(L% )

(BINEG)

(B¥ABS)

(BY9=)

( B% ® ?2 )

Dispatches action based on type. The order
is %, C%, %%, C%%. For example, to
change the sign of any float:

i SWTCHFLOATS %CHS CYCHS  98A&CHS
COWCHS

( L% L% ® ?2 )

Works similarly to the above function. The
order is %% %%, C%% %%, %% C%%, C%%
C%%.

( % ® %% )

( C% C%% )
Converts float to long float.

( L% L% ® L% )
Adds long real or complex numbers.

( L% L% ® L% )
Subtracts long real or complex numbers.

( L% L% ® L% )
Multiplies long real or complex numbers.

( L% L% ® L% )
Divides long real or complex numbers.

( B% ® B%” )
Changes sign of any number.

( B% ® B®%” )
Absolute value of any number.

( B% ® flag )
Compares any number to zero.
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Chapter 20
Character strings

20.1 Built-in characters

Address Word Address Word Address Word

65464 CHR O 6556E CHR X 654B1 CHR ;

6546B CHR 1 65575 CHR Y 65441 CHR +

65472 CHR 2 6557C CHR Z 6544F CHR -

65479 CHR 3 65583 CHR a 6543A CHR_*

65480 CHR 4 6558A CHR b 6545D CHR /

65487 CHR 5 65591 CHR c 654BF CHR =

6548E CHR 6 65598 CHR d 656BE CHR <>
65495 CHR 7 6559F CHR e 654B8 CHR <
6549C CHR 8 655A6 CHR f 654C6 CHR >

654A3 CHR 9 655AD CHR g 656B0 CHR <=
654CD CHR_A 655B4 CHR h 656B7 CHR >=
6544 CHR B 655BB CHR i 65694 CHR |

654DB CHR C 655C2 CHR j 6569B CHR ]

654E2 CHR D 655C9 CHR k 656A2 CHR {

654E9 CHR E 655D0 CHR | 656A9 CHR }

654F0 CHR F 655D7 CHR m 65639  CHR ->
654F7 CHR G 655DE CHR n 65640 CHR <<
654FE CHR H 655E5 CHR o 65647 CHR >>
65505  CHR| 655EC  CHR p 65433 CHR #
6550C CHR_J 655F3 CHR ¢ 65425 CHR ...
65513 CHR K 655FA CHR r 6541E CHR_00
6551A CHR L 65601 CHR s 6564E CHR_Angl e
65521 CHR M 65608 CHR t 6542C CHR Dbl Quot e
65528 CHR_N 6560F CHR u 65655 CHR Deriv
6552F CHR_O 65616 CHR v 6565C CHR I nt egral
65536 CHR P 6561D CHR w 65663 CHR Left Par
6553D CHR_Q 65624 CHR x 6566A CHR New i ne
65544 CHR R 6562B CHR y 65671 CHR_Pi
6554B CHR_ S 65632 CHR z 65678 CHR_Ri ght par
65552 CHR T 65456 CHR . 6567F CHR_Si gma
65559 CHR U 65448 CHR _, 65686 CHR_Space
65560 CHR_V 654AA CHR : 6568D CHR _UndScor e
65567 CHR_ W
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20.2 Built-in character strings

Address Word Representation

055DF NULL$ ‘> Empty string

65254 SPACE$ “»- Also called t ok
65238 NEVL| NES ‘\Oa”- Newline
2E4FO0 CRLF$ “A0d\0Oa’’- Carriage return and line feed
65797 $_RAD ‘RAD”

657A7 $_GRAD ‘GRAD”

656E5 $_Xvz “XYZ”

656D5 $_R<z ‘R\80Z”- “R<angle>Z"
656C5 $_R<< “R\80\80”’- “R<angle><angle>"’
65769 $_EXIT “EXIT”

65757 $_ECHO “ECHO”

6577B $_Undefi ned “Undefined”

656F5 $_<<>> ‘“NAB\BB”- “t»”’

65703 $_{} ‘0

65711 $_[] ‘0

6571F $_ " “"”?_ Two single quotes
6572D $_:: “

6573B $_LRParens ‘0

65749 $_2DQ «mmmr. Two double quotes
414BD ($_:) e

65290 t ok,

65284 t ok’ “*”- One single quote
652FC t ok-

6529C t ok.

0FA69 tok_g ‘9”

OFA8E tok_m “m”’

OFACE tok_s ‘5™

65176 t ok{ 4

651D6 t ok<< <

65308 t ok= e

25446 t ok-> 4>

6534C t okO ‘0~

65358 t okl “1”

653AC t ok8 “8”

653B8 t ok9 ‘9”

651BE t okESC “A1B”’- Escape character
651E2 t okexponent ‘e

65278 t okquot e “"_ One double quote
6518E t oksharp g

65212 (14spc$) “ *“- String of 14 spaces.
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Combinations of NULL$ with other functions:

Address Word Action

62D59 NULL$SWAP NULL$, then SWAP.

04D3E DROPNULL$ DROP then NULLS.

04D57 (2DROPNULL$) 2DROP then NULLS.

1613F NULLSTEMP Creates null string in temporary memory

(NULL$, then TOTEMPOB).

20.3 Conversion words

Address Word Stack and notes
6475C CHR>$ ( chr ® $ )
Converts a character into a string.
167E4 #>$ ( # ® $ )
Creates string from the bint.
16708 #:>$ ( # ® $ )
Creates string from the bint and appends a
colon and a space. Ex: “1:”
162B8 a%$ ( % ® $ )
Converts real number into string using current
display mode.
162AC a% s, ( % ® $ )
Same as above, but does not use commas.
05BE9 | D>$ ( idlam ® $ )
Converts identifier into string.
540BB hxs>$ ( hxs ® $ )
Uses current display mode and wordsize.
54061 HXS>$ ( hxs ® $ )
Does hxs>$ and then appends base character.
140F1 DOCHR ( % ® $ )
Creates string of the character with the num-
ber specified.
1410F (DONUM) ( $ ® % )

Returns number of first character of string.
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Address

Word

Stack and notes

15B13

15A0E

14088

14137

238A4

49079

DECOVPS$

EDI TDECOVP$

DO>STR

DOSTR>

pal parse

Pronpt I dUti |

( ob ® $ )
Convert object into its string representation for
stack display.

( ob ® $ )
Convert object into its string representation for
edition.

( obh ® $ )
Internal version of - >STR.

( $ ® ? )
Internal version of STR- >.

( $ ® ob TRUE)

( $ ® $#$°FALSE)

Tries parsing a string into an object. If success-
ful, returns object and TRUE, otherwise returns
position of error and FALSE.

( idob ® % )
Creates string of the form “id: ob”

20.4 Management words

Address Word Stack and action
05636 LENS ($® #)

Returns length in bytes.
1CA26 (LEN$>%) ($® %)

LEN$ then UNCOERCE
627BB DUPLENS$ ($® $#)

DUP then LENS.
05622 OVERLENS ($0b® $o0b#)

OVER then LENS.
1782E (2LENS#+) ($$® $$#)

Returns sum of length of two strings.
127CA (DROPDUPLEN$1+) ($0b® $#len+l)

Does DROP, then DUP, then LEN$ and finally
#1+.
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Address

Word

Stack and action

050ED

0516C

05733

62D6D

1C8BB

63245

63259

6326D

63281

30805

05193

622EF

63F6A

CAR$

CDR$

SUB$

SUB$SWAP

(XEQSUBS)

#1- SUB$

1_#1- SUB$

LASTS$

#1+LASTS$

SUB$1#

SWAP&S

&$SWAP

($® chr)
Returns first character of string, or NULL$
for null string.

($® %)
Returns string without first character, or
NULL$ for null string.

($#start #end ® $7)
Returns substring between specified posi-
tions.

(ob $ #start #end ® $ob)
SuB$ then SWAP.

($ %start %end ® $)
Same as SUB$ but uses real numbers as ar-
guments.

($#start #end ® $7)
Does #1- and then SUBS.

($#end ® $°)

Returns substring from the first character
to the character before the specified posi-
tion.

Also called 1_#1- SUB

($#start ® $7)
Returns substring from the specified start
position to the end (inclusive).

($#start ® $7)
Returns substring from the specified start
position to the end (exclusive).

($ #pos ® #char)
Returns specified character as a bint.

($1%2® $1+3%2)
Concatenates two strings.

($1$2® $2+%$1)
Concatenates two strings.

(ob$13$2® $1+$20b)
&$ then SWAP.
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Address

Word

Stack and action

62376

622E5

62F2F

62312

623A0

62394

0525B

052EE

62BB0

63191

2E4DC

61C1C

645B1

645B1

l append$

linsert$

I append$SWAP

Il append$?

Il append$

Ilinsert$

>H$

>TS$

APPEND_SPACE

NEWL| NE$&$

APNDCRLF

EXPAND

PCS$

POSCHR

($1$2® $1+%2)
Tries &$, if not enough memory does !! ap-
pend$?.

($1$2® $2+3%1)
Does SWAP then ! append$.

(ob$13$2® $1+$20b)
I append$ then SWAP.

($1$2® $1+3%2)
Attempts append “in place” if target is in
tempob.

($1$2® $1+%2)
Tries appending “in place”.

($1$2® $2+%$1)
Tries inserting “in place™.

($chr® $7)
Prepends character to string

($chr® $)
Appends character to string.

($® %7
Appends space to string.

($® %7
Appends new line character to string.
Also called NEWLI NE&S.

($® %)
Appends carriage return and line feed to
string.

($ #nibbles ® $7)

Appends null characters to the string. Since
refers to the number of nibbles, you must
use a number twice as large as the number
of null characters you want appended.

( $search $find #start ® #pos )

Search for $find in $start, start at position
#start. Returns position of $find or O if not
found.

( $search chr #start ® #pos)
The same entry as above.
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Address  Word Stack and action

15EF6 (ONEPCSS$) ( $search $find/chr ® #pos )
PCs$ with #start = 1.

1CADY (XEQPOSS) ( $search $find/chr ® %pos )
POs$ with #start = 1 and followed by
UNCOERCE.

645BD POS$REV ( $search $find #limit ® #pos)
Searches from end backwards until #limit.

645BD POSCHRREV ( $seach chr #limit ® #pos )
Same entry as above.

12770 COERCE$22 ($® $7)
If the string is longer than 22 characters,
truncates it to 21 characters and appends

127A7 SEP$NL ($® $2%1)
Separates string at first newline character.
First string is second line, second string is
first line.

45676 Bl ank$ (#® $)
Creates a string with the specified number
of spaces.

188D2 (NOT$) ($® $7)
Logical NOT. Makes copy of the string first.
These and the other words below work
character by character of the string(s), doing
the operation on the numerical representa-
tion of the character.

18961 (" NOTS) ($® %)
Logical NOT “in place™.

18873 AND$ ($1$2® $7)
Logical AND. Errors if strings are not the
same length.

188E6 (! ANDS$) ($1$2® $7)
Logical AND. Does not check if strings are
the same length.

18887 OR$ ($1$2® $7)

Logical OR. Errors if strings are not the
same length.
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Address  Word Stack and action

188F5 (! ORS$) ($1$2® $7)
Logical OR, does not check if strings are the
same length.

1889B XOR$ ($13$2® $”)

Logical XOR. Errors if strings are not the
same length.

18904 (! XORS) ($1$2® $)
Logical XOR. Does not check if strings are
the same length.

20.5 Tests

The string comparison test below (<, >, etc.) first check the length of
the strings. If they are equal, then the character numbers are compared.
Thus, “ABA” is smaller than “AAB”, which is smaller than “AAA”. However,
“B” is smaller than “a”, because the uppercase characters have lower num-
bers. If you need to search ignoring case, youll need to develop a routine to
change everything to upper case or everything to lower case.

Address Word Stack

0556F NULL$? ( $ ® flag )

63209 DUPNULLS$? $ ® $ flag )

14276 ($<$?) ( $1 $2 ® %flag )

1420A ($>%$?) ( %1 $2 ® %flag )

142E2 ($<=%$?) ( $1 $2 ® %flag )

142BA ($>=%$7) ( $1 $2 ® wflag )

42C3D CkChr 00 ( $ ® $ flag )
Returns FALSE if string contains any null charac-
ters.
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Chapter 21

Hexadecimal strings

21.1 Conversion words

Address Word Stack and notes
059CC #>HXS ( # ® hxs )
Length will be five.

Converts real number into hxs.

21.2 General functions

Address Word Stack and description

OEDE1 MAKEHXS ( #nibbles ® hxs
Makes blank hxs of specified size.

3742D (! MAKEHXS) ( #nibbles ® hxs
Makes hxs filled with random data.

05505 NULLHXS ( ® hxs
Puts a null hxs in the stack.

0518A &HXS ( hxs1 hxs2 ® hxs
Appends hxs2 to hxs1.

61C1C EXPAND ( hxs  #nibbles ® hxs’
Appends #nibbles zeros to the hxs.

05616 LENHXS ( hxs ® #
Returns length in nibbles.

05815 SUBHXS ( hxs #start #end ® hxs

Returns sub hxs string.
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21.3 Arithmetic functions

All functions below assume a wordsize less than or equal to 64 bits.
The resulting hxs length will be current wordsize.

Address  Word Stack and description
53EA0 bi t + ( hxsl hxs2 ® hxs )
Adds two hxs.
54330 bi t %+ ( % hxs ® hxs' )
Adds real to hxs, returns hxs.
54349 bi t #%+ (  hxs % ® hxs )
Adds real to hxs, returns hxs.
53EBO bi t - ( hxsl hxs2 ® hxs )
Subtracts hxs2 from hxs1.
542FE bi t %#- ( % hxs ® hxs )
Subtracts hxs from real, returns hxs.
5431C bi t #% (  hxs % ® hxs )
Subtracts real from hxs, returns hxs.
53ED3 bi t * ( hxsl hxs2 ® hxs )
Multiplies two hxs.
542D1 bi t %#* ( % hxs ® hxs )
Multiplies real by hxs, returns hxs.
542EA bi t #% (  hxs % ® hxs )
Multiplies hxs by real, returns hxs.
53F05 bi t / ( hxsl hxs2 ® hxs )
Divides hxsl by hxs2.
5429F bi t %¢#/ ( % hxs ® hxs”)
Divides real by hxs, returns hxs.
542BD bi t #% (  hxs % ® hxs )
Divides hxs by real, returns hxs.
S3EC3 (bi t NEG) ( hxs ® hxs )
Changes sign of hxs.
53D4E bi t NOT ( hxs ® hxs )
Bitwise NOT.
53D04 bi t AND ( hxsl hxs2 ® hxs )
Bitwise AND.
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Address  Word Stack and description
53D15 bi t OR ( hxsl hxs2 ® hxs )
Bitwise OR.
53D26 bi t XOR ( hxsl hxs2 ® hxs )
Bitwise XOR.
53D5E bi t SL ( hxs ® hxs )
Shifts one bit to the left.
53D6E bi t SLB ( hxs ® hxs' )
Shifts one byte to the left.
53081 bi t SR ( hxs ® hxs”)
Shifts one bit to the right.
53D91 bi t SRB ( hxs ® hxs )
Shifts one byte to the right.
53E0C bi t RL ( hxs ® hxs )
Shifts circularly one bit to the left.
53E3B bi t RLB ( hxs ® hxs? )
Shifts circularly one byte to the left
53DA4 bi t RR ( hxs ® hxs )
Shifts circularly one bit to the right.
53DE1 bi t RRB ( hxs ® hxs' )
Shifts circularly one byte to the right.
53E65 bi t ASR ( hxs ® hxs”)
Arithmetic shift one bit to the right. The most
significant bit (the sign) does not change.
21.4 Tests

For all words below, the stack diagram is ( hxsl hxs2 ® flag ), except
for NULLHXS?, whose stack diagram is ( hxs ® flag ).

Address Test Description

05566 (NULLHXS?) Returns TRUE if the input is a null hxs.
544D9 HXS==HXS == test

544EC HXS#HHXS 1 test

54552 HXS<HXS < test

54500 HXS>HXS > test

5453F HXS<=HXS £ test

5452C HXS>=HXS 3 test
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Chapter 22
Tagged objects

Address Word Stack and notes

05E81 >TAG ( ob $ ® tagged )
225F5 USER$>TAG ( ob $ ® tagged )

Maximum of 255 characters in string.

22618 %TAG ( ob % ® tagged )
05F2E | D>TAG ob id/lam ® tagged )
O5E9F {}>TAQ {idob} ® tagged )
647BB TAGOBS ob $ ® tagged )

obl..obn{$1l..%$n}® taggedl ... taggedn)

AN AN AN AN AN

05SECO (TAG>) tagged ® ob  $tag )
64775 STRI PTAGS tagged ® ob )
647A2 STRI PTAGS12 ( tagged ob’ ® ob ob’ )

The two words above remove all tags from an

object.
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Chapter 23
Arrays

In the stack diagrams below, {dims} represents a list of two bints, rep-
resenting the array dimensions or the position of a element of the array.

23.1 General operations

Address Function Stack and description

03562 ARSI ZE ([1® #elements)
Returns number of elements as a bint.

63141 OVERARSI ZE ([]1ob® []ob#elements)
Does OVER then ARSI ZE.

035A9 DMIMTS ([1® {dims})
Returns list of array dimensions.

357A8 MDI M5 ([1® #m FALSE)
([1® #m #n TRUE)
If it is a vector, returns number of elements
and FALSE. If it is an array (including arrays
with only one line), returns dimensions and
TRUE.

62F9D MDI MSDROP ([1® #m)

([1® #m#n)
MDI MsS followed by DROP.

03442 MAKEARRY ({dims} ob ® [ob] )

Makes array with all elements initialized to
ob.

19294 (>ARRY) (F% ... F% #n [F%] ® [F%])
Copies floats into array.

1D054 XEQ>ARRY (F% ... F% {%dims} ® [F%] )

Makes array with specified dimensions and
elements. Does checks first.

1D02C (XEQ>VECTOR) (F% ... F% %n ® [F%])
Creates a vector.
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Address

Function

Stack and description

1DO0AB

35035

3745E

37508

0358F

03685

0371D

0C501

355B8

355C8

3558E

35602

35508

(DOARRY>)

(MATI DN)

SWAPROWS

(SWAPCOLUWNS)

(TYPEARRY@

(ARRYEL?)

GETATELN

(GETEL)

PULLREALEL

PULLCMPEL

(PULLEL)

(PULLEREALEL)

(PULLLONGEL)

([1® F% ... F% {%dims} )
Explodes array. Only works for arrays of
(normal) real and complex numbers.

([F%] ® [F%]%)
Creates identity matrix. Errors if input is
not a square matrix.

([1#M#N® []’#m #n)
Swaps two rows. Does not make copy in
tempob.

([T#M#N ® []7#m #n)
Swaps two columns. Does not make copy in
tempob.

([1® #prolog)
Returns address of the prolog of the array
element type.

({dims} [] ® #element TRUE)
({dims} []® FALSE)
Returns TRUE if array element exists.

(#[1® ob TRUE)
(#[]® FALSE)
Get one element from array.

(#index[]® ob TRUE)

(#index [ ] ® FALSE)

(#index #addr_of _array ® ob TRUE)
(#index #addr_of array ® FALSE)
Gets one element from array.

([%] #n ® [%] %)
Gets real element.

([C%] #n ® [C%] C% )
Gets complex element.

([F%] #n ® [F%] F% )
Gets real or complex element.

([%] #n ® [%] %% )
Gets real element then converts to long real.

([F%] #n ® [F%] L% )
Gets element then converts to long.
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Address Function Stack and description

35628 PUTEL ([F%] B% #n ® [F%]?)
Puts element at specified position. Converts
to “short’ before.

3566F PUTREAL EL ([%] % #n ® [%]7)
Puts real element at specified position.

356F3 PUTCMPEL [C%] C% #n ® [C%]?)
Puts complex element at specified position.

23.2 Calculations

Address Word Stack and description

36115 (WAT+) ( [F%] [F%] ® [F%] )
Adds two arrays.

36278 (WAT-) ( [F%] [F%] ® [F%] )
Subtracts two arrays.

3644E  (WAT*) ( [Fos] [F%] ® [F%] )
Multiplies two arrays.

36AC3 (MAT/) ( [F%] [F%] ® [F%] )
Divides two arrays.

362DC  (MATFLOAT*)  ( [F%] F% ® [F%)]” )
( F% [F%] ® [F%] )

Multiplies matrix by float.

363DB (MATFLOAT/)  ( [F%] F% ® [F%]” )
Divides matrix by float.

36444 (MATSQ ( [Fn] ® [F%]” )
Squares matrix.

35F30 (MATCONJ) ( [F%] ® [F%] )
If a complex array, does the conjugate of all ele-
ments. If a real array, does nothing.

35DEB (MATNEG) ( [F%] ® [F%] )
Changes sign of all elements of array.

36A99 (MATI NV) ( [F®] ® [F%] )
Reciprocal of all elements of array.
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Address Word

Stack and description

3811F

37EOF

35CAE

35FA3

36A48

369E9

36705

36791

365BB

368F4

3690D

36039

360B6

MATTRN

METREDI M

MATCON

(DUPY®CON)

(MATDET)

(MATABS)

(MATDOT)

(MATCROSS)

(MATRSD)

(MATRNRM)

(MATCNRM)

(MATR>C)

(MATC>R)

( [F%] ® [F%]” )
Transposes matrix.

( [F%] {dims} ® [F%] )
Redimensions matrix. Removes elements or adds
ZEeros as necessary.

( [F] F% ® [F%] )
Replace all elements of [F%] by F%.

( [F] ® [F%] [0%] )
DUP then creates a matrix of the same size filled
with zeros.

( [F] ® F% )
Calculates determinant of matrix. Generates “In-
valid Dimension”’error for non-square matrices.

( [F] ® F% )
Returns the scalar magnitude of array.

( [F%] [F%] ® [F%] )
Returns the dot product of two vectors.

( [F%] [F%] ® [F%] )
Returns the cross product of two vectors. Gener-
ates a “Invalid Dimension” error if inputs are not
vectors.

( [F%] [F%] [F%] ® [F%] )
Calculates residuals of solutions of a linear sys-
tem.

( [F%] ® F% )
Row norm.
( [F%] ® F% )

Column norm.

( [%re] [%im] ® [C%] )
Creates complex matrix from real and imaginary
parts.

( [C%] ® [%re] [%im] )

Explodes complex matrix into real and imaginary
parts.

99



Address Word Stack and description

35F8F (MATRE) ( [F%] ® [F%]” )
Returns (real) matrix with real part of complex
numbers. Does nothing if the input is a real ma-
trix.

35FEE (MATI M ( [F] ® [F%] )
Returns (real) matrix with imaginary part of
complex numbers. Returns an array of zeros if
input is a real matrix.

35E2C (MATRND) ( [F] % ® [F%] )
RND on all elements of matrix.

35EA9  (MATTRNC) ( [Fo] % ® [F%] )
TRNC on all elements of matrix.

35C2C  (DOARRYPRGL) ( seco [F%] ® [F%] )
Evaluates seco for each element in array, then
builds array again. Argument for seco will be L%.
See examples below.

35C63 (DOARRYPR®) ( seco [m1l] [m2] ® [F%]” )
Same as above, but seco has two arguments: one
from ml and another from m2. Arrays must be
F%. Arguments for seco will be L%. See examples
below.

Examples of DOARRYPRGL and DOARRYPRGX2:

* MATCHS - Changes sign of all elenments of array

NEGF% SWAP DOARRYPRGL ;

* MATADD - Adds two natrices

L%+ UNROT DOARRYPRZX ;

23.3 Statistics

All functions below operate on the variables SDAT and SPAR. They work
like their user versions. The Col unm words take as arguments a bint and an
array. They then calculate the function for the specified column of the array.
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Address  Word Address  Word
2C22F STATCLST 2C706 (STATGETYCOL)

Clears SDAT 2C8Eb6 (STATCOV)
2C270 (STATRCL) 2C940 (STATX)
2C1F3 (STATSTO) 2C959 (STATY)
2C2D9 STATSADDY% 2C972 (STATXX)

S+ with real 2C99A (STATYY)
2C535 STATN 2C9C2 (STATXY)
2C58A STATSM N 2CAOD (STATLR)
2C558 STATSMAX 2CB4D (STATPREDX)
2C571 STATSMEAN 2CADA (STATPREDY)
2C5A3 STATSTDEV 2CCD3 (Col urmM N)
2C5BC STATTOT 2CCBA (Col urmMAX)
2C5D5 STATVAR 2CCEE (Col urmMEAN)
20675 (STATCOL) 2CD09 (Col uNTDEV)
2C6B6 (STATXCOL) 2CCDF (Col unmTOT)
2C6CF (STATYCOL) 2CCFD (Col urmVAR)
2C6F2 (STATGETXCOL) 2C83C (STATCORR)
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Chapter 24
Unit objects

24.1 Creating units

Address Word Description

10B5E unt * marker

10B68 unl / marker

10B72 untt ~ marker

10B7C unP Character prefix operator
10B86 unmEND Unit end operator

24.2 General operations

Address Word Stack and descrption

OF371 UMCONV ( unitl unit2 ® unitl” )
Change units of unitl to units of unit2.

0F945 UMSI ( unit ® unit’ )
Equivalent to user word UBASE.

197C8 (UMFACT) ( unitl unit2 ® unit )
Equivalent to user word UFACT.

OF34E UMJ> ( unit ® % unit” )
Returns number and normalized part of unit.

10047 U>nbr ( unit ® % )
Returns number part of unit.

OF33A um-U ( % unit ® unit’ )
Replaces number part of unit.

10065 Unbr >U ( unit % ® unit”’ )
Replaces number part of unit.

0F218 UNI T>$ ( unit ® $ )
Converts unit to string.
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Address Word
OFE44

Stack and descrption

U>NCQ ( unit ® n%% cf%% [] )
Returns the number, conversion factor to base
units and a vector in the form:

[kgm AsKcdmol rsr?]

where each element represents the exponent of
that unit. For example, 1_N U>NCQwould return:
%%1 %%1[110-2000000]

since it is equivalent to 1_kg*nm s”2

24.3 Arithmetic functions

Binary arithmetic operations: ( unitl unit2 ® unit)

Address  Word | Address  Word | Address  Word
OF6A2 UM+ |oFBSD UMM N |oFCCD UNVBAT
OF77A Umv OFB6F UMVAX OFC3C UMACH
0F792 UV OF8FA UMXROOT OFDOE UM
0F823 uMm
Unary arithmetic operations: ( unit ® unit”)
Address  Word Address  Word Address  Word
OF5FC UMABS OFCE6 UVSI GN OFD68 UVRND
0F615 UMCHS OFCFA um P OFD8B UMTRC
0F841 (UM NV) OFDOE UVFP 0F62E UVBI N
0F913 UMSQ OFD22 UMFLOOR 0F660 uMcCos
0F92C UVSQRT OFD36 UMCEI L OF674 UMTAN
OFDAA (UMOPER: )  Evaluates next object with numeric unit part,
then builds unit again. For example:
UMOPER: 9%/ ;
24.4 Tests
(unitl unit2 ® %flag)
Address  Word | Address  Word | Address  Word
0F584 UM=? OF5AC UMVK? OF5DA UMK="?
0F598 UME? 0F5QC0 Um-? OF5E8 Uv>=?
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Chapter 25

Composites

25.1 General operations

Address

Word

Stack and description

0521F

052FA

052C6

1AC93

05089

6317D

05153

0567B

63231

1CA3A

&COWP

>TCOVP

>HCOWP

(SWAP>HCOWP)

CARCOWP

? CARCOWP

CDRCOWP

LENCOWP

DUPL ENCOVP

(LENCOVP>%)

(compl comp2 ® compl+comp2)
Concatenates two composites.

(comp ob ® comp+ob)
Adds ob to tail (end) of composite.

(comp ob ® ob+comp)
Adds ob to head (beginning) of composite.

(ob comp ® ob+comp)
Does SWAP then >HCOWP.

(comp® ob)

( nullcomp ® nullcomp)

Returns first object of the composite, or a null
composite if the argument is a null composite.

(comp flag ® comp)
(comp flag® ob)
If the flag is TRUE, does CARCOVP.

(comp ® comp?)

Returns the composite minus its first object, or
a null composite if the argument is a null com-
posite.

(comp ® #n)
Returns length of composite (number of ob-
jects).

(comp ® comp #n)
Does DUP then LENCOWP.

(comp ® %n)
Returns length of composite as a real number.
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Address

Word

Stack and description

05821

056B6

62B9C

62D1D

6480B

055B7

6321D

643EF

64426

644A3

SUBCOWP

NTHELCOWP

NTHCOVPDROP

NTHCOVDDUP

NEXTCOVPOB

NULLCOWP?

DUPNULLCOWP?

mat chob?

POSCOwP

EQUAL POSCOVP

(comp #start #end ® comp?)
Returns a sub-composite. Makes all possible
index checks first.

(comp #i ® ob TRUE)

(comp #i ® FALSE)

Returns specified element of composite and
TRUE, or just FALSE if it could not be found.

(comp #i ® ob)
(comp#i ® )
Does NTHELCOVP then DROP.

(comp #i ® obob)
Does NTHCOVPDROP then DUP.

( comp #offset ® comp #next_offset ob TRUE )

( comp #offset ® FALSE)

Returns object at specified nibble offset from
start. If the object is SEM (i.e., the end of the
composite has been reached) returns FALSE. To
get the first element, use Fl VE as offset value
(to skip the prolog).

(comp ® flag)
If the composite is empty, returns TRUE.

(comp ® comp flag)
Does DUP then NULLCOWP?

(ob comp ® TRUE)

(ob comp ® ob FALSE)

Returns TRUE if ob is EQUAL to any element of
the composite.

(comp ob test ® #i)

(comp ob test ® #0)

Evaluates test for all elements of composite
and ob, and returns index of first object which
the test is TRUE, if no one returned TRUE, re-
turns #0.

For example, the program below returns #4.
%W R B %L %S5 B WP W K
PCSCOWP ;

(compob® #i)

(compob® #0)
POSCOWVP with test = EQUAL.
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Address

Word

Stack and description

644BC

6448A

64400

6452F

64593

64127

NTHOF

#=POSCOWP

Fi nd1st True

Lookup

EQLookup

Enbedded?

25.2 Building

(obcomp® #i)
(obcomp® #0)
Does SWAP then EQUAL POSCOWP.

(comp #® #i)
(comp#® #0)
POSCOVP with test = #=.

(comp test ® ob TRUE)

(comp test ® FALSE)

Tests every element for test. The first one that
returns TRUE if put into the stack along with
TRUE. If no object returned TRUE, FALSE is put
into the stack.

For example, the program below returns -4 and

TRUE:
{ %W % %R %4 %5 % } ' %<
Fi nd1st True ;

(ob test comp ® nextob TRUE)

(ob test comp ® FALSE)

Does matching in groups of two. If first
matches, second is returned with TRUE; if there
was no match, FALSE is returned.

For example, the program below returns 6 and

TRUE:
%W { W R B %4 %5 % } ' W
Lookup ;

(ob comp ® nextob TRUE)
(ob comp ® FALSE)
Lookup with test = EQ

(oblob2® flag)
Returns TRUE if ob2 is embedded in, or is the
same as, obl. Otherwise returns FALSE.

Address Word Stack and notes

05331 (>CcovP) ( meta #prolog ® comp )
05459 {IN ( meta ® {3} )
05445 ttN ( meta ® seco )
0546D SYMBN ( meta ® symb )
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Address Word Stack
S4CEF (SYMBN: ) ( meta ® symb&nob )

Creates symbolic from meta contents and next
object in the runstream

SE661 (ONESYMBN) ob ® symb )
05481 EXTN ( meta ® unit )
5E0DA P{}N ( meta ® {} )
SE111 (P:: N) ( meta ® seco )
SEOA3 (PSYMBN) ( meta ® symb )

The P words first try the low level version, and if it errors (insufficient
memory) the composite is built one element at a time. This allows garbage
collection to happen while the composite is being built so that you can build
larger composites. Use these words if you expect the composite to be very
large.

25.3 Exploding

Address Word Stack

054AF I NNERCOVP ( comp ® meta )

613E1 DUPI NCOWP ( comp ® comp meta )

631F5 SWAPI NCOWP ( comp ob ® ob meta )

62B88 | NCOVPDROP ( comp ® obn .. obl )

62C41 I NNERDUP ( comp ® meta #n )

1C973 (I NNERCOVP>%)  ( comp ® obn ... 0bl %n )

636A0 I NNER#1= ( comp ® obn ... obl flag )

S5E585 (I NNERt 0p&) ( meta comp ® meta’ )
Adds composite objects to meta object.

25.4 Lists

Address Word Stack and notes

055E9 NULL{} ( ® {} )
Puts a null list to the stack.

63A6F DUPNULL{}? ( {} ® {} flag )

23EED  ONE{}N ( ob ® {} )

631B9 WO} N ( obl ob2 ® {} )

631CD THREE{ } N ( obl ob2 ob3 ® {} )

631A5 #1-{}N ( obl .. obn #n+l ® {} )

1DC00 PUTLI ST ( {} ob # ® {} )
Replaces object at specified position. Assumes
valid #i.

OE461  (INSERTN{})  ( {} ob #n ® {} )

Insert ob at nth position. Assumes valid #n.
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Address Word Stack and notes

OE4DE  (REMOVEN(})  ( {} # @ {}V )
Removes nth ob. Assumes valid #n.

49CD6 (ROLL{}) ( {} ® {} )
Rolls list elements.

35491 apndvar | st ( {} ob ® {} )

Appends ob to list if not already there.

25.5 Secondaries

Address Word Stack and description

055FD NULL: : ( ® seco )
Returns null secondary.

63FE7 Ob>Seco ( ob ® seco )
Does ONE then : : N.

63FCE ?0b>Seco ( ob ® seco )
If the object is not a composite, does Cb>Seco.

63FFB 20b>Seco ( obl ob2 ® seco )
Does TWOthen : : N.

632D1 : T NEVAL ( meta ® ? )
Does : : Nthen EVAL.

SE8DE  (argum ( seco ® seco #args )
Returns argument count for secondary. Checks
first command, it it is different from CKO,
CK1&Di spat ch, etc. #5 is returned.

SE9A7 (i nfarg?) ( seco ® seco flag )
Is first command in secondary CKI NFARGS?

108



Chapter 26
Meta objects

A meta object is actually a collection of n object and their count (a
bint). The word | NNERCOVP produces a meta object from a composite. A null
meta is ZERO.

26.1 Stack functions

hould be called swapdr op.
5E857 (r ot swap) M1 M2 M3 ® M2 M1 M3
63F1A  nmetaROTDUP  ( M1 M2 M3 ® M2 M3 M1 M1 )
Should be called r ot dup.
SE870 (4rollunrot) ( M1 M2 M3 M4 ® M2 M1 M3 M4 )

Address Word Stack and notes

SE35C (dup) ( M ® M M )

0326E NDROP ( M ® )
Should be called dr op.

63FA6 DROPNDROP ¢ M ob ® )
Should be called DROPdr op.

62F75 N+1DROP ( ob M ® )
Should be called dr opDROP.

5EB1C psh ( M1 M2 ® M2 M1l )
Should be called swap.

SEB58 (rot) ( M1 M2 M3 ® M2 M3 Ml )

SEBDB (unrot) ( M1 M2 M3 ® M3 M1 M2 )

SEBC6 (4rol ) ( ML M2 M3 M4 ® M2 M3 M4 M1 )

SEBEA (4unrol 1) ( M1 M2 M3 M4 ® M4 M1 M2 M3 )

SEDAS (5roll) ( MIM2M3M4M5 ® M2M3M4M5M1 )

SED5A  (5unroll) ( MIM2M3M4M5 ® M5M1M2M3M4 )

SEBFC  (N+iroll) ( Mi1..Mn+l #n ® M2..Mn+l M1 )

SED6C (N\+1unroll)  ( M1..Mn+l #n ® Mn+l M1..Mn )

63911 SWAPUNNDRCP  ( M1 M2 ® M2 )
S
(

~—

26.2 Combining functions

Address Word Stack and notes
5E415 top& ( M1 M2 ® M1&M2 )
5E4D1 psht op& ( M1 M2 ® M2&M1 )
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Address Word

Stack and notes

63F2E
63F42

5E3C0
S5E3AC
5E843
5E490
5B861
5E585

26.3 Meta and object operations

ROTUNt op&
rol |l 2t op&

(over &)
psh&

(overev&)
(2t op&)

(t op&psht op&)

(I NNERt 0p&)

( ML M2 M3 ® M2 M3&M1 )
( ML M2 M3 ® M3 M1&M2 )
Also called rol | t wot opé&.

( ML M2 M3 ® Ml1l&M2 M3 )
( M1 M2 M3 ® M1&M3 M2 )
( ML M2 M3 ® M2&M1 M3 )
( M1 M2 M3 ® M1&M2&M3 )
( ML M2 M3 ® M2&M3&M1 )
( M1 comp ® M1&comp )

Explodes composite and adds to meta:

| NNERCOVP t op&

Address Word Stack and notes

5FC24 (pi ck1) ( obM ® obMob )
61305 getl ( obM ® Mob )
63105 OVER#2+UNROL ( Mob ® obM )
S5E3E8  (pshni) ( Mob ® ob#1 M )
62904 SWAP#1+ ( Mob ® M&ob )

Also called SWP1+
5E401  pshiltop& ( Mob ® ob&M )
5E4A9  pul | ( M&ob ® M ob )
SEAF4 (pul I drop) ( M&ob ® M )
5E6BB  (pul | pshn) ( M&ob ® ob#1 M )
5E4BD pul I rev ( ob&M ® Mob )
6119E DUP#1+PI CK ( 0b&M ® 0b&M ob )
SFA45 (pul I droppul 1) ( M&obl&ob2 ® M obl )
SCC12 (2pul | dr op) ( M&ob1&ob2 ® M )
60FOE  ROTDROPSWAP ¢ M&oblob2 ® M&oh2 )
SFAG3 (revpul I drop)  ( M&oblob2 ® M ob2 )
S48AA (revpul | &sh)  ( M&obl ob2 ® o0bl&ob2 M )
5E706  pshl& ( M1M2ob ® ob&M1 M2 )
SE7AS5 pshl&rev ( M1M2ob ® o0b&M1 M2 )
57432  (addt psh) ( M1M2ob ® M1&ob M2 )
10ADB (rot1) ( obM1M2 ® M1M2ob )
10AF9 (unr ot 1) ( M1 M2ob ® obM1M2 )
SE4EA  pull pshl& ( M1 M2&ob ® 0b&M1 M2 )
SE503 (pul I rev1g) ( M1 M2&ob ® M1&ob M2 )
SD6FA (pshpul | psh1&) ( M1&ob M2 ® ob&M2 M1 )
5E67A pshzer ( M ® #0M )
638FD SWAPUNDROP ( obM ® M )
25322 (apsh) (M1 obl ob2 ob3 0b4 ® M2 M1 )
M2 = ob1&ob2&b3&ob4
554B3  (repl %) ( M&ob ® M&%1 )
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Address Word Stack and notes

55607 (repl % 1) ( M&ob ® M&%-1 )
5483C  (coLAkeeplst) Returnsand (M&ob ® ob)
SFC38 (vdpshnt) ( M ® %l#lM )

The words below take as argument the next object(s) in the runstream:

Address Word Stack

5E51C  (addt:) ( M ® M&ob )
5E530 (addt 2:) ( M ® M&obl&ob2 )
SES9E (repl:) ( M&ob ® M&ob” )
S5E549 (pshi&ev:) ( M1 M2 ® M1&ob M2 )
SE562 (pshi&rev2:) ( M1 M2 ® M1&obl&ob2 M2 )
SDD65 (2pshi&rev:) ( M1 M2 ® M1&ob M2&ob )

The words below take as argument 1LAMand/or 3LAM

Address Word Stack

55288 1GETLAMBWPL+  ( M ® M&LAM1 )

55477  (repl func) ( M&ob ® M&LAM1 )

560ED xssgner al ( M1 M2 ® M1&M2&LAM1 )

56101 xnsgener al ( M ® LAM3&M&LAML1 )

5611F xsngener al ( M ® M&LAM3&LAML )

562BE  (dropaddoper) ( M1 M2 M3 ® MI1&M2&LAM1 )

56309  (MetaunCalc) ( M ob ® LAM3 #1 )
26.4 Other operations

Address Word Stack and description

64345 SubMet aCo ( meta #start #end ® meta”)

Gets a sub-meta. Does range checks.

643BD SubMet aCnl (obl...0bi...obn #n #i #n #i ® obl...0bi #n #i)
This function can be used to take the first i
objects of a meta, if you follow it with
SWAPDROP. Example:

oWl o %38 % 9% FIVE THREE FIVE
THREE
SubMet atbl ; ® Results: %1 %2 %3 #5 #3

SF996 (tail psh) ( meta #n ® metal meta2)
Pushes n-1 last objects in meta to metal.
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Address  Word Stack and description
28296 met at ai | ( obl...obn-i...obn #i #n+1 ® obl...0b...obn-i
#n-i obn-i+1...0obn #i )
#n is the count of the objects in meta. Takes
the last #i elements of meta and creates a
new one. Example:
%W R 98 % 9% TWO SI X netatail ;
® Results: %1 %2 %3 #3 %4 %5 TWO
584B2 (VEQU?) (M1M2® M1 M2flag)
If the metas are equal (i.e., same count and
equal objects) returns TRUE.
S768A (Cobl n\et a?) (Mob® M ob FLAG)
Returns TRUE if ob is equal to some ob in
meta.
55314 (?addi nver:) ( meta&Nob ® meta )
(meta ® meta&1LAM)
If next object in the runstream is equal to
first object of meta, drops that object. Other-
wise, adds 1LAMto meta.
5540E (?addr ever) ( meta&1LAM® meta&1LAM)
(meta ® meta&1LAM)
Adds 1LAMto meta, if not already there.
5613D (?addsi mir) ( meta meta ® meta)
( metal meta2 ® metal&meta2&1LAM)
58715 (Nol dsI nMeta?) (M® M flag)
If meta has any ids, lams or secondaries
starting with CKO, returns FALSE.
SADO8 (dvars?) (meta ® meta flag )
Returns TRUE if meta contains any LAM dvar .
5670F (>dvar s) ( metal meta2 ® metal&meta2”)
All ids in meta2 matching lam ' dvar contents
are changed to LAM ' dvar . (metal can be #0).
SAC86 (dvars>) (meta ® meta’)

Lam ' dvars: are changed to 1LAM

Dropping plus other actions:

Address Word Stack
169A5 NDROPFALSE M ® FALSE )
S0F60 (dr opDROPf ) ob M ® FALSE )
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Address Word Stack

57419 (DROP2dr opf) M1 M2 ob ® FALSE )
57405 (2DROP2dropf) ( M1 M2 obl ob2 ® FALSE )
5551C (Repl 0) ( M ® %0 #1)
55535 (Repl 1) ( M ® %1 #1)
5554E (Repl - 1) ( M ® %1 #1)
56183 (2Repl 0) ( M1 M2 ® %0 #1 )
561D8 (2Repl - 1) ( ML M2 ® %1 #1)
5643A (Dr opRepl 0) ( M obh ® %0 #1 )
S499F (Repl OABND) ( M ® %0 )
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Chapter 27
Symbolics

27.1 General operations

Address Word Stack and description

055F3 (NULLSYMB) ( ® symb )
Puts a null algebraic in the stack.

SEO067 (SI NNER) ( symb ® meta )

( ob ® ob #1 )

If the argument is a symbolic, does | NNERCOWP,
otherwise ONE. Note that ob #1 is a meta object
with only one object.

SE30C (2SI NNER) ( obl ob2 ® metal meta2 )

SI NNER for two objects.

SE2F8 (2SI NNERt op& ( obl ob2 ® meta )
Does 2SI NNER then t op&.

SE32A (S| NNERVETA)  ( meta ® meta’ )
Explodes each object in meta with SI NNER and
merges the result with t op&.

SF2A3 (EXPLODE) ( ob ® meta )
Uses recursive calls to SI NNER to explode ob-
ject.

SF2EE (I MPLODE) ( meta ® ob )
Builds symbolic obeying VUNS properties
(UNSYM element), checking fcnapply, etc.
Does not build symbolic if result is a single
object valid in symbolics.

SE652 synmconp ( ob ® ob” )

If ob is symbolic, does nothing, otherwise
ONESYMBN.
SE085 (CKSYNMBN) ( meta ®  ob )

If size is not one, does SYMBN, else DROPSYM
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Address Word Stack and description

SF384 (DROPSYM ( obl ob2 ® ob )
Drops ob2, if obl if symf does nothing, else
does ONESYMBN.

1CF2E (EQ>) ( symb ® argl arg2 )
Internal version of EQ >.

1CFDO (EXPR>) ( symb ® argl..argn%nob )
Internal version of OBJ- >.

1578D CRUNCH ( ob ® % )
Internal version of - >NUM

22F68 (SYMCRUNCHL)  ( ob ® % )
If id does XEQRCL, then does CRUNCH for all ob-
ject types.

22F86 (SYMCRUNCH2)  ( obl ob2 ® % ob2 )
SYMCRUNCH1 for the object in level two.

353AB (FI NDVARS) ( symb ® {1 )
Returns a list of the variables of the equation.

5A036 uncrunch ( ® )
Clears numeric results flag (system flag 3) for
the next command only.
Example: SYMCOLCT =:: uncrunch col ct

545A0 cknundsptchl  ( sym ® symf )
Used by one argument functions to evaluate a
symbolic or numeric routine according to nu-
meric results flag. Usage:

cknumdspt chl <syn» <nune ;

If numeric mode, the object in level one is
CRUNCHed and <nume is COLAd. If symbolic
mode, ckseval 1: is called.
Example:
SYMRE =:: cknundsptchl MetaRE xRE ;

54DBC (ckseval 1:) ( symf> ® symf” )

Binds next two objects in the runstream to
LAMKSYM cn and LAMKf nc. Explodes symf, then
evaluates next on Meta, then builds ob with
CKSYMBN. If symf is equation next is evaluated
on both sides, then equation is rebuilt (ckeva-
| eql).
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Address

Word

Stack and description

54E2A

558DC

558F5

5590E

55657

557EC

5576F

5575B

(ckeval eql)

sscknun®

sncknun®

nscknunf

(cknun®:)

(cksseval 2:)

(cksneval 2:)

(cknseval :)

( meta&= ® symb )
Evaluates 2LAM on both sides of equation, re-
builds symbolic and abandons temporary envi-
ronment.

( sym sym ® symf )
Used by two argument functions to evaluate
function according to current numeric mode.
Usage: :: sscknunR <sym> <nunp

In numeric mode both arguments are CRUNCHed
and <nun® is COLAd. Else, cksseval 2: is called.

Example: SYM+ =:: sncknun Meta+ x+ ;
( sym % ® symf )
Usage: :: sncknum2 <synp <nunp ;

In symbolic mode uses cksneval 2: .
Example:

SYMHO=:: sncknun? Meta+Con x+ ;

( % sym ® symf )
Usage: :: nscknum? <sym> <nunp ;

In symbolic mode uses cknseval 2: .
Example:

O+SYM=:: nscknun? Con+Meta x+

( symf symf ® symf )

Used by the three above functions to determine
(and possibly to CRUNCH) the program to COLA.

( sym sym ® symf )
Binds next two objects in the runstream to
LAMKSYM cn and LAMkf cn. Explodes the objects
in the stack, and evaluates next object in the
runstream. If either is an equation, ckeval eq2
is called. Rebuilds one symbolic.

( sym % ® symf )
Binds % and next two objects in the runstream
to LAMsCc1, LAMKSYM cn and LAMKf cn. Explodes
sym, evaluates LAMKSYM nc, rebuilds symbolic.
If sym is equation, ckeval eql is called.

( % sym ® symf )
Does SWAP then cknseval 2: .
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Address Word Stack and description

58CE4 (par aneval ) ( sym param ® ? )
Ensures sym is symbolic (using syntonp), then
executes param on each element of symbolic.
param is bound to 1LAMduring the loop. param
should return a flag. If TRUE, or if the object in
level 1 is not an operator the loop continues,
else possible COLCT property is executed. (Bet-
ter return TRUE always).

S8CEE (eval ) ( sym ® ? )
Like parameval , but without binding of a new
param. Use this for recursive evaluation with
the same parameter. (See SHOALS and show
par amfor examples).

5918A (eval TRUE) ( sym ® ? TRUE )
Used for recursive par aneval .

27.2 Mathematical operations

One argument meta functions assume function in 1LAM Two argument
meta functions for constants also assume Con in 3LAM

Address Symbolic funct. Address Meta funct.
55F2B (SYM+O) 56543 (Met a+Con)
55F44 (0+SYM 56331 (Con+Met a)
55F5D (SYM+) 56160 (Vet a+)
55F76 (SYM O 56566 (Met a- Con)
55F85 (O sYM 56359 (Con- Met a)
55F8F (SYM ) 56174 (vet a-)
55FC1 (SYMO) 56589 (Met a* Con)
55FDA (0FSYM 56390 (Con* Vet a)
55FF3 (SYm) 561BA (Met a*)
5600C (SYM O 565CF (Met a/ Con)
56025 (O sYM S563DB (Con/ Met a)
5603E (SYM) 56214 (Met a/)
55EEQ (SYMO) 5645D (Met a”Con)
55EF9 (0°SYM 562FA (Con~Met a)
55F12 (SYM) - -

56057 (SYMAVOD) 5660B (Met anpdCon)
56070 (98YMVIOD) 5642B (ConnodMet a)
56089 (SYMVOD) 56250 (Met anod)
S5E95 (SYMAM N) - -

S5EAE (¥8YMM N) - =

55ECY (SYMM N) - =

S5E4A (SYMAVAX) - -
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Address Symbolic funct. Address Meta funct.
55E63 (YSYMVAX) N
55E7C (SYMVAX) - —
55CG3D (SYMA/OF) - —
55C56 (YBYMVOF) - -
55C6F (SYMV/OF) -
55C88 (SYMBACH) - —
S5CAL (YBYMACH) - —
55CBA (SYMUCH) S
55CD3 (SYMAAT) - —
55CEC (YSYMA) - —
55D05 (SYMAT) N
55D1E (SYM/COVB) S
55D37 (YSYMCOVB) - —
55D50 (SYMCOVB) N
55D69 (SYMAPERM) N
55082 (YSYMPERM) -
55D09B (SYMPERM) - —
55DB4 (SYM/RND) - -
55DCD (SYMRND) S
S5DE6 (RNDSYM) - —
S5DFF (SYM/ARNC) - -
55E18 (TRCNYM S
55E31 (SYMIRCN) -
S60A2 (SYMAXROOT) - —
560BB (YSYMXROOT) N
5604 (SYMXROOT) S
S4EEB (SYMNEGQ) 553D2 (Met aNEQ)
S54F04 (SYMABS) 555B2 (Met aABS)
54F68 (SYMSI GN) N
54F36 (SYM NV) 553EB (Met al NV)
5518E (SYM P) -
551A7 (SYMFP) S
551C0 (SYMFLOOR) S
551D9 (SYMCEI L) - —
551F2 (SYMEXPONENT) -—
5520B (SYMVANT) N

54 AEQ (SYMRE) 5542C (Met aRE)
54EB9 (SYM M 55495 (Metal M
54F1D (SYMOOND) 55567 (Met aCONJ)
54ED2 (SYMNOT) S
54F9A (SYMSQ 555E9 (Met aSQ)
54F81 (SYMSQRT) - —
S54FB3 (SYMSI N) 5533C (Met aSI N)
54FCC (SYMCOS) 55378 (Met aCOS)
S4FES (SYMTAN) S553A5 (Met aTAN)
55049 (SYMASI N) - —
55062 (SYMACOS) __
5507B (SYMATAN) -—
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Address Symbolic funct. Address Meta funct.
S4FFE (SYMSI NH) 5529C (Met aSl NH)
55017 (SYMOCSH) 552B0 (Met aCOSH)
55030 (SYMTANH) 552C4 (Met aTANH)
55094 (SYMASI NH) - -
550AD (SYMACOSH) __
550C6 (SYMATANH) -
550F8 (SYMLN) -
55143 (SYMLNP1) - =
550DF (SYMEXP) 55208 (Met aEXP)
5515C (SYMEXPM) 55300 (Met aEXPM)
55111 (SYMLOG) - —
5512A (SYMALOG) 552EC (Met aALOG)
55175 (SYMFACT) __
55224 (SYMD>R) S
5523D (SYMR>D) - —
54F4F (SYMARG) - —
55256 (SYMUBASE) - =
5226F (SYMUVAL) - —
5599A (SYM/AND) -
559B3 (¥BYMAND) - —
559CC (SYMAND) -
559E5 (SYMAOR) __
559FE (YBYMOR) -
55A17 (SYMOR) -
55A30 (SYMAXOR) __
55A49 (YSYMXOR) - —
55A62 (SYMXOR) __
55A7B (SYMFLOAT==) -
55A94 (FLOATSYM:==) - =
55AAD (SYM==) - —
S5ACE (SYMFLOAT<>) - =
95ADF (FLOATSYM<>) - —
55AF8 (SYMK>) - —
55B11 (SYMA) _
55B2A (YBYMK) - —
55B43 (SYMK) -
55B5C (SYM&) __
55B75 (YBYM>) - —
55B8E (SYM>) __
55BA7 (SYMVx=) - —
55BC0 (YBYMK=) - —
55BD9 (SYMk=) __
55BF2 (SYM=) - —
55C0B (YBYM>=) - —
55C24 (SYM>=) __
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27.2.1 Collection

Address Word

Stack and description

57090 SYMCCLCT
57DA4 (col ct)
S87AA (col fac)
S7EO08 (col rev)
S8A20 (col unf ac)
S8CDA (col eval )

( symf ® symf )
uncrunch colct ;

( symf ® symf )
Basic collection function, does not check nu-

meric results flag. Disassembly:
i EXPLODE
pshzer col fac
pshzer colrev
ATTNFLG@ #0<> case
CKSYMBN CKONOLASTWD ?ATTNQUI T ;
pshzer col unfac
SYMN COLA col eval

( metal meta2 ® meta )

Appends objects in meta2 tail to metal tail
replacing all -, /, NEG, I NV and SQwith +, *, 7,
and -1 as a possible factor. Example rules:

"SQA @ A2

oA ® '-1*A
'A-B ® ' A+1*b
'AB ® ' AB-L

( metal meta2 ® meta”)

Appends objects in meta2 to tail of metal col-
lecting numeric factors, ordering terms ac-
cording to a comparison function, collecting
numeric terms to front. Only + and * factors
are checked. Sub-routines used by this func-
tion:

58511 (Metaless?) (M1M2® M1 M2 flag)
58525 (MetaMore?) (M1 M2® M1 M2 flag)
585A7 (BodyMore?) (oblob2® flag)

( metal meta2 ® meta” )
Appends objects in meta2 to head of metal
converting #, + and * to/ and - when suitable.

( ob ® ob” )
Passes FALSE as parameter to par aneval . Thus
eval uses ?COLCT to check special evaluation.
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27.2.2 Expansion

Address Word Stack and description

S7A0C (SYMEXPAN) ( symf ® symf )
Expands symbolic or float

S7TA48 (expan) ( metal meta2 meta3 ® meta )
Expands meta3. Successful part is added to tail of
meta2. Calls expanl and | ar g until meta3 becomes
empty.

STAA2 (expanl)  ( meta ® metal meta2 )

Expands meta. Metal is the unsuccessful part,
meta2 the successful part (could be just and opera-
tor). Sub-expanders:

57B63 (?expan”)
If ~ then expands (returns if successful.)
57AB6 (expansq)
Expands SQ
5BFDB  (MetaD >)
5C0B9 (Met a<- D)
SC2CE (Met aEn)
5C348 (Met aL*)
S7B4AC (?expannegi nv)
Prevents Meta->() from expanding
[Expr | NV NEG].
5C137 (Met a->())
57B01 (?expanapp)
If XFCNAPPLY then tries calling ?EXPAN.
57C71 (expansunt)
Expands (A+B)"2 or (A-B)"2
57CF8 (NXTPOT%)
Returns next number when expanding
(% ® flag % TRUE)
(% ® % FALSE)
The flag indicates wheter %©>. Do not
use for %0.
27.2.3 Integration
Address Word Stack and notes
1F201 (XEQ NTEG D) (ob ob ob id/lam ® symf)
1F27A (XEQ NTEG) (ob ob ob QN ® symf)
SAACY (SYM NTEG) ( symf symf symf QN ® symf)
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Address  Word Stack and notes

S662E (NUM NTEG) (symf QN symf_lo symf hi® %)

52C36 (CALCI NTEG) ( seco %accuaracy %lo %hi ® %integral %er-

ror)
Low level numeric integration. If %low = %hi
returns %0 %0. Checks that 1E-12 £ %accu-
racy £ 1. seco gets % as input and should re-
turn one value.

SACCY (i nt g) ( #0 #0 meta ® meta_ok meta_fail )
Integrates meta where variable of integration
has been changed to LAMivar. Meta objects
should be merged by addition. Use col unf ac
to resume /, -, etc. from *, +.

sSboC2 (f or ceadd) (meta ® meta”)

Forces top level operators to be +, NEG when
possible by changing from -, +, NEG. Attempts
to arrange rightmost term to be second ar-
gument for top +. Example:

"A+(B+C)' ® ' A+B+-C

S5B659 (forcemul ?aga) (meta® meta’)

Recursive Meta<-D, MetaD-> and forcenul
calling. If any operation was successful AGAI N
is executed.

SB717 (forcemul ) ( meta ® meta”)

Forces top level operator to be + and NEG
when possible by changing from / and | Nv.
LAMdvar is ordered specially.

SAFAB (i ntg1) ( M_ok M_fail M_temp meta ® M_ok’M_fail”
M_temp)

Integrates meta, ok part is adds to metal
(meta3 is the next part to integrate in the top
level loop.)

SBOFA (i nt glok) (M1 M2 M3 M4® M1’M2 M3 TRUE)

Adds M4 to M1. (Successful i nt g1).
SBO9B (intgifail) (M1 M2 M3 M4® M1 M2’M4 TRUE)
Adds M4 to M2. (Unsuccessful i nt g1).
SBOCD (i nt gconst) ( M_ok M_fail M_temp meta ® M_ok”M_fail”

M_temp)
Integrates constant to meta. (dvars? gives
FALSE).
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Address

Word

Stack and notes

5B131

5B140

S5AD80

S5ADOE
S5AD6C

(i ntgli near)

(i nt gaddl i n)

(I'i near?)

(1'i near)
(I'inear!)

27.2.4 Other functions

(M1M2M3M4® M1°M2 M3)
Integrates linear term (M4).

( meta #loc ® meta~)
Adds 2~/ 2 to LAMdvar in meta at stack level
#loc.

( meta #level ® meta”TRUE )

( meta #level ® meta’#loc FALSE)

Is meta linear in LAMdvar ?

#level is first location of LAMidvar obtained

from dvars?
linear DUP | T SWAPDRCP ;

( meta #level ® meta #loc flag )

( meta #level ® meta’flag)
;. linear SWAPDROP ;

Address  Word Stack and notes
1F38B (SYMAHERE) (symf{}® symf)
1F439 (XEQSYMBWHERE)  (symf QN1 idl ... QNnidn ® symf)
1F43E (CKVHEREARGS) Checks pairs of quoted names/ids.
547B5 SYMBVWHERE (symf QN1 idl ... QNn idn #2n+1 ® symf)
S47E2 (WHERE1) (QN1idl... QNn idn #n metal ® symf)
Used when meta size is 1.
54887 (WHEREN) ( QN1 id1 QNn idn #2 metan ® symf)
58D75 SYMSHOW (sym id/lam ® symf)
20B00 XEQSHOALS (sym{}® symf)
5910B (SHOWLS) (sym {names} ® symf)
See this for a good example of recursive
par aneval .
1A4A3 (% FTE) (%oblob2® ?)
54564 (SYM FTE) (sym symf symf ® symf)
Uses cknunmdspt chl with:
54609 (Metal FTE) 54653  (Numl FTE)
591AD (SYMQUAD) (symid ® symf)
Avoids the obvious in solving a quadratic
equation.
595DD (SYMTAYLR) (symid % ® symf)

Calculates taylor polynomial.
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Address  Word Stack and notes
57293 (SYMm saL) (symid ® symb)

Isolate a variable.
1F113 (XEQSYMDERCON)  ( QN %/C%/unit ® symf)
1FOF5 (XEQSYMDERSTEP) ( QN sym ® symf)
54977 (SYMDERSTEP) (QN sym ® symf)

No CKSYMBTYPE check.
54954 (SYMDER) (sym sym ® symf)
56949 (SYMSUM (sym sym sym ob ® symf)
56A06 (SYMBUM (sym sym % ob ® symf)
S6A4C (¥B8YMSUM) (sym % sym ob ® symf)
56AC9 (suUM (sym % % ob ® symf)

27.3 Meta symbolics functions

27.3.1 Adding operators

Address Word Stack
S5BCo4 (addt +) ( meta ® meta&+ )
SBC67 (addt -) ( meta ® meta&- )
SCD16 (addt *) ( meta ® meta&* )
5SCD2A (addt NEQ) ( meta ® meta&NEG )
5CD3E (addt | NV) ( meta ® meta&I NV )
SBCC1 (repl/) ( meta&ob ® meta&/ )
SBCEE (repl *) ( meta&ob ®  meta&* )
27.3.2 Changing operators
Address Word Stack
SACD6 (MLst +?Dr p) ( meta&+ ® meta )
( meta ® meta )
SBGD (met a+) ( meta&NEG ~ ® meta&- )
( meta ® meta&+ )
SBCBA (et a-) ( meta&NEG ®  meta&+ )
( meta ® meta&- )
SBCBY (met a*) ( meta&I NV =~ ® meta&/ )
( meta ® meta&* )
SBCE4 (metal) ( meta&I NV~ ®  meta&* )
( meta ® meta&/ )
SBD3E (dr pret a+) ( meta&NEG&ob ® meta&- )
( meta&ob ® meta&+ )

124



Address Word Stack
SBD57 (dr pret a-) ( meta&NEG&ob ®  meta&+ )
( meta&ob ® meta&- )
SBD70 (dr pmet a*) ( meta&I NV&ob ® meta&/ )
( meta&ob ® meta&* )
SBD89 (drpret a/) ( meta&I NV&ob ®  meta&* )
( meta&ob ® meta&/ )
SBBES (et aneg) ( meta&NEG ~ ® meta )
( meta ® meta&NEG )
SBGF (met ai nv) ( meta&I NV =~ ® meta )
( meta ® meta&I NV )
5BC03 (metanegl ft) ( meta ® meta’ )
met aneg on left sub-expression.
SBC21 (metainvlift) ( meta ® meta® )

met ai nv on left sub-expression.

27.3.3 Splitting algebraic metas

Address Word Stack and description
SEA9F pshzer psharg (meta® M_last M_rest)
Pushes last sub-expression in meta. If meta
is a valid expression M_rest will be empty.
63F92 pZpar gSWAPUN (meta® M _rest M_last)
pshzer pshar g then psh.
63F56 pl DRPpZpar g (meta&ob ® M_last M_rest)
Drops ob then calls pshzer pshar g.
SE68E (par gop) (meta ® M_last&op M_rest )
Pushes last sub-expression ignoring first
object in meta. Thus op is +, -, etc. and
M_last is their second argument.
SEAC2 (I arg) (meta® M_rest M_last)
Splits last sub-expression from meta.
SE6F2 (par g&) ( metal meta2 ® metal&M last M_rest)
SCCEE (I ar g&) ( metal meta2 ® metal&M rest M _last)
SCBF9 (dr ppar gt op&) ( meta&ob ® M_last&M rest)
S7F4B (swappar gunrot) (metal meta2 ® M_rest meta2 M_last)
1CF42 (dr ppar gsym ( meta&ob ® 'M_Rest' 'Metal ast')

Buids objects with PSYMBN. Will give invalid
expressions if ob is not a two-argument
function.
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Address Word

Stack and description

5F926 (splitup)
SF96E (splitdown)
S58BE (?spliteq)

27.3.4 Miscellaneous

Address Word

(meta #n #m ® meta #level )

Calculates stack level of last object to be
included when splitting last m sub-
expressions from meta starting from stack
level n. (2 1 would give level of first object in
the last sub-expression.)

( meta #n #m ® meta #lowlevel #args+1)
Seeks stack level n-1 downwards for extra
operators for m expressions. #lowlevel is the
stack level of the extra operator. #args indi-
cates how many expressions the lowlevel
operator is still missing.

(metal&meta2&=® meta2 metal)
(meta ® meta meta)

If meta contains =, splits two sides, other-
wise DUP.

Stack and description

58C02 (count +)

S8CQ0E (count *)

(meta ® meta #0)
(meta &+&+...&+ ® meta #n)
Same as above for *.

27.3.5 Rules menu operations

Stack diagrams for functions below: ( meta ® meta”)

For matching patterns the corresponding operation is COLAd, thus cur-
rent stream is dropped in such cases.

Address Word

Action

5BE56 (Met amul | nv)
5971D (Met aDNEG)
5976B (Met aDI NV)

Simplifiy combinations of | NV and * (using /).
Sub-functions:

S58A61 (colinvl) [exprlINVexpr2INV*]

® [exprlexpr2/ ]

S8A93 (colinv2) [exprINv* ]® [expr/ ]
S8AAC (colinv3) [exprl | NVexpr2* ]

® [exprlexpr2/ ]

Double negation.
Double inversion.
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Address  Word Action

597B5 (Met a* 1) Multiply by one.

5983B (Met an1) Raise to power of one.

59885 (Met al/) Divide by one.

S5990F (Met a+1- 1) Add one and subtract one.

59603 (Met aRCOLCT)  Restricted collection.

SC6D9 (Met a<- T) Move nearest right term to the left.
5C68D (Met aT- >) Move nearest left term to the right.
5C623 (Meta(())) Put parentheses over nearest term.
5C589 (Met a( <-) Include left term.

5CoD6 (Met a- >)) Include right term.

SBES1 (Met a<- - >) Commute terms.

SBECE (Met a<- A) Associate left term.

SBF53 (Met aA- >) Associate right term.

5C137 (Met a->()) Remove prefix.

5C0B9 (Met a<- D) Delete left term (via expansion).
5C102 (Met a<- D) Delete left term (above —* expansion).
SBFD8 (Met aD- >) Delete right term (via expansion).
Sjecier (Met a<- M Merge common factor on left side.
SCACF (Met aM >) Merge common factor on right side.
5C261 (Meta-()) Double negate, then remove prefix.
5C204 (Metall ()) Double inversion, then remove prefix.
5C348 (Met aL*) Transform LN( A*B) to LN( A) *B.
5C375 (Met aL()) Transform LN( A) * B to LN( A*B) .
SC2CE (Met aEn) Transform EXP( A*B) to EXP( A) "B.
5C31B (Met aE()) Transform EXP( A) AB to EXP( A*B) .
5C670 (Met a- >TRG) Change EXP to trigonometric functions.
5C53C (Met aAF) Add fractions.

5C845 (Met a- >DEF) Define function (SI N, SI NH, ASI N...)
5C91D (Met aTRGY) Expand trigonometric function of a sum.
5C73D (Meta->()C%  Remove first RE, | Mor CONJ.

Words for repeated evaluation:

Address Word Address Word

SCDF2 (Met a<- Dal |) 5CEF1 (Met aD->al |)
SCE15 (Met a<- Aal |) SCEAC (Met aA->al |)
SCFF5 (Met a<- Mal |) 5D009 (Met aM >al |)
SCF5A (Met a<-Tal |) SCF23 (Met aT->al |)
SCEBA (Meta(<-all) SCE83 (Meta->)all)
5CF91 (Meta->()all) SCFC3 (Met a->() CYal |)
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The repeater words:

Address  Word Stack and description

5CD52 (evalcase:) ( meta ® ? )
Evaluates next object. If it drops current stream

then continue, else SKI P next. Example:
eval case: Mt a<-D Met a<-Daga ;

SCD7A (revalcase:) ( meta ® ? )
Evaluates next object for sub-expressions until
current stream is not dropped by ob. Example:
Met a<- Daga =
reval case: Meta<-D COLA RDROP ;
(COLA RDRCP is there to makr successful oper.)
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Chapter 28

Library and backup objects

28.1 Port operations

Address Word Stack and description
0AAB2 PORTSTATUS ( #port ® present? writeable? merged? #size
#addr?)

Returns information for port.

0AB22 (PORTEND)  (#port ® #addr)
Gets end address of port.

0AB82 NEXTLI BBAK  ( #addr ® backup/library #nextaddr TRUE/FALSE )
Gets next library or backup.

0B409 (MERGE) (#port® )
Merges specified port. Only works for port one.
Checks if wrong port number was entered.

28.2 ROM pointers

Address Word

Stack and description

07E50 #>ROVWPTR

08CCC ROVPTR>#

O7EE9 ROVPTR@

62C19 DUPROVPTR@

(#lib  #cdm ® ROMPTR
Creates ROM pointer.

( ROMPTR ® #lib
Splits ROM pointer.

( ROMPTR ® ob

( ROMPTR ®  FALSE
Recall contents of ROM pointer.
( ROMPTR ® ROMPTR
( ROMPTR ® ROMPTR

Does DUP then ROVPTR@
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Address Word Stack and description

02FEF (DoRonpt r) ( ROMPTR ® ? )
Recalls contents of ROM pointer and EVAL.
Generates “Undefined XLIB Error” if not
found.

62A61 ?>ROVPTR ( ob ® ob” )

If ROM WORD? and TYPECOL? then RPL@

62A84 ?ROWPTR> ( ob ® ob” )

If TYPEROW? and contents exit | NHARDROW?
then return contents.

62BD8 RESOROWP ( ® ob )

Recalls contents of next object in the run-
stream (which must be a ROM pointer).

07E76  (PTR>ROWTR) ( ob ® ROMPTR TRUE )
( ob ® FALSE )
If the object is a library command, returns its
ROM pointer and TRUE, if not just FALSE.

081FB (ROVPTRDECOWP)  ( ROMPTR ® id TRUE )
( ROMPTR ®  FALSE )
If the library command exists and has a name,
returns that name and TRUE, otherwise FALSE.

081E3 (PTR>I D) ( ob ® id TRUE )
( ob ®  FALSE )
If the object is a library command and has a
name, returns its name and TRUE, if not re-
turns just FALSE.

07C18 (I D>C\VD) ( id ® id TRUE )
( id ® ROMPTR TRUE )
( id ®  FALSE )

Searches id in current path, if found returns
TRUE. Else searches attached libraries. If
nothing was found, return FALSE.

28.3 Libraries

Address Word Stack and description
07709 TOSRRP ( # ® )

Attaches library to HOME directory.

076AE  OFFSRRP ( # ® )
Detaches library from HOME directory.
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Address Word

Stack and description

0778D

021DD

0210F

08199

081DE

08081

080BF

080DA

08112

08130

0764E

0813C

(ONSRRP?)

(ROMPOLL)

(DOROVPOLL)

(ROVPART>NANE)

(LI B>#)

(ROVPART>ADDR)

(ROVPART>SI ZE)

(NEXTROWPI D)

(GETHASH)

(GETVBO)

(SETMVBO)

(GETLI NK)

( # ® flag )
Returns TRUE if library is attached to HOME
directory.

( ® )
Configures internal and external libraries.
( { #libnum1 #libum2 ... } ® )
Configures specified libraries.

( #libnum ® id TRUE )
( #libnum ® FALSE )

Returns title and TRUE of library. If library is
not found, returns just FALSE.

( lib ® #libnum  TRUE )
Returns number of library.

( #libnum ® #addr TRUE )

( #libnum ® FALSE )
Recalls library addres + 10 (prolog and length
skipped).

( #libnum ® #nibbles-10 TRUE )
( #libnum ® FALSE )
Returns size of library.

( #libnum ® #nexlibnum TRUE )
( #libnum ® FALSE )

If specified library exists, #libnum is returned
with TRUE.

( #libnum ®  hxs_table TRUE)
( #libnum ® FALSE )
Gets specified library s hash table.

( #libnum ® [1 TRUE )
( #libnum ® FALSE )

Gets specified library 3 message table.

( [$] #libnum ® )
Sets message table of specified library.

( #libnum ®  hxs_table TRUE )
( #libnum ® FALSE )

Gets specified library 3 link table.
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Address Word

Stack and description

08157

07F86

(GETCONFI G)

(ROVPART)

( #libnum ® ob TRUE )
( #libnum ® FALSE )
Gets specified library s configuration routine.

( rep ® {#libl ... #libn } TRUE)
( ROMPTR ® #libnum )
Gets library3 number.

28.4 Backup objects

Address Word

Stack and description

081D9

0948E

21674

BAKNANME

BAK>OB

(>BAK)

( bak ® id TRUE )
Returns backup3 name

( bak ® ob )
Get3 backup object.

( id ob ® bak )

Creates backup object with specified name and con-
tents.
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Chapter 29

Stack operations

Address Word

Stack and notes

0314C
SDE7D
03188
62CB9
5E370

62FB1
630F1
61380

61099
611F9

630DD
6119E
5FC24
031AC
611F9

63C40
031D9
03244
627A7
63FA6
6270C
62726

62FC5
63029
03258
60F4B

60F7E

60F72
60F66
60F54
0326E
62F75

DEPTH
reversym
DUP
DUPDUP
NDUPN

DUPROT
DUPROLL
DUPUNRCT

DUP4UNROLL
DUP3PI CK

DUPPI CK
DUP#1+PI CK
(DUP#2+PI CK)
2DUP
2DUPSWAP

2DUP5ROLL
NDUP

DROP
DROPDUP
DROPNDROP
DROPSWAP

DROPSWAPDROP

DROPROT
DROPOVER
2DROP
3DROP

4DROP

5DROP
6DROP
7DROP
NDROP
N+1DROP

( 1 n
( 1 n #n
( 1
( 1
( ob #n
( ob #0
( 1 2
( 1 ... n #n
( 1 2
Also called SWAPOVER.
( 1 2 3
( 1 2
Also called 2DUPSWAP.
( n .. 1 #n
( n .. 1 #n
( n .. 1 #n
( 1 2
( 1 2
Also called DUP3PI CK.
( 1 2 3
( 1 ... n #n
( 1
( 1 2
(1 n #n ob
( 1 2 3
( 1 2 3
Also called ROT2DROP
( 1 2 3 4
( 1 2 3
( 1 2
( 1 2 3
Also called XYz>.

( 1 .. 4
Also called Xyzwe.

( 1 .. 5
( 1 ... 6
( 1 .. 7
( 1 ... n #n
(ob 1 n #n

Also called #1+NDROP.
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Address Word

Stack and notes

03223
62747
6386C
60F9B

62830
6284B

60F33
63C2C
61380
63C54
62001
03295
62775
62C7D
60F21

60FOE
62726

60EE7

6112A

62CAS5
60FBB

62864
62ECB
63001

630A1
60FD8

62880
61002

6106B
6103C
03325
62F89

62D45
612F3

SWAP
SWAPDUP
SWAP2DUP
SWAPDROP

SWAPDROPDUP

SWAPDROPSWAP

SWAPROT

SWAP4ROLL

SWAPOVER

SWAP3PI CK
2SWAP

ROT
ROTDUP
ROT2DUP
ROTDROP

ROTDROPSWAP
ROT2DRCP

ROTSWAP

ROTROT2DROP

ROTOVER
4ROLL

4RCLLDRCP
4RCLLSWAP
4RCLLROT

4RCLLOVER
5ROLL

5ROLLDROP
6ROLL

7ROLL

8ROLL

ROLL

ROLLDRCP

ROLLSWAP
#1+ROLL

Iso called DROPSWAPDROP and XYZ>Y.
1 2 3 ® 2 1 3
Also called XYz>YXz.

( 1 2 ® 2 1
( 1 2 ® 2 1 1
( 1 2 ® 2 1 2
( 1 2 ® 2
Also called XY>Y.

1 2 ® 2 2
( 1 2 3 ® 3 1
Also called XYz>zX.
( 1 2 3® 3 2 1
Also called UNROTSWAP and XYZ>ZYX.
( 1 2 3 4 ® 2 4 3
Also called XYZWsYWZX.
( 1 2 ® 2 1 2
Also called DUPUNROCT.
( 1 2 3® 1 3 2
( 1 2 3 4 ® 3 4 1
( 1 2 3® 2 3 1
( 1 2 3® 2 3 1
( 1 2 3® 2 3 1
( 1 2 3 ® 2 3
Also called XYz>Yz.
( 1 2 3 ® 3 2
( 1 2 3 ® 2
A
(

( 1 2 3 ® 3

Also called UNROT2DROP and XYZ>Z.

( 1 2 3® 2 3 1
( 1 2 3 4 ® 2 3 4

Also called FOURROLL and XYZWYZWK.

( 1 2 3 4 ® 2 3 4
( 1 2 3 4 ® 2 3 1
( 1 2 3 4 ® 2 4 1
Also called FOURROLLROT.

( 1 2 3 4 ® 2 3 4
(12 3 4 5 ® 2 3 4
Also called FI VEROLL.

(12 3 4 5 ® 2 3 4
( 1 .. 6 ® 2 6
Also called SI XROLL.

( 1 .. 7 ® 2 .. 7
Also called SEVENROLL.

( 1 .. 8® 2 .. 8
Also called EI GHTROLL.

( 1 .. n # ® 2 n
( 1 n #n ® 2 n
( 1 n #n ® 2 n-1
(ob 1 n #n ® 1 n
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Address Word

Stack and notes

61318
612DE
612CC
60FAC

62CF5
6284B

6112A

60F33

60FOE

6308D
6109E

62D09
6113C

63015
610C4

610FA

62BC4

63119
6312D
0339E
61353
61365
6133E
6132C
032C2
62CCD
62031

63105
63C90
63FBA
611FE
62EDF
630B5
63C68
6121C
62EF3
63069
6123A

#2+ROLL
#+ROLL
#- ROLL
UNROT

UNROTDUP
UNROTDROP

UNROT 2 DROP

UNROTSVWAP

UNROTSWAPDRO

UNROTOVER
4UNRCLL

4UNROLLDUP
4UNROLL3DROP

4UNROLLROT
5UNRCLL

6UNROLL

7UNROLL

8UNROLL
10UNROLL
UNRCLL
#1+UNROLL
#2+UNROLL
#+UNROLL
#- UNROLL
OVER
OVERDUP
OVERSWAP

OVER#2+UNRCLL
OVERSPI CK
20VER

3PI CK

3Pl CKSWAP
3Pl CKOVER
3PI CK3PI CK
4P1 CK

4P1 CKSWAP
4Pl CKOVER
5PI CK

(ab 1 n f.n ® b 1 .. n a
(1 ... ntm #n #m ® 2 . ntm 1
(1 ..nmm#fM#fMm® 2 .. n-m 1

( 1 2 3® 3 1 2

Also called 3UNROLL and XYZ>ZYX

( 1 2 3® 3 1 2 1

( 1 2 3 ® 3 1

Also called SWAPDROPSWAP and XYZ>ZX.

( 1 2 3 ® 3

Also called ROTROT2DROP and XYZ>Z.

( 1 2 3® 3 2 1

Also called SWAPROT and XYZ>ZXY.

( 1 2 3 ® 3 2

Also called Xyz>zy.

( 1 2 3® 3 1 2 1

( 1 2 3 4 ® 4 1 2 3
Also called FOURUNRCLL and XYZW-WKYZ.

( 1 2 3 4 ® 4 1 2 3 3
( 1 2 3 4 ® 4

Also called Xyzwew

( 1 2 3 4 ® 4 3 2 1
(12 3 4 5 ® 5 1 2 3 4
Also called FI VEUNROLL.

( 1 .. 6 ® 6 1 5
Also called SI XUNRCLL.

( 1 .. 7 ® 7 1 6
Also called SEVENUNROLL.

( 1 .. 8 ® 8 1 7

( 1 .. 10® 10 1 9

( 1 n #in ® n 1 .. n-1
(ob1 .. n #n ® n ob 1 n-1
(ab1 .. n #N ® n a 1 n-1
(1 n+m #n #m ® n+m 1 n+m-1
(1 ..n-m# #M® n-m 1 ... n+tm-1
( 1 2 ® 1 2 1

( 1 2® 1 2 1 1

( 1 2 ® 1 1 2

Also called OVERUNROCT.

(1 .. n #n ob ® ob 1 .. n #n
( 1 2 3 4 ® 1 2 3 4 3
( 1 2 3 4 ® 1 2 3 4 1
( 1 2 3® 1 2 3 1

( 1 2 3® 1 2 1 3

( 1 2 3® 1 2 3 1 3
( 1 2 3® 1 2 3 1 2
( 1 2 3 4 ® 1 2 3 4 1
( 1 2 3 4 ® 1 2 3 1 4
( 1 2 3 4 ® 1 2 3 4 1
(12 3 4 5® 1 2 3 4 5
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Address Word

Stack and notes

6125E
61282
612A9
032E2
611A3
611BE
611D2
611E1
61184
61172

6Pl CK
7PI CK
8PI CK
Pl CK
#1+Pl CK
#2+Pl CK
#3+Pl CK
#4+P| CK
#+Pl CK
#- Pl CK

AN AN AN AN AN AN AN AN AN/

P

1 ... 6
1 ... 7
1 8
n #n

n #n-1

n #n-2

n #n-3

n #n-4

. n+m #n #m

. n-m #n #m

PR R R
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Chapter 30
Checking for arguments

Address Word Description

18AEl CKO Saves current command to LASTCKCVD. Verify

18AA5 K1 that there are at least <n> objects in the

18A80 K2 stack, if not generates a “Too Few Argu-

18A5SB CK3 ments’’error. Saves stack mark to STACKMARK.

1222% gg If Last Arg is enabled then saves the argu-
ments.

16C34 CKN Checks for a real in level one. Then checks for
that number of arguments.

18A15 CKONCLASTWD

18AB2 CK1INCOLASTWD

igﬁgg %ﬁﬁg% Like the above, but does not save current

18BOF  CK4NQLASTWD ~ command.

18B7A CK5NOLASTWD

18C4AA CKNNOLASTWD

18F9D CK&DI SPATCHO  Dispatches on stack argument. See Chapter 4
for instructions on how to use.

18FB2 CK&DI SPATCHL  Dispatches on stack arguments, stripping
tags if necessary.

18ECE CK1&Di spat ch

18EDF CK2&Di spat ch

18EFO0 CK3&Di spatch ~ Combines CK<n> with CK&DI SPATCH1.

18F01 CK4&Di spat ch

18F12 CK5&Di spat ch

S5EA09 CKI'NFARGS Gets meta as argument and checks its length
(using DEPTH), and errors if it is too short.
Collects the arguments to a list, does
CKLNOLASTWD, and explodes the meta again.

1884D OLASTOADGH! Clears command save by last CK<n> com-
mand.
Also called OLast Rowwor d! .

40BC9 At User St ack CKONCLASTWD OLASTONDCOB!

1592D CK1NoBI ane OLASTOADOB! CKLINOLASTWD ;
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Address  Word Description

62474 " RSAVEWORD Stores first object in the composite above the
actual to LASTCKCMD.
Also called ' RSaveRonm d.

18F23 Eval NoCK (comp® ?)
Evaluates composite without saving as cur-
rent command. If first command is
CK<n>&Di spat ch it is replaced by
CK&DI SPATCHL. If first command is CK<n> it is
skipped.

18F6A (Eval NoCK: ) Eval NoCK with the next object in the run-
stream as argument.

30.1 Type checking

The words below check for a specified argument type, and call
SETTTYPEERR if it is of the wrong type, i.e., a “Bad Argument Type™ error is

generated.

Address Word Stack and description

63B2D CKREAL ( ob ® ob )
Checks for real.

193C1 (CKARRY) ( ob ® ob )
Checks for array.

194BB (CKRARRY) ( ob ® ob )
Checks for real array.

194D9 (CKCARRY) ( ob ® ob )
Checks for complex array.

19443 (CKLI ST) ( ob ® ob )
Checks for list.

20BEO (CKNANELI ST) ( ob ® ob )

Checks for non-empty list of names.

1945C (CKLI STTYPE) ( ob #prolog ® ob )
Checks for non-empty list of certain type.

1F05B CKSYMBTYPE ( ob ® ob )
Checks for quoted name (name as symbolic).
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Address  Word Stack and description

54C63 nmet asyms ( meta ® meta )
Checks for meta containing %, C%, unit, id,
lam or symb.

19207 (CKNFLOATS) (obl ... obn any #n ® obl ... obn any #n zero )

Checks for #n floats (F%)
zero = C%0 if at least one float was complex,
otherwise it is %0.
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Chapter 31
Temporary environments

31.1 Built-in ids and lams

Address Word Disassembly
15777 NULLI D Null identifier
34D30 NULLLAM Null lam

211B4 (I D_CST) ID CST

225M4 (ID_S) ID S

3FACF (I D_SKEY) ID SKEY

3FAES (LAM_SKEY) LAM SKEY

4AB1C I D_X ID X

4744F "1 DX o IDX;
4AB59 IDY IDY

41A39 (" i dUser Keys) .. ' 1D UserKeys ;
41A43 (I D_User Keys) I D UserKeys

41A5F (" i dUser Keys.) i1 ' UserKeys. CRC ;
4169 (I D_User Keys. ) I D User Keys. CRC
1576C (I D_EQ I'D EQ

2C1FD (I D_SI GVADAT) I D \ 85DAT (SDAT)
549DB (I an dvar) LAM ' dvar

5127E (' 1 D_PPAR) :: " I D PPAR ;

31.2 Conversion words

Address Word Stack

05B15 $>ID ( $ ® id )
63295 DUP$>I D ( $ ® %$id)
05AED (I D>LAM ( id ® lam )
05B01 (LAM>1 D) ( lam ® id )
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31.3 Temporary environments words

Address  Word Stack and description
074D0 BI ND (obn ...obl{lamn ... lam1}® )
Binds n objects to n differently named lams.
074E4 DOBI ND (obn ...obl lamn ... laml #n ® )
Binds n objects to n differently named lams.
634CF 1LAVBI ND ( ob ® )
Binds one object to a null named lam.
634CA DUP1LAMBIND  ( ob ® ob )
Does DUP then 1LANMBI ND.
07497 ABND ( ® )
Abandons topmost temporary environment.
61CE9 CACHE (obn ... obl #n lam ® )
Binds all objects under the same name. 1LAM
has the count.
61EA7 DUMP ( NULLAM® ob1 ... obn #n)
Inverse of CACHE. Always does garbage collec-
tion.
6141 SAVESTACK ( ® )
Caches stack to SAVELAM
61F8F undo ( ® )
Dumps SAVELAM
07943 @AM ( lam ® ob TRUE )
( lam ® FALSE )
Tries recalling object from lam. If successful,
returns object and TRUE, otherwise returns just
FALSE.
07D1B STOLAM ( ob lam ® )
Tries storing object in lam. Generates “Unde-
fined Local Name™ error if not found.
02FD6 (DoLam) ( lam ® ob )
( lam ® lerror! )

Tries recalling object from lam, generates “Un-
defined Local Name”’error if not found.
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Address  Word Stack and description

078E9 (@AML) ( lam ® ob TRUE )
( lam ® FALSE )
@AMfor first environment only.

078F5 (@AWN) ( lam #n ® ob TRUE )
( lam #n ® FALSE )
@AMfor nth environment only.

61745 DUPTEMPEVN ( ® )
Duplicates topmost temporary environment
(clears protection word).

075A5 GETLAM ( #n ® ob )
Gets contents of nth topmost lam.

613B6 1GETLAM

613E7 2GETLAM

6140E 3GETLAM

61438 4GETLAM

6145C 5GETLAM

6146C 6GETLAM

6147C 7GETLAM

6148C 8GETLAM

6149C 9GETLAM

614AC 10GETLAM

614BC 11GETLAM (® ob)

614CC 12GETLAM These words get the specified lam contents.

614DC 13GETLAM

614EC 14GETLAM

614FC 15GETLAM

6150C 16GETLAM

6151C 17GETLAM

6152C 18GETLAM

6153C 19GETLAM

6154C 20GETLAM

6155C 21GETLAM

615GC 22CGETLAM

075E9 PUTLAM ( ob #n ® )
Stores new contents to nth topmost lam.

615E0 1PUTLAM

615F0 2PUTLAM

61600 3PUTLAM

61615 4PUTLAM

61625 5PUTLAM

61635 6PUTLAM (ob®)

61645 7PUTLAM These words store a new contents to specified

61655 8PUTLAM lam.

61665 9PUTLAM

61675 10PUTLAM

61685 11PUTLAM
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Address  Word Stack and description

61695 12PUTLAM

616A5 13PUTLAM

616B5 14PUTLAM

616C5 15PUTLAM

616D5 16PUTLAM (ob® )

616E5 17PUTLAM These words store a new contents to specified

616F5 18PUTLAM lam.

61705 19PUTLAM

61715 20PUTLAM

61725 21PUTLAM

61735 22PUTLAM

61610 DUP4PUTLAM ( ob ® ob )
Does DUP then 4PUTLAM

634B6 1GETABND ( ® 1lamob )
Does 1GETLAMthen ABND.

62DB3 1ABNDSWAP ( ob ® 1llamob ob )
Does 1GETABND then SWAP.

62F07 1GETSWAP ( ob ® 1llamob ob )
Does 1GETLAMthen SWAP.

55288 1GETLAMBWPL+  ( # ® 1llamob #+1 )
Does 1GETLAMthen SWAP#+.

632E5 2GETEVAL ( ® 2 )
Does 2GETLAMthen EVAL.

61708 GETLAMPAI R (#n ® #n ob lam FALSE)
(#n ® #n TRUE)
Gets lam contents and name (10 = 1lam,
20 = 2lam, etc.)

34D30 NULLLAM ( ® NULLAM )
Puts NULLLAMInN the stack.

34D2B INULLLAM } ( ® {} )
Puts a list with one NULLLAMIn the stack.

37DB9 (2NULLLAM}) ® {} )
Puts a list with two NULLLAMs in the stack.

37B17 (BNULLLAM})  ( ® {} )
Puts a list with three NULLLAMs in the stack.

52D26 ANULLLAM } ( ® {} )

Puts a list with four NULLLAMs in the stack.

143



Address  Word Stack and description

3306C (7NULLLAM })  ( ® {} )
Puts a list with seven NULLLAMs in the stack.

10E36 (8NULLLAM })  ( ® {3} )

Puts a list with eight NULLLAMs in the stack.
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Chapter 32
Error handling

32.1 General words

Address Word Stack and description
141E5 ERRBEEP ( ® )
Beeps.
04CE6 ERROR@ ( ® # )
Returns current error number.
04D06 ERRORSTO ( # ® )
Stores new error number.
6383A ERRCOROUT ( # ® )
Stores new error number and does ERRJVP.
04D33 ERRORCLR ( ® )
Stores zero as new error number.
04ED1 ERRIMP ( ® )
Invokes error handling sub-system.
04E07 GETEXI TMSG ( ® $ )
Gets EXI TMSG (user defined error message).
04E37 EXI TMSGSTO ( $ ® )
Stores $ as EXI TMSG.
1502F DOHEXI T ( # ® )
Stores new error number, does At User St ack
and then ERRIVP.
15007 DOYEXI T ( % ® )
Same as above, but takes real number as
argument.
1501B (DOHXSEXI T) ( hxs ® )

Same as above functions, but input is hxs.
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Address  Word Stack and description
15048 DOSEXI T ( $ ® )
Stores string as EXI TMSG, #70000 as error
number, does AtUserStack and then
ERRJMP.
04EA4 ABORT ( ® )
Does ERRORCLR and ERRIMP.
04E5E ERRSET ( ® )
Sets new error trap.
04EB8 ERRTRAP ( ® )
Error trap marker.
13FE5 (SAVEERRN) ( ® )
Saves error number to last error.
1400E (ERRO) ( ® )
Clears last error.
14039 (ERRN) ( ® # )
Returns last error number.
1404C (ERRN>HXS) ( ®  hxs )
Returns last error number as hxs.
14065 (ERRV) ( ® 3% )
Returns last error message.
04087 JstGet THEMESG ( # ® $ )
Fetches message from message table. To get
a message from a library, use the formula:
libnum*#100+msgnum.
04D64 CETTHEMESG ( # ® $ )
If #70000 then does GETEXI TMSG, else does
Jst GETTHEMESG
04DD7 (SPLI TMSGH) ( #msg ® #error #libnum )

Splits message number into error and li-
brary numbers.
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32.2 Error generating words

Number Address Word Error message

001 04FB6 SETMEMERR Insufficient memory
002 04FC2 (SETDI RRECUR)  Directory Recursion
003 04FCE (SETUNDEFLAM)  Undefined Local Name
004 05016 SETROVPERR Undefined XLIB Name
006 04FAA (SETPOWERLOST)  Power Lost

008 04FDA (SETI NVCARD) Invalid Card Data
009 04FE6 (SETOBI NUSE) Object In Use

00A 04FF2 SETPORTNCTAV  Port Not Available
00B O4FFE (SETNOROOM) No Room in Port

00C 0500A (SETOBNOTI N) Object Not In Port
102 10F54 (NULLCHARERR)  Cant Edit Null Char.
103 10F64 (I NVFUNCERR) Invalid User Function
104 10F74 (NOEQERR) No Current Equation
106 10F86 SYNTAXERR Invalid Syntax

124 10FE6 (LASTSTKERR) LAST STACK Disabled
125 10FF6 (LASTCMVDERR) LAST CMD Disabled
126 10FCe NOHALTERR HALT Not Allowed
128 11006 (ARGNUVERR) Wrong Argument Count
129 11016 SETCI RCERR Circular Reference
12A 11026 (DI RARGERR) Directory Not Allowed
12B 11036 (EMPTYDI RERR)  Non-Empty Directory
12C 11046 (I NVDEFERR) Invalid Definition
12D 11056 (M SLI BERR) Missing Library

12E 10F96 (SETI NVPPAR) Invalid PPAR

12F 10FAG6 (SETNONERAL) Non-Real Result

130 10FB6 (SETI SOLERR) Unable to Isolate

13C 11066 (I DCONFERR) Name Conflict

201 18CC2 SETSTACKERR Too Few Arguments
202 18CB2 SETTYPEERR Bad Argument Type
203 18CA2 SETSI ZEERR Bad Argument Value
204 18C92 SETNONEXTERR Undefined Name

301 29DCC (POSFLOVERR) Positive Underflow
302 29DDC (NEGFLOVERR) Negative Underflow
303 29DEC (OVERFLONERR)  Overflow

304 29DFC SETI VLERR Undefined Result

305 29E0C (I NFRESERR) Infinite Result

BO1 10EEA (I N\VUNI TERR) Invalid Unit

B02 10EFA (CONSTUNI TERR)  Inconsistent Units
C12 2EC34 Set | OPARer r Invalid IOPAR

D04 0CBAE (NOALARVERR) Nonexistent alarm
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Chapter 33
Flags and tests

33.1 Flags
Address Word Stack and notes
5380E COERCEFLAG ( flag ® 9%1/%0 )
Converts user flag to system flag, drops cur-
rent stream.
2A7CF %0 <> Can be used as the opposite function.
03A81 TRUE ( ® TRUE
OBBED TrueTrue ( ® TRUE TRUE
634F7 TrueFal se ( ® TRUE FALSE )
Also called TRUEFALSE.
03AC0 FALSE ( ® FALSE )
6350B Fal seTrue ( ® FALSE TRUE )
Also called FALSETRUE.
2F934 Fal seFal se ( ® FALSE FALSE )
0BCO1 fail ed ( ® FALSE TRUE )
62103 DROPTRUE ( ob ® TRUE )
2F542 (2DROPTRUE) ( obl ob2 ® TRUE )
SF657 (3DROPTRUE) ( obl ob2 ob3 ® TRUE )
10029 (4DROPTRUE) ( oblob2ob30b4 ® TRUE )
6210C DROPFAL SE ( ob ® FALSE )
62B0B 2DROPFALSE ( obl ob2 ® FALSE )
SFS5E4 (4DROPFALSE)  ( oblob2 ob30b4 ® FALSE )
SF6B1 (5DROPFALSE) ( obl .. ob5 ® FALSE )
169A5 NDROPFAL SE ( obl ... obn #n ® FALSE )
4F1D08 SWAPTRUE ( obl ob2 ® o0b2oblTRUE )
21660 SWAPDROPTRUE  ( obl ob2 ® ob2 TRUE )
62EB7 XYZ>ZTRUE ( obl ob2 ob3 ® ob3 TRUE )
5DE41 (COLATRUE) ( ® TRUE )

Puts TRUE in the stack and drops rest of cur-
rent stream.

5DE55 RDROPFAL SE ( ® FALSE )
Puts TRUE in the stack and drops rest of cur-
rent stream.

03AF2 NOT ( flag ® flag” )
Returns FALSE if the input is TRUE, and vice-
versa.

03B46 AND ( flagl flag2 ® flag )

Returns TRUE if both flags are TRUE.

148



Address Word Stack and notes

03B75 OR ( flagl flag2z ® flag )
Returns TRUE if either flag is TRUE.

03ADA XOR ( flagl flag2z ® flag )
Returns TRUE if flags are different.

63B50 ORNOT ( flagl flag2z ® flag )
Returns FALSE if either flag is TRUE.

62C55 NOTAND ( flagl flag2z ® flag )
Returns TRUE if flagl is TRUE and flag2 is
FALSE.

62C91 ROTAND ( flaglobflag2 ® ob flag )

Returns TRUE if either flag is TRUE.

33.2 General tests

Address Word Stack and description

03B2E EQ ( obl ob2 ® flag )
Returns TRUE if both objects are the same, i.e., they
occupy the same physical space in memory. Only
the addresses of the objects are tested.

63508 2DUPEQ ( obl ob2 ® obl ob2 flag )
Does 2DUP then EQ

63605 EQOR ( flag obl ob2 ® flag” )
Does EQthen OR.

6303D EQOVER ( ob3 obl ob2 ® ob3 flag ob3 )
Does EQthen OVER

635F1 EQ ( ob ® flag )
EQwith the next object in the current stream.

635EC DUPEQ ( ob ® ob flag )
Does DUP then EQ .

03B97 EQUAL ( obl ob2 ® flag )
Returns TRUE if the objects are equal (but not nec-
essarily the same), i.e., their prologs and contents
are the same.

635C4 EQUALNGT  ( obl ob2 ® flag )
Returns TRUE if the objects are different.

63619 EQUALOR ( flag obl ob2 ® flag” )
Does EQthen OR.
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33.3 Object type tests

General object type tests:

Address  Word Stack and description

03C64 TYPE ( ob ® #prolog )
Returns address of prolog of object.

1CB90 XEQTYPE  ( ob ® ob %type )
System version of user word TYPE.

Specific object type tests:

Object Address No copy Address With copy
Real number 6216E TYPEREAL? 62169 DUPTYPEREAL?,
DTYPEREAL?
Complex number 62183 TYPECWP? 6217E DUPTYPECWP?
String 62159 TYPECSTR? 62154 DUPTYPECSTR?,
DTYPECSTR?
Array 62198 TYPEARRAY? 62193 DUPTYPEARRY?,
DTYPEARRY?
Real array 6223B TYPERARRY? Not available
Complex array 62256  TYPECARRY? Not available
List 62216 TYPELI ST? 62211 DUPTYPELI ST?,
DTYPELI ST?
Global identifier 6203A TYPEI DNT? 62035 DUPTYPEI DNT?
Local identifier 6221A TYPELAM? 62115 DUPTYPELAM?
Symbolic 621D7 TYPESYMB? 621D2 DUPTYPESYNMVB?
Hex string 62144 TYPEHSTR? 6213F DUPTYPEHSTR?
Grob 62201 TYPEGROB? 621FC DUPTYPEGROB?
Tagged 6222B TYPETAGGED? 62226 DUPTYPETAG?
Unit 6204F TYPEEXT? 6204A DUPTYPEEXT?
ROM Pointer 621AD TYPEROWP? 621A8 DUPTYPEROWP?
Binary integer 6212F TYPEBI NT? 621DB DUPTYPEBI NT?
Directory 621C2 TYPERRP? 621D2 DUPTYPERRP?
Character 62025 TYPECHAR? 62020 DUPTYPECHAR?
Program 621EC TYPECOL? 621E7 DUPTYPECOL?,
DTYPECOL?
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Chapter 34
Runstream control

Note: see Chapter 6 for more detailed explanations of some commands

listed below.

Address Word Stack and description

06E86 NOP ( ® )
No operation.

06EEB 'R ( ® ob )
Pushes next object in return stack (i.e., the
first object in the composite above this one)
to the stack (skipping it). If top return stack
is empty (contains SEM ), a null secondary is
pushed and the pointer is not advanced.

06F66 ' REVAL ( ® ? )
Does ' Rthen EVAL.

639DE "RR ( ® obl ob2 )
Does ' Rtwice.

61B89 ticR ( ® ob TRUE )
( ® FALSE )
Pushes next object in return stack to stack
and TRUE, of just FALSE if the top return
stack body is empty. In this case, it is
dropped.

06F9F >R ( = ® )
Pushes :: to top of return stack (skips prolog,
i.e., the composite will be executed auto-
matically).
Creates and pops a secondary from top re-
turn stack body to stack.

07012 R@ ( ® :: )
Like the above, but the return stack is not
popped.
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Address  Word Stack and description
0716B | DUP ( ® )
Pushes top body into return stack.
06F86 EVAL ( ob ® ? )
Evaluates object.
EVAL just pushes a list back, this one exe-
cutes it.
61B45 2@REVAL ( ® ? )
EVALs first object in the stream above the
previous one.
61B55 3@REVAL ( ® ? )
EVALs first object in the stream above the
stream above the previous one.
619CB Goro ( ® )
Jumps to next address in stream. Address is
a five-nibble address, not a system binary.
Can only be used to jump to the middle of
programs, cannot jump to a program prolog.
619E0 ?2GOTO ( flag ® )
If TRUE, jumps, else skips five nibbles.
619F3 NOT?GOTO ( flag ® )
If FALSE jumps, else skips five nibbles.
14EA5 RDUP ( ® )
Duplicates top return stack level.
06FB7 RDRCP ( ® )
Pops the return stack.
6114E 2RDRCP ( ® )
Pops two return stack levels.
61160 3RDRCP ( ® )
Pops three return stack levels.
632F9 DROPRDRCP ( ob ® )
Does DROP then RDRCP.
62958 RDROPCOLA ( ® )

Does RDROP then COLA.
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Address  Word Stack and description
S4CAF (RDROPCOLATRUE)  ( ® TRUE )
Does RDROP then COLATRUE.
60EBD RSWAP ( ® )
Swap in the return stack.
14F2A (RROLL) ( #n ® )
Rolls nth return stack level to top of return
stack.
63880 RSKI P ( ® )

Skips first object in the return stack (i.e.,
the first object in the composite above this
one).

34.1 Quoting objects

Address Word Stack and description

06E97 ( ® nob )
Pushes next object in the stream to the stack
(skipping it.)

63925 DUP ( ob ® ob nob )
Does DUP then ' .

6394D DROP' ( ob ® nob )
Does DROP then '

63939 SWAP' ( obl ob2 ® o0b2 obl nob )
Does SWAP then '

63961 OVER ( obl ob2 ® obl ob2 obl nob )
Does OVER then '

63975 STO ( ob idllam ® nob )
Does STOthen ' .

63989 TRUE ( ® TRUE nob )
Pushes TRUE and the next object to the stack.

639B6 FALSE' ( ® FALSE nob )

Pushes FALSE and the next object to the stack.
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Address  Word Stack and description

6399D ONEFALSE' ( ® #1 FALSE npob )
Pushes ONE, FALSE and the next object to the
stack.

639CA #1+' ( # ® #+1 nob )

Does #1+ then ' .

632BD ' NOP ( ® NGP )
Pushes NOP to the stack.

63155 " ERRIMP ( ® ERRJMP )
Pushes ERRIMP to the stack.

3A9B8 ' DROPFALSE ( ® DROPFALSE )
Pushes DROPFALSE to the stack.

3FDFE ' DoBadKey ( ® DoBadKey )
Pushes DoBadKey to the stack.

3FE12 ' DoBadKeyT ( ® DoBadKey TRUE )
Pushes DoBadKey and TRUE to the stack.

63B5A ' X* ( ® x* )
Pushes x* (user word *) to the stack.

63B6E ' xDER ( ® xDER )
Pushes xDER (user word ? ) to the stack.

5129C ' | DFUNCTI ON ( ® XFUNCTI ON )
Pushes x FUNCTI ON (user word FUNCTI ON) to the
stack.

512C4 ' | DPOLAR ( ® xPOLAR )

Pushes xPOLAR (user word POLAR) to the stack.

512B0 (" xCONI Q) ( ® xCONI C )
Pushes x CONI C (user word CONI C) to the stack.

51208 " | DPARAMETER  ( ® XPARAMETRI C )

Pushes xPARAMETRI C (user word PARANVETRI Q)
to the stack.

512EC (" XTRUTH) ( ® XTRUTH )
Pushes x TRUTH (user word TRUTH) to the stack.

51300 (' XSCATTER) ( ® XSCATTER )
Pushes xSCATTER (user word SCATTER) to the
stack.
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Address

Word

Stack and description

51314

51328

(' xH STOGRAM)

(' XBAR)

( ®  xH STOGRAM )

Pushes xHI STOGRAM (user word HI STROGRAM to
the stack.
( ® XBAR )

Pushes xBAR (user word BAR) to the stack.

34.2 Skipping objects

Address Word Description

06FD1 COLA Evaluates next object and drops remainder
of this stream.

63A15 ONECOLA Does ONE then COLA.

63312 SWAPCOLA Does SWAP then COLA.

63326 XYZ>ZCOLA Does UNROT2DROP then COLA.

61A6D COLA_EVAL Returns and EVAL. (EVALs first object in pre-
vious stream).

6296D COLACOLA Drops the remainder of the current stream
and does COLA in the above one.

0714D SKI P Skips next object in the runstream.

0715C (2sKi P) Skips next two objects in the runstream.

283D8 (3ski P) Skips next three objects in the runstream.

21CA7 (MENBKI P) (ob ® #nextaddress )

62CEE ski pcol a Does SKI P then COLA.

626E5 2ski pcol a Does 2SKI P then COLA,

626DC 3ski pcol a Does 3SKI P then COLA.

626AE 5ski pcol a Skips five objects, then does COLA.

633B2 COLASKI P Drops remainder of current stream and
skips first object in the above stream.

2834 (COLAski pcol a)  Drops remainder of current stream, exe-

cutes ski pcol a in the above one.
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Chapter 35
Conditionals

How to read the diagrams below: what3 on the left side of the arrow
represents the stack. obl and ob2 are different objects. f1 and f2 are different
flags, T represents TRUE and F, FALSE. #m and #n represent two binary inte-
gers, #m being smaller than #n. #set means the a flag is set, #clr means it is
cleared. On the right of the arrow, the objects which will be executed are rep-
resented. The initial stream has the form:

<test> <obl> ... <obn> ;

In the diagrams, <r est > represents everything after the object before.

For the case words, most of the times their names are enough to show
their actions. Their names have up to three parts: the initial actions, written
before case, which represent what is done before the test. Thus, NOTcase is
equivalent to NOT then case. The final part can be of two types: the first type
is written with lowercase letters, like casedr op. Those actions are done if the
test is TRUE, along with the other object(s) specified by the user. So, the code
below

casedrop <IfTrueAction> <|fFal seAction> ...

can be rewritten as

case :: DROP <IfTrueAction> ; <IfFalseAction> ... ;

The second type is written with uppercase letters. It means that the
object(s) following are the conditions to be executed if the test is TRUE. For ex-
ample, the code below

caseDROP <IfFal seAction> ...

is equivalent to

case DROP <IfFal seAction> ... ;
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35.1 Flag tests

Address Word Action
61A3B ?SEM ( T ® :
( F ® <obl> <rest> ;
61A2C NOT?SEM ( T® <obl> <rest> ;
( Fo s
638E4 ?SEM DROP ( ob T ® ob ;
( ob F ® <obl> <rest> ;
61B72 NOT? DRCOP ( ob T ® ob <obl> <rest> ;
( ob F ® <obl> <rest> ;
62F1B ?SWAP ( obl ob2 T ® :: ob2 obl <obl>
<rest> ;
( obl ob2 F ® obl ob2 <obl>
<rest> ;
62D9OF ?SKI PSWAP (obl ob2 T ® obl ob2 <obl>
<rest> ;
( obl ob2 F ® ob2 obl <obl>
<rest> ;
62F5C ? SWAPDROP (obl ob2 T ® obl <obl> <rest> ;
( obl ob2 F ® ob2 <obl> <rest> ;
62F43 NOT?SWAPDROP  ( obl ob2 T ® ob2 <obl> <rest> ;
( obl ob2 F ® obl <obl> <rest> :
070FD RPI'T ( T ob ® ob <obl> <rest> ;
( F ob ® <ob1> <rest> ;
070C3 RPI TE ( T obl ob2 ® ob2 <obl> <rest> ;
( F obl ob2 ® obl <obl> <rest> ;
61A86  COLARPI TE ( T obl ob2 ® obl ;
( F obl ob2 ® ob2 ;

61AE9 2" RCOLARPI TE  Returns to composite above and does | TE there.

619BC 1T ( T ® <obl> <rest> ;
( F ® <o0b2> <rest> ;
0712A ?SKI P ( T ® <ob2> <rest> ;
Or NOT_IT ( F ® <obl> <rest> ;

61AD8 I TE ( T ® <obl> <0b3> <rest> ;
( F ® <ob2> <rest> ;
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Address Word Action
6381C COLAI TE ( T ® :: <obl>;
( F ® :: <ob2>;
61A58 | TE_DRCP ( ob T ® :: <ob2> <rest> ;
( ob F ® :: ob <obl> <rest> ;
63E61 ANDI TE ( f1 f2 ® :: <obl> <ob3> <rest> ;
( fl f2 ® :: <ob2> <rest> ;
61993 case ( T ® :: <obl> ;
( F ® :: <ob2> <rest> ;
619AD NOTcase ( T ® :: <ob2> <rest> ;
( F ® :: <obl>;
63CEA ANDcase ( fl 2 ® : <obl> :
( fl1 f2 ® :: <ob2> <rest> ;
63DDF ANDNCTcase ( fl f2 ® :: <obl> ;
( fi f2 ® :: <ob2> <rest> ;
629BC ORcase ( fl f2 ® :: <obl> ;
( fl f2 ® :: <o0b2> <rest> ;
618F7 casedrop ( ob T ® :: <obl>;
( ob F ® :: ob <ob2> <rest> ;
618E8 NOTcasedr op ( ob T ® :: ob <ob2> <rest> ;
( ob F ® :: <obl>;
6191F case2drop (obl ob2 T ® :: <obl>;
( obl ob2 F ® :: obl ob2 <ob2>
<rest> ;
61910 NOTcase2drop ( obl ob2 T ® obl ob2 <ob2>
<rest> ;
( obl ob2 F ® <obl> ;
6194B caseDROP ( ob T ® ;
( ob F ® ob <obl> <rest> ;
61960 NOTcaseDROP ob T ® ob <obl> <rest> ;
( ob F® ;
638B2 casedrptru ( ob T ® TRUE
( ob F ® ob <obl> <rest> ;

Note: should be caseDRPTRU.
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Address Word

Action

6356A casedrpfls ( ob T ® FALSE )
( ob F ® ob <obl> <rest> ; )
Note: should be caseDRPFLS.
63AEC NOTcsdr pfl s ( ob T ® ob <obl> <rest> ; )
( ob F ® FALSE )
Note: should be NOTcaseDRPFLS.
61970 case2DROP (obl ob2 T ® ; )
( obl ob2 F ® obl ob2 <ob2> )
<rest> ;
61984 NOTcase2DROP  ( obl ob2 T ® obl ob2 <obl> )
<rest> ;
( obl ob2 F ® ' )
63583 case2drpfls ( obl ob2 T ® FALSE )
( obl ob2 F ® obl ob2 <obl> )
<rest> ;
Note: should be case2DRPFLS.
634E3 caseTRUE ( T ® TRUE )
( F ® <obl> <rest> ; )
638CB NOTcaseTRUE  ( T ® <obl> <rest> ; )
( F ® TRUE )
6359C caseFALSE ( T ® FALSE )
( F ® <obl> <rest> ; )
5FB49 NOTcaseFALSE  ( T ® <obl> <rest> ; )
( F ® FALSE )
35.2 Binary number tests
Address Word Action
6336C #=?SKI P ( #m #m ® <ob2> <rest> ; )
( #m #n ® <obl> <rest> ; )
63399 #>?SKI P ( #m #n ® <obl> <rest> ; )
( #n #m ® <ob2> <rest> ; )
62C2D #=I TE ( #m #m ® <obl> <ob3> <rest> ; )
( #m #n ® <0ob2> <rest> ; )
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Address Word Action
63E9D #<I TE ( #m #n ® <obl> <0b3> <rest> ;

( #n #m ® <0ob2> <rest> ;
63EB1 #>1 TE ( #m #n ® <o0b2> <rest> ;

( #fn #m ® <ob1> <ob3> <rest> ;
6186C #=case ( #m #m ® <obl> ;

( #m #n ® <0ob2> <rest> ;
6187C OVER#=case ( #m #m ® #m <obl> ;

( #m #n ® #m <ob2> <rest> ;
618D3 #=casedr op ( #m #m ® <obl> ;

( #m #n ® :: #m <ob2> <rest> ;

Note: Should be OVER#=casedr op.
63547 #=casedrpfls ( #m #m ® FALSE

( #m #n ® #m <obl> <rest> ;

Should be OVER#=caseDRPFLS.
63D3A #<>case ( #m #m ® <ob2> <rest> ;

( #m #n ® <obl> ;
63D12 #<case ( #m #n ® <obl> ;

( #n #m ® <ob2> <rest> ;
63D67 #>case ( #m #n ® <0b2> <rest> ;

( #n #m ® <obl> ;
61A18 #0=?SEM ( #0 ® ;

( # ® <obl> <rest> ;
6333A #0=7SKI P ( #0 ® <0b2> <rest> ;

( # ® <obl> <rest> ;
63E89 #0=I TE ( #0 ® <obl> <0b3> <rest> ;

( # ® <ob2> <rest>
63E48 DUP#0=I T ( # ® #0 <obl> <rest> ;

( # ® # <ob2> <rest> ;
63ECS DUP#0=I TE ( #0 ® . #0 <obl> <0b3>

<rest> ;

( # ® # <ob2> <rest>
61896 #0=case ( #0 ® <obl> ;

( # ® <0b2> <rest> ;
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Address Word Action

61891 DUP#0=case ( #0 ® #0 <obl> ; )
( # ® # <ob2> <rest> ; )
618A8 DUP#0=csedrp ( #0 ® <obl> ; )
( # ® # <ob2> <rest> ; )
63CBD DUP#0=csDROP  ( #0 ® ; )
( # ® # <obl> <rest> ; )
63D26 #l=case ( #1 ® <ob1l> ; )
( # ® <ob2> <rest> ; )
63353 #1=7SKI P ( #l ® <ob2> <rest> ; )
( # ® <obl> <rest> ; )
63D4E #>2case ( #OMH#1/#2 ® <ob2> <rest> ; )
( # ® <obl> ; )

35.3 Real and complex numbers tests

The function nunD=case means either %0 or C%0. And so does the
other ones. All the words except j %9=case make a copy of the object first.

Address Word Action
5F127 %®=case ( %0 ® % <obl> ; )
( obh ® ob <ob2> <rest> ; )
63D7B ] YO=case ( %0 ® <ob1l> ; )
( obh ® <oh2> <rest> ; )
5F13B C¥®=case ( C%0 ® CY%® <obl> ; )
( obh ® ob <ob2> <rest> ; )
SFOFA nunD=case ( 0 ® 0 <obl> ; )
( obh ® ob <ob2> <rest> ; )
5F181 Yd=case ( %1 ® %4 <obl> ; )
( obh ® ob <ob2> <rest> ; )
5F19F C¥d=case ( C%l ® 4 <obl> ; )
( obh ® ob <ob2> <rest> ; )
5F154 numl=case ( 1 ® 1 <obl> ; )
( obh ® ob <ob2> <rest> ; )
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Address Word Action
5F1EA Y%R=case ( %2 ® %2 <obl> ; )
( ob ® ob <ob2> <rest> ; )
5F208 C¥2=case ( C%2 ® C%2 <obl> ; )
( ob ® ob <ob2> <rest> ; )
5F1BD nun=case ( 2 ® 2 <obl> ; )
( ob ® ob <ob2> <rest> ; )
5F267 % l=case ( %1 ® % 1 <obl> ; )
( ob ® ob <ob2> <rest> ; )
5F285 C% l=case ( C%1 ® C% 1 <obl> ; )
( ob ® ob <ob2> <rest> ; )
5F23A num l=case ( 1 ® -1 <obl> ; )
( ob ® ob <ob2> <rest> ; )
SEEDB  (REALNEGcase) ( %<0 ® % <obl> ; )
( ob ® ob <ob2> <rest> ; )
35.4 Meta object tests
Address Word Action

5FBE6

SEFD9
5EF15
5EFF9
5F048
5F061
549EC

5EF2E
5EF41
5EF54
SEF67
SEFAO
58ADE
5EFB3
5EF7A
SEF8D
5EFC6
5EE10

(pi ck1#0=case)

MEQLst case
AEQLst case
MEQopscase
AEQopscase
M di1st case

(Met aConcase)

(MLst +case)
(Mist - case)
(MLst *case)
(MLst / case)
(MLst ~case)
(M 1pot case)
(MLst SQcase)
(MLst NEGcase)
(MLst | NVcase)

(MLst FNCcase)
M 1st casechs

(#0 M ® COLA)

(obM® SKIP)

Meta&obl ob2 ® obl=0b2 ? case
Meta&ob ® ob=nob ? case

Metal&obl Meta2&0b2 ob3 ®
Metal&obl Meta2&0b2 ®

Meta&ob ® ob is id or lam ? case

( Meta ® Meta ) COLA if meta contains no
ids, lams, symbs or romptrs. Else SKI P.
Meta&+ ? case

Meta&- ? case

Meta&* ? case

Meta&/ ? case

Meta&” ? case

Meta&-1&”" ? case

Meta&SQ? case

Meta&NEG ? case

Meta&l NV ? case

Meta&FCNAPPLY ? case

Meta&NEG® Meta COLA ; Meta ® Meta SKI P
Meta&(%<0) ® Meta&ABS(%) COLA
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35.5 General object tests

Address Word Action
63E2F EQT ( obl obl ® <obl> <rest> ;
( obl obl ® <ob2> <rest> ;
63E75 EQ TE ( obl obl ® <ob1l> <o0b3>
<rest> ;
( obl ob2 ® <0ob2> <rest> ;
63CD6 j EQcase ( obl obl ® <obl> ;
( obl ob2 ® <ob2> <rest>
61933 EQcase ( obl obl ® obl <obl> ;
( obl ob2 ® obl <ob2> <rest> ;
Should be called O\/EREQcase
618BA EQcasedr op ( obl ob2 ® <obl> ;
( obl ob2 ® obl <ob2> <rest> ;
63CFE EQUALcase ( obl obl ® <ob1l> ;
( obl ob2 ® <ob2> <rest> ;
63DF3 EQUALNCTcase ( obl obl ® <o0b2> <rest> ;
( obl ob2 ® <obl> ;
63CA4 EQUALcasedr p ( oboblob2 ® <obl> ;
( oboblob2 ® ob <ob2> <rest> ;
517FE EQUALcasedr o ( obl ob2 ® <ob1l> ;
( obl ob2 ® obl <ob2> <rest> ;
Should be O\/EREQJALcasedr p.
5E984 nonopcase ( seco ® seco <ob2> <rest> ;
( ob ® ob <obl> ;
5F0AA i dnt case ( id ® id <obl> ;
( ob ® ob <ob2> <rest> ;
63E07 dl DNTNcase ( id ® id <ob2> <rest> ;
( ob ® ob <obl> ;
5F0CD i dntl antase ( idlam ® id <obl> ;
( ob ® ob <ob2> <rest> ;
63D8F REALcase ( % ® <obl> ;
( ob ® <ob2> <rest> ;
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Address Word Action

63E1B dREALNcase ( % ® % <0b2> <rest> :
( ob ® ob <obl> ;
63DA3 dARRYcase ( [] ® [] <obl> ;
( ob ® ob <ob2> <rest> ;
63DB7 dLI STcase ( {} ® {} <obl> ;
( ob ® ob <ob2> <rest> ;
27244 NOTLI STcase ( {} ® {} <ob2> <rest> ;
( ob ® ob <obl> ;
18E45 (DNOTSYMB?SEM ) ( symb ® synb <obl> <rest> ;
( ob ® ob ;
27254 NOTSECCcase ( seco ® seco <obh2> <rest> ;
( ob ® ob <obl> ;
27264 NOTROVPcase ( romp ® ronp <ob2> <rest> ;
( ob ® ob <obl> ;
27224 (DNOTBAKcase) ( bak ® bak <ob2> <rest> ;
( ob ® ob <obl> ;
27234 (DNOTLI Bcase) ( lib ® lib <ob2> <rest> ;
( ob ® :: ob <obl> ;
SEDFC  nunblstcase If %, C%, [ ] or [L] then COLA, else SKi P.
35.6 Miscellaneous
Address Word Action
63EDO User | TE ( #set ® <obl> <ob3> <rest> ; )
( #clr ® <ob2> <rest> ;
63EED Sysl| TE ( #set ® <obl> <0b3> <rest> ; )
( #clr ® <0ob2> <rest> ;
63BEB caseDoBadKey ( T ® DoBadKey ;
( F ® :: <obl> <rest>;
Also called caseDEADKEY.
63BD2 caseDr pBadKy ( obT ® :: DoBadKey ;
( obF ® :: ob <obl> <rest>;
63169 caseERRIMP ( T ® :: ERRIMP |
( F ® :: <obl> <rest>;
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Address Word Action

63B05 caseS| ZEERR ( T ® SI ZEERR ;
( F ® <obl> <rest> ;
63B19 NcaseSIZEERR (T @ <obl> <rest> ;
( F ® S| ZEERR ;
63B46 NcaseTYPEERR ( T ® <obl> <rest> ;
( F ® TYPEERR ;

165



Chapter 36
Loops

If you are using the HP Tools, you must take special care when you
use the words marked with an asterisk below. The compiler does not recog-
nize them, so if you simply use them, youll get errors like ‘DO without
LOOP” When you use one of them, insert DO or LOOP between ()3 just after
the word. This way, the compiler will not generate any errors. For example:

ZERO DO
DROPLOOP

ZERO DO (DO
*xx RIGHT **
DROPLOOP ( LOCP)

If you use JAZZ, you do not need to worry about that. Note that there
is no space after the parenthesis.

36.1 Indefinite loops

Address Word Stack and description
0716B | DUP ( ® )

Pushes top body into return stack.

071A2 BEGA N ( ® )
Pushes top body into return stack.

071AB AGAI N ( ® )
Copies return stack to top.

071E5 REPEAT ( ® )
Copies return stack to top.
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Address  Word Stack and description
071C8 UNTI L ( flag ® )
If FALSE then AGAI N, otherwise RDROP.
633C6 * NOT_UNTIL  ( flag ® )
NOT then UNTI L.
62B6F #0=UNTI L ( # ® #)
Actually, should be DUP#0=UNTI L.
071EE VHI LE ( flag ® )
If TRUE does nothing, otherwise RDROP then
2SKI P.
633DF NOT_WHI LE ( flag ® )
NOT then WHI LE.
633F8 DUP#O<>WHI LE  ( # ® )

36.2 Definite loops

Try to guess what it does.

Address Word Stack and notes

073F7 Do ( #stop #start ® )

073C3 * ZERO DO ( #stop ® )

6347F * DUP#0_DO ( #stop ® #stop )

073CE * ONE_DO ( #stop ® )

073DB * #1+ ONE_DO ( #stop ® )

63498 t oLEN_DO ( {} ® {} )
From ONE to #elements+1.

37BCB (ONE_DO_ARRY) ( [1 ® [l )
From ONE to #elements+1.

07334 LOOP ( ® )

073A5 +LOOP ( #  ® )
Increments index by specified number.

63466 * DROPLOOP ( ob ® )

6344D * SWAPLOOP ( obl ob2 ® ob2 obl )

54CB3 (SWAPDROPLOOP) ( obl ob2 ® 0b2 )

07321 (STOPLOOP) ( ® )
Destroys topmost loop environment.

07221 | NDEX@ ( ® # )
Recalls topmost loop counter value.

63411 DUPI NDEX@ ( ob ® ob # )

63425 SWAPI NDEX@ ( ob1 ob2 ® ob2 obl # )

63439 OVERI NDEX@ ( obl ob2 ® obl ob2 obl # )
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Address  Word Stack and notes

63790 | NDEX@ ( m ® = )

07270 | NDEXSTO ( 4 ® )
Stores new topmost loop counter value.

07249 | STOP@ ( ® # )
Recalls topmost loop stop value.

07295 | STOPSTO ( # ® )
Stores new topmost loop stop value.

5182F | STOP- | NDEX ( ® # )

07258 J1 NDEX@ ( ® # )
Recalls second topmost loop counter value.

072AD J1 NDEXSTO ( ¥ ® )
Stores new second topmost loop counter
value.

07264 JSTOP@ ( ® # )
Recalls second topmost loop stop value.

072C2 JSTOPSTO ( # ® )
Stores new second topmost loop stop value.

6400F Exi t At Loop ( ® )
Does not exit loop immediately. Just stores
zero as the stop value, so all objects until
the next LOOP will be evaluated.
Also called ZERO STOPSTO.

3F78C (DUPEXi t At LOOP)  ( ob ® ob ob )

3F/7EB (Exi t At LOOPDUP) ( ob ® ob ob )

4334F (DRPEXi t At LOOP)  ( ob ® )
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Chapter 37
Memory operations

37.1 Temporary memory

Address

Word

Stack and description

06657

62C69

37B44

63F7E

06B4E

06B3E

065D9

065E5

06BC2

TOTEMPOB

TOTEMPSWAP

CKREF

SWAPCKREF

| NTEMNOTREF?

(I NTEMP?)

(PTRREF?)

(REFERENCED?)

(NOTREF?)

( ob ® ob” )
Copies object to TEMPOB and returns
pointer to the new copy.

( obl ob2 ® ob2 obl )
Does TOTEMPOB then SWAP.

( ob ® ob” )

If object is in TEMPOB, is not embedded in a
composite and not referenced, does nothing.
Else copies it to TEMPOB and returns the

copy.

( obl ob2 ® ob2 obl )
Does SWAP then CKREF.

( ob ® ob flag )

If the object is in TEMPOB area, is not em-
bedded in a composite and is not referenced,
returns the object and TRUE, otherwise re-
turns the object and FALSE.

( ob ® ob flag )
Tests if object is in TEMPOB area and not in
a composite.

( ob ® ob flag )
Tests if object is referenced.

( ob ® ob flag )
Tests if object is referenced or in composite.

( ob ® ob flag )

Tests if object is not referenced or in compos-
ite. (:: REFERENCED? NOT ; )
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Address  Word Stack and description

06DDE (>TOPTEMPOB) ( ob ® ob” )
Moves object to top ob TEMPOB area. Does
not garbage collection.

064BD (UNREFORB) ( ob ® ob ob”)
Makes a standalone copy by moving refer-
ences to a new copy.

06406 (UNREFTEMP) ( obl ob2 ® obl ob”)
Moves references from ob2 to obl (obl in
TEMPOB area).

064E2 (UNREFI NTEMP) ( obl ob2 ® obl ob”)

Moves references from ob2 to obl (obl in
TEMPOB area). References to body of ob2 are
moved too.

37.2 Recalling, storing and purging

Address Word Stack and description

0797B @ ( idlam ® ob  TRE )
( idlam ® FALSE )
Basic recalling function.

62C05 DUP@ ( idlam ® id/lam ob  TRUE )
( id/lam ® id/lam FALSE )
Does DUP then @

62A34 SAFE@ ( idlam ®  ob TRUE )
( id/lam ® FALSE )
For lams does @ For ids does ?ROMPTR> to the ob
found.

SESEE (SAFE@VOT)  ( id ® ob FALSE )
( id ® TRUE )
Does SAFE@then NOT.

62A2F DUPSAFE@ ( idlam ® id/lam ob  TRUE )
( id/lam ® id/lam FALSE )
Does DUP then SAFE@

1853B SAFE@Q HERE  ( idlam ® ob TRUE )
( id/lam ® FALSE )

Same as SAFE@ but works only in the current
directory.
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Address  Word Stack and description

20B81 XEQRCL ( id ® ob )
Same as SAFE@ but errors if variable is not
found. Also works for lams, but you get the
wrong error.

20B9A LI STRCL ( {pathid} ® ob )
Recalls from specified path.

S5E602 (@ AMNOT) ( lam ® ob FALSE )

( lam ® lam TRUE )
Recalls lam contents if possible.

SE616 (ROWTR@NOT) ( ROMPTR ® ob  FALSE
( ROMPTR ® ROMPTR TRUE )
Recalls contents of ROMPTR if possible.

5E5B7 (@BNOT) ( ob ® ob> FALSE )

( ob ® ob TRUE )
Recalls contents if input is id, lam or ROMPTR.
For other types returns TRUE.

072D7 STO ( ob idllam ® )

For ids:
- Assumes ob is not pco;
If replacing some object that object is
copied to TEMPOB and pointers are
updated.
For lams:
Errors if lam is unbound.

18513 XEQSTOI D ( ob idllam ® )
Same as SAFESTO, but will only store in the cur-
rent directory and will not overwrite a directory.
Also called ?STO_HERE.

08503 REPLACE ( newob oldob ® newob )
Replaces oldob (in memory) with newob. See
Chapter 9 for detailed description.

08C27 PURGE ( id ® )
Purges variable. Does no type check first.

1854F ?PURGE_HERE  ( id ® )
Like PURGE, but only works in current directory.

08696 CREATE ( ob id ® )

Creates a variable in the current directory. Er-
rors if id is or contains current directory. As-
sumes id is not a pco.
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Address

Word

Stack and description

185C7

DoHer e:

37.3 Directories

( ® )
Next object in the runstream is evaluated for
the current directory only.

Address Word Stack and description
077EA (CRDI R#) ( #libnum ® rrp )
Creates an empty directory.
08DF2 (I CREATEDIR)  ( id ® )
Creates an empty directory. Does not check if
the name is already used.
(:: # 7FF CRDI R# SWAP CREATE ;)
184E1 CREATEDI R ( id ® )
Creates an empty directory. Calls ?PURGE_HERE
first to delete the original.
08326 LASTRAM WORD ( rrp ® ob TRUE )
( rrp ® FALSE )
Recalls first object in directory.
18621 Last NonNul | ( rep ® ob TRUE )
( rrp ® FALSE )
Recalls first object in directory (not null
named).
08376 PREVRAM WORD  ( ob ® ob> TRUE )
( ob ® FALSE )
Recalls next object in directory.
1863A Pr evNonNul | ( ob ® ob> TRUE )
( ob ® FALSE )
Recalls next object in directory (not null
named).
18653 (CkNonNul 1) ( ob ® ob TRUE )
( ob ® FALSE )
Checks that the variable (ob) has a name.
082E3 RAM WORDNAME  ( ob ® id )

Recalls name of object in current directory.
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Address  Word Stack and description
18595 XEQPGDI R ( id ® )
Purges a directory. Checks references, etc.
first.
20FF2 XEQORDER ( {idlid2..}® )
Orders directory.
18779 DOVARS ( ® {idlid2..} )
Returns list of variables from current direc-
tory.
1867F (DODI RPRG) (ob = ® {} )
Executes seco (can be single object) on all di-
rectory variables.
At execution: ob :: id_contents { } id
To be returned: ob :: id_contents { } ob flag
If flag is TRUE, ob is added with >TCOWP to list,
else it is dropped.
1848C PATHDI R ( ® {HOMEdirldir2...})
Returns current path.
1A16F UPDI R ( ® )
Goes to parent directory.
08309 (GETUPDI R) ( rp ® rrp” TRUE )
( rrp ® FALSE )
Gets parent directory.
08DD4 (HOVEDI R?) ( rrp ® flag )
Is the directory the HOME directory?
Recalls current directory.
08D08 CONTEXT! ( rep ® )
Sets new current directory.
08D82 (LOONTEXT@  ( ® rrp )
Recalls last directory.
08D4A (LCONTEXT!) ( rrp ® )
Stores new last directory.
08D92 HOVEDI R ( ® )

Sets HOME as current directory.
Also called SYSCONTEXT.
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Address  Word Stack and description

08DC4 (SYSLOONTEXT)  ( ® )
Sets HOME as last directory.

640A0 SaveVar Res ( ® )
Binds current and last directories to two null-
named lams.

640FA Rest Var Rest ( ® )

First sets HOME as both the current and last
directories (in case an error happens). Then,
restores the current and last directories from
1LAM and 2LAM.

37.4 The hidden directory

Address  Word Stack and description
640BE Set Hi ddenRes  ( ® )
Sets the hidden directory as the current and
last directories.
64037 W t hHi dden ( ® ? )
Executes next command in hidden directory.
64023 Rel Hi ddenvar  ( id ® ob TRUE )
( ® FALSE )
Recalls variable in hidden directory.
(:: WthHi dden @; )
64078 StoHiddenVar ( ob id ® )
Stores variable in hidden directory.
(:: WthHi dden STO ;)
6408C PuH ddenVar ( id ® )

Purges variable in hidden directory.
(:: WthHi dden PURGE ;)
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Chapter 38
Time and alarms

The internal alarms list has the format: { { hxs action } { ... } ... }. The
length of the hxs is 24 nibbles. The least significant 13 nibbles represent the
tick value for the time and date, the next 10 nibbles the repeat interval (if
any), and the most significant nibble represents the status of the alarm
(pending, acknowledged, etc.).

Address Word Stack and description
40EE7 SLOW ( ® )

15 millisecond delay.

40F02 VERYSLOWN ( ® )
300 millisecond delay.

40F12 VERYVERYSLOW  ( ® )
3 second delay.

1A7TED  (wait) ( hxs ® )
Wait specified number of ticks (there are 8192
ticks in a second).

1A7C9 dowai t ( %secs ® )
Waits specified number of seconds.

1A7B5 (dowai t/quit?) ( %secs ® )
Waits specified number of seconds, exits pro-
gram if CANCEL is pressed.

2A673 %>-HVS ( % ® %hms )
Converts from decimal to H.MMSS format.

2AF27 9RA>HVE ( %% ® %%hms )
Same function but for long reals.

2A68C  %H\VB> ( %hms ® % )
Converts from H.MMSS format to decimal.

2A6 A0 SHVE+ ( %hmsl %hmsl ® %hms )
Adds time in hms format.

2A6C8 YHVE- ( %hmsl %hms2 ® %hms )
Subtracts time in hms format.
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Address Word

Stack and description

0CBFA TOD
0CD53 (>TI ME)
0CD3F (CLKADJ)

0CCOE DATE

0CD2B (>DATE)
0CChB DATE+DAYS
0CC39 DDADYS
0E235 ALARVS@
OE6ED  STOALM
OE54D (STOALARM.S)
OE510 (STOALARMA

( ®  %time )
Returns current time.

( %time ® )
Sets time.

( %time ® )
Also sets time.

( ® %date )
Returns current date.

( %date ® )
Sets date.

( %date %days ® %date” )

Adds specified number of days to date.

( %datel %date2 ® %days )
Returns number of days between two dates.

( ® {} )

Returns internal alarms list.

( %date %time action %repeat ® % )

Stores an alarm. %repeat is the number of
ticks between every repetition. Since there are
8192 ticks in a second, 60 seconds in a minute,
and 60 minutes in an hour, to make an alarm
that repeats every hour, %repetition would be
8192*60*0 = 29491200.

Returns real number representing the position
of the alarm in the list.

( {} 2® % )

Stores an alarm. List contents:

{ %date %time action %repeats }

You may omit %repeats and action. In this
case, the alarm has no repetition and no mes-
sage is displayed.

Returns real number representing the position
of the alarm in the list.

( %time ® % )

Store an alarm at specified time today, with no
message and no repetition.

Returns real number representing the position
of the alarm in the list.
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Address Word

Stack and description

OEF45

OE1D8

OE402

OE3DF

OEAD7

OEB31

OE724

422A1

oDDC1

ODDA8

OEB81

(>ALRMLS)

(ALRMLS>)

(RCLALM

(RCLALARMY)

(FI NDALARMA)

(FI NDALARMLS)

(DELALARM)

ALARM?

(ACKALM)

(ACKALLALNB)

CLKTI CKS

( $ %date %time %rpt ® {} )
Generates list (of the internal type) repre-
senting the alarm.

( {} ® {y )
Converts list of internal format to list in the
format of STOALARMLS.

( #n  ® {} TRUE )
( #n  ®  FALSE )

Recalls nth alarm. List is in the internal for-
mat.

( %n ® {} )
Recalls nth alarm. List is in the format of
STOALARMLS.

( %date ® % )
Returns position in the internal alarm list of
the first alarm of that day (or in any following
day).

( {} 2® % )

Takes a list of the format: { %date %time }
Returns real represent the position of the
specified alarm in the alarm list, or O if not
found.

( %n ® )
Deletes nth alarm.

( ® flag )
Returns TRUE if an alarm is due.

( ® flag )

Tries acknowledging first alarm due. Returns
TRUE if no due alarm was found, or FALSE if a
due alarm has been found and acknowledged.

( ® )
Acknowledges all due alarms.

( ® hxs )

Returns tick count.
Also called SysTi ne.
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Address Word

Stack and description

0D304 TI MESTR

OCFDO Dat e>d$

0D2F0 (Dat e>wd$)

0CF5B (Ti cks>wd$)

ODO6A TOD>t $

OEES50 Dat e>hxs13

OD156 (i cks>Dat e)

OEE83 (TOD>Ti cks)

0D143 (Ti cks>TOD)

0D169 (Ti cks>Rpt)

OEE26 (Dat e+Ti ne)

( %date %time ® $ )
Returns string representation of time, using
current format.

Example: "WED 06/ 24/ 98 10: 00: 45A"

( %date ® $ )
Returns string representation of date, using
current format.

( %date ® $weekday )
Returns weekday: “SUN”’, “MON?”’, etc.

( hxs ® $weekday )
Same function but using clock ticks.

( %time ® $ )
Returns string represent the time, using cur-
rent format.

( %date ® hxs )
Converts date to ticks.

( hxs ® %date )
Returns date from hxs of internal alarm list
format.

( %time ® hxs )
Converts time to ticks.

( hxs ® %time )
Returns time from hxs of internal alarm list
format.

( hxs ® %rpt )
Converts hxs in internal alarm list format to
repetition interval.

( hxs_d hxs t ® hxs )
Takes two hxs representing the date and the
time, and joins them into only one hxs.
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Chapter 39
System functions

39.1 User and system flags

Address Word Stack and notes
53731 Set SysFl ag ( # ® )
53761 drSysFl ag ( # ® )
53784 Test SysFl ag ( # ® flag )
Returns TRUE if flag is set.
1CAEC (Test SysQ r) ( # ® flag )
Clears flag after testing.
3EDA2 (TogSysFl ag) ( # ® )
Toggles system flag.
53725 Set User Fl ag ( # ® )
53755 C rUserFl ag ( # ® )
53778 Test User Fl ag ( # ® flag )
Returns TRUE if flag is set.
1CACE (TestUserdr) ( # ® flag )
Clears flag after testing.
1C637 RCLSYSF ( ® hxs )
Recalls system flags.
1Cr731 (STOSYSF) ( hxs ® )
Stores system flags.
1C6E3 DOSTOSYSF ( hxs ® )
Stores system flags, checking for changes in
LASTARG flag.
1C64E RCLUSERF ( ® hxs )
Recalls user flags.
1C6F7 (STOUSERF) ( hxs ® )
Stores user flags.
1C6CF (STOALLF) ( hxshxs® )
Stores user and system flags. First is user
flags, second is system flags.
1C6A2 DOSTOALLF ( {} ® )
Stores user and system flags. Expects a list of
two hxs, first is user flags, second is system
flags.
53CAA dost ws ( # ® )
53C96 (XEQSTWB) ( % ® )
54039 WORDSI ZE ( ® # )
53CF0 (XEQROVB) ( ® % )
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Address Word Stack and notes

53C37 DOHEX ( ® )

54C5B DODEC ( ® )

5343 DOBI N ( ® )

53CAF DOOCT ( ® )

54050 BASE ( ® # )
Returns #10h, #10d, #10b or #100. In decimal
terms, 16 for hexadecimal base, 10 for deci-
mal base, 8 for octal base or 2 for binary base.

S5407A (BASECHAR) ( ® char )
Returns “h”, “d”, “b”or ‘0™’

16707 DOSTD ( ® )

166E3 DOFI X ( # ® )

166EF DOSC ( # ® )

166FB DCENG ( # ® )

53B61 (NunbMode) ( ® # )
Returns 0 for STD mode, 1 for FIX mode, 2
for SCI mode or 3 for ENG mode.

2A5F0 SETRAD ( ® )

53BDD RAD? ( ® flag )

2A5D2 SETDEG ( ® )

53BC9 (DEG?) ( ® flag )

2A604 SETGRAD ( ® )

167BF DPRADI X? ( ® flag )
Returns TRUE if current radix is ““”’

53C23 (PRSOL?) ( ® flag )
Returns TRUE if general solutions flag (1) is
set.

53C0A (NOTCONST?) ( ® flag )
Returns TRUE if symbolic constants flag (2) is
cleared.

53B9C (SETNUM ( ® )
Sets numeric results flag (3).

53B88 (CLRNUM) ( ® )
Clears numeric results flag (3).

53BB0 (NOTNUMP) ( ® flag )

Returns TRUE if numeric results flag (3) is
cleared.

39.2 General functions

Address Word Stack and description

1415A DOBEEP ( %freq %dur ® )
Beeps. Analog to user function BEEP.

14182 set beep ( #MHz #ms ® )
Also beeps.
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Address Word

Stack and description

041A7

041DA

041ED

0426A

38608

04544

04575

0D2A3

OD18A

21B4E

04912

05F42

05F61

05902

Tur nOF f

(! TurnOi f)

DEEPSLEEP

Showl nvRonp

?Fl ashAl ert

(GETWARNK)

(#>WARNS)

(WSLOO)

(WSLOGN)

(WARMSSTART)

(Li teSl p)

GARBACGE

MVEM

CSl ZE

( ® )
Internal OFF.

( ® )
Internal OFF. Does not do alarm check, etc.
( ® flag )
Returns TRUE if Invalid Card Data message.
( ® )
Flashes Invalid Card Data message.

( ® )
Displays all possible system warnings.

( ® # )
Gets last system warning:

#0h =O0OK #4h = LowBat (P1)
#1h = Alarm #8h = LowBat (P2)

#2h = LowBat (S)

( # ® $ )

Recalls system warning message.

( ® $4 $3 $2 $1 )
Recalls warm start log messages.

( #n ® % )
Recalls specified warm start log message.

( ® )
Forces a warm start.

( ® )
Enters light sleep mode.

( ® )
Forces garbage collection.

( ® # )
Returns amount of free memory in nibbles.
Does not garbage collection (the user word
does).

( ob ® # )

Returns object size in nibbles. Forces garbage
collection.
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Address Word

Stack and description

05944 OCRC

1A1FC OCRC%

1A265 VARSI ZE

1A2DA I NHARDROWP?

19350  (NOTI NHARDROWP)

05AB3 CHANGETYPE

05ACC (1 CHANGETYPE)

6595A get ni bs

6594E put ni bs

( ob ® # hxs )
Returns size in nibbles and checksum as hxs.

( ob ® hxs % )
Returns checksum and size in bytes.

( id ® hxs % )
Returns checksum and size in bytes of speci-
fied variable.

( ob ® ob flag )
Is object address < #70000h?

( ob ® ob flag )
Is object address 3 #70000h?

( ob #prolog ® ob” )
Changes prolog of object, does TOTEMPCB.

( ob #prolog ® ob” )
Changes prolog of object.

(  hxs hxs ® hxs’ )
Peek. First hxs is data, second is address.
The data is overwritten for its length (maxi-
mum 16) with nibbles starting from specified
address.

(  hxs hxs ® )

Poke. First hxs is data, second is address.
Works like above function.
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Chapter 40
Keyboard control

40.1 User keys

If no keys are assigned, the internal key assignments list is an empty
list. If there is one or more assignments, the list contains 49 sub-lists, each
one representing one key. Each sub-list is either empty, if that key has no as-
signments; or contains six elements: each representing the assignment of one
plane (in the order: unshifted, left-shifted, right-shifted, alpha, alpha and left-
shift and finally alpha and right-shift). For planes with no assignment, an
empty list is entered.

Address Word Stack and description
41F3F Cet User Keys ( ® {} )

Returns user keys list (internal format).

41C02 (XEQRc| Keys) ( ® {} )
Recalls all key assignments (in user format)
plus status of non defined keys.

41B28 (XEQAsnKey) ( ob %rcp ® )
Assigns an object to a key, specified in user
format.
41E/8 (AsnKey) ( ob#kc#p ® )
Assigns an object to a key, specified in system
format.
41F2C  (UserKeys!) ( {} ® )
Stores user keys (list is in internal format).
41E32 (St oUser Keys)  ( {} ® )
Like the above, but also recalculates CRC.
41AA1 (Ck&AsnUKeys)  ( {} ® )
Stores user keys (list in user format), recalcu-
lates CRC.
41B8C (Del Key) ( #kc #plane ® )
Deletes that key assignment, recalculates
CRC.
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Address Word

Stack and description

41B3C

41B69

41F52

41F13

3FF75

3FF86

3FF97

(XEQDel Keys)

(Ck&Cl r UKey)

(PgUser Keys)

(Cl r User Keys)

(NonUsr Key OK?)

(Set NUsr Key OK)

(Ol r NUsr Key OK)

( {} ® )

Deletes specified keys (in user format).

( 0 ® )

( %rcp ® )

System version of user word DELKEYS: if 0, de-
letes all keys, otherwise deletes specified key.

( ® )
Deletes all user keys.

( ® )
Deletes all user keys and recalculates CRC.

( ® flag )
Returns TRUE if the keys not defined do their
normal actions.

( ® )

Keys not defined do their normal actions.

( ® )

Keys not defined just beep when pressed.

40.2 Waiting for keys

Address Word

Stack and description

41CA2

41D92

0oD71

04708

Ck&DecKeyLoc

CodePl >% c. p

FLUSHKEYS

CHECKKEY

( %rcp ®  #kc #p )
Converts from user key representation format to
system.

( #kc#p ® Y%rc.p )
Inverse transformation.

( ® )
Flushes the key buffer.
Also called FLUSH.

( ® #ke TRUE )
( ® FALSE )

Returns next key in the key buffer, but does not
pop it.
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Address Word

Stack and description

04714

047C7

42402

41F65

1A738

42262

4243E

4245C

05040

05068

GETTOUCH

REPKEY?

KEY! NBUFFER?

Wi t For Key

Wi t / Get Key

ATTN?

2ATTN. QUI T

NoAt t n?Sem

ATTNFLG@

ATTNFLGCLR

( ® #kc TRUE )
( ® FALSE )

Pops next key from key buffer.

( #kce ® flag )
Returns TRUE if the key is being pressed.

( ® flag )
Returns TRUE if there is at least a key in the key
buffer.

( ®  #kc #p )
Returns next full key press.

( % ® ? )
Internal WAl T command.

( ® flag )
Returns TRUE if CANCEL has been pressed.

( ® )
If CANCEL has been pressed, ABORTS program.

( ® )
If CANCEL has been not pressed, drops the rest
of the stream.

( ® # )
Recalls CANCEL key counter.

( ® )

Clears CANCEL key counter. Does not affect the
key buffer.
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Chapter 41

The display

41.1 Display organization

Address Word

Action

1314D
13135
13167

12655
12665
12635
12645
OE128
12B6C
12B58
5187F

TOADI SP
TOGDI SP

(GDI SPON?)

ABUFF
GBUFF
HARDBUFF
HARDBUFF2
HBUF_X_Y
HARDHEI GHT

(HBUFFDI Mw)
GBUFFGROBDI M

Sets the text display as the active.
Sets the graphic display as the active.
Returns a flag indicating whether the graphic
display is active.

Returns the text grob to the stack.
Returns the graphic grob to the stack.
Returns the current grob to the stack.
Returns the menu grob to the stack.
(® HBgrob #x #y)

(® #height)

(® #width)

(® #height #width )

Returns dimensions of graphic grob.

41.2 Preparing the display

Address Word

Stack and description

130AC

39531

4E2CF

4E347

4E360

RECLAI MDI SP

Cl r DAll sSt at

TURNMENUOFF

TURNMENUON

MENUOFF?

( ® )
Activates the text grob, clears it and sets the
default size.

( ® )
Suspends clock display.

( ® )
Turns off menu display, enlarges ABUFF to fill
screen.

( ® )

Turns menu grob on.

( ® flag )
Returns TRUE if the menu grob is off.
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Address Word

Stack and description

130CA

1297D

12964

12BB7

12DD1

13043

13061

(RSZVDI SP)

(BROADENHBUFF)

(HEI GHTENHBUFF)

(BROADENGROB)

HEI GHTENGROB

(KI LLADI SP)

Kl LLGDI SP

( ® )
Sets standard size for currently displayed
grob.

( #cols ® )
Broadens currently displayed grob.

( #rows ® )
Heightens currently displayed grob.

( grob #cols ® )
Broadens graph or text grob.

( gorb #rows ® )
Heightens graph or text grob.

( ® )
Clears text display.

( ® )
Clears graph display.

41.3 Controlling display refresh

Address Word

Notes

390CC
38DAC
38F28
390E5
38DFC
38F41
390FE
38E4C
38F5A
39117
38E9C
3912B
38EB5
38F73
39144
38F05
3902C
39045
39059

Cl r DAICK
DA1CK?
DALCOK?NOTI T
Cl r DA2aCK
(DA2a0K?)
DA2aOK?NOTI T
Cl r DA2bOK
(DA2bOK?)
DA2bOK?NOTI T
Cl r DA2CK
(DA20K?)

Cl r DA3CK
DA3CK?
DA3CK?NOTI T
Cl r DAsOK
(DAsSOK?)

Set DAlTenp
Set DA2aTenp
Set DA2bTenp

(CrDAlval i dF Cl r DALTenpF Cl r DA1NoCh)

Does DA1OK?, NOT then I T.
(Cd rDA2aVval i dF Cl r DA2aTenpF Cl r DA2aNoCh)

Does DA2aOK?, NOT then I T.
(C rDA2bVal i dF Cl r DA2bTenpF Cl r DA2bNoCh )

Does DA2bOK?, NOT then | T.
(Cd rDA2acK C r DA2bCK)

(C rDA3Val i dF Cl r DA3TenpF Cl r DA3NoCh)

Does DA3OK?, NOT then I T.
(C rDALCK C rDA2CK C r DA3XK)

( Set DA1TenpF Cl r DA1Bad Cl r DAll sSt at )

( Set DA2aTenpF C r DA2aBad )
( Set DA2bTenpF C r DA2bBad Cl r DA2bEdi t )
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Address Word

Notes

39207 Set DA20KTenp
3921B Set DA12Tenp
39072 Set DA3Tenp
3922F Set DAsTenp

3932B (Set DA1TenpF)
39339 (O r DA1TenpF)
3931D  (DAlTenpF)
39355 (Set DA2aTenpF)
39363 (A r DA2aTenpF)
39347 (DA2aTenpF?)
3937F (Set DA2bTenpF)
3938D (Ol r DA2bTenpF)
39371 (DA2bTenpF?)
393A9 (Set DA3TenpF)
393B7 (O r DA3TenpF)
3939B (DA3TenpF?)
393D3 Set DA1INoCh
393E1 (O r DA1INoCh)
393C5 (DA1NoCh?)
393FD Set DA2aNoCh
3940B  (C r DA2NoCh)
393EF (DA2aNoCh?)
39427 Set DA2bNoCh
39335 (A r DA2bNoCh)
39419 DA2bNoCh?
3918A Set DA2NoCh
3919E  Set DA12NoCh
39451 Set DA3NoCh
3945F (A r DA3NoCh)

39443 (DA3NoCh?)
391C6 Set DA13NoCh

391B2  Set DA23NoCh
391DA  (Set DA12a3NoCh)
391EE  Set DA123NoCh
38FD2  Set DAlvalid
38FEB Set DA2aVal i d
38FFF  Set DA2bVal i d
3915D  Set DA2Valid
39018  Set DA3Valid

39171 (Set DAsVal i d)
39283 (Set DA1Val i dF)
39291 (Cl r DALlVal i dF)
39275  (DAlvali dF?)
392AD  (Set DA2aval i dF)
392BB  (C rDA2aval i dF)
3929F (DA2aval i dF?)
392D7  (Set DA2bVal i dF)
392E5 (A r DA2bVal i dF)

( Set DA2aTenp Set DA2bTenp )

( Set DALTenp Set DA2OKTenp )

( Set DA3TenpF Cl r DA3Bad )

( Set DA1Tenp Set DA2OKTenp Set DA3Tenp)

( Set DAlVal i dF Cl r DA1Bad Cl r DAll sSt at )
( Set DA2aVval i dF Cl r DA2aBad )

( Set DA2bVal i dF O r DA2bBad Cl r DA2bEdi t )
( Set DA2aVal i d Set DA2bVal i d)

( Set DA3Val i dF Cl r DA3Bad )

(Set DA1Val i d Set DA2Val i d Set DA3Valid)
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Address Word

Notes

392C9
39301
3930F
392F3
3947B
390A4
38DE8
39489
3946D
394A5
38E38
394B3
39497
394CF
38E88
394DD
394C1
390B3
394F9
38EF1
39507
394EB
39248
39523
39531
39515
3954D
3955B
3953F
3957A
3958B
39569
39086
38F8C
38FB9

(DA2bVal i dF?)
Set DA3Vval i dF
(A rDA3Val i dF)

(DA3Val i dF?)
Set DA1Bad

MENoP&Fi x DAL

(Set DA1BadT)
Cl r DA1Bad

(DA1Bad?)
Set DA2aBad

(Set DA2aBadT)
Cl r DA2aBad
DA2aBad?

Set DA2bBad

(Set DA2bBadT)
Cl r DA2bBad

(DA2bBad?)
MENP&Fi x DA12
Set DA3Bad
(Set DA3BadT)
Cl r DA3Bad
(DA3Bad?)
(DAsBad?)

Set DA1l sSt at
C r DALl sSt at
(DALl sSt at ?)
(Set DA2bEdi t)
(Cl r DA2bEdi t)
(DA2bEdi t ?)
Set NoRol | DA2
Cl r NoRol | DA2
(NoRol | DA2?)
(?Set Edi t Rol |)

(I ni t Di spMbdes)

DA2aless1CK?

( Set DA1Bad )
( Set DA1Bad TRUE)

( Set DA2aBad TRUE)

( Set DA2bBad TRUE)

( Set DA1Bad Set DA2aBad Set DA2bBad )

( Set DA3Bad TRUE)

Is any DA “Bad’?

( Edi t Exst ?NOT | TE Set DA2Rol | F Set DA2aNoCh )
( Set DAsBad Cl r DA2Rol | F Cl r DALl sSt at )
( DA2Rol | F? DA2aBad? NOTAND)

41.4 Clearing the display

Address Word

Action

126DF

134AE
OEO083
0EQ097

BLANKI T

CLEARVDI SP
Cclr8
Clr8-15

( #startrow #rows ® )

Clears #rows from HARDBUFF, starting at #star-
trow.

Clears HARDBUFF.

Clears top eight rows (first status line).

Clears second status line.
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Address Word

Action

OEO6GF
3A546
3A591
3A55F
3A578
01F6D
01FA7
5046A

Cril6

Bl ank DAL
Bl ankDA2a
Bl ank DA2
Bl ankDA12
CLCD10
CLEARLCD
DOCLLCD

Clears top 16 rows (both status lines).
Clears status area from HARDBUFF.
Clears DA2a.

Clears DA2a and DA2b.

Clears DA1 and DA2.

Clears status and stack area.

Clears entire display.

Like user word CLLCD.

41.5 Annunciator and modes control

Address Word

Action

11361
1136E
11347
11354
1132D
1133A
11543
1156C
40025
40D39
11501
11320
11533
1155C
11511
3EDF2

3EE1A

53976
53984
53968
408AA

Set Left Ann
CrLeft Ann
Set Ri ght Ann
d rRi ght Ann
Set Al phaAnn
C r Al phaAnn

(Set Lock)

(A rLock)
LockAl pha

UnLockAl pha
(Lock?)

(< r PrgmAnn)
Set PrgnEntry

(A rPrgnEntry)
PrgnEntry?

(Dolst/ 1st+:)

Dolst/ 2nd+:

Set Al gEntry
ClrAl gEntry
Al gEntry?

| mredEntry?

Sets left-shift annunciator.

Clears left-shift annunciator.

Sets right-shift annunciator.

Clears right-shift annunciator.

Sets alpha annunciator.

Clears alpha annunciator.

Sets alpha mode.

Clears alpha mode.

Sets alpha mode, annunciators, etc.

Clears alpha mode, annunciators, etc.

Is alpha mode set?

Clears program-entry annunciator.

Sets program-entry mode.

Clears program-entry mode.

Is program-entry mode set?

If in program mode, executes only the next
object after it. If not, execution continues
normally.

If in program mode, executes the next object
after it. If not in program mode, executes the
rest of the stream starting at the second ob-
ject after it.

Sets algebraic-entry mode.

Clears algebraic-entry mode.

Is algebraic-entry mode set?

Returns TRUE if immediate-entry mode (pro-
gram and algebraic-entry modes cleared).
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41.6 Window coordinates

Address Word

Stack and description

OEOD3

OEOFB

OEOAB

137B6

OE128

515FA

516E0

515A0

515B4

13679

13695

TOPS8

Rows8- 15

TOP16

W NDOWCORNER

HBUFF_X_Y

LEFTCOL

RI GHTCCL

TOPROW

BOTROW

W NDOWKY

(REDI SPHBUFF)

(® HBgrob #x1 #y #x1+131 #y1+8)
Returns coordinates of first status line.

(® HBgrob #x1 #y1+8 #1+131 #y1+16)
Returns coordinates of second status line.

(® HBgrob #x1 #yl #x1+131 #y1+16)
Returns coordinates of status area.

(® #x#y)
Gets coordinates of corner of window.

(® HBgrob #x #y)
Returns current grob and window coordi-
nates.

(® #x)
Gets x-coordinate of left column.

(® #x)
Gets x-coordinate of right column.

(® #y)

Gets y-coordinate of top row.

(® #y)
Gets y-coordinate of bottom row.

(#x#y ® )
Sets corner coordinates.

(®)
Sets #0 and #0 as window corner coordinates.

41.6.1 Scrolling the disp lay

Address Word

Action

131C8
13220
134E4
1357F
4D132

W NDOWJP

W NDOWDOWN
W NDONLEFT
W NDOWRI GHT
SCROLLUP

Moves display one pixel up.

Moves display one pixel down.

Moves display one pixel left.

Moves display one pixel right.

Moves display one pixel up, checks for corre-
sponding key being pressed.
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Address Word

Action

4D16E

4D150

4D18C

51690
516AE
516E5
51703
5162C
51645
5165E
51677
12996
12A4A
12A0D
12AF6

SCROLLDOWN
SCROLLLEFT
SCROLLRI GHT

JUMPTOP
JUMPBOT
JUMPLEFT
JUMPRI GHT
W NDOWM OP?
W NDOWBOT?
W NDOWLEFT?
W NDOWRI GHT?
(ScreenUpN)
(ScreenDnN)
(Scr eenUp)
(ScreenDn)

Moves display one pixel down, checks for cor-
responding key being pressed.

Moves display one pixel left, checks for corre-
sponding key being pressed.

Moves display one pixel right, checks for cor-
responding key being pressed.

Jumps to top of display.

Jumps to bottom of display.

Jumps to left of display.

Jumps to right of display.

Is window at the top?

Is window at the bottom?

Is window at the left?

Is window at the right?

(#n ® ) Moves stack display up #n lines.

(#n ® ) Moves stack display down #n lines.
Moves stack display up one line.

Moves stack display down one line.

41.7 Displaying text

41.7.1 Medium font

Address Word

Stack and notes

1245B

12725

0EO029

1246B

12748

1247B

1248B

1249B
124AB
124BB
124CB

12429

DI SPROM

or DI SP@1
DI SPROAL*

DI SPROAL*!

DI SPROV2

or DI SP@9
DI SPROW2*

DI SPROVB

or DI SP@.7
DI SPROM

or DI SP@5
DI SPROVG

DI SPROWG
DI SPROW
DI SPROVS

DI SPN

nly works if menu is off.
$ #row ® )

( $ ® )

( $ ® )

Displays relative to window corner.
( $ ® )

Does Cl r 8 then DI SPROAL* .

( $ ® )

( $ ® )

Displays relative to window corner.
( $ ® )

( $ ® )

( $ ® )

( $ ® )

( $ ® )

( $ ® )

O

(
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Address Word

Stack and notes

3AACE

Di sp5x7

41.7.2 Large font

( $ #start #max ® )

Displays string on multiple lines, starting at
#start and no using more than #max rows. New
lines must be manually specified. Segments
longer than 22 characters are truncated and

appended with “..””

Address Word Stack

12415  BI GDI SPROM ( s ® )
12405  BI GDI SPRO2 ( $ ® )
123F5 Bl GDI SPROVB ( $ ® )
123E5 Bl GDI SPROWM ( $ ® )

41.7.3 Displaying warnings

Address Word

Stack and description

0EO047

OEO5B

1270C

12B85

38926

38908

(Savels)

(Rest or e16)

Dl SPSTATUS2

Fl ashMsg

Fl ashWar ni ng

DoWar ni ng

( ® grob )
Returns top 16 rows.

( grob ® )
Restores top 16 rows.

( $ ® )
Displays message in status area using two lines.

( $ ©® )
Displays message in status area, then restores it
to normal.

( $ ©® )
Displays message in status area, beeps, then
restores it to normal.

( $ ® )

Displays message, beeps and freezes status
area.

193



Chapter 42
Graphics

42.1 Built-in grobs

Address Word Dims. Grob

505B2 (NULLGROB) 0x0 Null grob

13D8C CURSOR1 6x10 Insert cursor (arrow)
13DB4 CURSOR2 6x10  Replace cursor (solid box)
66EF1 Smal | Cur sor 4x6 Cursor (box outline)
66ECD Medi umCur sor 6x8 Cursor (box outline)
66EAS Bi gCur sor 6x10  Cursor (box outline)
5053C CROSSGROB 5x5 Cross cursor (“+7)

5055A MARKGROB 5x5 Mark symbol (“x™)

39B2D  (Li neG ob) 131x2 Line (status area divider)
3A337 (StdLabel G ob) 21x8  Normal menu key

3A399 (BoxLabel Grob) 21x8  Menu key with box.
3A3FB  (DirLabel Grob) 21x8  Directory menu key.
3A45D (I nvLabel Grob) 21x8  Inverse menu key (solver)

42.2 Dimensions

Address Word

Stack and notes

50578
5179E
63004
4F7E6

GROBDI M
DUPGROBDI M
GROBDI Mv
CKGROBFI TS (

grob ® #height #width

)

grob ® grob #heigth #width )

grob ® #width

glg2#n#m ® gl g2’#n#m
Shrinks g2 if it does not fit in grobl.
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42.3 Grob handling

Address Word

Stack an description

11679

11A6D

6389E

1192F

128B0

12F94

1158F

122FF

1384A

1383B

13992

13825

1380F

13986

GROB!

GROB! ZERO

GROB! ZERCDRP

SUBGRCB

XYGROBDI SP

GROB>GDI SP

MAKEGROB

I NVGROB

Pl XON

Pl XOFF

Pl XON?

Pl XON3

Pl XOFF3

Pl XON?3

(grobl grob2 #x #y ® )
Stores grobl into grob2. Bang type.

(‘grob #x1 #y1 #x2 #y2 ® grob~)
Blanks a rectangular region of the grob. Bang

type.

(grob #x1 #yl #x2 #y2 ® )
Blanks a rectangular region of the grob. As-
sumes text or graph grob. Bang type.

(grob #x1 #y1 #x2 #y2 ® grob?)
Returns specified portion of grob.

(#row #col grob ® )
Stores grob in HARDBUFF, expanding it if neces-
sary.

(grob ® )
Stores new graph grob.

( #height #width ® grob)
Creates a blank grob.

(grob ® grob?)
Inverts grob data bits. Bang type.

(#x#y® )
Sets pixel in text grob.

(#x#y ® )
Clears pixel in text grob.

(#x#y ® flag)
Is pixel in text grob on?

(#x#y® )
Sets pixel in graph grob.

(#x#y ® )
Clears pixel in graph grob.

(#x#y ® flag)
Is pixel in graph grob on?
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Address Word

Stack an description

51893

518CA

50B17

50B08

50AF9

S0AEA

50ACC

50ADB

11CF3

11D00

11F80

39632

503D4

50438

ORDERXY#

CORDERXY%

L1 NEON

LI NECFF

TOGLI NE

L1 NEON3

LI NECFF3

TOGLI NE3

$>Bl GGROB

$>GROB

$>gr ob

Bl ank &GROB!

DOLCD>

DC>LCD

(#X1 #y1 #x2 #y2 ® #X1 #y1’#x2°#y27)

To draw lines, #x2 must be greater than #x1.
This function orders the coordinates so that
the above condition is met.

(%x1 %yl %x2 %y2 ® %x17%y1’%x2%y27)
ORDERXY# with real numbers.

(#xX1 #yl #x2 #y2 ® )
Draws a line in text grob.

(#X1#Y1 #x2 #y2 ® )
Clears a line in text grob.

(#X1#Y1 #x2 #y2 ® )
Toggles a line in text grob.

(#X1 #yl #x2 #y2 ® )
Draws a line in graph grob.

(#X1L#Y1 #x2 #y2 ® )
Clears a line in graph grob.

(#X1#Y1 #x2 #y2 ® )
Toggles a line in graph grob.

($® grob)
Makes grob of the string using the large font
(5x9).

($® grob)
Makes grob of the string using the medium
font (5x7).

($® grob)
Makes grob of the string using the small font.

($HX#HXL#X2® )

Clears HARDBUFF between (#x1, 0) and (#x2, 6).
Converts string to grob with small characters
and displays it at (#x, 0).

(® grob)
Returns current display.

(grob ® )
Grob to display.
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Address Word

Stack an description

659DE

1200C

1215E

Symb>HBuf f

Rl GHT$3x6

CENTER$3x5

(symb® )

Displays symbolic in HARDBUFF in Equation
Writer form. Enlarges HARDBUFF if necessary,
SO use RECLAI MDI SP after.

($#n® flag grob)

Transforms string into grob, then take all
characters starting after column #n. flag is
FALSE if #n is greater than the width of the
grob. In this case, the whole grob is returned.
(grob #x #y $ #w ® grob~)

Creates grob from string (3x5) and embeds it
at specified position (#x, #y). #w represents the
maximum width of the grob created. Bang-

type.

42.4 Creating menu label grobs

Address Word

Stack and description

3A328

3A38A

3A3EC

3EDGB

3A44E

3EC99

3ECB2

MakeSt dLabel

MakeBoxLabel

MakeDi r Label

(Di r Label @)

Makel nvLabel

Box/ St dLabel

Box/ St dLbl :

( $ ® grob )
Makes standard menu label.

( $ ® grob )
Makes label with a box.

( $ ® grob )
Makes directory label.

( ® grob )

Makes directory label with next string in the
stream.

Usage::: DirlLabel: $ ;

( $ ® grob )
Makes inverse label.

( $ flag ® grob )
If TRUE makes box label, otherwise makes
standard label.

( ® grob )

Does Box/ St dLabel with the next two objects
from the stream.

Usage::: Box/StdLbl: $ <test> ;
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Address Word

Stack and description

3ECEE

3ED25

3ED48

3EDOC

3ECDO

3A297

3A2B5

3A2C9

41904

3A260

(FBox/ St dLbl :)

(BBox/ St dLbl :)

(MBox/ St dLbl :)

St d/ BoxLabel

(FSt d/ BoxLbl :)

G ob>Menu

St r >Menu

| d>Menu

Seco>Menu

DolLabel

(>MENU)

( ® grob )

Takes a string and a bint from the runstream.
Tests the system flag specified, does
Box/ St dLabel .

Usage::: FBox/StdLbl: $ #flag ;

( ® grob )

Takes a string and a bint from the runstream.
Does BASE then EQ, and finally Box/ St dLabel .
Usage: : : BBox/ StdLabel : $ #base ;

( ® grob )

Takes a string and a bint from the runstream.
Does NunbMode and EQ, then Box/ St dLabel .
Usage::: MBox/ StdLbl: $ #node ;

( $ flag ® grob )
If TRUE makes standard label, otherwise makes
box label.

( ® grob )

Takes a string an a bint from the runstream.
Tests the system flag specified, does
St d/ BoxLabel .

Usage: :: FStd/BoxLbl: $ #flag ;

( #col grob ® )
Displays grob as menu label.

( #col $ ® )
Displays string as menu label.

( #col id ® )
Displays id as menu label.

( #col = ® )
Does EVAL then DoLabel .

( #col ob ® )

If ob is of one of the supported types, displays a
menu label. If not, generates a “Bad Argument
Type™ error.

( #col grob ® )
( #col $ ® )
( #col id ® )
( #col = ® )
Works by dispatching the object type.
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Chapter 43
User functions

Commands of library 2:

# Address Word # Address Word
000 1957B (xASR) 026 1A1D9 (XBYTES)
001 1959B (xXRL) 027 1A2BC (x NEVOB)
002 195BB (xRLB) 028 1A303 (XKI LL)
003 195DB (XRR) 029 1A31E (xOFF)
004 195FB  (xRRB) 02A 1A339  (xDCERR)
005 1961B  (xsL) 02B 1A36D  (xERRO)
006 1963B (xSLB) 02C 1A388 (XERRN)
007 1965B  (xSR) 02D 1A3A3  (xERRM
008 1967B (xSRB) 02E 1A3BE (XEVAL)
009 1969B  (xR-B) 02F 1A3FE  xIFTE
00A 196BB (xB>R) 030 1A4CD (xI FT)
00B 196DB  (xCONVERT) 031 1AS2E  (xSYSEVAL)
00C 1971B  (xUWL) 032 1A584  (xDI SP)
00D 1974F (x>UNI T) 033 1A5A4 (xFREEZE)
00E 19771  (xUBASE) 034 1A5C4  (xBEEP)
00F 197A5 (XUFACT) 035 1ASE4A  (x>NUM
010 197F7  (xTIME) 036 1A604  (xLAST)
011 19812 (xDATE) 037 1A71F (XWAI T)
012 1982D  (xTI CKS) 038 1A858 (xCLLCD)
013 19848  (xWsLOG) 039 1A873  (xKEY)
014 19863 (XxACKALL) 03A 1A8BB (X CONT)
015 1987E (XACK) 03B 1A8D8 (x=)

016 1989E  (xSETDATE) 03C 1A995  (xNEG)
017 198BE (XxSETTI ME) 03D 1AAlF (xABS)
018 198DE (x CLKADJ) 03E 1AAGE (xCONJ)
019 198FE (xSTOALARM) O03F 1AABD (xPI)

01A 19928  (xRCLALARM) 040 1AADF  (xMAXR)
01B 19948 (xFI NDLARM) 041 1ABO1 (XM NR)
01C 19972  (xDELALARM 042 1AB23  (xCONSTANTe)
01D 19992 (XTSTR) 043 1AB45 (xi)

01E 199B2 (x DDAYS) 044 1AB67 X+

01F 199D2 (xDATE+) 045 1ACDD XNEGNEG
020 1Al105 (xCRDI R) 046 1ADO9 X-

021 1A125 (XPATH) 047 1ADEE X*

022 1A140 (xHOVE) 048 1AFO05 x/

023 1A15B (xUPDI R) 049 1B02D XA

024 1A194 (XVARS) 04A 1B185 r pnXROOT
025 1A1AF (XTVARS) 04B 1B1CA X XROOT

199
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# Address Word # Address Word
04C 1B278 (x1 NV) 07C 1Q060 (x%
04D 1B2DB (XARG) 07D 1Q0D7 (xo8T)
04E 1B32A  (xsIaN) 07E 1C149 (X%CH)
04F 1B374 (XSQRT) 07F 1Ci1B9 (X RAND)
050 1B426  (xSQ 080 1C1D4  (xRDZ)
051 1B4AC (xSI'N) 081 1CI1F6 (xCOVB)
052 1B505  (xCos) 082 1C236  (xPERM
053 1B35E  (xTAN) 083 1C274  (xSF)
054 1B5B7 (xSl NH) 084 1C2D5  (xCF)
055 1B606  (xCosH) 085 1C313  (xFs?)
056 1B655  (xTANH) 086 1C360  (xFC?)
057 1B6A4  (xASIN) 087 1C399  (xDEG)
058 1B72F  (xACOS) 088 1C3B4  (xRAD)
059 1B79C  (xATAN) 089 1CGCF  (xGRAD)
05A 1B7EB (xASI NH) 08A 1CG3EA (xFI X)
05B 1B830  (xAcosH) 08B 1CGAIE  (xsa)
05C 1B8A2 (x ATANH) 08C 1C452 (XENQ)
05D 1B905  (xEXP) 08D 1C486  (xSTD)
05E 1B94F  (xLN) 08E 1CGAAl  (xFs?Q)
O5F 1B9C6 (xLOO) 08F 1C520 (XFC?20)
060 1BA3D (xALOG) 090 1G559 (xBI'N)
061 1BA8C (XLNP1) 091 1G574 (xDEC)
062 1BAC2 (XEXPM 092 1C58F (XHEX)
063 1BB02 xFACT 093 1GC5AA (xOCT)
064 1BB41 pr eFACT 094 1G5G5 (xSTVD)
065 1BB6D  (xIP) 095 1C5FE (xRCWB)
066 1BBA3 (xFP) 096 1C619 (XRCLF)
067 1BBD9 (x FLOOR) 097 1C67F XSTOF
068 1BCOF (xCEI L) 098 1C783 (x>LI ST)
069 1BC45 (xXPON) 099 1C79E (xR>0)
06A 1BC71 (xMAX) 09A 1C7/CA  (xRE)
06B 1BCE3 (XM N) 09B 1C819 (xI' M
06C 1BD55 (xRND) 09C 1G85C (xSUB)
06D 1BDD1 (XTRNC) 09D 1CBEA  (xREPL)
06E 1BE4D (x MOD) 09E 1CO5A (xLI ST>)
06F 1BE9C  (xMANT) 09F 1C98E  (xCR)
070 1BEC8 (xD>R) 0A0 1C9B8 xSl ZE
071 1BEF4 (xR>D) 0A1 1CAB4 (xPCS)
072 1BF1E (x>HXS) 0A2 1CBOB (x>STR)
073 1BF3E  (xHVB>) 0A3 1CB26 (xSTR>)
074 1BF5E  (xHVB+) 0A4 1CB46  (xNUM
075 1BF7E (XHVB-) 0A5 1CB66 (XxCHR)
076 1BF9E (X RNRM) 0A6 1CB86 (XTYPE)
077 1BFBE  (xCNRM 0A7 1CE28  (xVTYPE)
078 1BFDE  (xDET) 0A8 1CE33  (xEQ)
079 1BFFE (xDOT) 0A9 1CF7B  xOBJ>
07A 1Q01E (x CROSS) 0AA 1D009 (X>ARRY)
07B 1C03E (xRSD) 0AB 1D092 (XARRY>)
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# Address Word # Address Word

OAC 1DODF  (xRDM) ODC 1E661  xFUNCTI ON

OAD 1D186  (xCON) oDD 1E681  (xCoNI Q)

OAE 1D2DC  (xIDN) ODE 1E6al XPOLAR

OAF 1D392  (xTRN) ODE 1E6C1  xPARAMETRIC

0BO 1D407 (xPUT) OE0 1E6El (XTRUTH)

0oB1 1D5DF (xPUTI ) OE1 1EvV01 (XSCATTER)

0B2 1D7C6 (xGET) OE2 1E721 (xHI STOGRAM)

0B3 1D8C7 (xGETI) OE3 1E/41 (xBAR)

0B4 1DD06  (xV>) OE4 1E/61  (xsME)

0B5 1DE66 (x>V2) OE5 1E783 (xAND)

0B6 1DEC2  (x>V3) 0OE6 1E809  (xOR)

0B7 1EO4A (x| NDEP) OE7 1E88F (xNOT)

oB8 1EO7E (xPM N) OE8 1E8F6 (XxXOR)

oB9 1EO9E (x PMAX) OE9 1E972 (x==

OBA 1EOBE (X AXES) OEA 1EA9D (x#?)

0BB 1EOES8 (xCENTR) OEB 1EBBE X<?

oBC 1E126 (xRES) OEC 1EGC5D X>?

0BD 1E150  (x*H) 0OED 1ECFC  (x<=?)

OBE 1E170 (x* W OEE 1ED9B (x>=?)

OBF 1E190 (xDRAW OEF 1EE38 (xOLDPTR)

0CO 1EI1AB (XAUTO) OF0 1EE53 (xPR1)

0C1 1E1C6 (x DRAX) OF1 1EE6E (xPRSTC)

0Cc2 1EI1E1 (xSCALE) OF2 1EE89 (xPRST)

0oc3 1E201 (xPDI M OF3 1EEA4 (XCR)

0C4 1E22B (x DEPND) OF4 1EEBF (xPRVAR)

0C5 1E25F (XERASE) OF5 1EF43 (xDELAY)

oce 1E27A (xPX>C) OF6 1EF63 (xPRLCD)

0C7 1E29A (xC>PX) OF7 1EF7E r pnDER

0C8 1E2BA  (xGRAPH) OF8 1EFD2 xDER

0C9 1E2D5  (xLABEL) OF9 1F133  (xRCEQ

OCA 1E2F0 (xPVI EW OFA 1F1l4E (XSTEQ

0oCB 1E31A (xPI XON) OFB 1F16E (xROOT)

oCC 1E344 (xPI XOFF) OFC 1F1DA rpnl NTG

0CD 1E36E  (xPI x?) OFD 1D223  xI NTEGRAL

OCE 1E398  (xLINE) OFE 1F209  (xsuM

OCF 1E3C2 (XTLI NE) OFF 1F354 (r pnVWHERE)

0D0 1E3EC  (xBOX) 100 1F3F3  (xWHERE)

0D1 1E416 (X BLANK) 101 1F500 (XxQUOTE)

oD2 1E436  (xpiCT) 102 1F55D  rpnAPPLY

0D3 1E456  (xGR) 103 1F5C5  XAPPLY

0D4 1EAE4 (XGXOR) 104 1F640 X FCNAPPLY

oD5 1E572  (xLCD») 105 1F996  (COVPLEXDUMMWY)
1F9AE POLARDUMVY)

0D6 1E58D  (x>LCD) 106 Foe (

0D7 1E5AD  (x>GRCB) 107 (x->Q
1F9E9 _

0D8 1E5D2  (xARCQ) 108 (x->QPI)
1FA59

0D9 1E606 (XTEST) 109 (x MATCHUP)

oDA 1E621 (X XRNG) 10A 1FA8D (Xx MATDHDN)

ODB 1E641 (XYRNG) 108 1FAEB XFORMUNI T
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# Address Word # Address Word

10C 1FBSD  (xPREDI V) 13C 20133 (xBARPLOT)
10D 1FB87 (xDUP) 13D 20167 (xHI STPLOT)
10E 1FBAZ  (xDUP2) 13E  2018C  (xSCATRPLOT)
10F 1FBBD  (xSwAP) 13F  201B1  (xLINFIT)
110 1FBD8 (xDROP) 140 201D6 (XLOGFI T)
111 1FBF3 (xDROP2) 141 201FB (XEXPFI T)
112 1FCOE  (xROT) 142 20220 (xPWRFIT)
113 1FC29  (xOVER) 143 2025E  (xBESTFIT)
114 1FC44 (xDEPTH) 144 202CE (xSI NV)
115 1FCo64 (xDROPN) 145 2034D  (sSNEG)
116 1FC/F (xDUPN) 146 203CC  (xSCONJ)
117 1FC9A (xPI CK) 147 2044B (XSTO+)
118 1FCB5 (xROLL) 148 20538 (xSTO")
119 1FCDO (XROLLD) 149 2060C (STQ)
11A 1FCEB (XxCLEAR) 14A 20753 (XxSTO")
11B 1FDOB (xSTCSI GWA) 14B 208F4 (xI NCR)
11C 1FD2B (xCLSI GvR) 14C 209AA (xDECR)
11D 1FD46  (xRCLSI GWA) 14D 20A15  (xcoLcT)
11E 1FDe1 (xSl GVA+) 14E 20A49 (XEXPAN)
11F 1FD8B (xSl GVA-) 14F 20A7D (XRULES)
120 1FDA6 (xNSI GvA) 150 20A93 (x1 SOL)
121 1FDC1 (xCORR) 151 20AB3 (xQUAD)
122 1FDDC  (xcov) 152 20AD3  (xsHOW
123 1FDF7 (X SUMK) 153 20B20 (XTAYLR)
124 1FE12  (xSYm) 154 20B40  (xRcL)

125 1FE2D  (xSymx2) 155 20CC4  (xSTO

126  1FE48 (xSUMY2) 156 20065 (x DEFI NE)
127 1FE63  (xSUWXY) 157 20EFE  (xPURGE)
128 1FE7E  (xMAXSI GWA) 158 20FAA  xMEM

129 1FE99 (x MEAN) 159 20FD9 (x ORDER)
12A 1FEB4 (xM NSI G\VB) 15A 210FC (xCLUSR)
12B 1FECF (xSDEV) 15B 2115D (X TMENU)
12C 1FEEA (xTOT) 15C 21196 (x MENU)
12D 1FF05 (XxVAR) 15D 211E1 (x RCLMVENU)
12E 1FF20 (XLR) 15 211FC (xPVARS)
12E 1FF7 (xPREDV) 15F 2123A (xPGDI R)
130 1FF9A (x PREDY) 160 2125A (XxARCHI VE)
131 1FFBA  (xPREDX) 161 2133C  (xRESTORE)
132 1FFDA (xXCOL) 162 2137F (x MERGE)
133 1FFFA  (xycoL) 163 213D1 x FREE

134 2001A (xUTPC) 164 214D2 (xLI BS)
135 2003A (XUTPN) 165 21448 (XATTACH)
136 2005A (xUTPF) 166 2147C (xDETACH)
137 2007A (xUTPT) 167 21E75 (XXM T)
138 2009A  (xSI GVACOL) 168 21E95 (X SRECV)
139 200C4 (xSCLSI GVA) 169 21EBS (xOPENI O)
13A 200F3 (xSI GVALI NE) 16A 21ED5 (xCLCSEI O)
13B 2010E (xBI NHS) 16B 21EFO (x SEND)



# Address Word # Address Word
16C 21F24 (xKGET) 177  220A2 (xSTI ME)
16D 21F62 (xRECN) 178 220C2 (X SBRK)
16E 21F96 (xRECV) 179 220DD  (xPKT)
16F 21FB6 (xFI NI SH) 17A  22ACA  (xI NPUT)
170 21FD1 (xSERVER) 17B  224F4 (xASN)
171 21FEC  (xCKSM 17C 22514  (xSTOKEYS)
172 2200C (x BAUD) 17D 22548 (xDELKEYS)
173 2202C (XPARI TY) 17E 22586 (XRCLKEYS)
174 2204C (XTRANSI O) 17F 225BE (x- >TAG
175 2206C (XKERRM) 180 22633 (xDTAG)
176 22087 (xBUFLEN)

Commands of library 1792:
# Address Word # Address Word
00 22EC3 (x1 F) OF  2349C (xSI LENT")
01 22EFA (X THEN) 10 234C1 X RPN- >
02 22F5B (XELSE) 11 235FE x>>ABND
03 22FD5  xIFEND 12 2361E  x<<
04 22FEB  XALG > 13 23639  x>>
05 22033 (XWHI LE) 14 23654 (x')
06 2305D (xREPEAT) 15 23679 XENDTI C
07 230C3  (xDO) 16 23694  XxWH LEEND
08 230ED (XUNTI L) 17 236B9 X ENDDO
09 23103 (xSTART) 18 2371F X ERRTHEN
0OA  231A0  (xSTARVAR) 19 2378D  (xCASE)
0B 2324C (xNEXT) 1A 237A8 X THENCASE
0C 23380  (xSTEP) 1B 23813 (xDIR)
0D 233DF (x| FERR) 1C 23824 (xPROWPT)
OE 23472 (XxHALT)
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Chapter 44
Commands by name

The “see” column tells you which section to look for a reference of that
command. If nothing is listed, then you are out of luck. Try disassembling the
entry point with JAZZ. Sometimes it is enough to understand the action.

Addr. Name See Addr. Name See Addr. Name See
06E97 ' 34.1 03CC7 #0<> 17.4 6258A #5+ 17.3
623A0 !!append$ 20.4 03CA6 #0= 17.4 636B4 #5= 17.4
62312 !!append$? 20.4 61A18 #0=?SEM 35.2 6262A #6- 17.3
62394 !linsert$ 20.4 6333A #0=?SKI P 35.2 62691 #6* 17.3
50E59 !#1+4l F<dim 1 61896 #0=case 35.2 6259A #6+ 17.3
50EAS !'#1-1F>0 63E89 #0=ITE 35.2 625AA #7+ 17.3
OBCCF !*triand 62B6F #0=UNTI L 36.1 62674 #8* 17.3
OBC6F !*trior 03EOE #1- 17.3 625BA #8+ 17.3
62376 !append$ 20.4 637CC #1-- 17.3 625CA #9+ 17.3
62F2F !append$SWAP 204 631A5 #1-{}N 25.4 03EB1 #AND 17.3
1795A ! DconpW dt h O3DEF #1+ 17.3 627F8 #- DUP 17.3
622E5 !insert$ 20.4 63808 #1-+ 17.3 65094 #EXI TERR 17.1
03DEO #- 17.3 639CA #1+' 34.1 642E3 #F|I VE#FOUR 17.1
624FB #- #2/ 17.3 073DB #1+_ONE_DO 36.2 624C6 #MAX 17.3
03EC2 #* 17.3 62809 #1+DUP 17.3 624BA #M N 17.3
191B9 #*OVF 17.3 63281 #1+LAST$ 20.4 6428A #ONE#27 17.1
03EF7 #/ 17.3 62F75 #1+NDROP 29 63065 #- OVER 17.3
16708 #:>$ 20.3 611A3 #1+PI CK 29 61172 #- Pl CK 29
64E3C #_102 171 612F3 #1+ROLL 29 03DC7 #PUSHA-

03DBC #+ 17.3 1DABB #1+ROT 17.3 612CC #- ROLL 17.3
637CC #-+1 17.3 62E26 #1+SWAP 17.3 62E12 #- SWAP 17.3
63808 #+-1 17.3 61353 #1+UNROLL 17.3 642D1 #THREE#FOUR 17.1
627D5 #+DUP 17.3 622B6 #1<> 17.4 642BF #TWO#FOUR 17.1
63051 #+OVER 17.3 622A7 #1= 17.4 6429D #TWOHONE 17.1
61184 #+PI CK 17.3 63353 #1=?SKI P 35.2 642AF #TWOHTWO 17.1
612DE #+ROLL 17.3 63D26 #l=case 35.2 6132C #- UNROLL 29
62DFE #+SWAP 17.3 6264E #10* 17.3 64209 #ZEROHONE 17.1
6133E #+UNROLL 17.3 625DA #10+ 17.3 6427A #ZEROHSEVEN 17.1
03CE4 #< 17.4 62EAE #1- 1SWAP 17.3 6571F $_'' 20.2
03D4E #<> 17.3 625EA #12+ 17.3 6572D $_:: 20.2
63D3A #<>case 17.4 6281A #1- DUP 17.3 65711 $_[] 20.2
63673 #<3 17.3 62FD9 #1- ROT 17.3 65703 $_{} 20.2
63D12 #<case 35.2 63245 #1- SUB$ 20.4 656F5 $_<<>> 20.2
63E9D #<ITE 35.2 5E4A9 #1- SWAP 17.3 65749 $_2DQ 20.2
03D19 #= 17.4 28558 #1- UNROT 17.3 65757 $_ECHO 20.2
6336C #=?SKI P 35.2 03E4E #2- 17.3 65769 $_EXIT 20.2
6186C #=case 35.2 O3E6F #2* 17.3 657A7 $_GRAD 20.2
618D3 #=casedrop 35.2 03E8E #2/ 17.3 6573B $_LRParens 20.2
63547 #=casedrpfls 352 03E2D #2+ 17.3 656C5 $_R<< 20.2
62C2D #=ITE 35.2 611BE #2+PI CK 29 656D5 $ R<Z 20.2
6448A #=POSCOWP 25.1 61318 #2+ROLL 29 65797 $_RAD 20.2
03D83 #> 17.4 61365 #2+UNROLL 29 6577B $_Undefi ned 20.2
167E4 #>% 20.3 636C8 #2<> 17.4 656E5 $_XYZ 20.2
5435D #>% 19.2 6229A #2= 17.4 11CF3 $>Bl GGROB 423
63399 #>?SKI P 35.2 625FA #3- 17.3 11D00 $>GROB 42.3
636F0 #>1 17.4 6256A #3+ 17.3 11F80 $>grob 423
63D4E #>2case 35.2 611D2 #3+PI CK 29 05B15 $>ID 31.2
63D67 #>case 35.2 62289 #3= 17.4 11D8F $5x7 1.7
05A75 #>CHR 20.3 6260A #4- 17.3 2A981 % 18.3
059CC #>HXS 21.1 6257A #4+ 17.3 2A94F %% 18.3
63EB1 #>I TE 35.2 611E1 #4+PI CK 29 2A99A W& 18.3
07E50 #>ROVPTR 28.2 6261A #5- 17.3 62FED %% ROT 18.3

204



Addr. Name See Addr. Name See Addr. Name See
62EA3 %84 SWAP 18.3 2A8Cl1 % 18.4 2ACF1 9%ACOS 18.3
63C1l8 984 UNROT 18.3 2A88A % 18.4 2AE13 %ACOSH 18.3
2A562 %61 18.1 543F9 %# 17.2 2ABBA Y%ALOG 18.3
2B3DD %% 4 18.1 2A5CL %%n 18.2 2AD38 Y%ANGLE 18.3
2A57C %% 5 18.1 2A95B %%%e 18.3 2ACCL 9%ASI N 18.3
2A9E8 94 18.3 2AA9E %984/ 18.3 2AE00 %ASI NH 18.3
63B82 W4 >% 18.3 2AD5B % 9%ANGLE 18.3 2AD21 YATAN 18.3
2AASF 984 18.3 2AAF6 % 9R/EOQRT 18.3 2AE26 YATANH 18.3
2A943 946+ 18.3 62E8F %%/EWAP 18.3 2AF73 9CEI L 18.3
2A81F %& 18.4 2A8A0 %= 18.4 2AA30 9%CH 18.3
2A8AB %= 18.4 05C27 % C% 19.2 2A920 9CHS 18.3
2A87F W& 18.4 2A673 Y%HVS 38 2AE62 %COVB 18.3
2A5B0 %6% 18.4 22618 % TAG 22 2ACA0 9COS 18.3
2A895 %We= 18.4 2A2B4 % 18.1 2ADDA  %COSH 18.3
51A07 WeEC% 19.2 2A738 %< 18.4 2A622 %>R 18.3
2AAC6 %O 18.1 2A7TCF  %9<> 18.4 650A8 % 18.1
2A727 WO< 18.4 2A76B %= 18.4 2AB2F 9%EXP 18.3
2A80B %WB<= 18.4 5F127 9% )=case 35.3 2AB42  YEXPML 18.3
2A7BB WO<> 18.4 2A799 %> 18.4 2AE39 9YEXPONENT 18.3
2A75A WO= 18.4 2ATF7 %>= 18.4 2B0C4 9%-ACT 18.3
2A788 9WO> 18.4 2A2C9 % 18.1 2AF86 9%-LOOR 18.3
2A7TE3 %O>= 18.4 2A386 %1 18.1 2AF4D %P 18.3
2A4E0 WA 18.1 50276 9%d- 18.3 2A6C8  9%HVE- 38
2AA92 9RA/ 18.3 2AAAF 9%/ 18.3 2A6A0 %HVB+ 38
2A596 940 18.1 50262 94+ 18.3 2A68C %IVG> 38
2B2DC 9R42 18.1 5F181 %=case 35.3 2AF60 WP 18.3
2AAFA %R 18.1 5F267 % l=case 35.3 2EC11 % P># 17.2
0F688 9%RPI 18.1 650E7 %0 18.1 2AB6E 9%.N 18.3
2A514 %3 18.1 62BF1 940* 18.3 2ABA7 9%.NP1 18.3
2A52E %4 18.1 415F1 9400 18.1 2AB81 9%.0OG 18.3
2A548 BB 18.1 1CC03 %1 18.1 2A930 9%VANTI SSA 18.3
2B300 960 18.1 1CC1D %2 18.1 2A6F5 9%VAX 18.3
2B1FF %4 18.1 1CC37 %3 18.1 62D81 9%VAXor der 18.3
2A8F0 9%4ABS 18.3 1CC51 %4 18.1 2A472 9VAXREAL 18.1
2AD08 9RACOSRAD 18.3 1CC85 %5 18.1 2A487 % NMAXREAL 18.1
2ADAF  9ANGLE 18.3 1CD3A %16 18.1 2A70E 9%M N 18.3
2AD6C  9%ANGLEDEG 18.3 1CD54 %7 18.1 2A49C 9%V NREAL 18.1
2AD7C 9ANGLERAD 18.3 1CDF2 %48 18.1 2A4B1 % M NREAL 18.1
2ACD8 98/ASI NRAD 18.3 650FC 9480 18.1 2ABDC 9MOD 18.3
2A910 9YBACHS 18.3 1CE07 %9 18.1 2AE4AC 9NFACT 18.3
2AC57 9WELOS 18.3 2A2DE R 18.1 2AA81 9NROOT 18.3
2AC68 9BECOSDEG 18.3 2A39B 9% 2 18.1 2A9C9 Y%OF 18.3
2ADC7 9940SH 18.3 5F1EA 9%2=case 35.3 2AE75 9%PERM 18.3
2AC78 9B4OSRAD 18.3 1CC6B %R0 18.1 2A443 9Pl 18.1
2AB1C 9EXP 18.3 1CCA4 @1 18.1 2B4BB %POL>YREC 18.3
2AF99 984-LOOR 18.3 1CCC3 w2 18.1 2A655 %=>D 18.3
2AF27 9R4>HVE 38 1CCE2 %3 18.1 2AFC2 9YRAN 18.3
2AF99 984 NT 18.3 1CD01 @4 18.1 2B044 9%RANDOM ZE 18.3
2AB5B 94N 18.3 1CD20 95 18.1 2B48E YREC%POL 18.3
2AB94 %84 NP1 18.3 1CD73 %26 18.1 2A8D7 YSGAN 18.3
2A6DC  9%8AVAX 18.3 1CD8D 97 18.1 2ABEF %Gl N 18.3
2B4C5 %WP>R 18.3 2A2F3 938 18.1 2ADAE %S| NH 18.3
2B498 WR>P 18.3 2A3B0 % 3 18.1 2B4F2 YSPH>Y%REC 18.3
2AC06 9%/&I N 18.3 65126 9860 18.1 2AB09 YSOQRT 18.3
2AC1l7 9/8lI NDEG 18.3 2A308 %4 18.1 2AA0B 9 18.3
2AD95 9B/&8l NH 18.3 2A3C5 % 4 18.1 2AC91 9%AN 18.3
2AC27 98l NRAD 18.3 2A31D % 18.1 2ADED 9% ANH 18.3
2AAEA WBOQRT 18.3 2A3DA %5 18.1 05193 &$ 20.4
2ACA8 9@ ANRAD 18.3 2A332 % 18.1 63F6A &$SWAP 20.4
2A9BC % 18.3 2A3EF %6 18.1 0521F &COWP 25.1
494B4 % 1 18.1 2A347 % 18.1 0518A &HXS 21.2
650BD % 5 18.1 2A404 %7 18.1 05445 ::N 25.5
2A9FE % 18.3 2A35C %8 18.1 632D1 :: NEVAL 25.5
2AA70 % 18.3 2A419 %8 18.1 62A61 ?>ROVWPTR 28.2
2A974 %+ 18.3 320B1 %80 18.1 715B1 ?ACCPTR>

51BE4 9%-SWAP 18.3 2A371 W 18.1 4243E ?ATTNQUI T 40.2
2A871 Y% 18.4 2A42E %9 18.1 42078 7?Bl i nkCur sor

2A8B6 Yx= 18.4 2A900 9%ABS 18.3 6317D ?CARCOWP 25.1
2A8CC ¥%x<> 18.4 18CD7 Y%ABSCOERCE 18.3 3FF1B ?CaseKeyDef 14.4
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Addr. Name See Addr. Name See Addr. Name See
3FF48 ?CaseRonptr @ 648BD >LASTRAM WOR 64DE2 2CGROB 17.1
40E3D ?CirA g 06F9F >R 34 51532 2HXSLI ST? 17.2
40E5B ?d r Al gSet Pr 41422 >Revi ew$ 64C66 2LI ST 171
3A1CA ?Di spMenu 3E35F >Ski pKey 63FFB 2Mh>Seco 25.5
39B85 ?Di spSt ack 052EE >T$ 20.4 63FBA 20VER 29
3959C ?Di spSt at us 05E81 >TAG 22 615F0 2PUTLAM 31.3
386D8 ?Fl ashAl ert 39.2 052FA >TCOWP 25.1 61AE9 2' RCOLARPITE 35.1
619E0 ?GOTO 34 1884D OLASTOADOB! 30 6114E 2RDROP 34
3FA7A ?Key>UKeyCb 1884D OLast Rom d! 30 04099 2REAL 171
63FCE ?b>Seco 25.5 2B789 1/ X15 626E5 2ski pcol a 34.2
26A2D ?OKI NALG 63259 1 _#1-SUB 20.4 62001 2SWAP 29
1854F ?PURCGE_HERE 37.2 63259 1_#1-SUB$ 20.4 61B55 3@REVAL 34
39BF3 ?Rol | UpDA2 614AC 10GETLAM 31.3 60F4B 3DROP 29
62A84 ?ROVPTR> 28.2 61675 10PUTLAM 31.3 6140E 3CGETLAM 31.3
61A3B ?SEM 34 6312D 10UNROLL 29 611FE 3PI CK 29
638E4 ?SEM DROP 34 614BC 11GETLAM 31.3 63740 3Pl CK#+ 17.3
0712A ?SKI P 35.1 61685 11PUTLAM 31.3 63C68 3Pl CK3PI CK 29
62D9F ?SKI PSWAP 35.1 614CC 12CGETLAM 31.3 630B5 3Pl CKOVER 29
18513 ?STO HERE 37.2 61695 12PUTLAM 31.3 62EDF 3Pl CKSWAP 29
62F1B ?SWAP 35.1 614DC 13GETLAM 31.3 61600 3PUTLAM 31.3
62F5C ?SWAPDROP 35.1 616A5 13PUTLAM 31.3 61160 3RDROP 34
448C1 ?TogU LCase 614EC 14CGETLAM 31.3 64E64 3REAL 171
0797B @ 37.2 616B5 14PUTLAM 31.3 626DC 3ski pcol a 34.2
07943 @AM 31.3 614FC 15GETLAM 31.3 60FAC 3UNROLL 29
24EA6 {}>DIR 616C5 15PUTLAM 31.3 60F7E 4DROP 29
05459 {}N 25.4 6150C 16CGETLAM 31.3 60F83 4DroplLoop

100E0 ~BRbrowse 616D5 16PUTLAM 31.3 61438 4CGETLAM 31.3
450E0 ~BRDi spltens 6151C 17GETLAM 31.3 52D26 4NULLLAM } 31.3
130E0 ~BRdone 616E5 17PUTLAM 31.3 6121C 4Pl CK 29
530E0 ~BRCetltem 6152C 18CGETLAM 31.3 63754 4P| CK#+ 17.3
490E0 ~BRi nverse 616F5 18PUTLAM 31.3 62DE5 4Pl CK#+SWAP 17.3
120E0 ~BRout put 6153C 19CGETLAM 31.3 62DE5 4P| CK+SWAP 17.3
180E0 ~BRRcl C1 61705 19PUTLAM 31.3 630C9 4Pl CKOVER 29
170E0 ~BRRcl Cur Row 3AAO0A 1A/ LockA 62EF3 4P| CKSWAP 29
030E0 ~BRSt oCl 62DB3 1ABNDSWAP 31.3 61615 4PUTLAM 31.3
520E0 ~BRVi ew t em 634B6 1GETABND 31.3 60FBB 4ROLL 29
000B3 ~Choose 613B6 1GETLAM 31.3 62864 4ROLLDROP 29
050B3 ~ChooseMenuO 55288 1GETLAMBWP1+ 31.3 630A1 4ROLLOVER 29
060B3 ~ChooseMenul 62F07 1GETSWAP 31.3 63001 4ROLLROT 29
070B3 ~ChooseMenu2 634CF 1LAMBI ND 31.3 62ECB 4ROLLSWAP 29
2D0B3 ~DoCKeyCance 34D2B 1NULLLAM } 31.3 6109E 4UNROLL 29
2BOB3 ~DoCKeyChAl | 615E0 1PUTLAM 31.3 6113C 4UNROLL3DROP 29
2A0B3 ~DoCKeyCheck 514DC 1REV 62D09 4UNROLLDUP 29
2EOB3 ~DoCKeyXK 15978 1st kdeconp$w 63015 4UNROLLROT 29
2C0B3 ~DoCKeyUnChA 6362D 2#0=0R 17.4 60F72 5DROP 29
590B0 ~DoKeyCancel 2B470 2%%% 18.2 6145C 5CGETLAM 31.3
5A0B0 ~DoKeyOK 2B45C 2%%% 18.2 6123A 5PI CK 29
090B1 ~DoMKeyOK 61B45 2@REVAL 34 61625 5PUTLAM 31.3
000B1 ~DoMsgBox 6154C 20GETLAM 31.3 60FD8 5ROLL 29
C80B0 ~Get Fi el dval 61715 20PUTLAM 31.3 62880 5ROLLDROP 29
C50B0 ~gFl dVval 6155C 21GETLAM 31.3 626AE 5ski pcol a 34.2
850B0 ~grobAlertlc 61725 21PUTLAM 31.3 610C4 5UNROLL 29
860B0 ~gr obCheckKe 6156C 22CGETLAM 31.3 60F66 6DROP 29
050B0 ~I FMenuRowl 61735 22PUTLAM 31.3 6146C 6CGETLAM 31.3
060B0 ~I FMenuRow2 03258 2DROP 29 6125E 6PI CK 29
360B3 ~LEDi spltem 6254E 2DROP0O0O 17.1 61635 6PUTLAM 31.3
350B3 ~LEDi splLi st 3FDBD 2Dr opBadKey 61002 6ROLL 29
300B3 ~LEDi spPronp 62BOB 2DROPFALSE 33.1 610FA 6UNROLL 29
120E4 ~MESRcl Egn 031AC 2DUP 29 60F54 7DROP 29
020B1 ~MsgBoxMenu 63704 2DUP#+ 17.3 6147C 7GETLAM 31.3
630E3 ~PCunpack 6289B 2DUP#< 17.4 61282 7Pl CK 29
580E7 ~UTTYPEEXTO0? 628B5 2DUP#= 17.4 61645 7PUTLAM 31.3
110E7 ~UTVUNS1Arg 628D1 2DUP#> 17.4 6106B 7ROLL 29
073A5 +LOOP 36.2 63C40 2DUP5ROLL 29 62BC4 7UNROLL 29
3E3E1l <Del Key 635D8 2DUPEQ 33.2 6148C 8GETLAM 31.3
3E2DD <Ski pKey 611F9 2DUPSWAP 29 612A9 8PI CK 29
3E4CA >Del Key 64E0A 2EXT 17.1 61655 8PUTLAM 31.3
0525B >H$ 20.4 632E5 2GETEVAL 31.3 6103C 8ROLL 29
052C6 >HCOWP 25.1 613E7 2GETLAM 31.3 63119 8UNROLL 29
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6149C 9GETLAM 31.3 0D5E5 ASRW 3A591 Bl ankDA2a 41.4
61665 9PUTLAM 31.3 34301 Attn# 171 126DF BLANKI T 41.4
162B8 a%$ 20.3 42262 ATTN? 40.2 515B4 BOTROW 41.6
162AC a%$, 20.3 0CA60 ATTNchk 3EC99 Box/ St dLabel 42.4
39FB0 AbbrevSt ack? 64FC2 ATTNERR 17.1 3ECB2 Box/ StdLbl : 42 .4
07497 ABND 31.3 05040 ATTNFLG@ 40.2 2E108 BUI LDKPACKET

04EA4 ABORT 32.1 05068 ATTNFLGCLR 40.2 05DBC C%6%% 19.2
12655 ABUFF 41.1 420F5 ATTNxcp 519F8 CWeC% 19.2
30914 ACKINIT 40BC9 At User St ack 30 51B2A CW®= 19.4
2B7DC ADDF 491D5 AUTOSCALE 5193B C%®A4 19.1
1265A addr ADI SP 0948E BAK>OB 28.4 51B91 CWAHS 19.3
4226A addr ATTNFLG 081D9 BAKNANME 28.4 51BC1 C984ONJ 19.3
OE7D3 addrd kOnNi b 70601 BANKMIHDS 4F408 C%#

00D48 addr KEYSTATE 54050 BASE 39.1 05D2C C%% 19.2
136AC addr LI NECNTg 0010D BAU 519CB C%%»% 19.2
0188D addr ORghost 071A2 BEG N 36.1 519DF CY%9%/BWAP 19.2
04E66 addr TEMPENV 66EA5 Bi gCur sor 42.1 524AF C%® 19.1
179E8 addr TEMPTOP 123C8 BI GDI SPN 41.7 51B43 CYO= 19.4
1263A addr VDI SP 12415 Bl GDI SPROM 41.7 5F13B C¥%®=case 35.3
1264A addr VDI SP2 12405 Bl GDI SPROW2 41.7 524F7 C%W 19.1
1605F addtics 123F5 Bl GDI SPROMB 41.7 5196A C¥% 1 19.1
42EC7 Adj EdModes 123E5 Bl GDI SPROM 41.7 51EFA CW/ 19.3
069F7 ADIMEM 074D0 BI ND 31.3 5F19F C%d=case 35.3
312DA adr _uart _han 44F42 Bi ndwat Vars 5F285 C% l=case 35.3
047CF adr Dl SABLE K 64CE8 BI NT_115d 171 5F208 C¥%2=case 35.3
32CB6 adr GraphPrtH 64CF2 BINT_116d 17.1 52062 CY%ABS 19.3
047DD adr KEYBUFFER 64D06 BINT_122d 17.1 52863 CYACOS 19.3
42284 adr TI MEQUTCL 64D1A BI NT_130d 17.1 52836 CY¥ACOSH 19.3
5EF15 AEQLstcase 35.4 64D24 BINT_131d 17.1 52305 CYALOG 19.3
5F048 AEQopscase 35.4 64BE4 BI NT_65d 17.1 52099 CY¥ARG 19.3
071AB AGAI N 36.1 64C84 BINT_91d 17.1 52804 CYASI N 19.3
2B770 aH>HVB 64C8E BI NT_96d 17.1 5281D C¥ASI NH 19.3
0115A AINRTN 64E1E BI NT253 17.1 52675 CY¥ATAN 19.3
422A1 ALARW? 38 64E28 BI NT255d 17.1 527EB CY¥ATANH 19.3
0E235 ALARMB@ 64BDA Bl NT40h 17.1 52374 C¥CMC 19.3
42113 ALARMKcp 64D10 BI NT80h 171 52360 C¥'R 19.3
53968 Al gEntry? 415 64DD8 Bl NTCOh 17.1 51B70 CY%CHS 19.3
3981B Al gEntryStat 53EBO bit- 21.3 51BB2 CY%CONJ 19.3
1568F ALGeq? 5431C bit#% 21.3 52571 C%COS 19.3
001FF al | keys 542EA bi t #% 21.3 52648 CYCOSH 19.3
010E5 Allowintr 542BD bit#% 21.3 52193 CY¥EXP 19.3
324A6 Al |l owPrl cdd 54349 bit #%- 21.3 521E3 C%.N 19.3
2B67D aMODF 542FE bi t %¢- 21.3 522BF CW.0OG 19.3
03B46 AND 33.1 542D1 bi t 98#* 21.3 52342 CR\C 19.3
18873 AND$ 20.4 5429F bi t %/ 21.3 520CB C¥BGN 19.3
63CEA ANDcase 35.1 54330 bit %+ 21.3 52530 C¥8I N 19.3
63E61 ANDI TE 35.1 53ED3 bit* 21.3 5262F C¥%Sl NH 19.3
63DDF ANDNOTcase 35.1 53F05 bit/ 21.3 52107 CY¥SQRT 19.3
39673 Angl eSt at us 53EA0 bit+ 21.3 525B7 CYAN 19.3
0010B ANNCTRL 53D04 bit AND 21.3 5265C CYaANH 19.3
2E4DC  APNDCRLF 20.4 53E65 bit ASR 21.3 519B7 Cslnto 19.2
35491 apndvarl st 25.4 008E6 BI TMVAP 519A3 CRe% 19.2
38C08 AppbDi spl ay! 53D4E bi t NOT 21.3 61CE9 CACHE 31.3
38C18 AppDi splay@ 00100 BI TOFFSET 40CE9 CacheSt ack

62BBO0 APPEND SPACE 20.4 53D15 bitOR 21.3 050ED CAR$ 20.4
38C98 AppError! 53E0C bhitRL 21.3 05089 CARCOWP 25.1
38CAB AppError@ 53E3B bitRLB 21.3 0010E CARDCTL

38C68 AppExit Cond! 53DA4 bitRR 21.3 0010F CARDSTAT

38C78 AppExitCond@ 53DE1 bit RRB 21.3 61993 case 35.1
38C38 AppKeys! 53D5E bit SL 21.3 6191F case2drop 35.1
38C58 AppKeysO 53D6E bit SLB 21.3 61970 case2DROP 35.1
38CFB AppMde? 53081 bitSR 21.3 63583 case2drpfls 35.1
47984 APPpr onpt 1! 53D91 bit SRB 21.3 63BEB caseDEADKEY 35.6
479A7 APPpr onpt 2 53D26 bit XOR 21.3 63BEB caseDoBadKey 356
00202 argtypeerr 45676 Bl ank$ 20.4 618F7 casedrop 35.1
00203 argval err 39632 Bl ank&GROB! 42.3 6194B caseDROP 35.1
64BE4 ARRYREAL 17.1 3A546 Bl ankDAl 41.4 63BD2 caseDrpBadKy 356
03562 ARSI ZE 23.1 3A578 Bl ankDA12 41.4 6356A casedrpfls 35.1
OD5F6 ASLW 3A55F Bl ankDA2 41.4 638B2 casedrptru 35.1

207




Addr. Name See Addr. Name See Addr. Name See
63169 caseERRIMP 35.6 654E9 CHR E 20.1 18A8D CK2NOLASTWD 30
6359C caseFALSE 35.1 6559F CHR e 20.1 18A5B CK3 30
63B05 caseSl| ZEERR 35.6 654F0 CHR F 20.1 18EF0 CK3&Di spatch 30
634E3 caseTRUE 35.1 655A6 CHR f 20.1 18A68 CK3NOLASTWD 30
2BEE1 CCsB1 654F7 CHR_ G 20.1 18B92 CK4 30
0516C CDR$ 20.4 655AD CHR g 20.1 18F01 CK4&Dispatch 30
05153 CDRCOWP 25.1 654FE CHR_H 20.1 18B9F CKANOLASTWD 30
1215E CENTER$3x5 42.3 655B4 CHR_h 20.1 18B6D CK5 30
10E82 cfC 18.1 65505 CHR_I 20.1 18F12 CK5&Di spatch 30
10E68 cfF 18.1 655BB CHR i 20.1 18B7A CK5NOLASTWD 30
05AB3 CHANGETYPE 39.2 6565C CHR I ntegral 20.1 42C3D CkChr00 20.5
64CC0 char 17.1 6550C CHR_ J 20.1 49C54 CKEQUti |

444EE Char >Edi t 655C2 CHR j 20.1 4F7TE6 CKGROBFI TS 42.3
42D82 Char Edit 65513 CHR K 20.1 0AOOE CKLBCRC

27D00 check_pdata 655C9 CHR k 20.1 18C34 CKN 30
511E3 CHECKHEI GHT 6551A CHR L 20.1 18C4A CKNNOLASTWD 30
04708 CHECKKEY 65500 CHR | 20.1 545A0 cknumdsptchl 27.1
4E266 CHECKMENU 65663 CHR Left Par 20.1 51148 CKPICT 30.1
41111 CheckMenuRow 65521 CHR_M 20.1 63B2D CKREAL 30.1
51166 CHECKPI CT 655D7 CHR_m 20.1 37B44 CKREF 37.1
4A9AF CHECKPVARS 65528 CHR_N 20.1 1FO5B CKSYMBTYPE 30.1
32CAF ChkG Hook 655DE CHR n 20.1 0DOC7 CKTI ME

325AA ChkLowBat 6566A CHR New i ne 20.1 01F6D CLCD10 41.4
30B1D CHOOSE_INIT 6552F CHR_O 20.1 01FA7 CLEARLCD 41.4
65448 CHR_ 20.1 655E5 CHR o 20.1 51125 CLEARMENU

6544F CHR - 20.1 65536 CHR_P 20.1 134AE CLEARVDI SP 41.4
65433 CHR # 20.1 655EC CHR p 20.1 018E2 cl kspd

6543A CHR * 20.1 65671 CHR_Pi 20.1 OEB81 CLKTI CKS 38
65456 CHR_ . 20.1 6553D CHR Q 20.1 0D7A1 CLKUTL1

65425 CHR.... 20.1 655F3 CHR g 20.1 31506 CLOSEUART

6545D CHR / 20.1 65544 CHR R 20.1 315F9 d oselart

654AA CHR : 20.1 655FA CHR r 20.1 OEO6F dr16 41.4
654B1 CHR ; 20.1 65678 CHR _Ri ghtPar 20.1 0E083 dr8 41.4
65694 CHR [ 20.1 6554B CHR_S 20.1 OE097 dr8-15 41.4
6569B CHR ] 20.1 65601 CHR_s 20.1 39FD2 C rAbbrevStk

656A2 CHR { 20.1 6567F CHR_Si gna 20.1 53984 CrAl gEntry 415
656A9 CHR } 20.1 65686 CHR Space 20.1 1133A dr Al phaAnn 415
65441 CHR + 20.1 65552 CHR T 20.1 38D17 O r AppMode

654B8 CHR < 20.1 65608 CHR_t 20.1 38D9B O r AppSuspCK
65640 CHR << 20.1 65559 CHR U 20.1 39489 C r DAlBad 41.3
656B0 CHR <= 20.1 6560F CHR_ u 20.1 39531 ClirDAllsStat 41.2
656BE CHR <> 20.1 6568D CHR UndScore 20.1 390CC d rDAIXX 41.3
654BF CHR = 20.1 65560 CHR V 20.1 394B3 C r DA2aBad 41.3
654C6 CHR > 20.1 65616 CHR v 20.1 390E5 d rDA2alX 41.3
65639 CHR -> 20.1 65567 CHR W 20.1 394DD d r DA2bBad 41.3
656B7 CHR >= 20.1 6561D CHR w 20.1 39435 C r DA2bNoCh 41.3
65647 CHR >> 20.1 6556E CHR X 20.1 390FE O r DA2bCK 41.3
65464 CHR O 20.1 65624 CHR x 20.1 39117 drDA2XK 41.3
6541E CHR_00 20.1 65575 CHR Y 20.1 39507 C r DA3Bad 41.3
6546B CHR 1 20.1 6562B CHR_y 20.1 3912B C r DAIXK 41.3
65472 CHR 2 20.1 6557C CHR Z 20.1 39144 drDAsOK 41.3
65479 CHR 3 20.1 65632 CHR z 20.1 2BBE2 CLRFRC

65480 CHR 4 20.1 05A51 CHR># 17.2 1136E drLeft Ann 415
65487 CHR 5 20.1 6475C CHR>$ 20.3 53A90 C rNewEditL

6548E CHR_ 6 20.1 01160 CI NRTN 3958B ClrNoRol | DA2 41.3
65495 CHR 7 20.1 41CA2 Cké&DecKeyLoc 40.2 11354 d rR ght Ann 41.5
6549C CHR 8 20.1 18F9D CK&DI SPATCHO 30 2D9B2 d r Ser viMbde

654A3 CHR 9 20.1 18FB2 CK&DI SPATCHL 30 53761 drSysFl ag 39.1
654CD CHR A 20.1 18FA9 CK&DI SPATCH2 30 42303 clrtinmeout

65583 CHR_ a 20.1 142FB Ck&Freeze 53755 CdrUserFl ag 39.1
6564E CHR Angl e 20.1 18A1E CKO 30 40C94 CMDSTO

654D4 CHR B 20.1 23768 CKOATTNABORT 0010A CMODE

6558A CHR b 20.1 18A15 CKONOLASTVWD 30 41D92 CodePl >%c.p 40.2
654DB CHR_ C 20.1 18AA5 CK1 30 18CEA COERCE 171
65591 CHR c 20.1 18ECE CK1&Di spatch 30 12770 COERCE$22 20.4
654E2 CHR D 20.1 1592D CK1NoBl ane 30 194F7 COERCE2 171
65598 CHR d 20.1 18AB2 CKI1NOLASTWD 30 62CE1 COERCEDUP 171
6542C CHR Dbl Quote 20.1 18A80 CK2 30 5380E COERCEFLAG 35.1
65655 CHR Deriv 20.1 18EDF CK2&Di spatch 30 62E7B COERCESWAP 17.1
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06FD1 COLA 34.2 7DD17 D/ DCONJ 39958 DispDir?Ti n2
61A6D COLA_EVAL 34.2 7DD35 D/ DCOs 3988B Di spDir ?Ti me

62986 COLAcase 7DD40 D/ DCOSH 3A00D DispEditLine
6296D COLACOLA 34.2 7DDFO D/ DDER 430CF Di spl LPrompt

6381C COLAITE 7DD4B D/ DEXP 3A1E8 Di spMenu

629A1 COLANOTcase 7DD4B D/ DEXPML 3A1FC Di spMenu. 1

61A8E COLARPI TE 35.1 7DD82 D/ DI FTE 12429 DI SPN

633B2 COLASKI P 34.2 7DEO6 DY DI NTEGRAL 01BBD Di spCF f

5573D COLAt hexFCN 7DD56 D/ DI NV 01B8F Di spOn

01FD3 Col dstart 7DD61 D/ DLN 133AB di sprange

09B73 COVPCONFCRC 7DD6C DY DLNP1 1245B DI SPROWM 41.7
18EBA COVPEVAL 34 7DD77 DI DLOG 12725 DI SPROAL* 41.7
1F996 COVPLEXDUMW 7DD8D D/ DSI N 1246B DI SPROW2 41.7
396C8 ConVecSt at us 7DDO8 DJ DSI NH 12748 DI SPRON2* 41.7
6506C Connecting 17.1 7DDA3 D/ DSQ 1247B DI SPROVNB 41.7
00B02 constuniterr 7DDAE DY DSQRT 1248B DI SPROWM 41.7
08D08 CONTEXT! 37.3 7DE11 D/ DSUM 1249B DI SPROWS 41.7
08D5A CONTEXT@ 37.3 7DDB9 D/ DTAN 124AB DI SPROVG 41.7
00101 CONTRAST 7DDC4 D/ DTANH 124BB DI SPROW 41.7
256E4 convertbase 7DDFB DY DWHERE 124CB DI SPROM 41.7
4651C CopyCol sLeft 6384E DO=DSKTOP 395BA Di spSt at us

4677E CopyCol sRght 01C31 DO- >Rowl 1270C DI SPSTATUS2 417
46625 CopyRowsDown 01C58 DO->Sft1l 39B0A Di spSt sBound

46409 CopyRowsUp 6385D D1=DSKTOP 39AF1 Di spTi neReq?

7DF87 COPYVAR 3946D DAl1Bad? 41.3 153FC DispVarsuUti |

137DC corner 38DAC DA1K? 41.3 2BBB5 DI V2

00104 CRC 38F28 DA1OK?NCOTI T 41.3 06A8E DI V5

08696 CREATE 37.2 39497 DA2aBad? 41.3 2B977 DI VF

184E1 CREATED R 37.3 38FB9 DA2aless1CK? 41.3 63DB7 dLI STcase 30.1
06AD8 CREATETEMP 38F41 DA2aOK?NOTI T  41.3 073F7 DO 36.2
00113 CRER 39419 DA2bNoCh? 41.3 1502F DOHEXI T 32.1
2EAF0 CRLF$ 20.2 38F5A DA2bOK?NOTI T 41.3 15048 DCSEXI T 32.1
4DAOD CROSS_HAI RS 38EB5 DA3K? 41.3 15007 DOYEXI T 32.1
4DA76 CROSS_OFF 38F73 DA3OK?NCTI T 41.3 50438 DO>LCD 42.3
5053C CROSSGROB 42.1 25223 DaDGNTc 14088 DO>STR 20.3
4ECAD CROSSMARKON 63DA3 dARRYcase 30.1 3EE1A Dolst/ 2nd+:

1578D CRUNCH 271 O0CCOE DATE 38 02BAA DOACPTR 16
15941 CRUNCHNoBI am 0CC5B DATE+DAYS 38 029E8 DQARRY 16
0D618 CSLWb OCFD9 Dat e>d$ 38 3FDD1 DoBadKey

0D607 CSRW OEE50 Dat e>hxs13 38 3FDFE ' DoBadKey 34.1
4248E Ctl Al arm O0D4AD DAY# 3FE12 ' DoBadKeyT 34.1
4E442 CURRENTNMARK? 0D744 Day>Dat e 02B62 DOBAK 16
427AF Cursor &Di sp 0D62F DCHXW 2EC384 DOBAUD

444A5 CURSOR_END? 17980 DconmpW dth@ 1415A DOBEEP 39.2
13E85 CURSOR_OFF 424DA DCur sor 53C43 DOBI N 39.1
13D8C CURSCR1 42.1 0CC39 DDAYS 38 074E4 DOBI ND

13DB4 CURSOR2 421 009A5 Debounce 02911 DOBINT 16
13D55 cursorblink- 30D31 DECODE 2EDE1 DOBUFLEN

13D28 cursorbl i nk+ 15B13 DECOWPS 4F179 DOC>PX

7DBF8 DI D 041ED DEEPSLEEP 39.2 42475 DoCAl ar nKey

7DBE2 DJ D* 04292 DeepSl eep 029BF DOCHAR 16
7DC03 DD 2512D del i ntase 140F1 DOCHR 20.3
7DDCF D/ D0 0314C DEPTH 29 5046A DOCLLCD 41.4
7DDDA D/ D'X 7DC54 der prodl 02977 DOCWVP 16
7DDE5 D/ DMY 7DCOE der quot 02DCC DOCCDE 16
7DBED D/ D+ 63E07 dI DNTNcase 30.1 02D9D DOCCL 16
7DC72 DI D= 035A9 DIMLIMTS 23.1 31854 docr

7DC7D DI DABS 01115 Disablelntr 31868 DOCR

7DCA1 D/ DACOS 1245B DI SP@1 41.7 05981 DoCRC

7DCAC D/ DACCsH 1246B DI SP@9 41.7 0597E DoCRCc

7DC72 D/ Dal g= 1247B Dl sP@7 41.7 02A2C DOCSTR 16
7DCB7 D/ DALOG 1248B DI SP@5 41.7 53C5B DODEC 39.1
7DELC D/ DAPPLY 00120 DI SP1CTL 31FFD DODELAY

7DCC2 DI DARG 00130 DI SP2CTL 40DD4 DoDel im

7DCCD DY DASI N 3AACE Di sp5x7 41.7 40DF7 DoDel i s

7DCD8 DY DASI NH 13B51 DI SPCHAR+PC 140AB DODI SP

7DCE3 DY DATAN 4E6EF Di spCoordl 0299D DOECWP 16
7DCEE D/ DATANH 4A055 DI SPCOORD2 166FB DOENG 39.1
7DCF9 D/ DCHS 398F4 DispDir?Timl 4B60C DOERASE
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02955 DOEREL 16 4E582 DRAVBOX# 6321D DUPNULLCOWP? 251
02ADA DOEXT 16 50758 DRAWL.I NE#3 63A9C DUPONE 171
02B88 DOEXTO 16 40639 drax 630DD DUPPI CK 29
02BAA DOEXT1 16 63E1B dREALNcase 35.5 630F1 DUPROLL 29
02BCC DOCEXT2 16 03244 DROP 29 62C19 DUPROVPTR@ 28.2
02BEE DOCEXT3 16 6394D DROP 34.1 61FA9 DUPROMH WORD?  28.2
02C10 DCEXT4 16 637F4 DROP#1- 17.3 62FB1 DUPROT 29
620DC DOFALSE 3FDC7 Dr opBadKey 62A2F DUPSAFE@ 37.2
2E876 DOFI NI SH 4D11E DROPDEADTRUE 61745 DUPTEMPENV 31.3
3B211 DoFirst Row 627A7 DROPDUP 29 63AD8 DUPTWO 171
166E3 DOFI X 39.1 6210C DROPFALSE 33.1 62193 DUPTYPEARRY? 33.3
0554C DOGARBAGE 3A9B8 ' DROPFALSE 34.1 6212A DUPTYPEBI NT? 33.3
4CE6F DOGRAPHI C 03249 DropLoop 62020 DUPTYPECHAR? 33.3
02B1E DOGROB 16 63466 DROPLOOP 36.2 6217E DUPTYPECWP? 33.3
185C7 DoHere: 63FA6 DROPNDROP 29 621E7 DUPTYPECOL? 33.3
53C37 DOHEX 39.1 04D3E DROPNULL$ 20.2 62154 DUPTYPECSTR? 33.3
02A4E DOHSTR 16 62946 DROPONE 17.1 6204A DUPTYPEEXT? 33.3
02A4E DOHXS 16 63029 DROPOVER 29 621FC DUPTYPEGROB? 33.3
02E48 DO DNT 16 632F9 DROPRDROP 34 6213F DUPTYPEHSTR? 33.3
199EB Dol nput For m 13 62FC5 DROPROT 29 62035 DUPTYPEI DNT? 33.3
2EDA6 DOKERRM 6270C DROPSWAP 29 62115 DUPTYPELAM? 33.3
40454 DoKeyOh 62726 DROPSWAPDROP 29 62211 DUPTYPELI ST? 33.3
41904 DolLabel 42.4 2DDC4  DropSysErr$ 62169 DUPTYPEREAL? 33.3
02E6D DOLAM 16 18308 DropSysObs 621A8 DUPTYPEROWP? 33.3
5034 DOLCD> 42.3 62103 DROPTRUE 33.1 621BD DUPTYPERRP? 33.3
02B40 DOLI B 16 62535 DROPZERO 17.1 621D2 DUPTYPESYMB? 33.3
02A74 DOLI ST 16 00103 DSPCTL 62226 DUPTYPETAG? 33.3
02A0A DOLNKARRY 16 00102 DTEST 61380 DUPUNROT 29
40DC0 DoMenuKey 62193 DTYPEARRY? 33.3 63A88 DUPZERO 17.1
41934 DoMenuKeyNS 621E7 DTYPECCOL? 33.3 63A29 dvarl sBI ND

40350 DoNanmeKeyLRS 62154 DTYPECSTR? 33.3 00003 DzP

40337 DoNanmeKeyRS 62211 DTYPELI ST? 33.3 7DC88 easyabs

44C31 DoNewMat ri x 62169 DTYPEREAL? 33.3 42BD4 Echo$Key

3A71C DoNext Row 61EA7 DUMP 31.3 42BB6 Echo$NoChr 00

53C4F DOCCT 39.1 03188 DUP 29 3EE47 Echo2Macr os

44FE7 Dod dMatri x 63925 DUF 34.1 42AE4 EchoChr Key

2EB37 DOOPEN O 63687 DUP#<7 17.4 039EF ECUSER

2ECCA DOPARI TY 6347F DUP#0_DO 36.2 15A40 ederr

2E8D1 DOPKT 622D4 DUP#0<> 17.4 15A0E EDI TDECOWPS 20.3
3ADED DoPl ot Menu 633F8 DUP#0<>WHI LE 36.1 15B31 editdeconmp$w
3A735 DoPrevRow 62266 DUP#0= 17.4 63DCB Edi t Exst Case

31EE2 DOPRLCD 61891 DUP#0=case 35.2 42D32 EditLevel 1

4FOAC DOPX>C 63CBD DUP#0=csDROP 352 53A4A EditLEXi sts?
2B07B DORANDOM ZE 18.3 618A8 DUP#0O=csedrp 35.2 44683 EDI TLI NE$

1572B DORCLE 63E48 DUP#0=I T 35.2 3BDFA Edit Menu

02933 DOREAL 16 63EC5 DUP#0=I TE 35.2 44730 EDI TPARTS

02E92 DOROWP 16 6292F DUP#1- 17.3 443CB EditString

02A96 DORRP 16 628EB DUP#1+ 17.3 0403F EI GHT 17.1
2EE18 DOSBRK 6119E DUP#1+PlI CK 29 040A3 EI GHTEEN 17.1
166EF DOSCl 39.1 622C5 DUP#1= 17.4 6103C ElI GHTROLL 17.1
18CA7 DOSI ZEERR 32.2 626F7 DUP#2+ 17.3 64C34 ElI GHTY 17.1
3BE54 DoSol vr Menu 63295 DUP$>I D 31.2 64C3E ElI GHTYONE 17.1
2EE97 DOSRECV 63BAA DUPY®= 18.4 0405D ELEVEN 171
16707 DOSTD 39.1 62C05 DUP@ 37.2 64127 Enbedded?

1C6A2 DOSTQALLF 39.1 634CA DUP1LAMBI ND 31.3 30BD7 ENCODE

15717 DOSTCE 611F9 DUP3PI CK 29 30BBE ENCODE1PKT

1C6E3 DOSTOSYSF 39.1 63704 DUP3PI CK#+ 17.3 00019 ENTERCODE

14137 DOSTR> 20.3 61610 DUPAPUTLAM 31.3 03B2E EQ 33.2
53CAA dostws 39.1 61099 DUP4UNROLL 29 635F1 EQ 33.2
02AB8 DOSYMB 16 641CC DupAndThen 61933 EQcase 35.5
02AFC DOTAG 16 62CB9 DUPDUP 29 618BA EQrasedrop 35.5
2ED10 DOTRANSI O 635EC DUPEQ 33.2 4E46A EQCURSOR?

620C3 DOTRUE 5179E DUPGROBDI M 42.2 63E2F EQ T 355
186E8 DOTVARS% 631E1 DUPI NCOWP 25.3 63E75 EQ TE 355
18779 DOVARS 37.3 63411 DUPI NDEX@ 36.2 152FF EqList?

1A7C9 dowai t 38 627BB DUPLEN$ 20.4 64593 EQLookup 251
38908 DoWar ni ng 41.7 63231 DUPLENCOWP 25.1 63605 EQOR 33.2
0DB51 dowuti | 63209 DUPNULL$? 20.5 6303D EQOVER 33.2
167BF DPRADI X? 39.1 63A6F DUPNULL{}? 25.4 03B97 EQUAL 33.2
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63CFE EQUALcase 35.5 38926 FlashWarning 41.7 4ADBO GETSCALE

517F3 EQUALcasedro 355 0D6D8 FLOAT 314E5 CETSERI AL

63CA4 EQUALcasedrp 355 00D57 Fl ush 2FFBA Get StrlLen

635C4 EQUALNOT 33.2 00D71 FLUSH 40.2 2FFB7 GetStrlLenC

63DF3 EQUALNOTcase 355 OODBE Fl ushAttn 2FFB4 Get StrlLenStk

63619 EQUALOR 33.2 00D71 FLUSHKEYS 40.2 039BE GETTEMP

644A3 EQUALPCSCOW 251 3136C FLUSHRSBUF 04D64 GETTHEMESG 32.1
15744 EQUATI ON 0417F FORTY 17.1 012EE Get Ti ntChk

141E5 ERRBEEP 32.1 64B3A FORTYEl GHT 17.1 0130E Get Ti me++

32B08 ErrFi xEl RU 64B1C FORTYFI VE 17.1 04714 GETTOUCH

04ED1 ERRIMP 32.1 64B12 FORTYFOUR 17.1 41F3F Get User Keys

05023 Errjnp 64B44 FORTYN NE 17.1 4B139 GETXMAX

63155 ' ERRIMP 34.1 04189 FORTYONE 17.1 4B10C GETXM N

10F80 ErrjnmpC 64B30 FORTYSEVEN 17.1 505C6 GETXPCS

04CE6 ERROR@ 32.1 64B26 FORTYSI X 17.1 505E4 get xpos

04D33 ERRORCLR 32.1 0419D FORTYTHREE 17.1 4B14D GETYMAX

6383A ERROROUT 32.1 04193 FORTYTWD 17.1 4B120 GETYM N

04DOE ERRORSTO 32.1 04017 FOUR 17.1 5068D GETYPCS

04E5E ERRSET 32.1 64C0C FOURFI VE 17.1 506AB getypos

0CBC4 ErrTinme 60FBB FOURROLL 29 619CB GOTO 34
04EB8 ERRTRAP 32.1 63001 FOURROLLROT 29 10F40 GPErrjnpC

06F8E EVAL 34 0407B FOURTEEN 17.1 065AA GPMEMERR

1583C EVALCRUNCH 64BF8 FOURTHREE 17.1 03672 GPOver W ALp

18F23 Eval NoCK 30 64BEE FOURTWO 17.1 62096 GPOver W FLp

2BE99 EXABO 0417F FOURTY 17.1 0366F GPOver W ROLp

2BEA7 EXAB2 6109E FOURUNROLL 29 62073 GPOver W T/ FL

2D517 EXCH NI TPK 05F42 GARBAGE 37.1 62076 GPOver W TLp

419C4 ExitAction! 0613E GARBAGECOL 54266 GPPushA

6400F Exit At LOOP 36.2 12665 GBUFF 41.1 620D2 GPPushFLoop

4CF68 ExitFcn 5187F GBUFFGROBDIM 41.1 620B6 GPPushT/ FLp

4CE4AC EXI TFCNst o 4CF05 GDI SPCENTER 620B9 GPPushTLoop

04E37 EXI TMSGSTO 32.1 61305 getl ACEE7 Graphi cExit

61C1C EXPAND 21.2 2BFFD GETABO 11679 GROB! 42.3
0407B EXT 17.1 2BFE3 GETABL 11A6D GROB! ZERO 42.3
05481 EXTN 25.2 0371D GETATELN 6389E GROB! ZEROCDRP  42.3
25C41 Ext obcode 0D809 get BPOFF 4F78C GROB+#

6508A EXTOBOB 171 21922 CGetBvars 12F94 GROB>GDI SP 42.3
64DF6 EXTREAL 171 2C031 GETCDO 3A297 G ob>Menu 42.4
64E00 EXTSYM 17.1 3205C Get ChkPRTPAR 50578 GROBDI M 42.2
0BCO1 failed 33.1 04A41 CETDF 63C04 GROBDI Mv 42.2
03AC0 FALSE 33.1 45D1F GetElt 1518D GsstFIN

639B6 FALSE' 34.1 4A0AA  Get EgN 3FE44 H WsKeyCode

2F934 Fal seFal se 33.1 04E07 GETEXI TMSG 32.1 3FE26 H VWKey>KeyCh

6350B FALSETRUE 33.1 4AF63 GETI NDEP 12635 HARDBUFF 41.1
6350B Fal seTrue 33.1 2EAAF  Get | OPAR 12645 HARDBUFF2 41.1
49BA5 FcnUtil End 2F39C Get Ker nPkt # 12B6C HARDHEI GHT 41.1
04085 FI FTEEN 17.1 42159 GETKEY 0E128 HBUFF_X Y 41.1
64B4E FI FTY 17.1 420A0 GETKEY* 12DD1 HEI GHTENGROB  41.2
64B9E FI FTYEl GHT 17.1 4203C Get KeyOb 53860 HI STON?

64B80 FI FTYFI VE 17.1 307E2 GETKP 08D92 HOVEDI R 37.3
64B76 FI FTYFOUR 17.1 075A5 GETLAM 31.3 4B5AD HSCALE

64BA8 FI FTYNI NE 17.1 617D8 GETLAMPAI R 0DB91 HXDCW

64B58 FI FTYONE 17.1 45AE0  Get Mat / Vec 544EC HXS#HXS 21.4
64B94 Fl FTYSEVEN 171 25452 get mat cht ok 5453F HXS<=HXS 214
64B8A FI FTYSI X 171 415C9 Get Menu% 54552 HXS<HXS 214
64B6C FI FTYTHREE 171 2E7EF GETNAME 544D9 HXS==HXS 214
64B62 FI FTYTWO 171 26162 Get Next Token 05A03 HXS># 17.2
644EE FindlstT.1 6595A getni bs 39.2 54061 HXS>$ 20.3
644D0 Fi ndlst True 25.1 4B364 GETPARAM 540BB hxs>$ 20.3
OEBD5 Fi ndNext 4BODA GETPM N&MAX 5435D HXS>% 18.2
04021 FIVE 17.1 04A0B GETPROC 5452C HXS>=HXS 21.4
64C5C FI VEFOUR 17.1 067D2 GETPTR 54500 HXS>HXS 21.4
60FD8 FI VEROLL 29 26FAE GETPTRFALSE 4A95A | CMPDRPRTDRP

64C70 FI VESI X 17.1 05143 GETPTRLOOP 0402B id 17.1
64C52 FlI VETHREE 17.1 25CE1 GETPTRTRUE 4AB1C |D X 31.1
610C4 FI VEUNROLL 29 4B062 GETPTYPE 4AB59 |IDY 31.1
32B1A Fi xEl RU 4AFDB GETRES 05BE9 | D>$ 20.3
17ADB Fi xRRP 4B7D8 CGet Res 3A2DD | d>Menu 42.4
12B85 Fl ashMsg 41.7 514AF GETRHS 05F2E | D>TAG 22
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5129C ' | DFUNCTI ON 34.1 00COD ker nmsendnsg 05B7D MAKE$N

0402B i dnt 17.1 3FB1A Key>St dKeyOb 03442 NMAKEARRY 23.1
5F0AA idntcase 35.5 3FA57 Key>U SKeyOb 017A6 nakebeep 39.2
5FOCD idntl antase 35.5 04999 Keyl nBuf f ? 3A38A MakeBoxLabel 42 .4
51208 ' | DPARAMETER 34.1 42402 KEYI NBUFFER?  40.2 3A3EC MakeDi r Label 42.4
512C4 ' | DPOLAR 34.1 40A6F KeyOb! 1158F MAKEGROB 42.3
64C98 | DREAL 17.1 40A82 KeyOh@ 115B3 nakegrob

0716B | DUP 34 40A95 KeyOb0 3A44E Makel nvLabel 42.4
4744F ' |1 DX 31.1 13061 KILLGDI SP 41.2 3A4AB Makelabel 42 .4
408AA | mredEntry? 41.5 3016B KI NVI SLF 4B323 MAKEPI CT#

62B88 | NCOVPDROP 25.3 2FEDD KVI S 4AAEA MAKEPVARS

2F383 | ncr LAMPKNO 2FEC9 KVI SLF 3A328 MakeSt dLabel 42.4
510AD | NDEPVAR 418F4 Label Def! 7DFOE  MANMENU*/

07221 | NDEX@ 36.2 2D45A LAMKLI ST 7DF19 MANMENUN

63790 | NDEX@¥- 36.2 2F211 LAMKML 7DF03  MANMENUH+-

07270 | NDEXSTO 36.2 2D46D LAMKMODE 7DF66 MANMENUATG

00305 infreserr 2D3EE LAMWKP 7DF3A NMANMENUCSI V

1A2DA | NHARDROW? 39.2 2D441 ' LanKPSt o 7DF50 MANMENUCX

44277 | ni t Ed&\Vbdes 2D493 LAWVKRM 7DF45 MANMENUEQ

4428B | nit EdLi ne 2D3FB  LAMLNAME 7DF24  MANMENUEXP

44394 | ni t EdMbdes 63A3D ' LAMLNAMESTO 7DF2F  MANMENULN

0970A I nitEnab 2DA0E LAMOBIJ 7DF5B MANMENUTRG

2E6BE | nitl CEnv 2D41D LAMOPCS 5055A MARKGROB

40F86 | nit Menu 2D3B1 LAMPACKET 643EF mat chob?

41679 | nitMenu% 2D3A0 LAMPKNO 643F9 mat chob?Lp

45023 | nitdA dvat 2D3C6 LAMRETRY 35CAE  MATCON 23.2
385E8 I nitSysuU 6326D LAST$ 20.4 37EO0F MATREDI M 23.2
41741 InitTrack: 426F1 Last ERow? 3811F MATTRN 23.2
636A0 | NNER#1= 25.3 419E4 Last MenuDef ! 2D396 MAXRETRY

054AF | NNERCOWP 25.3 419F4 Last MenuDef @ 357A8 MDI MB 23.1
62C41 | NNERDUP 25.3 4186E Last MenuRow 62F9D MDI MSDROP 23.1
43200 | nputLAttn 41881 Last MenuRow@ 66ECD Medi unCursor  42.1
43179 | nput LEnter 18621 Last NonNul | 05F61 MEM 39.2
42F44 | nput Li ne 50D78 LASTPT? 03FF9 MEMERR 17.1
53A3C | NSERT? 08326 LASTRAMWORD 37.3 390A4 MENoP&Fi xDAL 41.3
53A2E | NSERT_MCODE 0011D LBR 390B3 MENP&Fi xDA12 41.3
03F24 IntDiv 0011C LCR 418A4 MenuDef @

64F04 | NTEGER337 171 4256B LCursor 40828 MenuKey

06B4E | NTEMNOTREF? 37.1 515FA LEFTCOL 41.6 41944 MenuKeyLS!

00A03 intrptderr 05636 LEN$ 20.4 41914 MenuKeyNS!

122FF | NVGROB 42.3 0567B LENCOWP 25.1 41924 MenuKeyNS@

00110 I1CC 05616 LENHXS 21.1 41964 MenuKeyRS!

2EC25 | OCheckReal 4E37E LI NECHANGE 407FB MenuMaker

0011F | RAM@ 00128 LI NECOUNT 4E2AC MENUOFF

0011A IRC 00125 LI NENI BS 4E360 NMENUOFF? 41.2
3E5CD | St ackKey 50B08 LI NEOFF 42.3 41848 MenuRow

07249 | STOP@ 36.2 50ACC LI NECFF3 4185B MenuRow@

5182F | STOP- | NDEX 36.2 50B17 LI NEON 418D4 MenuRowAct !

07295 | STOPSTO 36.2 50AEA LI NEON3 5EFDO MEQLst case 35.4
619BC IT 35.1 39F6F LI NESOFSTACK 5EFF9 MEQopscase 35.4
61AD8 | TE 35.1 04021 list 17.1 63F1A net aROTDUP 26.1
61A58 | TE_DROP 35.1 24C0D Li st 28296 netatail 26.4
63D7B | ¥%9=case 35.3 64C48 LI STCWP 17.1 5F061 M distcase 35.4
63CD6 | EQcase 355 64C7A LI STLAM 17.1 6509E M NUSONE 17.1
07258 JI NDEX@ 36.2 20B9A LI STRCL 37.2 4085A Modifier

072AD JI NDEXSTO 36.2 64C3E LI STREAL 17.1 3FE7B Modi fi er Key?

04D87 Jst GETTHEMSG 32.1 04929 liteslp 0670C MOVEDOWN

07264 JSTOP@ 36.2 41175 LoadTouchThbl 06A1D MOVEDSD

072C2 JSTOPSTO 36.2 40D25 LockAl pha 415 069C5 MOVEDSU

516AE JUMPBOT 41.6 15E83 | onghxs 06992 MOVERSD

516E5 JUWMPLEFT 41.6 6452F Lookup 25.1 06A53 MOVERSU

51703 JUWPRI GHT 41.6 64548 Lookup. 1 066B9 MOVEUP

51690 JUMPTOPRP 41.6 07334 LOOP 36.2 7DF7C MOVEVAR

2D730 KDi spRow2 2D564 Loop 0D8BAE npopl%

2D74E KDi spSt at us2 00108 LPD 53EE4 MPY

1553B KeepUni t 00109 LPE 03991 MUL#

2EAE2 KERMOPEN 5EE10 M 1stcasechs 354 2B91E MULTF

00C10 kernpktnsg 62ABB MACRODCWP 62F75 N+1DROP 29
00COE kernrecvnsg 05B79 MAKES$ 63B19 NcaseS|I ZEERR 356
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63B46 NcaseTYPEERR 356 5FB49 NOTcaseFALSE 35.1 6377C OVER#- 17.3
7DEED nCOLCTQUOTE 638CB NOTcaseTRUE 35.1 6372C OVER#+ 17.3
7DEE2 nCust omMVenu 63AEC NOTcsdrpfls 35.1 6365F OVER#< 17.4
0326E NDROP 29 27244 NOTLI STcase 35.5 620EB OVER#= 17.4
169A5 NDROPFALSE 33.1 27264 NOTROWPcase 35.5 6187C OVER#=case 35.2
031D9 NDUP 29 27254 NOTSECCcase 35.5 636DC OVER#> 17.4
5E370 NDUPN 29 5590E nscknun? 271 6364B OVER#0= 17.4
255FB need' case 62D1D NTHCOVDDUP 25.1 63105 OVER#2+UNROL 29
00302 negunferr 62B9C NTHCOWPDROP 25.1 63C90 OVER5PI CK 29
25632 newBASE 056B6 NTHELCOWP 25.1 63141 OVERARSI ZE 23.1
4C09B NEW NDEP 644BC NTHOF 25.1 62CCD OVERDUP 29
65238 NEW.I NE$ 20.2 055DF NULL$ 20.2 63439 OVERI NDEX@ 36.2
63191 NBEWL.I NE$&S 20.4 0556F NULL$? 20.5 05622 OVERLEN$ 20.4
63191 NEWL.I NE&S$ 20.4 62D59 NULL$SWAP 20.2 62D31 OVERSWAP 29
4E4B0 NEWVARK 1613F NULLSTEMP 20.2 62D31 OVERUNROT 29
6480B NEXTCOVPOB 25.1 055FD NULL: : 25.5 6207D Over WF/ TLp

0AB82 NEXTLI BBAK 28.1 055E9 NULL{} 25.4 620A0 Over W FLoop

6443A next pos 055B7 NULLCOWP? 25.1 6209D Over W T/ FLp

179D0 NEXTRRPOB 055D5 NULLHXS 21.2 62080 Over W TLoop

4BFAE NEXTSTEP 15777 NULLID 31.1 5EODA P{} N 25.4
29A8D nextsym R 34D30 NULLLAM 31.1 29E46 PACK

255BD ngsi zecase 3EC71 Nul | MenuKey 14.5 29E21 PACKSB

04049 NI NE 17.1 2534A nultrior 238A4 pal parse 20.3
040AD NI NETEEN 171 5FOFA nunD=case 35.3 62B1F PALPTRDCWVP

7DEAO0 nl NTGACOS 5F154 nunil=case 35.3 62B5B pal r onpdcnp

7DECC nl NTGALOG 5F23A num l=case 35.3 38985 ParCuterLoop 14
7DE95 nl NTGASI N 5F1BD nunR=case 35.3 40AD9 Parse. 1

7DEAB nl NTGATAN 5EDFC nunblst case 40B2E Par seFai |

7DES5E nl NTGCOS 3303F NUMSOLVE 1848C PATHDI R 37.3
7DE7F nl NTGCOSH 7DBAB nWHEREDER 39971 Pat hSt at us

7DED7 nl NTGEXPM 7DBD7 nWHEREFCNAPP 2A62C Pl /180 18.1
7DE27 nl NTA NV 7DBA0 nWHEREI FTE 032E2 PICK 29
7DEB6 nl NTGLN 7DBB6 nWHEREI NTG 20CAD PI CTRCL

7DECL nl NTGALOG 7DBC1L nWHERESUM 1383B Pl XOFF 42.3
7DE32 nl NTGSI GN 7DBCC nWHEREWHERE 1380F PI XOFF3 42.3
7DE53 nl NTGSI N 216D8 OB>BAKcode 1384A PI XON 42.3
7DE74 nl NTGSI NH 63FE7 b>Seco 25.5 13992 Pl XON? 42.3
7DE48 nl NTGSQ 42DC8 (noEdit 13986 Pl XON?3 42.3
7DE3D nl NTGSQRT 05944 COCRC 39.2 13825 Pl XON3 42.3
7DE69 nl NTGTAN 1A1FC OCRC% 39.2 63F56 pl DRPpZparg  27.3
7DEBA nl NTGTANH 076 AE OFFSRRP 0 4B6D9 PLOTERR

54C63 nnet asynms 30.1 00303 ofloerr 50DA5 Pl ot OneMor e?
4245C NoAtt n?Sem 40.2 03FF9 ONE 17.1 4B765 PLOTPREP

538F8 NOBLI NK 636F0 ONE#> 17.4 49AD3 Poi nt Deri vUt

40D93 NoEdit ?case 073CE ONE_DO 36.2 49F06 Poi nt MoveCur

4488A NoEditLi ne? 63385 ONE_EQ 1F9AE POLARDUMWY

3EC85 NoExitAction 23EED ONE{} N 25.4 38B45 POLError Trap

14483 nohal t 63A15 ONECOLA 34.2 38AEB POLKeyU 14.1
10FC6 NOHALTERR 32.2 63AC4 ONEDUP 17.1 38B90 POLRest oreUl 14.1
53AE4 Nol gnoreAl m 63533 ONEFALSE 33.1 38B77 POLResUl &Err 14.1
5E984 nonopcase 355 6399D ONEFALSE' 34.1 389BC POLSaveUl 14.1
06EBE NOP 34 64CAC ONEHUNDRED 171 38A64 POLSet Ul 14.1
632BD ' NOP 34.1 63AC4 ONEONE 17.1 06641 POP#

01FDA norecCSseq 62E67 ONESWAP 17.1 29FDA POP1%

01FBD norecPW.seq 00C74 OnKeyDown? 29FD0 POP1%SPLI TA

03AF2 NOT 33.1 00C80 OnKeySt abl e? 03F5D POP2#

61B72 NOT?DROP 35.1 2EB62 Openl O 2A002 POP2%

619F3 NOT?GOTO 34 3187C Openl OPrt 3251C PopASavpt r

61A2C NOT?SEM 35.1 3161E OpenUartdr 0D92C POPDATE%

62F43 NOT?SWAPDROP 351 03B75 OR 33.1 61A02 popflag

0712A NOT_IT 35.1 18887 OR$ 20.4 04840 POPKEY 40.2
633C6 NOT_UNTI L 36.1 629BC ORcase 35.1 3251F PopSavptr

633DF NOT_WHI LE 36.1 51893 ORDERXY# 42.3 0D948 POPTI ME%

62C55 NOTAND 33.1 518CA ORDERXY% 42.3 31289 POPUART

619AD NOTcase 35.1 635B0 ORNOT 33.1 0000A portnotaverr

61910 NOTcase2drop 35.1 05902 OSI ZE 39.2 0AAB2 PORTSTATUS 28.1
61984 NOTcase2DROP 35.1 30ED2 QUTUART 645B1 POCS$ 20.4
618E8 NOTcasedrop 35.1 032C2 OVER 29 645BD POS$REV 20.4
61960 NOTcaseDROP 35.1 63961 OVER 34.1 645B1 POSCHR 20.4
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645BD POSCHRREV 20.4 4B189 PUTYM N 61FB6 ROV WORD? 28.2
64426 POSCOWP 25.1 4AB2A Pvar sC%® 61FCF Rom Word?

00301 posunferr 63F92 pZpargSWAPUn 27.3 06806 ROOM

1BB41 preFACT 43 06EEB 'R 34 49BD2 Root Util

4E497 PREMARKON 07012 R@ 34 03295 ROT 29
1863A PrevNonNul | 37.3 0701F R> 34 63768 ROT#- 17.3
08376 PREVRAM WORD 37.3 53BDD RAD? 39.1 63718 ROT#+ 17.3
39853 PrgnEntr St at 2B7B0 RADD1 62DCC ROT#+SWAP 17.3
11511 PrgnEntry? 41.5 2B7CA RADDF 637B8 ROT#1+ 17.3
32161 PRI NT 082E3 RAM WORDNAME 37.3 5FB76 ROT#1+UNROT 17.3
32B74 PrintGob 2520A ' Rapndit 62DCC ROT+SWAP 17.3
32387 PRI NTXNLF 00114 RBR 62726 ROT2DROP 29
028FC PRLG 2BEB5 RCABO 62C7D ROT2DUP 29
49709 Pronpt|dUtil 20.3 2BECO0 RCAB2 62C91 ROTAND 33.1
00C13 prtparerr 2BECB RCCDO 60F21 ROTDROP 29
5EB1C psh 26.1 2BED6 RCCD2 60FOE ROTDROPSWAP 29
5E3AC psh& 0 01AD7 RCKBp 62775 ROTDUP 29
5E706 pshl& 26.3 42E86 Rcl &Do: 62CA5 ROTOVER 29
5E7A5 pshlé&rev 26.3 64023 Rcl H ddenVar 37.4 6112A ROTROT2DROP 29
5E401 pshltop& 26.3 1C637 RCLSYSF 39.1 60EE7 ROTSWAP 29
5E4D1 psht op& 26.3 1C64E RCLUSERF 39.1 63F2E ROTUNt op& 0
5E67A pshzer 26.3 00111 RCs 45C2F RowEl t#

5EA9F pshzerpsharg 27.3 06FB7 RDROP 34 4489E ROANUM

323E9 PSubErr 62958 RDROPCOLA 34 OEOFB Rows8-15 41.6
5133C PtoR 5DE55 RDROPFALSE 33.1 070FD RPIT 35.1
7DF71 PTYPE>PI NFO 14EA5 RDUP 34 070C3 RPITE 35.1
6408C PuH ddenVar 37.4 51A37 Re>C% 19.2 234C1 RPN-> 43
5E4A9 pul | 26.3 03FF9 real 17.1 1F55D rpnAPPLY 43
355C8 PULLCMPEL 23.1 63D8F REALcase 35.3 1EF7E rpnDER 43
5E4EA pul | pshl& 26.3 0411B REALEXT 171 1F1D4 rpnl NTG 43
355B8 PULLREALEL 23.1 0408F REALOB 17.1 1F354 r pnWHERE 43
5E4BD pul I rev 26.3 64E32 REALOBOB 171 1B185 r pnXROOT 43
OF3E4 puretenp? 265ED real PAcode 71DB2 RPTRACC

08C27 PURGE 37.2 04099 REALREAL 17.1 639DE 'R R 34
06537 PUSH# 040F3 REALSYM 17.1 639FC ' RRDROP 34
0357C PUSH#ALOOP 130AC RECLAI MDI SP 41.2 62474 ' RSaveRomw d

2E31F Push#FLoop 51005 RECORDX&YCY% 62474 ' RSAVEWORD

0357F PUSH#LOOP 2F989 RecvNext Pkt 63880 RSKI P 34
036F7 Push#TLoop 323F9 REMAP 15A60 rstfml

2A188 PUSH% 071E5 REPEAT 36.1 2B7A7 RSUB1

2A23D PUSH%.OOP 40E88 REPEATER 60EBD RSWAP

06529 PUSH2# 51735 REPEATERCH 62A34 SAFE@ 37.2
627EB Push2#aloop 047C7 REPKEY? 40.2 1853B SAFE@ HERE 37.2
03F14 Push2#Loop 085D3 REPLACE 37.2 0A532 SAFESKI POB

03A86 PUSHA 53A20 REPLACE_MODE 62A02 SAFESTO 37.2
62000 PushF/ TLoop 629D0 REQrase 0000F sSALLOW NTR

620DC PushFLoop 629E9 REQcasedrop 15A8B savefntl

5422C PUSHhxs 4B710 RESETDEPTH 61D3A SAVELAM

0596D PUSHhxsLoop 62BD8 RESOROWP 40C76 Savelast Edit

62009 PushT/F 0Cl47 restoreiram 4139B Savelast Menu

62009 PushT/ FLoop 640FA Rest Var Res 61D41 SAVESTACK 31.3
620C3 PushTLoop 06F66 ' REVAL 34 640A0 SaveVar Res

2C04B PUTABO 5DE7D reversym 29 0679B SAVPTR

356F3 PUTCMPEL 23.1 41984 Revi ewKey! 01307 SavPtrTi me*

35628 PUTEL 23.1 0C506 r GETATELN 00008 sBEG

4AF77 PUTI NDEP 1200C RI GHT$3x6 42.3 00004 sBPOFF

4AF8B PUTI NDEPLI ST 5160E RI GHTCOL 41.6 4D16E SCROLLDOWN 41.6
075E9 PUTLAM 31.3 2BEEC RNDC B] 4D150 SCROLLLEFT 41.6
1DCO00 PUTLI ST 25.4 2B529 RNDXY 18.3 4D18C SCRCLLRI GHT 41.6
6594E put ni bs 71C3B r NTHELCOWP 4D132 SCROLLUP 41.6
4B076 PUTPTYPE 03325 ROLL 29 0403F seco 17.1
3566F PUTREALEL 23.1 42E27 Rol | &Do: 3A2C9 Seco>Menu 42.4
4B012 PUTRES 63F42 roll 2t op& 0 0312B SEM

4AE3C PUTSCALE 62F89 ROLLDROP 29 61A47 SEM LOOP

31444 PUTSERI AL 62D45 ROLLSWAP 29 2D5E1 SEND_PACKET

30E4E Put Seri al ECk 63F42 rolltwotop& 0 2FEA1 SENDACK

4B1AC PUTXMAX 64E14 ROVPANY 2D58C SENDEOT

4B166 PUTXM N 07E99 ROWTR@ 28.2 2E0C7 SENDERROR

4B1CF PUTYMAX 08CCC ROWPTR># 28.2 2E6EB SENDLI ST
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2E0A9 SENDNAK 3A9E7 Set SoneRow 4019D St dMenuKeyNS

2FEB5 SENDNULLACK 18CC2 SETSTACKERR 32.2 31F4A St dPRTPAR

2EOF4 SENDPKT 53731 Set SysFl ag 39.1 159EB st kdeconp$w

2EEC4 SendSet up 410C6 Set Thi sRow 07D27 STO 37.2
127A7 SEP$NL 20.4 423BB setti nmeout 63975 STO 34.1
07661 SET 18CB2 SETTYPEERR 32.2 OE6ED STOALM 38
39FC1 Set AbbrevSt k 53725 Set User Fl ag 39.1 47467 STOAPPLDATA

53976 Set Al gEntry 41.5 04035 SEVEN 17.1 64078 StoH ddenvVar 374
1132D Set Al phaAnn 415 6106B SEVENROLL 29 2E9CB St ol OPAR

38D09 Set AppMbde 04099 SEVENTEEN 171 07D1B STOLAM 31.3
38D8A Set AppSuspK 64C16 SEVENTY 171 31F7D St oPRTPAR

141B2 setbeep 39.2 64C20 SEVENTYFOUR 17.1 0400D str 17.1
11016 SETC RCERR 32.2 64C2A SEVENTYNI NE 17.1 3A2B5 Str>Menu 42.4
4325A Set Cur sor 00001 Sfkeyl 64775 STRI PTAGS 22
391EE Set DA123NoCh 41.3 00006 Sf key6 647A2 STRI PTAGSI 2 22
3919E Set DA12NoCh 41.3 00002 sFLUSH 64B6C STRLI ST 17.1
3921B Set DA12Tenp 41.3 0426A Show nvRonp 39.2 00001 sTRUNC

391C6 Set DA13NoCh 41.3 16671 Shrink$ 05733 SuUB$ 20.4
3947B Set DA1Bad 41.3 64190 Sig?ErrJdnp 30805 SUB$1# 20.4
39523 Set DALl sSt at 41.3 0402B SI X 17.1 62D6D SUB$SWAP 20.4
393D3 Set DA1NoCh 41.3 61002 SI XROLL 29 05821 SUBCOWP 25.1
3902C Set DA1Tenp 41.3 0408F S| XTEEN 17.1 1192F SUBGROB 423
38FD2 Set DAlvalid 41.3 64BB2 S| XTY 17.1 05815 SUBHXS 21.2
391B2 Set DA23NoCh 41.3 64C02 S| XTYEI GHT 17.1 64345 SubMet aCb 26.4
394A5 Set DA2aBad 41.3 64BDA S| XTYFOUR 17.1 643BD SubMet athl 26.4
39086 Set DA2aEcho 41.3 64BBC S| XTYONE 17.1 29BC2 subpdcdptch

393FD Set DA2aNoCh 41.3 64BD0 S| XTYTHREE 17.1 1446F SuspendOK?

39045 Set DA2aTenp 41.3 64BC6 SI XTYTWO 17.1 03223 SWAP 29
38FEB SetDA2aValid 413 610FA SI XUNROLL 29 63939 SWAP' 34.1
394CF Set DA2bBad 41.3 0714D SKI P 34.2 62794 SWAP#-

39427 Set DA2bNoCh 41.3 626EE ski pcol a 34.2 637E0 SWAP#1- 17.3
39059 Set DA2bTenp 41.3 03019 SKI POB 62904 SWAP#1+ 17.3
38FFF Set DA2bValid 41.3 42131 SLEEPxcp 51843 SWAP#1+SWAP 17.3
3918A Set DA2NoCh 41.3 40EE7 SLOW 38 51857 SWAP#1- SWAP 17.3
39207 Set DA2OKTenp 41.3 66EF1 Snal | Cur sor 42.1 63BBE SWAPY%4 18.3
3915D Set DA2Val i d 41.3 558F5 sncknun? 27.1 632A9 SWAPY%C% 19.2
394F9 Set DA3Bad 41.3 00002 sNEGATE 622EF SWAP&$ 20.4
39451 Set DA3NoCh 41.3 151A6 Sol vMenul ni t 6386C SWAP2DUP 29
39072 Set DA3Tenp 41.3 48FF9 SORTASLOW 63C54 SWAP3PI CK 29
39018 SetDA3Valid 41.3 65254 SPACE$ 20.2 63C7C SWAP4PI CK 29
39301 SetDA3ValidF 41.3 2BC4A SPLITA 63C2C SWAP4ROLL 29
3922F Set DAsTenp 41.3 7DEF8 SPLI TWHERE 63F7E SWAPCKREF 37.1
2A5D2 SETDEG 39.1 2BCA0 SPLTAC 63312 SWAPCOLA 34.2
38D5D Set DoSt dKeys 2BA0OF SQRF 5A01D SWAPconpSWAP
3252B Set Ecna94 00118 SRQL 60F9B SWAPDROP 29
53B31 setflag 00119 SR 62830 SWAPDROPDUP 29
2A604 SETGRAD 39.1 0131D srvc_tinmer2 6284B SWAPDROPSWAP 29
07638 SETHASH 0 007B5 SrvcKbdAB 21660 SWAPDROPTRUE 33.1
640BE Set Hi ddenRes 37.4 558DC sscknun? 27.1 62747 SWAPDUP 29
2EC34 Set | OPARErr 32.2 14C17 sstDl SP 631F5 SWAPI NCOWP 25.3
539F9 Set| SysFl ag 2BE61 STABO 63425 SWAPI NDEX@ 36.2
29DFC  SETI VLERR 2BE6F STAB2 6344D SWAPLOOP 36.2
3FCAF Set KeysNS 1686A stackitw 63AB0 SWAPONE 17.1
11361 SetleftAnn 415 41008 StartMenu 61380 SWAPOVER 29
4CF41 SETLOOPENV 3858E StartupProc 637A4 SWAPOVER#- 17.3
04FB6 SETMEMERR 32.2 2C22F STATCLST 23.3 60F33 SWAPROT 29
0764E SETMESG 0 2C571 STATMEAN 23.3 3745E SWAPROWS 23.1
38D33 Set NAppKeyOK 2C535 STATN 23.3 4F1D8 SWAPTRUE 33.1
18C92 SETNONEXTERR 32.2 2C2D9 STATSADDY% 23.3 638FD SWAPUNDROP 29
3957A Set NoRol | DA2 413 2C558 STATSMAX 23.3 63911 SWAPUNNDROP 26.1
04FF2 SETPORTNOTAV 322 2C58A STATSM N 23.3 62904 SWP1+ 17.3
11533 SetPrgnEntry 415 2C5A3 STATSTDEV 23.3 04053 sym 17.1
2A5F0 SETRAD 39.1 2C5BC STATTOT 23.3 04049 synb 17.1
417F3 SetRebuild 2C5D5 STATVAR 23.3 659DE Synb>HBuf f 42.3
11347 Set Ri ght Ann 41.5 2BE7D STCDO 0546D SYMBN 25.2
21CBA SETROVPART 2BE8B STCD2 5A310 synbn

05016 SETROVPERR 32.2 3EDOC St d/ BoxLabel 42.4 32FF9 SYMBNUMSOLVE

2D9A1 Set Ser viMbde 2E99E St dl OPAR 64D38 SYMBREAL 17.1
18CA2 SETSI ZEERR 32.2 401D4 St dMenuKeyLS 64D56 SYMBUNI T 17.1
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547B5 SYMBWHERE 27.2 2856C tok=casedrop 10047 U>nbr 24.2
57D90 SYMCOLCT 27.2 25446 tok-> 20.2 OFE44 U>NCQ 24.2
5E652 syntonp 27.1 6534C tokO 20.2 42249 UART?

64DBA SYMEXT 17.1 65358 tokl 20.2 3133B UARTBUFLEN

64D92 SYM D 171 653AC tok8 20.2 42145 UARTxcp

64D9C SYMLAM 171 0BD54 tok8cktrior 42660 UCur sor

64D6A SYMOB 171 0BD60 tok8trior OF774 UM 24.3
64D74 SYMREAL 17.1 653B8 tok9 OF598 Uw? 24.4
58D75 SYNMSHOW 27.2 651BE t okESC 20.2 OFBAB UM© 24.3
64DB0 SYMSYM 17.1 651E2 tokexponent 20.2 OFC3C UMCH 24.3
10F86 SYNTAXERR 32.2 65278 tokquote 20.2 OFCCD Uwar 24.3
2EABA Sys@ 6518E toksharp 20.2 0F792 Uw 24.3
08D92 SYSCONTEXT 37.3 63498 toLEN DO 36.2 10B5E unt 24.1
386A1 SysDispl ay 5E415 top& 0 0F823 WM 24.3
38728 SysErrorTrap 63F01 top&Cr 10B68 un 24.1
63EED Sysl TE 35.6 OEOAB TOP16 41.6 10B72 unf 24.1
3866F SysMenuCheck OEOD3 TOP8 41.6 OF6A2 UMt 24.3
08D66 SyskPtr@ 4272D TopERow? OF5AC UM? 24.4
2E9E6 SysSTO 515A0 TOPROW 41.6 OF5D4 Uwk=? 24.4
40792 Systenlevel ? 07709 TOSRRP 0 0F584 UME? 24.4
OEB81 SysTi ne 38 06657 TOTEMPOB 37.1 OF5Q0 Uw-? 24.4
64DEC TAGCGEDANY 171 62C69 TOTEMPSWAP 37.1 OF5E8 UW>=? 24.4
647BB TAGOBS 22 2B53D TRCXY 18.3 OF33A UwU 24.2
40788 TakeOver 145 2EFD7 TRPACKETFAI L OF5FC UVABS 24.3
00116 TBR 03A81 TRUE 33.1 OFD36 UMCEI L 243
00112 TCS 63989 TRUE' 34.1 OF615 UMCHS 24.3
0F41B TenpConv 634F7 TRUEFALSE 33.1 OF371 UMCONV 24.3
04053 TEN 171 634F7 TrueFal se 33.1 0F660 UMCOS 24.3
53784 Test SysFl ag 39.1 OBBED TrueTrue 33.1 10B86 unEND 24.1
53778 TestUserFlag 39.1 2BD76 TST15 OFD22 UMFLOOR 24.3
04071 TH RTEEN 171 4E2CF  TURNVENUOFF 41.2 OFDOE UMFP 24.3
0411B THI RTY 171 4E347 TURNVENUON 41.2 OFCFA UM P 24.3
0416B THI RTYEIl GHT 171 041A7 TurnOif OFB6F UMVAX 24.3
0414D THI RTYFI VE 171 3A9CE Tur nOf f Key OFB8D UWM N 24.3
04143 THI RTYFOUR 171 04067 TWELVE 17.1 10B7C unP 24.1
04175 THI RTYNI NE 171 040B7 TVENTY 17.1 OFD68 UNVRND 24.3
04125 THI RTYONE 171 04107 TWENTYEI GHT 17.1 0F945 UVSI 24.2
04161 TH RTYSEVEN 171 040E9 TVENTYFI VE 17.1 OFCE6 UMSI GN 24.3
04157 THI RTYSI X 171 040DF TVENTYFOUR 17.1 OF62E UNMSI N 24.3
04139 THI RTYTHREE 171 04111 TVENTYNI NE 17.1 0F913 UMSQ 24.3
0412F TH RTYTWO 17.1 040C1 TVENTYONE 17.1 0F92C UMSOQRT 24.3
0400D THREE 171 040FD TWVENTYSEVEN 17.1 0F674 UMTAN 24.3
631CD THREE{} N 25.4 040F3 TWVENTYSI X 17.1 OFD8B UMIRC 24.3
61B89 ticR 34 040D5 TVENTYTHREE 17.1 0F34E UMJ> 24.2
4227F TI MEQUT? 040CB TWVENTYTWO 17.1 OF8FA UMXROOT 24.3
00137 TI MERL 04003 TWO 17.1 10065 Unbr>U 24.2
00138 TI MER2 631B9 TWO{} N 25.4 18DBF UNCOERCE 18.2
0012E TI MERCTRL. 1 03C64 TYPE 33.3 63B96 UNCCOERCE%®%6 18.2
0012F TI MERCTRL. 2 62198 TYPEARRY? 33.3 1950B UNCCERCE2 18.2
0D304 TI MESTR 38 6212F TYPEBI NT? 33.3 5A036 uncrunch 271
1314D TQOADI SP 41.1 62256 TYPECARRY? 33.3 61F8F undo 31.3
0CBFA TOD 38 62025 TYPECHAR? 33.3 538DC UNDO_OFF

ODO6A TOD>t $ 38 62183 TYPECWP? 33.3 538CE UNDO_ON

13135 TOGDI SP 41.1 621EC TYPECOL? 33.3 53800 UNDO ON?

5072B TOGGLELI NE#3 62159 TYPECSTR? 33.3 0F218 UNI T>$ 24.2
3E586 Togl nsert Key 6204F TYPEEXT? 33.3 40D39 UnLockAl pha 41.5
50AF9 TOGLI NE 42.3 62201 TYPEGROB? 33.3 0339E UNRCLL 29
50ADB TOGLI NE3 42.3 62144 TYPEHSTR? 33.3 60FAC UNROT 29
65290 tok, 20.2 03FA9 TYPEI DNT 17.1 6112A UNROT2DROP 29
65284 tok' 20.2 6203A TYPEI DNT? 33.3 6284B UNROTDROP 29
652FC t ok- 20.2 6211A TYPELAW? 33.3 62CF5 UNROTDUP 29
6529C tok. 20.2 62216 TYPELI ST? 33.3 6308D UNROTOVER 29
65254 tok_ 20.2 6223B TYPERARRY? 33.3 60F33 UNROTSWAP 29
0FA69 tok_g 20.2 03F8B TYPEREAL 17.1 60FOE UNROTSWAPDRO 29
OFABE tok_m 20.2 6216E TYPEREAL? 33.3 071C8 UNTI L 36.1
OFACE tok_s 20.2 621AD TYPEROWP? 33.3 1A16F UPDI R 37.3
65176 tok{ 20.2 621C2 TYPERRP? 33.3 225F5 USER$>TAG 24.1
651D6 tok<< 20.2 621D7 TYPESYMB? 33.3 39748 User Fl agSt at

65308 tok= 20.2 6222B TYPETAGGED? 33.3 63ED9 Userl| TE 35.6
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41A8D User Keys? 1F5C5 XxAPPLY 43 231A0 XxSTARTVAR 43
397BB User KeysSt at 1D186 xCON 43 1C67F XxSTOF 43
6416D USt ackDepth 1EFD2 xDER 43 237A8 XxTHENCASE 43
1A265 VARSI ZE 39.2 63B6E ' xDER 34.1 1F3F3 xWHERE 43
0E66A VerifyTOD 63A56 ' xDEREQ 23694 xWH LEEND 43
30794 VERSTRI NG 236B9 xENDDO 43 1B1CA xXROOT 43
40F02 VERYSLOW 38 23679 XENDTIC 43 60F9B XY>Y 29
40F12 VERYVERYSLOW 38 1D054 XEQ>ARRAY 23.1 2BE53 XYEX

42D46 Vi ewLevel 1 21B5A XEQ OBACKUP 128B0 XYGROBDI SP 42.3
17B86 VLM 20FF2 XEQORDER 37.3 60F4B XYZ> 29
4B553 VSCALE 18595 XEQPGDI R 37.3 62726 XYZ>Y 29
1165A w>W 20F8A XEQPURGEPI CT 60EE7 XYZ>YXZ 29
1A738 Wit/ Get Key 40.2 20B81 XEQRCL 37.2 60F21 XYZ>YZ 29
41F65 Wit For Key 40.2 21C6F XEQSETLI B 6112A XYZ>Z 29
01FBD Warnstart 20B00 XEQSHOWLS 27.2 63326 XYZ>ZCOLA 34.2
071EE WH LE 36.1 18513 XEQSTA D 37.2 62EB7 XYZ>ZTRUE 33.1
4F052 W NDOW# 40F22 XEQSt oKey 6284B XYZ>ZX 29
51645 W NDOWBOT? 41.6 1CB90 XEQTYPE 30.1 60FAC XYZ>ZXY 29
137B6 W NDOWCORNER 2371F XxERRTHEN 43 60FOE XYZ>ZY 29
13220 W NDOADOVWN 41.6 1BB02 xFACT 43 60F33 XYZ>ZYX 29
134E4 W NDOWLEFT 41.6 1F640 xFCNAPPLY 43 60F7E XYZW 29
5165E W NDOWLEFT? 41.6 1FAEB xFORMUNI T 43 6113C XYZWW 29
1357F W NDOWRI GHT 41.6 213D1 xFREE 43 6109E XYZWAWKYZ 29
51677 W NDOWRI GHT? 41.6 1E661 XxFUNCTI ON 43 63C2C XYZWAYWZX 29
5162C W NDOWIOP? 41.6 64D24 XHI 17.1 60FBB XYZWrYZWK 29
131C8 W NDOWUP 41.6 64D1A XH -1 17.1 2BD32 Y<=X

13679 W NDOWKY 22FD5 x| FEND 43 64BDA YHI 171
136AA W ndowXY 1A3FE x| FTE 43 ODB3A YMD>Ti cks

64037 Wt hH dden 37.4 1F223 x| NTEGRAL 43 4E776 Z- BOX

54039 WORDSI ZE 39.1 20FAA xMEM 43 03FEF ZERO 17.1
1AD09 x- 43 1ACDD xNEGNEG 43 073C3 ZERO DO 36.2
1ADEE x* 43 56101 xnsgeneral 271 6351F ZEROFALSE 33.1
63B5A ' x* 34.1 1CF7B x0BJ> 43 6400F ZERQO STOPSTO 36.2
1AF05 x/ 43 03ADA XOR 33.1 63079 ZEROOVER 171
0931B X@ 1889B XOR$ 20.4 62E3A ZEROSWAP 171
1B02D x* 43 1E6C1 xPARAMETRI C 43 641FC ZERQZERO 171
1AB67 X+ 43 1E6A1 xPOLAR 43 6431D ZEROZEROONE 171
1EBBE x<? 43 1D5DF xPUTI 43 64331 ZERQZEROTWO 171
2361E x<< 43 1DODF xRDM 43 64309 ZEROZEROZERO 17.1
1ECSD x>? 43 2349C xSI LENT' 43

23639 x>> 43 1C9B8 xSl ZE 43

235FE x>>ABND 43 5611F xsngeneral 271

22FEB XxALG > 43 560ED xssgener al 27.1
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Chapter 45

Commands by address

Addr. Name See Addr. Name See Addr. Name See
00001 Sfkeyl 00COD ker msendnsg 02BCC DOEXT2 16
00001 sTRUNC 00COE ker nTrecvisg 02BEE DCEXT3 16
00002 sFLUSH 00C10 ker mpkt nsg 02C10 DOCEXT4 16
00002 sSNEGATE 00Cl13 prtparerr 02D9D DOCOL 16
00003 DzP 00C74 OnKeyDown? 02DCC DOCODE 16
00004 sBPCFF 00C80 OnKeySt abl e? 02E48 DO DNT 16
00006 Sfkey6 00D48 addr KEYSTATE 02E6D DOLAM 16
00008 sBEG 00D57 Fl ush 02E92 DOROWP 16
0000A portnotaverr 00D71 FLUSH 40.2 03019 SKI POB

0000F sSALLOW NTR 00D71 FLUSHKEYS 40.2 030E0 ~BRSt oCl

00019 ENTERCODE OODBE Fl ushAttn 0312B SEM

000B1 ~DoMsgBox 010E5 Allow ntr 0314C DEPTH 29
000B3 ~Choose 01115 Disablelntr 03188 DUP 29
00100 BI TOFFSET 0115A AI NRTN 031AC 2DUP 29
00101 CONTRAST 01160 CI NRTN 031D9 NDUP 29
00102 DTEST 012EE Get Ti nChk 03223 SWAP 29
00103 DSPCTL 01307 SavPtrTi me* 03244 DROCP 29
00104 CRC 0130E Get Ti me++ 03249 DroplLoop

00108 LPD 0131D srvc_tiner2 03258 2DROP 29
00109 LPE 017A6 nmakebeep 39.2 0326E NDROP 29
0010A CMODE 0188D addr ORghost 03295 ROT 29
0010B ANNCTRL 018E2 cl kspd 032C2 OVER 29
0010D BAU 01AD7 RCKBp 032E2 PICK 29
0010E CARDCTL 01B8F DispOn 03325 ROLL 29
0010F CARDSTAT 01BBD Di spOf 0339E UNRCLL 29
00110 10C 01C31 DO->Rowl 03442 MAKEARRY 23.1
00111 RCS 01C58 DO->Sft1l 03562 ARSI ZE 23.1
00112 TCS 01F6D CLCD10 41.4 0357C PUSH#ALOOP

00113 CRER 01FA7 CLEARLCD 41.4 0357F PUSH#LOOP

00114 RBR 01FBD norecPW.seq 035A9 DIMLIMTS 23.1
00116 TBR 01FBD Warnstart 0366F GPOver W ROLp
00118 SRQL 01FD3 Col dstart 03672 GPOver W ALp

00119 SR 01FDA norecCSseq 036F7 Push#TLoop

0011A IRC 020B1 ~MsgBoxMenu 0371D GETATELN

0011C LCR 028FC PRLG 03991 MUL#

0011D LBR 02911 DOBI NT 16 039BE GETTEMP

0011F | RAM@ 02933 DOREAL 16 039EF ECUSER

00120 DI SP1CTL 02955 DOEREL 16 03A81 TRUE 33.1
00125 LI NENI BS 02977 DOCWVP 16 03A86 PUSHA

00128 LI NECOUNT 0299D DCECWP 16 03AC0 FALSE 33.1
0012E TI MERCTRL. 1 029BF DOCHAR 16 03ADA XOR 33.1
0012F TI MERCTRL. 2 029E8 DQARRY 16 03AF2 NOT 33.1
00130 DI SP2CTL 02A0A DOLNKARRY 16 03B2E EQ 33.2
00137 TI MERL 02A2C DOCSTR 16 03B46 AND 33.1
00138 TI MER2 02A4E DOHSTR 16 03B75 OR 33.1
001FF al | keys 02A4E DOHXS 16 03B97 EQUAL 33.2
00202 argtypeerr 02A74 DOLI ST 16 03C64 TYPE 33.3
00203 argvalerr 02A96 DORRP 16 03CA6 #0= 17.4
00301 posunferr 02AB8 DOSYMB 16 03CC7 #0<> 17.4
00302 negunferr 02ADA DOEXT 16 03CE4 #< 17.4
00303 ofloerr 02AFC DOTAG 16 03D19 #= 17.4
00305 infreserr 02B1E DOGROB 16 03D4E #<> 17.3
007B5 SrvcKbdAB 02B40 DOLI B 16 03083 #> 17.4
008E6 BI TVAP 02B62 DOBAK 16 03DBC #+ 17.3
009A5 Debounce 02B88 DCEXTO 16 03DC7 #PUSHA-

00A03 intrptderr 02BAA DOACPTR 16 03DE0  #- 17.3
00B02 constuniterr 02BAA DCEXT1 16 03DEF #1+ 17.3
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03EQOE #1- 17.3 0417F FOURTY 17.1 05815 SUBHXS 21.2
03E2D #2+ 17.3 04189 FORTYONE 17.1 05821 SUBCOWP 25.1
03E4E #2- 17.3 04193 FORTYTWO 17.1 05902 OslI ZE 39.2
03E6F #2* 17.3 0419D FORTYTHREE 17.1 05944 OCRC 39.2
03E8E #2/ 17.3 041A7 TurnO f 0596D PUSHhxsLoop

03EB1 #AND 17.3 041ED DEEPSLEEP 39.2 0597E DoCRCc

03EC2 #* 17.3 0426A Show nvRonp 39.2 05981 DoCRC

03EF7 #/ 17.3 04292 DeepSl eep 059CC #>HXS 21.1
03F14 Push2#Loop 04708 CHECKKEY 05A03 HXS># 17.2
03F24 IntDiv 04714 GETTOUCH 05A51 CHR># 17.2
03F5D POP2# 047C7 REPKEY? 40.2 05A75 #>CHR 20.3
03F8B TYPEREAL 171 047CF adr Dl SABLE K 05AB3 CHANGETYPE 39.2
03FA9 TYPEI DNT 171 047DD adr KEYBUFFER 05B15 $>ID 31.2
03FEF ZERO 171 04840 POPKEY 40.2 05B79 MAKE$

03FF9 MEMERR 171 04929 liteslp 05B7D MAKE$N

03FF9 ONE 171 04999 Keyl nBuf f ? 05BE9 | D>$ 20.3
03FF9 real 17.1 04A0B CGETPROC 05C27 %C% 19.2
04003 TWO 171 04A41 CETDF 05D2C C%% 19.2
0400D str 171 04CE6 ERROR@ 32.1 05DBC C%4%0 19.2
0400D THREE 171 04DOE ERRORSTO 32.1 05E81 >TAG 22
04017 FOUR 171 04D33 ERRORCLR 32.1 05F2E | D>TAG 22
04021 FIVE 171 04D3E DROPNULLS$ 20.2 05F42 GARBAGE 37.1
04021 |ist 171 04D64 CGETTHEMESG 32.1 05F61 MEM 39.2
0402B id 171 04D87 Jst GETTHEMSG 32.1 060B0 ~I FMenuRow2

0402B i dnt 171 04E07 GETEXI TMSG 32.1 060B3 ~ChooseMenul

0402B SI X 17.1 04E37 EXI TMSGSTO 32.1 0613E GARBAGECOL

04035 SEVEN 17.1 04E5E ERRSET 32.1 06529 PUSH2#

0403F El GHT 17.1 04E66 addr TEMPENV 06537 PUSH#

0403F seco 17.1 04EA4 ABORT 321 065AA GPMEMERR

04049 NI NE 17.1 04EB8 ERRTRAP 32.1 06641 POP#

04049 synb 171 04ED1 ERRIMP 32.1 06657 TOTEMPOB 37.1
04053 sym 171 04FB6 SETMEMERR 32.2 066B9 MOVEUP

04053 TEN 171 04FF2 SETPORTNOTAV  32.2 0670C MOVEDOWN

0405D ELEVEN 171 05016 SETROVPERR 32.2 0679B SAVPTR

04067 TWELVE 171 05023 Errjnp 067D2 GETPTR

04071 THI RTEEN 171 05040 ATTNFLG@ 40.2 06806 ROOM

0407B EXT 171 05068 ATTNFLGCLR 40.2 06992 MOVERSD

0407B FOURTEEN 171 05089 CARCOWP 25.1 069C5 MOVEDSU

04085 FI FTEEN 171 050B0 ~I FMenuRowl 069F7 ADIMEM

0408F REALOB 171 050B3 ~ChooseMenuO 06A1D MOVEDSD

0408F SI XTEEN 171 050ED CARS$ 20.4 06A53 MOVERSU

04099 2REAL 171 05143 CGETPTRLOOP 06A8E DI V5

04099 REALREAL 171 05153 CDRCOWP 25.1 06AD8 CREATETEMP

04099 SEVENTEEN 17.1 0516C CDR$ 20.4 06B4E | NTEMNOTREF? 37.1
040A3 El GHTEEN 171 0518A &HXS 21.2 06E8E NOP 34
040AD NI NETEEN 171 05193 &$ 20.4 06E97 ' 34.1
040B7 TVENTY 171 0521F &COWP 25.1 06EEB 'R 34
040C1 TWVENTYONE 171 0525B >H$ 20.4 06F66 ' REVAL 34
040CB TWENTYTWO 171 052C6 >HCOWP 25.1 06F8E EVAL 34
040D5 TWENTYTHREE 171 052EE >T$ 20.4 06F9F >R 34
040DF TVEENTYFOUR 171 052FA >TCOWP 25.1 06FB7 RDROP 34
040E9 TVENTYFI VE 171 05445 ::N 25.5 06FD1L COLA 34.2
040F3 REALSYM 17.1 05459 {}N 25.4 07012 R@ 34
040F3 TWENTYSI X 17.1 0546D SYMBN 25.2 0701F R> 34
040FD TWENTYSEVEN 171 05481 EXTN 25.2 070B3 ~ChooseMenu2

04107 TWENTYEI GHT 171 054AF | NNERCOWP 25.3 070C3 RPITE 35.1
04111 TWENTYN NE 17.1 0554C DOGARBAGE 070FD RPIT 35.1
0411B REALEXT 17.1 0556F NULL$? 20.5 0712A ?SKIP 35.1
0411B TH RTY 17.1 055B7 NULLCOWP? 25.1 0712A NOT_IT 35.1
04125 TH RTYONE 17.1 055D5 NULLHXS 21.2 0714D SKI P 34.2
0412F TH RTYTWO 171 055DF NULL$ 20.2 0716B | DUP 34
04139 THI RTYTHREE 171 055E9 NULL{} 25.4 071A2 BEG N 36.1
04143 THI RTYFOUR 171 055FD NULL: : 25.5 071AB AGAI N 36.1
0414D THI RTYFI VE 171 05616 LENHXS 21.1 071C8 UNTIL 36.1
04157 THI RTYSI X 171 05622 OVERLENS$ 20.4 071E5 REPEAT 36.1
04161 THI RTYSEVEN 171 05636 LENS$ 20.4 071EE WHI LE 36.1
0416B THI RTYEI GHT 171 0567B LENCOWP 25.1 07221 | NDEX@ 36.2
04175 THI RTYNI NE 17.1 056B6 NTHELCOWP 25.1 07249 | STOP@ 36.2
0417F FORTY 171 05733 SUB$ 20.4 07258 JI NDEX@ 36.2
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07264 JSTOP@ 36.2 0D607 CSRW OFD8B UMIRC 24.3
07270 | NDEXSTO 36.2 0D618 CSLWb OFE44 U>NCQ 24.2
07295 | STOPSTO 36.2 0D62F DCHXW 10047 U>nbr 24.2
072AD JI NDEXSTO 36.2 0D6D8 FLOAT 10065 Unbr>U 24.2
072C2 JSTOPSTO 36.2 0D744 Day>Dat e 100E0 ~BRbrowse

07334 LOOP 36.2 OD7A1 CLKUTL1 10B5E untr 24.1
073A5 +LOOP 36.2 0D809 get BPOFF 10B68 un 24.1
073C3 ZERO DO 36.2 ODBAE nmpopl% 10B72 un 24.1
073CE ONE_DO 36.2 0D92C POPDATE% 10B7C unP 241
073DB #1+_ONE_DO 36.2 0D948 POPTI ME% 10B86 unEND 241
073F7 DO 36.2 0D9C7 CKTI ME 10E68 cfF 18.1
07497 ABND 31.3 ODB3A YMD>Ti cks 10E82 cfC 18.1
074D0 BI ND 31.3 0oDB51 dowuti | 10F40 GPErrj npC

074E4 DOBI ND 0DB91 HXDCW 10F80 ErrjnmpC

075A5 GETLAM 31.3 OEO6F dr16 41.4 10F86 SYNTAXERR 32.2
075E9 PUTLAM 31.3 OE083 dr8 41.4 10FC6 NOHALTERR 32.2
07638 SETHASH 0 0E097 dr8-15 41.4 11016 SETC RCERR 32.2
0764E SETMESG 0 OEOAB TOP16 41.6 110E7 ~UTVUNS1Arg

07661 SET OEOD3 TOP8 41.6 1132D Set Al phaAnn 415
076AE OFFSRRP 0 OEOFB Rows8-15 41.6 1133A dr Al phaAnn 41.5
07709 TOSRRP 0 0E128 HBUFF_X_Y 41.1 11347 SetRightAnn 415
07943 @AM 31.3 0E235 ALARMS@ 11354 drRi ght Ann 415
0797B @ 37.2 OE66A VerifyTOD 11361 SetleftAnn 415
07D1B STOLAM 31.3 OE6ED STOALM 38 1136E drLeft Ann 415
07D27 STO 37.2 OE7D3 addrd kOnNi b 11511 PrgnEntry? 415
07E50 #>ROVPTR 28.2 OEB81 CLKTI CKS 38 11533 SetPrgnEntry 415
07E99 ROWTR@ 28.2 OEB81 SysTi ne 38 1158F MAKEGROB 42.3
081D9 BAKNANME 28.4 OEBD5 Fi ndNext 115B3 nmkegrob

082E3 RAM WORDNAME  37.3 OEE50 Dat e>hxs13 38 1165A w>W

08326 LASTRAM WORD 37.3 0F218 UNIT>$ 24.2 11679 GROB! 42.3
08376 PREVRAMWORD 37.3 OF33A UwU 24.2 1192F SUBGROB 42.3
085D3 REPLACE 37.2 OF34E UMJ> 24.2 11A6D GROB! ZERO 42.3
08696 CREATE 37.2 OF371 UMCONV 24.3 11CF3  $>Bl GGROB 42.3
08C27 PURGE 37.2 OF3E4 puretenp? 11000 $>GROB 42.3
08CCC ROWPTR># 28.2 OF41B TenpConv 11D8F $5x7 41.7
08D08 CONTEXT! 373 0F584 UM=? 24.4 11F80 $>grob 42.3
08D5A CONTEXT@ 37.3 0F598 UwW? 24.4 1200C RI GHT$3x6 42.3
08D66 SyskPtr@ OF5AC Uw? 24.4 120E0 ~BRout put

08D92 HOAVEDI R 37.3 OF5C0 Uw-? 24.4 120E4 ~MESRcl Egn

08D92 SYSCONTEXT 37.3 OF5D4 UMk=? 24.4 1215E CENTER$3x5 42.3
090B1 ~DoMKeyOK OF5E8 UM>=? 24.4 122FF | NVGROB 42.3
0931B X@ OF5FC UMABS 24.3 123C8 BI GDI SPN 41.7
0948E BAK>OB 28.4 0F615 UMCHS 24.3 123E5 BI GDI SPROM 41.7
0970A I nitEnab OF62E UMSI N 24.3 123F5 BI GDI SPROAB 41.7
09B73 COVPCONFCRC 0F660 UMCOS 24.3 12405 BI GDI SPRONR 41.7
OAOOE CKLBCRC 0F674 UMIAN 24.3 12415 BI GDI SPROA 41.7
0A532 SAFESKI POB OF688 %RPI 18.1 12429 DI SPN

0AAB2 PORTSTATUS 28.1 OF6A2 UM+ 24.3 1245B DI SP@1 41.7
0AB82 NEXTLI BBAK 28.1 OF774 UM 24.3 1245B DI SPROWM 41.7
OBBED TrueTrue 33.1 OF792 UMW 24.3 1246B DI SP@9 41.7
0BCO1 failed 33.1 0F823 WM 24.3 1246B DI SPROW2 41.7
OBC6F !*trior OF8FA UMXROOT 24.3 12478 DI SP@L7 41.7
OBCCF !*triand OF913 UMBQ 24.3 12478 DI SPROWB 41.7
0BD54 tok8cktrior 0F92C UVMSQRT 24.3 1248B DI SP@5 41.7
0BD60 tok8trior 0F945 UWVSI 24.2 1248B DI SPROM 41.7
0Cl147 restoreiram OFA69 tok_g 20.2 1249B DI SPROW 41.7
0C506 r GETATELN OFABE tok_m 20.2 124AB DI SPROVG 41.7
0CA60 ATTNchk OFACE tok_s 20.2 124BB DI SPROW 41.7
0CBC4 ErrTine OFB6F UMVAX 24.3 124CB DI SPROV8 41.7
OCBFA TOD 38 OFB8D UWMM N 24.3 12635 HARDBUFF 41.1
0CCOE DATE 38 OFBAB UMW 24.3 1263A addr VDI SP

0CC39 DDAYS 38 OFC3C UMACH 24.3 12645 HARDBUFF2 41.1
0CC5B DATE+DAYS 38 OFCCD Uwar 24.3 1264A addr VDI SP2

OCFD9 Date>d$ 38 OFCE6 UMBI GN 24.3 12655 ABUFF 411
ODO6A TOD>t $ 38 OFCFA UM P 24.3 1265A addr ADI SP

0D304 TI MESTR 38 OFDOE UMFP 24.3 12665 GBUFF 411
OD4AD DAY# OFD22 UMFLOOR 24.3 126DF BLANKI T 41.4
OD5E5 ASRW OFD36 UMCEI L 24.3 1270C DI SPSTATUS2 41.7
OD5F6 ASLW OFD68 UVRND 24.3 12725 DI SPROML* 41.7
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12748 DI SPROV* 41.7 15A60 rstfntl 18EDF CK2&Di spatch 30
12770 COERCE$22 20.4 15A8B savefntl 18EF0 CK3&Di spatch 30
127A7 SEP$NL 20.4 15B13 DECOWPS 18F01 CK4&Dispatch 30
128B0 XYGROBDI SP 42.3 15B31 editdeconmp$w 18F12 CK5&Di spatch 30
12B6C HARDHEI GHT 41.1 15E83 | onghxs 18F23 Eval NoCK 30
12B85 Fl ashMsg 41.7 1605F addtics 18F9D CK&DI SPATCHO 30
12DD1 HEI GHTENGROB  41.2 1613F NULLSTEMP 20.2 18FA9 CK&DI SPATCH2 30
12F94 GROB>GDI SP 42.3 162AC a%$, 20.3 18FB2 CK&DI SPATCHL 30
13061 KILLGDI SP 41.2 162B8 a%$ 20.3 191B9 #*OVF 17.3
130AC RECLAI MDI SP 41.2 16671 Shrink$ 194F7 CCERCE2 171
130E0 ~BRdone 166E3 DOFI X 39.1 1950B UNCOERCE2 18.2
13135 TOGDI SP 41.1 166EF DOSCI 39.1 199EB Dol nput Form 13
1314D TOADI SP 41.1 166FB DOENG 39.1 1A16F UPDI R 37.3
131C8 W NDOWUP 41.6 16707 DOSTD 39.1 1A1FC OCRC% 39.2
13220 W NDOADOWN 41.6 167BF DPRADI X? 39.1 1A265 VARSI ZE 39.2
133AB di sprange 16708 #:>$ 20.3 1A2DA | NHARDROW? 39.2
134AE CLEARVDI SP 41.4 167E4 #>$ 20.3 1A3FE x| FTE 43
134E4 W NDOW.EFT 41.6 1686A stackitw 1A738 Wit/ Get Key 40.2
1357F W NDOWARI GHT 41.6 169A5 NDROPFALSE 33.1 1A7C9 dowai t 38
13679 W NDOMKY 170E0 ~BRRcl Cur Row 1AB67 X+ 43
136AA W ndowXY 1795A ! DconpW dt h 1ACDD xNEGNEG 43
136AC addr LI NECNTg 17980 DcompW dth@ 1AD09 Xx- 43
137B6 W NDOWCORNER 179D0 NEXTRRPOB 1ADEE x* 43
137DC corner 179E8 addr TEMPTOP 1AF05 x/ 43
1380F PI XOFF3 42.3 17ADB Fi xRRP 1B02D x* 43
13825 Pl XON3 42.3 17B86 VLM 1B185 r pnXROOT 43
1383B PI XOFF 42.3 180E0 ~BRRcl C1 1B1CA xXROOT 43
1384A PI XON 42.3 18308 DropSysObs 1BB02 xFACT 43
13986 PI XON?3 42.3 1848C PATHDI R 37.3 1BB41 preFACT 43
13992 PI XON? 42.3 184E1 CREATEDI R 37.3 1C637 RCLSYSF 39.1
13B51 DI SPCHAR+PC 18513 ?STO HERE 37.2 1C64E RCLUSERF 39.1
13D28 cursorblink+ 18513 XEQSTA D 37.2 1C67F XxSTOF 43
13D55 cursor bl i nk- 1853B SAFE@ HERE 37.2 1C6A2 DOSTQALLF 39.1
13D8C CURSCR1 42.1 1854F 7?PURGE_HERE 37.2 1C6E3 DOSTOSYSF 39.1
13DB4 CURSCR2 42.1 18595 XEQPGDI R 37.3 1CoB8 xSl ZE 43
13E85 CURSCR_OFF 185C7 DoHer e: 1CB90 XEQTYPE 30.1
14088 DO>STR 20.3 18621 Last NonNul | 1C003 %1 18.1
140AB DODI SP 1863A PrevNonNul | 373 1CC1D %2 18.1
140F1 DOCHR 20.3 186E8 DOTVARS% 1CC37 943 18.1
14137 DOSTR> 20.3 18779 DOVARS 37.3 1CC51 %4 18.1
1415A DOBEEP 39.2 1884D OLASTONDCB! 30 1CC6B %R0 18.1
141B2 set beep 39.2 1884D OLast RomNd! 30 1CC85 %5 18.1
141E5 ERRBEEP 32.1 18873 ANDS$ 20.4 1CCA4 w1 18.1
142FB Ck&Freeze 18887 OR$ 20.4 1CCC3 w2 18.1
1446F SuspendOK? 1889B XOR$ 20.4 1CCE2 %3 18.1
14483 nohal t 18A15 CKONOLASTWD 30 1CD01 R4 18.1
14C17 sstDl SP 18A1E CKO 30 1CD20 925 18.1
14EA5 RDUP 34 18A5B CK3 30 1CD3A %16 18.1
15007 DOYEXI T 32.1 18A68 CK3NOLASTWD 30 1CD54 97 18.1
1502F DOHEXI T 32.1 18A80 CK2 30 1CD73 %26 18.1
15048 DOSEXI T 32.1 18A8D CK2NOLASTWD 30 1CD8D 927 18.1
1518D GsstFIN 18AA5 CK1 30 1CDF2 948 18.1
151A6 Sol vMenul ni t 18AB2 CKI1NOLASTWD 30 1CE07 99 18.1
152FF EqList? 18B6D CK5 30 1CF7B x0OBJ> 43
153FC DispVarsUil 18B7A CKS5NOLASTWD 30 1D054 XEQ>ARRAY 23.1
1553B KeepUni t 18B92 CK4 30 1DODF xRDM 43
1568F ALGeq? 18B9F CK4ANOLASTWD 30 1D186 xCON 43
15717 DOSTCE 18C34 CKN 30 1D5DF xPUTI 43
1572B DORCLE 18C4A CKNNOLASTWD 30 1DABB #1+ROT 17.3
15744 EQUATI ON 18C92 SETNONEXTERR 32.2 1DCO0 PUTLI ST 25.4
15777 NULLID 31.1 18CA2 SETSI ZEERR 32.2 1E661 XxFUNCTI ON 43
1578D CRUNCH 27.1 18CA7 DOCSI ZEERR 32.2 1E6A1 xPOLAR 43
1583C EVALCRUNCH 18CB2 SETTYPEERR 32.2 1E6C1 XxPARAMETRI C 43
1592D CK1NoBI ane 30 18CC2 SETSTACKERR 32.2 1EBBE x<? 43
15941 CRUNCHNoBI am 18CD7 Y%ABSCOERCE 18.3 1EC5D x>? 43
15978 1st kdeconp$w 18CEA CCERCE 17.1 1EF7E rpnDER 43
159EB st kdeconp$w 18DBF UNCOERCE 18.2 1EFD2 xDER 43
15A0E EDI TDECOWP$ 20.3 18EBA COWPEVAL 34 1F05B CKSYMBTYPE 30.1
15A40 ederr 18ECE CK1&Di spatch 30 1F1D4 rpnl NTG 43
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1F223 x| NTEGRAL 43 29E21 PACKSB 2A87F W& 18.4
1F354 r pnWHERE 43 29E46 PACK 2A88A % 18.4
1F3F3 xWHERE 43 29FD0 POP1%SPLI TA 2A895 W= 18.4
1F55D rpnAPPLY 43 29FDA POP1% 2A8A0 %= 18.4
1F5C5 XxAPPLY 43 2A002 POP2% 2A8AB 9%/<= 18.4
1F640 XxFCNAPPLY 43 2A0B3 ~DoCKeyCheck 2A8B6 Yx= 18.4
1F996 COVPLEXDUMWY 2A188 PUSH% 2A8ClL % 18.4
1F9AE POLARDUMWY 2A23D PUSHY%.OOP 2A8CC %> 18.4
1FAEB xFORMUNI T 43 2A2B4 % 18.1 2A8D7 %BGN 18.3
20B00 XEQSHOW.S 27.2 2A2C9 % 18.1 2A8F0 9%/ABS 18.3
20B81 XEQRCL 37.2 2A2DE R 18.1 2A900 %ABS 18.3
20B9A LI STRCL 37.2 2A2F3 9B 18.1 2A910 9BCHS 18.3
20CAD PI CTRCL 2A308 %4 18.1 2A920 9CHS 18.3
20F8A XEQPURGEPI CT 2A31D % 18.1 2A930 9VANTI SSA 18.3
20FAA XxXNMEM 43 2A332 %% 18.1 2A943 W 18.3
20FF2 XEQORDER 37.3 2A347 % 18.1 2A94F 9% 18.3
213D1 xFREE 43 2A35C 98 18.1 2A95B %%k 18.3
21660 SWAPDROPTRUE 33.1 2A371 W 18.1 2A974 % 18.3
216D8 OB>BAKcode 2A386 %1 18.1 2A981 % 18.3
21922 GetBvars 2A39B % 2 18.1 2A99A R4 18.3
21B5A XEQ OBACKUP 2A3B0 % 3 18.1 2A9BC % 18.3
21C6F XEQSETLI B 2A3C5 % 4 18.1 2A9C9 %OF 18.3
21CBA SETROVPART 2A3DA %5 18.1 2A9E8 984 18.3
225F5 USER$>TAG 24.1 2A3EF % 6 18.1 2A9FE % 18.3
22618 % TAG 22 2A404 %7 18.1 2AA0B 9% 18.3
22FD5 x| FEND 43 2A419 %8 18.1 2AA30 9%CH 18.3
22FEB XALG > 43 2AA2E %9 18.1 2AA5F 984 18.3
231A0 XxSTARTVAR 43 2A443 9Pl 18.1 2AA70 9% 18.3
2349C xSl LENT' 43 2A472 Y%VAXREAL 18.1 2AA81 9NROOT 18.3
234C1 RPN-> 43 2A487 % MAXREAL 18.1 2AA92 9RA/ 18.3
235FE x>>ABND 43 2A49C %M NREAL 18.1 2AA9E %984/ 18.3
2361E x<< 43 2A4B1 9% M NREAL 18.1 2AAAF 9%/ 18.3
23639 x>> 43 2A4C6 WO 18.1 2AAEA WBSQRT 18.3
23679 XxENDTIC 43 2AME0 %4 18.1 2AAF6  %%/GQRT 18.3
23694 xWH LEEND 43 2AAFA %R 18.1 2AB09 Y%BORT 18.3
236B9 xENDDO 43 2A514 W8 18.1 2AB1C 9WEXP 18.3
2371F XxXERRTHEN 43 2A52E %4 18.1 2AB2F Y%EXP 18.3
23768 CKOATTNABORT 2A548 %56 18.1 2AB42 Y%EXPML 18.3
237A8 xTHENCASE 43 2A562 %o 1 18.1 2AB5B 94N 18.3
238A4 pal parse 20.3 2A57C %% 5 18.1 2AB6E %N 18.3
23EED ONE{} N 25.4 2A596 9840 18.1 2AB81 9%.0OG 18.3
24C0D Li st 2A5B0 %B6% 18.4 2AB94 984 NP1 18.3
24EA6 {}>DIR 2A5C1 %% 18.2 2ABA7 %.NP1 18.3
2512D del i ntase 2A5D2 SETDEG 39.1 2ABBA %ALOG 18.3
2520A 'Rapndit 2A5F0 SETRAD 39.1 2ABDC 9%MOD 18.3
25223 DaDGNTc 2A604 SETGRAD 39.1 2ABEF %8I N 18.3
2534A nultrior 2A622 YD>R 18.3 2AC06 9%/8I N 18.3
25446 tok-> 20.2 2A62C PI /180 18.1 2ACl7 9%/8lI NDEG 18.3
25452 get mat cht ok 2A655 9R>D 18.3 2AC27 9/8I NRAD 18.3
255BD ngsi zecase 2A673 Y%HVS 38 2ACA0 9COS 18.3
255FB need' case 2A68C %HVE> 38 2AC57 9B4C0S 18.3
25632 newBASE 2A6A0 9HVG+ 38 2AC68 9RACOSDEG 18.3
256E4 convertbase 2A6C8 %HVS- 38 2AC78 9BACOSRAD 18.3
25C41 Ext obcode 2A6DC  9BAVAX 18.3 2AC91 9%AN 18.3
25CE1 GETPTRTRUE 2A6F5 9%VAX 18.3 2ACA8 984 ANRAD 18.3
26162 Get Next Token 2A70E 9M N 18.3 2ACC1 9%ASI N 18.3
265ED real PAcode 2A727 9WO< 18.4 2ACD8 98/ASI NRAD 18.3
26A2D ?OKI NALG 2A738 9%9< 18.4 2ACF1 %ACOS 18.3
26FAE GETPTRFALSE 2A75A WO= 18.4 2AD08 9RMACOSRAD 18.3
27244 NOTLI STcase 355 2A76B %= 18.4 2AD21 YATAN 18.3
27254 NOTSECCcase 35.5 2A788 9WO> 18.4 2AD38 %ANGLE 18.3
27264 NOTROWVPcase 35.5 2A799 %> 18.4 2ADAF  9BANGLE 18.3
27D00 check_pdat a 2A7BB %60<> 18.4 2AD5B % 9%ANGLE 18.3
28296 netatail 26.4 2A7CF %<> 18.4 2AD6C 9%ANGLEDEG 18.3
28558 #1- UNROT 17.3 2A7TE3 WO>= 18.4 2AD7C 9/ANGLERAD 18.3
2856C tok=casedrop 2A7TF7 %>= 18.4 2AD95 %/El NH 18.3
29A8D nextsym R 2A80B wWO<= 18.4 2ADAE %Sl NH 18.3
29BC2 subpdcdpt ch 2A81F 9%k 18.4 2ADC7 9840OSH 18.3
29DFC SETI VLERR 2A871 U 18.4 2ADDA %COSH 18.3
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2ADED 9%ANH 18.3 2C535 STATN 23.3 2FEC9 KVI SLF

2AE00 %ASI NH 18.3 2C558 STATSMAX 23.3 2FEDD KVI S

2AE13 9YACOSH 18.3 2C571 STATMEAN 23.3 2FFB4 Get StrlLenStk

2AE26 YATANH 18.3 2C58A STATSM N 23.3 2FFB7 GetStrlLenC

2AE39 YEXPONENT 18.3 2C5A3 STATSTDEV 23.3 2FFBA Get StrlLen

2AE4AC YNFACT 18.3 2C5BC STATTOT 23.3 300B3 ~LEDi spPronp

2AE62 9%COVB 18.3 2C5D5 STATVAR 23.3 3016B KI NVI SLF

2AE75 9Y%PERM 18.3 2D0B3 ~DoCKeyCance 30794 VERSTRI NG

2AF27  984HVS 38 2D396 MAXRETRY 307E2 GETKP

2AF4D %P 18.3 2D3A0 LAMPKNO 30805 SUB$1# 20.4
2AF60 % P 18.3 2D3B1 LAMPACKET 30914 ACK INIT

2AF73 YCEl L 18.3 2D3C6 LAMRETRY 30B1D CHOOSE INIT

2AF86 9%-LOOR 18.3 2D3EE LAMWKP 30BBE ENCODE1PKT

2AF99 984-LOOR 18.3 2D3FB LAMLNAME 30BD7 ENCODE

2AF99 984 NT 18.3 2D4A0E LAMOBJ 30031 DECODE

2AFC2 YRAN 18.3 2D41D LAMOPCS 30E4E Put Seri al ECk

2B044 9YRANDOM ZE 18.3 2D441 ' LanKPSt o 30ED2 QUTUART

2B07B DORANDOM ZE 18.3 2D45A LAMWKLI ST 31289 POPUART

2B0B3 ~DoCKeyChAl | 2D46D LAVMKMODE 312DA adr _uart_han

2B0C4 9U-ACT 18.3 2D493 LAMKRM 3133B UARTBUFLEN

2B1FF %4 18.1 2D517 EXCHI NI TPK 3136C FLUSHRSBUF

2B2DC %842 18.1 2D564 Loop 31444 PUTSERI AL

2B300 %60 18.1 2D58C SENDEOT 314E5 GETSERI AL

2B3DD %% 4 18.1 2D5E1 SEND_PACKET 315C6 CLOSEUART

2B45C 2%%»0 18.2 2D730 KDi spRow2 315F9 d oselart

2BA70 2%6% 18.2 2D74E KDi spStat us2 3161E Openlartdr

2B48E YRECYPCOL 18.3 2D9A1 Set Ser vMode 31854 docr

2B498 WP 18.3 2D9B2 d r ServMode 31868 DOCR

2B4BB %POL>YREC 18.3 2DDC4  DropSysErr$ 3187C Openl OPrt

2B4C5  9%94>R 18.3 2E0A9 SENDNAK 31EE2 DOPRLCD

2B4F2  YBPH>YREC 18.3 2E0B3 ~DoCKeyOK 31F4A St dPRTPAR

2B529 RNDXY 18.3 2E0C7 SENDERROR 31F7D St oPRTPAR

2B53D TRCXY 18.3 2EOF4 SENDPKT 31FFD DODELAY

2B67D aMODF 2E108 BUI LDKPACKET 3205C Get ChkPRTPAR
2B770 aH>HVB 2E31F Push#FLoop 320B1 980 18.1
2B789 1/ X15 2EADC APNDCRLF 20.4 32161 PRI NT

2B7A7 RSUB1 2EAF0 CRLF$ 20.2 32387 PRI NTxNLF

2B7B0 RADD1 2E6BE | nit| CEnv 323E9 PSubErr

2B7CA RADDF 2E6EB SENDLI ST 323F9 REMAP

2B7DC ADDF 2E7EF GETNAME 324A6 Al |l owPrl cdd

2B91E MULTF 2E876 DOFI NI SH 3251C PopASavptr

2B977 DI VF 2E8D1 DOPKT 3251F PopSavptr

2BAOF SQRF 2E99E St dl OPAR 3252B Set Ecnma94

2BBB5 DI V2 2E9CB St ol OPAR 325AA ChkLowBat

2BBE2 CLRFRC 2E9E6 SysSTO 32B08 ErrFi xEl RU

2BC4A SPLI TA 2EA4F  Get | OPAR 32B1A Fi xEl RU

2BCA0 SPLTAC 2EA6A Sys@ 32B74 PrintGob

2BD32 Y<=X 2EAE2 KERMOPEN 32CAF ChkG Hook

2BD76 TST15 2EB37 DOOPENI O 32CB6 adr GraphPrtH

2BE53 XYEX 2EB62 Openl O 32FF9 SYMBNUMSOLVE
2BE61 STABO 2EC11 % P># 17.2 3303F NUMSOLVE

2BE6F STAB2 2EC25 | OCheckReal 34301 Attn# 17.1
2BE7D STCDO 2EC34 Set | OPARErr 32.2 34D2B 1NULLLAM} 31.3
2BE8SB STCD2 2EC84 DOBAUD 34D30 NULLLAM 31.1
2BE99 EXABO 2ECCA DOPARI TY 350B3 ~LEDi splLi st

2BEA7 EXAB2 2ED10 DOTRANSI O 35491 apndvarl st 25.4
2BEB5 RCABO 2EDA6 DOKERRM 355B8 PULLREALEL 23.1
2BECO RCAB2 2EDE1 DOBUFLEN 355C8 PULLCMPEL 23.1
2BECB RCCDO 2EE18 DOSBRK 35628 PUTEL 23.1
2BED6 RCCD2 2EE97 DOSRECV 3566F PUTREALEL 23.1
2BEE1 CCSB1 2EEC4 SendSet up 356F3 PUTCMPEL 23.1
2BEEC RNDC[ B] 2EFD7 TRPACKETFAI L 357A8 MDI M5 23.1
2BFE3 GETAB1 2F211 LAWMKM 35CAE  MATCON 23.2
2BFFD GETABO 2F383 | ncr LAMPKNO 360B3 ~LEDi spltem

2C031 GETCDO 2F39C Get Ker nPkt # 3745E SWAPROWS 23.1
2C04B PUTABO 2F934 Fal seFal se 33.1 37B44 CKREF 37.1
2C0B3 ~DoCKeyUnChA 2F989 RecvNext Pkt 37E0F MATREDI M 23.2
2C22F STATCLST 23.3 2FEA1 SENDACK 3811F MATTRN 23.2
2C2D9 STATSADD% 23.3 2FEB5 SENDNULLACK 3858E StartupProc
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Addr. Name See Addr. Name See Addr. Name See
385E8 I nitSysuU 3946D DAlBad? 41.3 3EC71 Nul | MenuKey 14.5
3866F SysMenuCheck 3947B Set DA1Bad 41.3 3EC85 NoExitAction

386A1 SysDispl ay 39489 d r DA1Bad 41.3 3EC99 Box/ St dLabel 42 .4
386D8 ?Fl ashAl ert 39.2 39497 DA2aBad? 41.3 3ECB2 Box/ StdLbl : 42.4
38728 SysErrorTrap 394A5 Set DA2aBad 41.3 3EDOC St d/ BoxLabel 424
38908 DoWar ni ng 41.7 394B3 C r DA2aBad 41.3 3EE1A Dolst/ 2nd+:

38926 FlashWarning 41.7 394CF Set DA2bBad 41.3 3EE47 Echo2Macr os

38985 ParQuterLoop 14 394DD C r DA2bBad 41.3 3FA57 Key>U SKeyCh

389BC POLSaveUl 14.1 394F9 Set DA3Bad 41.3 3FA7A ?Key>UKeyCb

38A64 POLSet Ul 14.1 39507 C r DA3Bad 41.3 3FB1A Key>St dkeyCb

38AEB POLKeyUl 14.1 39523 SetDAllsStat 41.3 3FCAF Set KeysNS

38B45 POLErrorTrap 39531 CrDAllsStat 41.2 3FDBD 2Dr opBadKey

38B77 POLResUl &Err 14.1 3957A Set NoRol | DA2  41.3 3FDC7 Dr opBadKey

38B90 POLRestoreUl  14.1 3958B ClrNoRol I DA2 41.3 3FDD1L DoBadKey

38C08 AppDi spl ay! 3959C ?Di spSt at us 3FDFE ' DoBadKey 34.1
38C18 AppDi splay@ 395BA DispStatus 3FE12 ' DoBadKeyT 34.1
38C38 AppKeys! 39632 Bl ank&GROB! 42.3 3FE26 H WKey>KeyOh

38C58 AppKeysO0 39673 Angl eSt at us 3FE44 H WsKeyCode

38C68 AppExit Cond! 396C8 ConVecSt at us 3FE7B Mbdi fi er Key?

38C78 AppExitCond@ 39748 User Fl agSt at 3FF1B ?CaseKeyDef 14.4
38C98 AppError! 397BB User KeysSt at 3FF48 ?CaseRomptr @
38CAB AppError @ 3981B Al gEntrySt at 4019D St dMenuKeyNS
38CFB AppMde? 39853 PrgnEntr St at 401D4 St dMenuKeyLS

38D09 Set AppMbde 3988B DispDir?Time 40337 DoNaneKeyRS

38D17 O r AppMbde 398F4 DispDir?Timl 40350 DoNaneKeyLRS
38D33 Set NAppKeyK 39958 Di spDir?Ti nR 40454 DoKeyh

38D5D Set DoSt dKeys 39971 Pat hSt at us 40788 TakeOver 145
38D8BA Set AppSuspOK 39AF1 Di spTi neReq? 40792 Systenlevel ?
38D9B C r AppSuspOK 39B0A Di spSt sBound 407FB MenuMaker

38DAC DA1CK? 41.3 39B85 ?Di spStack 40828 MenuKey

38EB5 DA3CK? 41.3 39BF3 ?Rol | UpDA2 4085A Modi fier

38F28 DALOK?NOTI T 41.3 39F6F LI NESOFSTACK 408AA | medEntry? 41.5
38F41 DA2aOK?NOTI T  41.3 39FB0 AbbrevSt ack? 40A6F KeyOb!

38F5A DA2bOK?NOTI T 41.3 39FC1 Set Abbr evSt k 40A82 KeyOh@

38F73 DA3CK?NOTI T 41.3 39FD2 d r AbbrevSt k 40A95 Keyh0

38FB9 DA2aless1OK? 41.3 3A00D DispEditlLine 40AD9 Parse. 1

38FD2 Set DAlValid 41.3 3A1CA ?Di spMenu 40B2E Par seFai |

38FEB Set DA2avalid 41.3 3A1E8 Di spMenu 40BC9 At User St ack 30
38FFF Set DA2bvalid 41.3 3A1FC Di spMenu. 1 40C76 Savelast Edit

39018 Set DA3Valid 41.3 3A297 G ob>Menu 42.4 40C94 CMDSTO

3902C Set DA1Tenp 41.3 3A2B5 Str>Menu 42.4 40CE9 CacheSt ack

39045 Set DA2aTenp 41.3 3A2C9 Seco>Menu 42.4 40D25 LockAl pha 415
39059 Set DA2bTenp 41.3 3A2DD | d>Menu 42.4 40D39 UnLockAl pha 415
39072 Set DA3Tenp 41.3 3A328 MakeSt dLabel 42.4 40D93 NoEdi t ?case

39086 Set DA2aEcho 41.3 3A38A MakeBoxLabel 42.4 40DC0 DoMenuKey

390A4 MENoP&Fi xDA1  41.3 3A3EC MakeDir Label 42.4 40DD4 DoDel i m

390B3 MENP&Fi xDA12 41.3 3A44E Makel nvLabel 42.4 40DF7 DoDel i s

390CC drDAIXK 41.3 3A4AB Makelabel 42.4 40E3D ?CrA g

390E5 O rDA2alX 41.3 3AACE Di sp5x7 41.7 40E5B ?C r Al gSet Pr

390FE O r DA2bOK 41.3 3A546 Bl ankDA1 41.4 40E88 REPEATER

39117 drDA2OK 41.3 3A55F Bl ankDA2 41.4 40EE7 SLOW 38
3912B O r DA3K 41.3 3A578 Bl ankDA12 41.4 40F02 VERYSLOW 38
39144 drDAsK 41.3 3A591 Bl ankDA2a 41.4 40F12 VERYVERYSLOW 38
3915D Set DA2Valid 41.3 3A71C DoNext Row 40F22 XEQSt oKey

3918A Set DA2NoCh 41.3 3A735 DoPrevRow 40F86 | nit Menu

3919E Set DA12NoCh 41.3 3A9B8 ' DROPFALSE 34.1 41008 StartMenu

391B2 Set DA23NoCh 41.3 3A9CE Tur nCYf f Key 410C6 Set Thi sRow

391C6 Set DA13NoCh 41.3 3A9E7 Set SomeRow 41111 CheckMenuRow
391EE Set DA123NoCh  41.3 3AAOA 1A/ LockA 41175 LoadTouchTbl

39207 Set DA2OKTenp  41.3 3ADED DoPl ot Menu 4139B Savelast Menu

3921B Set DA12Tenp 41.3 3B211 DoFirst Row 41422 >Revi ew$

3922F Set DAsTenp 41.3 3BDFA Edit Menu 415C9 Get Menu%

39301 SetDA3ValidF 41.3 3BE54 DoSol vr Menu 415F1 900 18.1
393D3 Set DA1NoCh 41.3 3E2DD <Ski pKey 41679 | nitMenu%

393FD Set DA2aNoCh 41.3 3E35F >Ski pKey 41741 1nitTrack:

39419 DA2bNoCh? 41.3 3E3E1 <Del Key 417F3 Set Rebui | d

39427 Set DA2bNoCh 41.3 3E4CA >Del Key 41848 MenuRow

39435 C r DA2bNoCh 41.3 3E586 Togl nsert Key 4185B MenuRow@

39451 Set DA3NoCh 41.3 3E5CD | St ackKey 4186E Last MenuRow
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Addr. Name See Addr. Name See Addr. Name See
41881 Last MenuRow@ 44730 EDI TPARTS 4CEAC EXI TFCNst o

418A4 MenuDef @ 4488A NoEditLi ne? 4ACE6F DOGRAPHI C

418D4 MenuRowAct ! 4489E RONNUM 4CEE7 Graphi cExit

418F4 Label Def! 448C1 ?TogU LCase 4CF05 GDI SPCENTER

41904 Dolabel 42.4 44C31 DoNewVAt ri x 4CF41 SETLOOPENV

41914 MenuKeyNS! 44F42 Bi ndMat Var s 4CF68 ExitFcn

41924 MenuKeyNS@ 44FE7 Dod dMatri x 4D11E DROPDEADTRUE
41934 DoMenuKeyNS 45023 |1 nitd dMat 4D132 SCROLLUP 41.6
41944 MenuKeyLS! 450E0 ~BRDi spltens 4D150 SCROLLLEFT 41.6
41964 MenuKeyRS! 45676 Bl ank$ 20.4 4D16E SCROLLDOWN 41.6
41984 Revi ewKey! 45AE0 Get Mat / Vec 4D18C SCROLLRI GHT 41.6
419C4 ExitAction! 45C2F RowEl t # 4DAOD CROSS_HAI RS

419E4 Last MenuDef ! 45D1F GetElt 4DA76 CROSS_OFF

419F4 Last MenuDef @ 46409 CopyRowsUp 4E266 CHECKMENU

41A8D User Keys? 4651C CopyCol sLeft 4E2AC MENUOFF

41CA2 Ck&DecKeylLoc 40.2 46625 CopyRowsDown 4E2CF  TURNVENUOFF 41.2
41D92 CodePl >%c.p 40.2 4677E CopyCol sRght 4E347 TURNVENUON 41.2
41F3F Get User Keys 4744F ' DX 31.1 4E360 MENUOFF? 41.2
41F65 Wai t For Key 40.2 47467 STOAPPLDATA 4E37E LI NECHANGE

4203C Get KeyOo 47984 APPpronpt 1! 4E442 CURRENTMARK?

42078 ?Bl i nkCur sor 479A7 APPpronpt 2 4E46A EQCURSOR?

420A0 GETKEY* 48FF9 SORTASLOW 4E497 PREMARKON

420F5 ATTNxcp 490E0 ~BRi nver se 4E4B0 NEWVARK

42113 ALARWKcp 491D5 AUTCSCALE 4E582 DRAVBBOX#

42131 SLEEPxcp 494B4 %1 18.1 AE6EF Di spCoordl

42145 UARTxcp 49709 Pronpt | dWtil 20.3 4E776 Z-BOX

42159 GETKEY 49AD3 Poi nt Deri vUt 4ECAD CROSSMARKON

42249 UART? 49BA5 FcnUtil End 4F052 W NDOW#

42262 ATTN? 40.2 49BD2 Root Uil 4FOAC DOPX>C

4226A addr ATTNFLG 49C54 CKEQUti | 4F179 DOC>PX

4227F TI MEQUT? 49F06 Poi nt MoveCur 4F1D8 SWAPTRUE 33.1
42284 adr TI MEQUTCL 4A055 DI SPCOORD2 4F408 C¥%#

422A1 ALARW? 38 4A0AA Get EgN 4F78C GROB+#

423BB settineout 4A95A | CVPDRPRTDRP AF7E6 CKGROBFI TS 42.3
42303 clrtinmeout 4A9AF CHECKPVARS 50262 9%+ 18.3
42402 KEYI NBUFFER?  40.2 4AAEA MAKEPVARS 50276 9%- 18.3
4243E ?ATTNQUI T 40.2 4AB1C 1D X 31.1 503D4 DOLCD> 423
4245C NoAtt n?Sem 40.2 4AB2A Pvar sC% 50438 DO>LCD 42.3
42475 DoCAl ar nKey 4AB59 IDY 31.1 5046A DOCLLCD 41.4
4248E Ctl Al arnl 4ADBO GETSCALE 5053C CROSSGROB 42.1
424DA DCur sor 4AE3C PUTSCALE 5055A MARKGROB

4256B LCursor 4AF63 GETI NDEP 50578 GROBDI M 42.2
42660 UCursor 4AF77 PUTI NDEP 505C6 GETXPCS

426F1 Last ERow? 4AF8B PUTI NDEPLI ST 505E4 get xpos

4272D TopERow? 4AFDB GETRES 5068D GETYPCS

427AF Cursor &Di sp 4B012 PUTRES 506AB getypos

42AE4 EchoChr Key 4B062 GETPTYPE 5072B TOGGLELI NE#3

42BB6 Echo$NoChr 00 4B076 PUTPTYPE 50758 DRAW.I NE#3

42BD4 Echo$Key 4BODA GETPM N&MAX 50ACC LI NEOFF3

42C3D CkChr 00 20.5 4B10C GETXM N 50ADB TOGLI NE3 42.3
42D32 EditlLevel 1 4B120 GETYM N 50AEA LI NEON3

42D46 Vi ewLevel 1 4B139 GETXMAX 50AF9 TOGLI NE 42.3
42D82 Char Edi t 4B14D GETYMAX 50B08 LI NEOFF 42.3
42DC8 ObEdi t 4B166 PUTXM N 50B17 LI NEON

42E27 Rol | &Do: 4B189 PUTYM N 50D78 LASTPT?

42E86 Rcl &Do: 4B1AC PUTXMAX 50DA5 Pl ot OneMor e?

42EC7 Adj EdModes 4B1CF PUTYMAX 50E59 !#1+l F<dim1

42F44 | nput Li ne 4B323 MAKEPI CT# 50EA5 !#1-1F>0

430CF Di spl LPronpt 4B364 GETPARAM 510AD | NDEPVAR

43179 | nput LEnt er 4B553 VSCALE 51005 RECORDX&YC%

43200 | nputlLAttn 4B5AD HSCALE 51125 CLEARMENU

4325A Set Cur sor 4B60C DOERASE 51148 CKPI CT 30.1
44277 | ni t Ed&Vbdes 4B6D9 PLOTERR 51166 CHECKPI CT

4428B | nit EdLi ne 4B710 RESETDEPTH 511E3 CHECKHEI GHT

44394 | ni t EdMbdes 4B765 PLOTPREP 5129C ' | DFUNCTI ON 34.1
443CB EditString 4B7D8 Get Res 512C4 ' | DPOLAR 34.1
444A5 CURSOR_END? 4BFAE NEXTSTEP 512D8 ' | DPARAMETER 34.1
444EE Char >Edi t 4C09B NEW NDEP 5133C PtoR

44683 EDI TLI NE$ 4C639 drax 514AF GETRHS
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Addr. Name See Addr. Name See Addr. Name See
514DC 1REV 53731 Set SysFl ag 39.1 545A0 cknumdsptchl 27.1
51532 2HXSLI ST? 17.2 53755 drUserFl ag 39.1 547B5 SYMBWHERE 27.2
515A0 TOPROW 41.6 53761 drSysFl ag 39.1 54C63 nnet asyns 30.1
515B4 BOTROW 41.6 53778 TestUserFlag 39.1 55288 1GETLAMSWP1+ 31.3
515FA LEFTCOL 41.6 53784 Test SysFl ag 39.1 5573D COLAt hexFCN

5160E RI GHTCOL 41.6 5380E COERCEFLAG 35.1 558DC sscknun? 27.1
5162C W NDOWIOP? 41.6 53860 HI STON? 558F5 sncknun? 27.1
51645 W NDOWBOT? 41.6 538C0 UNDO_ON? 5590E nscknun? 271
5165E W NDOWLEFT? 41.6 538CE UNDO_ON 560ED xssgener al 27.1
51677 W NDOWRI GHT?  41.6 538DC UNDO_OFF 56101 xnsgener al 27.1
51690 JUWPTOP 41.6 538F8 NOBLI NK 5611F xsngener al 271
516AE JUMPBOT 41.6 53968 Al gEntry? 415 57D90 SYMCOLCT 27.2
516E5 JUWMPLEFT 41.6 53976 Set Al gEntry 415 580E7 ~UTTYPEEXT0?

51703 JUWPRI GHT 41.6 53984 drAl gEntry 41.5 58D75 SYMSHOW 27.2
51735 REPEATERCH 539F9 Set| SysFl ag 590B0 ~DoKeyCancel

5179E DUPGROBDI M 42.2 53A20 REPLACE_MODE 5A01D SWAPconpSWAP

517F3 EQUALcasedro 355 53A2E | NSERT_MODE 5A036 uncrunch 27.1
5182F | STOP- | NDEX 36.2 53A3C | NSERT? 5A0B0 ~DoKeyOK

51843 SWAP#1+SWAP 17.3 53A4A Edit LExi sts? 5A310 synbn

51857 SWAP#1- SWAP 17.3 53A90 C rNewEditL 5DE55 RDROPFALSE 33.1
5187F GBUFFGROBDIM 41.1 53AE4 Nol gnoreAl m 5DE7D reversym 29
51893 ORDERXY# 42.3 53B31 setflag 5EODA P{}N 254
518CA ORDERXY% 42.3 53BDD RAD? 39.1 5E370 NDUPN 29
5193B Cw®A 19.1 53C37 DOHEX 39.1 5E3AC psh& 0
5196A C% 1 19.1 53C43 DOBIN 39.1 5E401 pshltop& 26.3
519A3 CRe% 19.2 53C4F DOCCT 39.1 5E415 top& 0
519B7 Cl nto 19.2 53C5B DODEC 39.1 5E4A9 #1- SWAP 17.3
519CB C¥% %% 19.2 53CAA dostws 39.1 5E4A9 pul | 26.3
519DF CY%9%/BWAP 19.2 53D04 bit AND 21.3 5E4BD pul lrev 26.3
519F8 CW6eC% 19.2 53D15 bitOR 21.3 5E4D1 psht op& 26.3
51A07 %6C% 19.2 53D26 bit XOR 21.3 5E4EA pul | pshl& 26.3
51A37 Re>C% 19.2 53D4E bi t NOT 21.3 5E652 syntonp 27.1
51B2A CW®O= 19.4 53D5E bitSL 21.3 5E67A pshzer 26.3
51B43 C¥%®= 19.4 53D6E bitSLB 21.3 5E706 pshl& 26.3
51B70 CY¥CHS 19.3 53081 bitSR 21.3 5E7A5 pshlé&rev 26.3
51B91 CWACHS 19.3 53091 bitSRB 21.3 5E984 nonopcase 355
51BB2 C%CONJ 19.3 53DA4 bitRR 21.3 5EA9F pshzerpsharg 27.3
51BC1 CY%4ONJ 19.3 53DE1 bitRRB 21.3 5EB1C psh 26.1
51BE4 %-SWAP 18.3 53E0C bitRL 21.3 5EDFC nunblst case

51EFA CA/ 19.3 53E3B bitRLB 21.3 5EE10 M 1stcasechs 354
52062 CY¥ABS 19.3 53E65 bit ASR 21.3 5EF15 AEQLstcase 35.4
52099 CY¥ARG 19.3 53EA0 bit+ 21.3 5EFD9 MEQLst case 35.4
520CB C¥SCGN 19.3 53EBO bit- 21.3 5EFF9 MEQopscase 35.4
520E0 ~BRVi ew t em 53ED3 bit* 21.3 5F048 AEQopscase 35.4
52107 CY¥BQRT 19.3 53EE4 MPY 5F061 M dlstcase 35.4
52193 CY¥&EXP 19.3 53F05 bit/ 21.3 5F0AA idntcase 35.5
521E3 C%.N 19.3 54039 WORDSI ZE 39.1 5FOCD idntl antase 35.5
522BF C%.0OG 19.3 54050 BASE 39.1 5FOFA nunD=case 35.3
52305 CY%ALOG 19.3 54061 HXS>$ 20.3 5F127 9%=case 35.3
52342 COWRR\C 19.3 540BB hxs>$ 20.3 5F13B CY%®=case 35.3
52360 CYC'R 19.3 5422C PUSHhxs 5F154 nunil=case 35.3
52374 C¥CMC 19.3 54266 GPPushA 5F181 %=case 35.3
524AF C% 19.1 5429F bi t %#/ 21.3 5F19F C%=case 35.3
524F7 CWA 19.1 542BD bit #% 21.3 5F1BD nunR=case 35.3
52530 C¥8I N 19.3 542D1 bi t %#* 21.3 5F1EA 9%2=case 35.3
52571 CYCOs 19.3 542EA bi t #% 21.3 5F208 C¥2=case 35.3
525B7 CYAN 19.3 542FE bi t %¢- 21.3 5F23A num l=case 35.3
5262F C¥%Sl NH 19.3 5431C bit#% 21.3 5F267 % l=case 35.3
52648 CYCOsSH 19.3 54330 bit %+ 21.3 5F285 C% l=case 35.3
5265C CYaTANH 19.3 54349 bit #%- 21.3 5FB49 NOTcaseFALSE 35.1
52675 CY¥ATAN 19.3 5435D #>% 19.2 5FB76 ROT#1+UNROT 17.3
527EB CY¥ATANH 19.3 5435D HXS>% 18.2 60EBD RSWAP

52804 C¥ASIN 19.3 543F9 %# 17.2 60EE7 ROTSWAP 29
5281D CY¥ASI NH 19.3 544D9 HXS==HXS 21.4 60EE7 XYZ>YXZ 29
52836 C¥%ACOSH 19.3 544EC HXS#HXS 21.4 60FOE ROTDROPSWAP 29
52863 CY%ACOS 19.3 54500 HXS>HXS 21.4 60FOE UNROTSWAPDRO 29
52D26 4NULLLAM } 31.3 5452C HXS>=HXS 21.4 60F0E XYZ>ZY 29
530E0 ~BRGetltem 5453F HXS<=HXS 21.4 60F21 ROTDROP 29
53725 Set User Fl ag 39.1 54552 HXS<HXS 21.4 60F21 XYZ>YZ 29
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60F33 SWAPROT 29 613E7 2GETLAM 31.3 61A18 #0=?SEM 35.2
60F33 UNROTSWAP 29 6140E 3GETLAM 31.3 61A2C NOT?SEM 35.1
60F33 XYZ>ZYX 29 61438 4CGETLAM 31.3 61A3B ?SEM 34
60F4B 3DROP 29 6145C 5GETLAM 31.3 61A47 SEM LOOP

60F4B XYZ> 29 6146C 6GETLAM 31.3 61A58 | TE_DROP 35.1
60F54 7DROP 29 6147C 7GETLAM 31.3 61A6D COLA EVAL 34.2
60F66 6DROP 29 6148C 8GETLAM 31.3 61A8E COLARPI TE 35.1
60F72 5DROP 29 6149C 9GETLAM 31.3 61AD8 | TE 35.1
60F7E 4DROP 29 614AC 10GETLAM 31.3 61AE9 2' RCOLARPITE 351
60F7E XYZW 29 614BC 11GETLAM 31.3 61B45 2@REVAL 34
60F83 4Dr opLoop 614CC 12GETLAM 31.3 61B55 3@REVAL 34
60F9B SWAPDROP 29 614DC 13CGETLAM 31.3 61B72 NOT?DROP 35.1
60F9B XY>Y 29 614EC 14GETLAM 31.3 61B89 ticR 34
60FAC 3UNROLL 29 614FC 15GETLAM 31.3 61C1C EXPAND 21.2
60FAC UNROT 29 6150C 16CGETLAM 31.3 61CE9 CACHE 31.3
60FAC XYZ>ZXY 29 6151C 17GETLAM 31.3 61D3A SAVELAM

60FBB 4ROLL 29 6152C 18GETLAM 31.3 61D41 SAVESTACK 31.3
60FBB FOURROLL 29 6153C 19CGETLAM 31.3 61EA7 DUWP 31.3
60FBB XYZWrYZWK 29 6154C 20GETLAM 31.3 61F8F undo 31.3
60FD8 5ROLL 29 6155C 21GETLAM 31.3 61FA9 DUPROM WORD? 28.2
60FD8 FI VEROLL 29 6156C 22CGETLAM 31.3 61FB6 ROV WORD? 28.2
61002 6ROLL 29 615E0 1PUTLAM 31.3 61FCF Rom Word?

61002 SI XROLL 29 615F0 2PUTLAM 31.3 62001 2SWAP 29
6103C 8ROLL 29 61600 3PUTLAM 31.3 62020 DUPTYPECHAR? 33.3
6103C EI GHTROLL 171 61610 DUP4PUTLAM 31.3 62025 TYPECHAR? 33.3
6106B 7ROLL 29 61615 4PUTLAM 31.3 62035 DUPTYPEI DNT? 33.3
6106B SEVENROLL 29 61625 5PUTLAM 31.3 6203A TYPEI DNT? 33.3
61099 DUP4AUNROLL 29 61635 6PUTLAM 31.3 6204A DUPTYPEEXT? 33.3
6109E 4UNROLL 29 61645 7PUTLAM 31.3 6204F TYPEEXT? 33.3
6109E FOURUNROLL 29 61655 8PUTLAM 31.3 62073 GPOver W T/ FL

6109E XYZWAWKYZ 29 61665 9PUTLAM 31.3 62076 GPOver W TLp

610C4 5UNROLL 29 61675 10PUTLAM 31.3 6207D Over WF/ TLp

610C4 Fl VEUNROLL 29 61685 11PUTLAM 31.3 62080 Over W TLoop

610FA 6UNROLL 29 61695 12PUTLAM 31.3 62096 GPOver W FLp

610FA S| XUNROLL 29 616A5 13PUTLAM 31.3 6209D Over W T/ FLp

6112A ROTROT2DROP 29 616B5 14PUTLAM 31.3 620A0 Over W FLoop

6112A UNROT2DROP 29 616C5 15PUTLAM 31.3 620B6 GPPushT/ FLp

6112A XYZ>Z 29 616D5 16PUTLAM 31.3 620B9 GPPushTLoop

6113C 4UNROLL3DROP 29 616E5 17PUTLAM 31.3 620C0 PushF/ TLoop

6113C XYZWW 29 616F5 18PUTLAM 31.3 620C3 DOTRUE

6114E 2RDROP 34 61705 19PUTLAM 31.3 620C3 PushTLoop

61160 3RDROP 34 61715 20PUTLAM 31.3 620D2 GPPushFLoop

61172 #-PI CK 29 61725 21PUTLAM 31.3 62009 PushT/F

61184 #+PI CK 17.3 61735 22PUTLAM 31.3 62009 PushT/ FLoop

6119E DUP#1+Pl CK 29 61745 DUPTEMPENV 31.3 620DC DOFALSE

611A3 #1+PI CK 29 617D8 GETLAMPAI R 620DC PushFLoop

611BE #2+PI CK 29 6186C #=case 35.2 620EB OVER#= 17.4
611D2 #3+PI CK 29 6187C OVER#=case 35.2 62103 DROPTRUE 33.1
611E1 #4+PI CK 29 61891 DUP#0O=case 35.2 6210C DROPFALSE 33.1
611F9 2DUPSWAP 29 61896 #0=case 35.2 62115 DUPTYPELAM? 33.3
611F9 DUP3PI CK 29 618A8 DUP#0=csedrp 35.2 6211A TYPELAM? 33.3
611FE 3Pl CK 29 618BA EQcasedrop 35.5 6212A DUPTYPEBI NT? 33.3
6121C 4Pl CK 29 618D3 #=casedrop 35.2 6212F TYPEBI NT? 33.3
6123A 5PI CK 29 618E8 NOTcasedrop 35.1 6213F DUPTYPEHSTR? 33.3
6125E 6PI CK 29 618F7 casedrop 35.1 62144 TYPEHSTR? 33.3
61282 7PI CK 29 61910 NOTcase2drop 35.1 62154 DTYPECSTR? 33.3
612A9 8PI CK 29 6191F case2drop 35.1 62154 DUPTYPECSTR? 33.3
612CC #-ROLL 17.3 61933 EQcase 35.5 62159 TYPECSTR? 33.3
612DE #+ROLL 17.3 6194B caseDROP 35.1 62169 DTYPEREAL? 33.3
612F3 #1+ROLL 29 61960 NOTcaseDROP 35.1 62169 DUPTYPEREAL? 33.3
61305 getl 61970 case2DROP 35.1 6216E TYPEREAL? 33.3
61318 #2+ROLL 29 61984 NOTcase2DROP 35.1 6217E DUPTYPECMP? 33.3
6132C #- UNROLL 29 61993 case 35.1 62183 TYPECWP? 33.3
6133E #+UNROLL 17.3 619AD NOTcase 35.1 62193 DTYPEARRY? 33.3
61353 #1+UNROLL 17.3 619BC IT 35.1 62193 DUPTYPEARRY? 33.3
61365 #2+UNROLL 29 619CB GOTO 34 62198 TYPEARRY? 33.3
61380 DUPUNROT 29 619E0 ?GOTO 34 621A8 DUPTYPEROWP? 33.3
61380 SWAPOVER 29 619F3 NOT?GOTO 34 621AD TYPEROWP? 33.3
613B6 1GETLAM 31.3 61A02 popflag 621BD DUPTYPERRP? 33.3
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621C2 TYPERRP? 33.3 6281A #1- DUP 17.3 62E4E #1- 1SWAP 17.3
621D2 DUPTYPESYMB? 33.3 62830 SWAPDROPDUP 29 62E67 ONESWAP 171
621D7 TYPESYMB? 33.3 6284B SWAPDROPSWAP 29 62E7B COERCESWAP 171
621E7 DTYPECOL? 33.3 6284B UNROTDROP 29 62E8F 9%-%/EGWAP 18.3
621E7 DUPTYPECOL? 33.3 6284B XYZ>ZX 29 62EA3 984 SWAP 18.3
621EC TYPECOL? 33.3 62864 4ROLLDROP 29 62EB7 XYZ>ZTRUE 33.1
621FC DUPTYPEGROB? 33.3 62880 5ROLLDROP 29 62ECB 4ROLLSWAP 29
62201 TYPEGROB? 33.3 6289B 2DUP#< 17.4 62EDF 3Pl CKSWAP 29
62211 DTYPELI ST? 33.3 628B5 2DUP#= 17.4 62EF3 4Pl CKSWAP 29
62211 DUPTYPELI ST? 33.3 628D1 2DUP#> 17.4 62F07 1GETSWAP 31.3
62216 TYPELI ST? 33.3 628EB DUP#1+ 17.3 62F1B ?SWAP 35.1
62226 DUPTYPETAG? 33.3 62904 SWAP#1+ 17.3 62F2F !append$SWAP 20.4
6222B TYPETAGGED? 33.3 62904 SWP1+ 17.3 62F43 NOT?SWAPDROP  35.1
6223B TYPERARRY? 33.3 6292F DUP#1- 17.3 62F5C ?SWAPDROP 35.1
62256 TYPECARRY? 33.3 62946 DROPONE 17.1 62F75 #1+NDROP 29
62266 DUP#0= 17.4 62958 RDROPCCOLA 34 62F75 N+1DROP 29
62289 #3= 17.4 6296D COLACOLA 34.2 62F89 ROLLDROP 29
6229A #2= 17.4 62986 COLAcase 62F9D MDI MSDROP 23.1
622A7 #1= 17.4 629A1 COLANOTcase 62FB1 DUPROT 29
622B6 #1<> 17.4 629BC CORcase 35.1 62FC5 DROPROT 29
622C5 DUP#1= 17.4 629D0 REQcase 62FD9 #1- ROT 17.3
622D4 DUP#0<> 17.4 629E9 REQcasedrop 62FED 94 ROT 18.3
622E5 !insert$ 20.4 62A02 SAFESTO 37.2 63001 4ROLLROT 29
622EF SWAP&$ 20.4 62A2F DUPSAFE@ 37.2 63001 FOURROLLROT 29
62312 !!append$? 20.4 62A34 SAFE@ 37.2 63015 4UNROLLROT 29
62376 !append$ 20.4 62A61 ?>ROMPTR 28.2 63029 DROPOVER 29
62394 !linsert$ 20.4 62A84 ?ROWTR> 28.2 6303D EQOVER 33.2
623A0 !!append$ 20.4 62ABB MACRODCMVP 63051 #+OVER 17.3
62474 ' RSaveRomWd 62BOB 2DROPFALSE 33.1 63065 #- OVER 17.3
62474 ' RSAVEWORD 62B1F PALPTRDCMP 63079 ZEROOVER 171
624BA #M N 17.3 62B5B pal ronpdcnp 6308D UNROTOVER 29
624C6 #MAX 17.3 62B6F #0=UNTI L 36.1 630A1 4ROLLOVER 29
624FB #- #2/ 17.3 62B88 | NCOVPDROP 25.3 630B5 3P| CKOVER 29
62535 DROPZERO 171 62B9C NTHCOWVPDROP 25.1 630C9 4Pl CKOVER 29
6254E 2DROP00 171 62BB0 APPEND_SPACE 20.4 630DD DUPPI CK 29
6256A #3+ 17.3 62BC4 7UNROLL 29 630E3 ~PCunpack

6257A #4+ 17.3 62BD8 RESOROWP 630F1 DUPROLL 29
6258A #5+ 17.3 62BF1 940* 18.3 63105 OVER#2+UNROL 29
6259A #6+ 17.3 62C05 DUP@ 37.2 63119 8UNRCLL 29
625AA #7+ 17.3 62C19 DUPROWPTR@ 28.2 6312D 10UNROLL 29
625BA #8+ 17.3 62C2D #=ITE 35.2 63141 OVERARSI ZE 23.1
625CA #9+ 17.3 62C41 | NNERDUP 25.3 63155 ' ERRIMP 34.1
625DA #10+ 17.3 62C55 NOTAND 33.1 63169 caseERRIMP 35.6
625EA #12+ 17.3 62C69 TOTEMPSWAP 37.1 6317D ?CARCOWP 25.1
625FA #3- 17.3 62C7D ROT2DUP 29 63191 NEWL.I NE$&S 20.4
6260A #4- 17.3 62C91 ROTAND 33.1 63191 NEWL.I NE&S$ 20.4
6261A #5- 17.3 62CA5 ROTOVER 29 631A5 #1-{}N 25.4
6262A #6- 17.3 62CB9 DUPDUP 29 631B9 TWOX(} N 25.4
6264E #10* 17.3 62CCD OVERDUP 29 631CD THREE{} N 25.4
62674 #8* 17.3 62CE1 COERCEDUP 171 631E1 DUPI NCOWP 253
62691 #6* 17.3 62CF5 UNROTDUP 29 631F5 SWAPI NCOWVP 253
626AE 5ski pcol a 34.2 62D09 4UNROLLDUP 29 63209 DUPNULLS$? 20.5
626DC 3ski pcol a 34.2 62D1D NTHCOVDDUP 25.1 6321D DUPNULLCOWP? 251
626E5 2ski pcol a 34.2 62D31 OVERSWAP 29 63231 DUPLENCOWP 25.1
626EE ski pcol a 34.2 62D31 OVERUNROT 29 63245 #1- SUB$ 20.4
626F7 DUP#2+ 17.3 62D45 ROLLSWAP 29 63259 1_#1-SUB 20.4
6270C DROPSWAP 29 62D59 NULL$SWAP 20.2 63259 1 _#1- SUB$ 20.4
62726 DROPSWAPDROP 29 62D6D SUB$SWAP 20.4 6326D LAST$ 20.4
62726 ROT2DROP 29 62081 9%vAXor der 18.3 63281 #1+LASTS$ 20.4
62726 XYZ>Y 29 62D9F ?SKI PSWAP 35.1 63295 DUP$>I D 31.2
62747 SWAPDUP 29 62DB3 1ABNDSWAP 31.3 632A9 SWAPY%C% 19.2
62775 ROTDUP 29 62DCC ROT#+SWAP 17.3 632BD ' NOP 34.1
62794 SWAP#- 62DCC ROT+SWAP 17.3 632D1 :: NEVAL 25.5
627A7 DROPDUP 29 62DE5 4Pl CK#+SWAP 17.3 632E5 2GETEVAL 31.3
627BB DUPLEN$ 20.4 62DE5 4Pl CK+SWAP 17.3 632F9 DROPRDROP 34
62705 #+DUP 17.3 62DFE #+SWAP 17.3 63312 SWAPCOLA 34.2
627EB Push2#aloop 62E12 #- SWAP 17.3 63326 XYZ>ZCOLA 34.2
627F8 #- DUP 17.3 62E26 #1+SWAP 17.3 6333A #0=?SKI P 35.2
62809 #1+DUP 17.3 62E3A ZEROSWAP 17.1 63353 #1=?SKI P 35.2
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6336C #=?SKI P 35.2 6389E GROB! ZERODRP 423 63E1B dREALNcase 35.5
63385 ONE_EQ 638B2 casedrptru 35.1 63E2F EQ T 35.5
63399 #>7SKI P 35.2 638CB NOTcaseTRUE 35.1 63E48 DUP#O0=IT 35.2
633B2 COLASKI P 34.2 638E4 ?SEM DROP 34 63E61 ANDI TE 35.1
633C6 NOT_UNTI L 36.1 638FD SWAPUNDROP 29 63E75 EQ TE 355
633DF NOT_WHI LE 36.1 63911 SWAPUNNDROP 26.1 63E89 #0=ITE 35.2
633F8 DUP#O0<>WH LE 36.1 63925 DUF 34.1 63E9D #<ITE 35.2
63411 DUPI NDEX@ 36.2 63939 SWAP 34.1 63EB1 #>I TE 35.2
63425 SWAPI NDEX@ 36.2 6394D DROP 34.1 63EC5 DUP#0=I TE 35.2
63439 OVERI NDEX@ 36.2 63961 OVER 34.1 63ED9 User| TE 35.6
6344D SWAPLOOP 36.2 63975 STO 34.1 63EED Sysl| TE 35.6
63466 DROPLOOP 36.2 63989 TRUE 34.1 63F01 top&Cr

6347F DUP#0_DO 36.2 6399D ONEFALSE' 34.1 63F1A net aROTDUP 26.1
63498 toLEN DO 36.2 639B6 FALSE' 34.1 63F2E ROTUnt op& 0
634B6 1GETABND 31.3 639CA #1+' 341 63F42 roll2top& 0
634CA DUP1LAMBI ND 31.3 639DE 'R R 34 63F42 rolltwotop& 0
634CF 1LAMBI ND 31.3 639FC ' RRDROP 34 63F56 pl DRPpZparg 27.3
634E3 caseTRUE 35.1 63A15 ONECOLA 34.2 63F6A &$SWAP 20.4
634F7 TRUEFALSE 33.1 63A29 dvarl sBlI ND 63F7E SWAPCKREF 37.1
634F7 TrueFal se 33.1 63A3D ' LAMLNAMESTO 63F92 pZpargSWAPUn  27.3
6350B FALSETRUE 33.1 63A56 ' xDEREQ 63FA6 DROPNDROP 29
6350B Fal seTrue 33.1 63A6F DUPNULL{}? 25.4 63FBA 20OVER 29
6351F ZEROFALSE 33.1 63A88 DUPZERO 17.1 63FCE ?(b>Seco 255
63533 ONEFALSE 33.1 63A9C DUPONE 17.1 63FE7 b>Seco 255
63547 #=casedrpfls 352 63AB0 SWAPONE 17.1 63FFB 20b>Seco 255
6356A casedrpfls 35.1 63AC4 ONEDUP 17.1 6400F Exit At LOOP 36.2
63583 case2drpfls 35.1 63AC4 ONEONE 17.1 6400F ZERO STOPSTO 36.2
6359C caseFALSE 35.1 63AD8 DUPTWO 17.1 64023 Rcl Hi ddenVar 374
635B0 ORNOT 33.1 63AEC NOTcsdrpfls 35.1 64037 Wt hH dden 37.4
635C4 EQUALNOT 33.2 63B05 caseSl| ZEERR 35.6 64078 StoHi ddenVar 374
63508 2DUPEQ 33.2 63B19 NcaseSI ZEERR 356 6408C PuHi ddenVar 37.4
635EC DUPEQ 33.2 63B2D CKREAL 30.1 640A0 SaveVar Res

635F1 EQ 33.2 63B46 NcaseTYPEERR 35.6 640BE Set Hi ddenRes 37.4
63605 EQOR 33.2 63B5A ' x* 34.1 640FA Rest Var Res

63619 EQUALOR 33.2 63B6E ' xDER 34.1 64127 Enbedded?

6362D 2#0=0R 17.4 63B82 %84 >% 18.3 6416D USt ackDept h

6364B OVER#0= 17.4 63B96 UNCOERCE%% 18.2 64190 Si g?ErrJnp

6365F OVER#< 17.4 63BAA DUPY®= 18.4 641CC DupAndThen

63673 #<3 17.3 63BBE SWAPY®/4 18.3 641FC ZERQZERO 17.1
63687 DUP#<7 17.4 63BD2 caseDrpBadKy 356 64209 #ZEROYONE 17.1
636A0 | NNER#1= 25.3 63BEB caseDEADKEY 35.6 6427A #ZEROHSEVEN 17.1
636B4 #5= 17.4 63BEB caseDoBadKey 35.6 6428A #ONE#27 171
636C8 #2<> 17.4 63C04 GROBDI Mv 42.2 6429D #TWOHONE 171
636DC OVER#> 17.4 63C1l8 984 UNROT 18.3 642AF #TWOHTWO 17.1
636F0 #>1 17.4 63C2C SWAP4ROLL 29 642BF #TWO#FOUR 171
636F0 ONE#> 17.4 63C2C XYZW-YWZX 29 642D1 #THREE#FOUR 171
63704 2DUP#+ 17.3 63C40 2DUP5ROLL 29 642E3 #FI VE#FOUR 17.1
63704 DUP3PI CK#+ 17.3 63C54 SWAP3PI CK 29 64309 ZEROZEROZERO 17.1
63718 ROT#+ 17.3 63C68 3Pl CK3PI CK 29 6431D ZEROZEROONE 171
6372C OVER#+ 17.3 63C7C SWAP4PI CK 29 64331 ZEROQZEROTWO 171
63740 3Pl CK#+ 17.3 63C90 OVER5PI CK 29 64345 SubMet atb 26.4
63754 4Pl CK#+ 17.3 63CA4 EQUALcasedrp 355 643BD SubMet aCbl 26.4
63768 ROT#- 17.3 63CBD DUP#0=csDROP 352 643EF mat chob?

6377C OVER#- 17.3 63CD6 | EQcase 355 643F9 nmat chob?Lp

63790 | NDEX@¥#- 36.2 63CEA ANDcase 35.1 64426 POSCOWVP 25.1
637A4 SWAPOVER#- 17.3 63CFE EQUALcase 35.5 6443A next pos

637B8 ROT#1+ 17.3 63D12 #<case 35.2 6448A #=POSCOWP 25.1
637CC #-+1 17.3 63D26 #l=case 35.2 644A3 EQUALPCSCOWP 251
637CC #1-- 17.3 63D3A #<>case 17.4 644BC NTHOF 25.1
637E0 SWAP#1- 17.3 63D4E #>2case 35.2 644D0 Fi ndlst True 25.1
637F4 DROP#1- 17.3 63D67 #>case 35.2 644EE FindlstT.1

63808 #+-1 17.3 63D7B | Y9=case 35.3 6452F Lookup 25.1
63808 #1-+ 17.3 63D8F REALcase 35.3 64548 Lookup. 1

6381C COLAITE 63DA3 dARRYcase 30.1 64593 EQLookup 251
6383A ERROROUT 32.1 63DB7 dLI STcase 30.1 645B1 POS$ 20.4
6384E DO=DSKTOP 63DCB Edi t Exst Case 645B1 POSCHR 20.4
6385D D1=DSKTOP 63DDF ANDNOTcase 35.1 645BD POS$REV 20.4
6386C SWAP2DUP 29 63DF3 EQUALNOTcase 355 645BD POSCHRREV 20.4
63880 RSKI P 34 63E07 dl DNTNcase 30.1 6475C CHR>$ 20.3
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64775 STRI PTAGS 22 64DE2 2GROB 17.1 654E9 CHR E 20.1
647A2 STRI PTAGSI 2 22 64DEC TAGGEDANY 17.1 654F0 CHR_F 20.1
647BB TAGOBS 22 64DF6 EXTREAL 17.1 654F7 CHR G 20.1
6480B NEXTCOVPOB 25.1 64E00 EXTSYM 17.1 654FE CHR H 20.1
648BD >LASTRAM WOR 64E0A 2EXT 17.1 65505 CHR_I 20.1
64B12 FORTYFOUR 171 64E14 ROVPANY 6550C CHR J 20.1
64B1C FORTYFI VE 171 64E1E BI NT253 17.1 65513 CHR K 20.1
64B26 FORTYSI X 171 64E28 Bl NT255d 171 6551A CHR L 20.1
64B30 FORTYSEVEN 171 64E32 REALOBOB 171 65521 CHR_ M 20.1
64B3A FORTYEl GHT 171 64E3C #_102 17.1 65528 CHR_N 20.1
64B44 FORTYNI NE 171 64E64 3REAL 171 6552F CHR_O 20.1
64B4E FI FTY 171 64F04 | NTEGER337 17.1 65536 CHR P 20.1
64B58 FI FTYONE 171 64FC2 ATTNERR 17.1 6553D CHR_Q 20.1
64B62 FI FTYTWO 171 6506C Connecti ng 17.1 65544 CHR_R 20.1
64B6C FI FTYTHREE 171 6508A EXTOBOB 17.1 6554B CHR_S 20.1
64B6C STRLI ST 171 65094 #EXI TERR 17.1 65552 CHR T 20.1
64B76 FI FTYFOUR 171 6509E M NUSONE 17.1 65559 CHR U 20.1
64B80 FI FTYFI VE 171 650A8 % 18.1 65560 CHR_V 20.1
64B8A FI FTYSI X 171 650BD %5 18.1 65567 CHR W 20.1
64B94 FI FTYSEVEN 171 650E7 940 18.1 6556E CHR X 20.1
64B9E FI FTYEIl GHT 171 650FC 9480 18.1 65575 CHR.Y 20.1
64BA8 FI FTYNI NE 171 65126 %360 18.1 6557C CHR Z 20.1
64BB2 S| XTY 171 65176 tok{ 20.2 65583 CHR a 20.1
64BBC S| XTYONE 171 6518E toksharp 20.2 6558A CHR b 20.1
64BC6 SI XTYTWO 171 651BE t okESC 20.2 65591 CHR c 20.1
64BD0 S| XTYTHREE 17.1 651D6 tok<< 20.2 65598 CHR d 20.1
64BDA Bl NT40h 171 651E2 tokexponent 20.2 6559F CHR e 20.1
64BDA S| XTYFOUR 17.1 65238 NEWL.I NE$ 20.2 655A6 CHR_f 20.1
64BDA YHI 17.1 65254 SPACE$ 20.2 655AD CHR g 20.1
64BE4 ARRYREAL 17.1 65254 tok_ 20.2 655B4 CHR_h 20.1
64BE4 Bl NT_65d 171 65278 tokquote 20.2 655BB CHR_i 20.1
64BEE FOURTWO 171 65284 tok' 20.2 655C2 CHR j 20.1
64BF8 FOURTHREE 171 65290 t ok, 20.2 655C9 CHR k 20.1
64C02 Sl XTYEIl GHT 171 6529C tok. 20.2 65500 CHR| 20.1
64C0C FOURFI VE 171 652FC t ok- 20.2 655D7 CHR_m 20.1
64C16 SEVENTY 17.1 65308 tok= 20.2 655DE CHR n 20.1
64C20 SEVENTYFOUR 171 6534C tokO 20.2 655E5 CHR o 20.1
64C2A SEVENTYNI NE 171 65358 tokl 20.2 655EC CHR p 20.1
64C34 ElI GHTY 17.1 653AC tok8 20.2 655F3 CHR g 20.1
64C3E ElI GHTYONE 171 653B8 tok9 655FA CHR_r 20.1
64C3E LI STREAL 17.1 6541E CHR_00 20.1 65601 CHR s 20.1
64C48 LI STCWP 171 65425 CHR.... 20.1 65608 CHR_t 20.1
64C52 FI VETHREE 17.1 6542C CHR Dbl Quote 20.1 6560F CHR u 20.1
64C5C Fl VEFOUR 171 65433 CHR # 20.1 65616 CHR v 20.1
64C66 2LI ST 171 6543A CHR * 20.1 6561D CHR w 20.1
64C70 FI VESI X 17.1 65441 CHR + 20.1 65624 CHR x 20.1
64C7A LI STLAM 171 65448 CHR_ 20.1 6562B CHR y 20.1
64C84 BINT_91d 171 6544F CHR - 20.1 65632 CHR z 20.1
64C8E BI NT_96d 17.1 65456 CHR . 20.1 65639 CHR -> 20.1
64C98 | DREAL 171 6545D CHR / 20.1 65640 CHR << 20.1
64CAC ONEHUNDRED 171 65464 CHR O 20.1 65647 CHR >> 20.1
64CCO char 17.1 6546B CHR 1 20.1 6564E CHR_Angl e 20.1
64CE8 BINT_115d 17.1 65472 CHR 2 20.1 65655 CHR Deriv 20.1
64CF2 BINT_116d 17.1 65479 CHR 3 20.1 6565C CHR_Integral 20.1
64D06 BI NT_122d 17.1 65480 CHR 4 20.1 65663 CHR Left Par 20.1
64D10 BI NT80h 171 65487 CHR 5 20.1 6566A CHR _New i ne 20.1
64D1A BI NT_130d 171 6548E CHR 6 20.1 65671 CHR_Pi 20.1
64D1A XHI -1 17.1 65495 CHR 7 20.1 65678 CHR_RightPar 20.1
64D24 BINT_131d 171 6549C CHR 8 20.1 6567F CHR_Si gma 20.1
64D24 XHI 17.1 654A3 CHR 9 20.1 65686 CHR Space 20.1
64D38 SYMBREAL 171 654AA CHR_: 20.1 6568D CHR UndScore 20.1
64D56 SYMBUNI T 171 654B1 CHR ; 20.1 65694 CHR | 20.1
64D6A SYMOB 17.1 654B8 CHR < 20.1 6569B CHR ] 20.1
64D74 SYMREAL 171 654BF CHR = 20.1 656A2 CHR { 20.1
64092 SYM D 17.1 654C6 CHR > 20.1 656A9 CHR } 20.1
64D9C SYMLAM 171 654CD CHR A 20.1 656B0 CHR <= 20.1
64DB0 SYMSYM 171 654D4 CHR B 20.1 656B7 CHR >= 20.1
64DBA SYMEXT 171 654DB CHR C 20.1 656BE CHR <> 20.1
64DD8 Bl NTCOh 171 654E2 CHR D 20.1 656C5 $_R<< 20.2
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656D5 $ R<Z 20.2 7DC7D D/ DABS 7DE48 nl NTGSQ
656E5 $_XYZ 20.2 7DC88 easyabs 7DE53 nl NTGSI N
656F5 $_<<>> 20.2 7DCA1 D/ DACOS 7DES5E nl NTGCOS
65703 $_{} 20.2 7DCAC D/ DACOSH 7DE69 nl NTGTAN
65711 $_[] 20.2 7DCB7 DI DALOG 7DE74 nl NTGSI NH
6571F $_'' 20.2 7DCC2 DI DARG 7DE7F nl NTGCOSH
6572D $_:: 20.2 7DCCD D/ DASI N 7DESA nl NTGTANH
6573B $_LRParens 20.2 7DCD8 D/ DASI NH 7DE95 nl NTGASI N
65749 $_2DQ 20.2 7DCE3 D/ DATAN 7DEAO nl NTGACOS
65757 $_ECHO 20.2 7DCEE D/ DATANH 7DEAB nl NTGATAN
65769 $_EXIT 20.2 7DCF9 DI DCHS 7DEB6 nl NTGLN
6577B $_Undefi ned 20.2 7DD17 D/ DCONJ 7DECL nl NTGALOG
65797 $_RAD 20.2 7DD35 D/ DCOs 7DECC nl NTGALOG
657A7 $_GRAD 20.2 7DD40 D/ DCOSH 7DED7 nl NTGEXPM
6594E put ni bs 7DD4AB D/ DEXP 7DEE2 nCust omVenu
6595A get ni bs 39.2 7DD4AB D/ DEXPML 7DEED nCOLCTQUOTE
659DE Synmb>HBuf f 42.3 7DD56 D/ DI NV 7DEF8 SPLI TWHERE
66EA5 Bi gCur sor 42.1 7DD61 DO/ DLN 7DF03  MANMENU+-
66ECD Medi untCur sor 42.1 7DD6C DY DLNP1 7DFOE  MANMENU*/
66EF1 Snmal | Cursor 42.1 7DD77 D/ DLOG 7DF19 MANMENUN
70601 BANKMTHDS 7DD82 D/ DI FTE 7DF24  MANMENUEXP
715B1 ?ACCPTR> 7DD8D D/ DSIN 7DF2F  MANMENULN
71C3B r NTHELCOWP 7DD98 DJ DSI NH 7DF3A  MANMENUCSI V
71DB2 RPTRACC 7DDA3 D/ DSQ 7DF45 MANMENUEQ
7DBA0 nWHEREI FTE 7DDAE DY DSQRT 7DF50 MANMENUCX
7DBAB nWHEREDER 7DDB9 D/ DTAN 7DF5B  MANMENUTRG
7DBB6 nWHEREI NTG 7DDC4 D/ DTANH 7DF66 MANMENUATG
7DBCL nWHERESUM 7DDCF D/ D 7DF71 PTYPE>PI NFO
7DBCC nWHEREWHERE 7DDDA D/ DX 7DF7C MOVEVAR
7DBD7 nWHEREFCNAPP 7DDE5 D/ DMY 7DF87 COPYVAR
7DBE2 DI D* 7DDFO D/ DDER 850B0 ~grobAlertlc
7DBED DY D+ 7DDFB D/ DWHERE 860B0 ~gr obCheckKe
7DBF8 DI D 7DEO6 DY DI NTEGRAL C50B0 ~gFl dVval
7DC03 DD 7DE11 D/ DSUM C80B0 ~Get Fi el dval
7DCOE der quot 7DE1C D/ DAPPLY

7DC54 der prodl 7DE27 nl NTA NV

7DC72 DI D= 7DE32 nl NTGSI GN

7DC72 D/ Dal g= 7DE3D nl NTGSQRT
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Appendix A
Tools for programming in
System RPL

As said before, you cannot create System RPL programs only using
your calculator. Until some years ago, it was necessary a PC to create System
RPL programs. Now, you can create them using your just your calculator and
special programs.

A.1 HP Tools

The HP Tools was the first package for creating System RPL pro-
grams. It was created by the HP staff, but it is not supported by them. They
are a set of four utilities: a RPL compiler (RPLCOWVP. EXE), a Saturn Assembler
(SASM EXE), a Saturn Linker (SLOAD. EXE) and a library creator (MAKEROM EXE).
There is also a program to conver a directory into a library (which will be ex-
plained in Appendix C), USRLI B. EXE.

If you want to use the HP Tools to compile the examples of this book or
your programs, all source files must look like this:

ASSEMBLE
NI BASC / HPHP48- X/
RPL

* Your program here

This is because all HP files have the header HPHP48- X (actually X can
be any letter of your choice). Since the program file was created in a com-
puter, the header is not added. Without it, the file wont load correctly in the
HP48. So, the instructions above add the header so that your program can be
transfeered to the HP48 correctly.

Compiling a System RPL program with the HP48 requires several

steps:

1. Create you source file (do not forget to add the above!), and save it
with the extension . S. We will suppose that the your program is
called MYPROG. So, the file with the source code would be called
MYPROG. S.

2. Run RPLCOMP MYPROG. S MYPROG A. This will generate the file
MYPROG. A, which is the Saturn assemble source code.
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3. Now, run SASM MYPROG. A. This wil create two files MYPROG. L and
MYPROG. O.

4. Create a file called MYPROG M that looks like this (see the file
SLOAD. DocC for information on what the commands mean):

TITLE My First Program
REL MYPROG. O

QUTPUT MYPROG

LLI ST MYPROG LR

SEARCH ENTRI ES. O
SUPRESS XREF

END

5. Now, run SLOAD -H MYPROG. M This is create the files MYPROG. LR,
the listing, and MYPROG, which is the program. Check the file
MYPROG. LR. If there are no errors, your program is ready. If not,
edit the source file, and restart from step 2.

The HP Tools can be found on ftp://hpcvbbs.external.hp.com/dist/ms-
dos/tools.exe , or in Goodies Disk 4. The Goodies Disk are a compilation of
several programs for your HP48. They can be found at Joe Horn3 home page
at http://user.kcyb.com/joehorn/ .

Also designed for programming in System RPL with a computer, there
are the GNU Tools by Mario Mikocevic. They are like the HP Tools, with
some of JAZZ enchancements. Their source code is available (in C), and they
can be run on other plataforms. You can download the source code at Mario's
home page at http:// www.zems.fer.hr/~mozgy/jwz/hp48.html . You can get
them compiled for MS-DOS and Linux at Andre Schrool3 home page at
http://www.engr.uvic.ca/~aschrool/ .

A.2JAZZ

Some years ago, Detlef Mueller and Raymond Hellstern developed the
RPL48 package. This program allowed the user to create System RPL pro-
grams directly in the HP48. Later, Mika Heiskanen develop JAZZ. JAZZ is a
library which allows you to create System RPL programs in your calculator,
disassemble and debug them. It includes several enchancements, like the
lambda variable generation described in section 5.3

The examples listed in this book are designed for JAZZ. Should you
prefer using tools in your computer, youll need to make some changes (see
the above section). If you prefer using JAZZ, just type them (or upload the
file, if provided), and run the ASS command. You1l get your program.

Other useful functions of JAZZ are the disassembler (commands DI S,
DI SXY and DOB), the debugger (SDB) and the entries catalog (EC). Consult the
JAZZ documentation for more information.

You can get JAZZ at http://www.hut.fi/~mheiskan/ .
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Appendix B
Creating libraries

The biggest advantage of libraries is that the user can only access the
commands the creator of the library wants to be accessed. Sub-routines do not
show in the menu, and cannot be directly accessed. This means that only the
“main” programs need to have protection against bad input, for example.
Since only they will call the sub-routines, you do not need to waste code put-
ting this kind of check in the sub-routines, unless you are going to pass inva-
lid parameters to them.

There are two ways to create libraries: converting a previously existent
directory into one, or creating one directly. The first method is easier.

B.1 Converting a directory into a library

To create a library from a directory, the only thing you need is to cre-
ate some special variables in it, and run a program to convert it. There are
programs for PC3% (included in the HP and GNU Tools), or for the HP48
(which can be found on Mika Heiskanen Hack library, downloadable from
http://www.hut.fi/~mheiskan/ ).

The special variables recognized by library converters are:

Variable Description

$ROM D Required. Contains a real or (user) binary representing
the library number. The number should be in the range of
769-1792 (#301h-#6FFh).

$TITLE Contains a string representing the tile of the library. The
first five characters are used to create the softkey in the
Library menu. The library does not need to have a title. But
if it doesnt, it will not show in the Library menu.

$CONFI G Contains the program to be executed at configuration time.
Normally, this is a program to attach the library, in the
form « 1234 ATTACH »or:: 1234 TOSRRP ;.

$MESSAGE Specifies the message table. Its format varies from program
to program, so check the documentation. In USRLI B, it is a
list of variable names (which contain strings). Those strings
will from the message table. In other tools, it is a list of
strings.

$VI SI BLE Contains a list of the variables that will be converted to
user-accessible commands. If not present, then all com-
mands will be accessible.

$HI DDEN Contains a list of the variables that will not be converted to
user-accessible commands. If $H DDEN and $VI SI BLE are
present, only $H DDEN will be considered.
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Variable Description

$VARS Contains a list of the variables which will not be converted
to library commands, instead, they will remain in RAM.
For example, if your program stores something in a vari-
able, the name of this variable should be specified in this
list.

Once you have created the directory with your application and the
above variables, the only thing you need is to run the converter program.

B.2 Creating libraries directly

Creating libraries directly is a bit more complicated. Especially if you
use the HP Tools or GNU Tools. The instructions here apply for JAZZ only.
The process with HP Tools or GNU Tools is similar, but there are a few dif-
ferences. See their documentation for instructions.

To create a library, before any code you must use the xROM D <nunb>
statement to tell the compiler you are creating a library and it number.
Following, if your library is to appear on the menu, you must put the state-
ment to define the title: xTI TLE <title> The other commands, described
below, can be anywhere in the file, but it is a good practice to put them all to-
gether in the beginning. The ideal form for the library is:

XROM D <library nunber>

XTITLE <library title>

XCONFI G <configuration object nane>
XMESSAGE <nessage tabl e nane>
EXTERNAL <command 1 nane>

EXTERNAL <command N nane>

* Mai n code

Then, each command that should be accessible is defined with the to-
ken xNAVE <I| abel >, Commands that should not be accessible are defined
with NULLNAME <I abel >.

All visible commands must be preceded by a property field. This is a
series of flags that indicate that the command has some special properties. A
standard command with no special properties is defined with CON(1) 8.

Let3 see an example of a library that calculates the greatest common
factor and least common multiple. It has three commands: GCF, which calcu-
lates the greatest common factor; LCM which calculates the least common
multiple; and subGCF. The latter one is not accessible to the user. It is a sub-
routine used to calculate the gcf.

* Library nunber: 1566

XROM D #61E

* Library title

XTITLE MLIB: My first library
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* Nane of configuration routine
XCONFI G TheConfi g

* Command decl arati ons.
EXTERNAL GCF

EXTERNAL LCM

EXTERNAL subGCF

* Configuration routine
LABEL TheConfi g

" # 61E TOSRRP ( Attach library )

* User-accessi ble conmand to cal cul ate the GCF
ASSEMBLE

CON(1) 8
RPL
xNAME GCF
CK2&Di spat ch ( req. two argunents )
2REAL subGCF ( two reals? then calculate )

* User-accessi ble command to cal culate the LCM
ASSEMBLE
CON(1) 8
RPL
xNAVE LCM

CK2&Di spat ch ( req. two argunents )
2REAL :: ( two reals?)

2DUP

o

UNROT

SsubGCF

%

* Sub-routine used to calculate the GCF
NULLNAME subGCF

DUPY®=
caseDROP
DUPUNROT
oMOD
COLA
subGCF
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