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Anyorne exposed to small computer systems has used a
language interpreter of some sort, and certainly may
have thought about implementing their own interpreter.
Unhappily, implementing an interpreter for a complete
version of most computer languages is a difficult and
time-consuming job, unsuitable for a part-time personal
computer enthusiast. The language LISP provides a uni-
que opportunity in this respect. The foundation for a
very complete interpreter can be programmed by a single
person in several months of part-time effort. As a bonus,
the resulting interpreter provides the user with a high
level language in which to express algorithms.

The Language

From the user's point of view, the primary data struc-
ture in LISP is the list. Every element of a list is either an
atom or another list. An atom is a primitive named ob-
ject, the name being an arbitrary string of characters:

ABC is an atom.

135 is an atom.

(ABC 135) is a list of two elements, both atoms.
({ABC 135) XYZ) is a list of two elements, the first
of which is a list, the sécond is an atom.

( () ())is a list of two elements, both being lists of
zero elements. A list of zero elements, the null list, is
identified with the atom NIL.

The feature of the language LISP which makes it at the
same time a uniquely interesting language, and relatively
easy to implement, is that all program elements are
represented using these same kinds of objects: atoms and
list. Constants, variables, expressions, conditionals, even
function definitions are all represented using only atoms
and lists.

A value is associated with each atom, allowing atoms
to represent program variables and constants. A sym-
bolic atom, like XYZ, would represent a variable. A
numeric atom, like 237, would represent a constant.

Operations on variables and constants, like addition,
or a function call, are represented by list expressions:

(ADD 2 5) would represent the expression 2 + 5.
(SIN (MUL 2 Y)) would represent the expression
sin(2y).

Conditionals, loops, and function definitions are also
represented by list expressions, as illustrated by this
recursive function irnplementing Euclid’s greatest com-
mon divisor algorithm:

(DEF GCD (LAMBDA (X Y)
(COND
((GREATER X Y) (GCD (SUB X Y) Y))
((GREATER Y X) (GCD X (SUB Y X)))
(T X)
)
)

This would be equivalent to the Pascal program:

function gcd(x, y:integer):integer
begin
if x>y then ged : = ged(x—y, y)
else
if y>x then gcd : = ged(x, y—x)
else
ged = x
end.

An important difference to note in the above com-
parison is that no explicit assignment to a function return
value is made in LISP, whereas in Pascal one must ex-
plicitly say ged := ... to specify the return value. In
Pascal, and most other procedural languages, a distinc-
tion is made between program statements and expres-
sions. In such languages some program statement must be
executed to specify the return value, usually either a
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Figure 1: In most LISP systems, lists are built up out of dotted
pairs which are two address cells. The left cell points to the first
element of a list, and the right cell points to the rest of the list,
The letters in the figure stand for atoms. NIL is a special atom
used to signify the end of a chain of dotted pairs.

return statement or an assignment to the function name.
In LISP, and other applicative languages, no such distinc-
tion is made. A function is simply a single expression,
whose value is the return value of the subprogram.

This is made possible by built-in functions like COND
used above. COND takes a list of two element lists as
argument. [t goes down the list of pairs, evaluating the
first element of each pair. If the result is true (the atom
T), the result of the entire COND is the value of the se-
cond element of the pair. If the value of the first element
of the pair is false (the atom NIL), COND proceeds to the
next pair. I[f COND reaches the end of the list, the result
of the entire COND is simply NIL. In the above example
this would never happen because the first element of the
last pair is the atom T (whose value is always guaranteed
to be itself, the atom T). This is the normal technique in
LISP for using the COND Ffunction.

The expression:

(DEF GCD (LAMBDA (X Y)...

defines the atom GCD to be a function (or lambda ex-
pression) taking two arguments, to be called X and Y in
the body of the definition. Notice that no explicit
specification of the type of X or Y is provided. In LISP
any arbitrary value, atom;- or list may be the value
associated with an atom. In this sense LISP is a typeless
language. In fact the type of a value (ie: whether it is an
atom or a list) is always determinable at execution time,
Functions must check the types of the values of atoms if
only certain types are legal arguments. In the above
example the calls on GREATER and SUB would fail if the
values associated with X and Y were not numeric atoms.

CARs and CDRs

Thus far we have only shown how to re-express
algorithms written in a more conventional language, in
the language LISP. The real power of LISP comes from its
ability to directly manipulate lists, a data type not nor-
mally accessible in other languages. Three primitives,
CAR, CDR (pronounced could-r), and CONS are pro-
vided for list manipulation. The tunction CAR takes a list
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as argument, and returns the first element of the list,
which may either be an atom or another list. The func-
tion CDR takes a list as argument, and returns the tail of
the list, that is, all but the first element of the orginal list,
as a new list. The function CONS takes two arguments, a
new first element, and the tail of a list, and reconstructs a
list, now one element lunger. For example:

Assume the atom X is associated with the value:
(ABCQ)

Assume the atom Y is associated with the value:
(THE CAT IN THE HAT)

(CAR X) would be the atom A.

(CDR Y) would be the list (CAT IN THE HAT).

(CONS (CAR X) (CDR Y)) would be the list:
(A CAT IN THE HAT)

(CAR (CDR X)) would be the atom B.

In general the CAR of the CDR of a list is its second ele-
ment, and a function called CADR is frequently defined
as a kind of shorthand for CAR of the CDR.

You might wonder what would result if you gave two
atoms as arguments to CONS, rather than an atom and a
list. In most LISP systems this is in fact legal. The result
reveals the underlying representation used for lists in
LISP. In virtually all LISP systems, lists are built up out
of dotted pairs, two-address cells, the left cell pointing to
the first element of a list, and the right cell pointing to the
rest of the list. This can be diagrammed schematically as
in figure 1.

Because dotted pairs are used this way to build up lists,
it is natural to call the left cell of a dotted pair the CAR
and the right cell the CDR. (In fact the genealogy of the
words CAR and CDR runs the other way. Dotted pairs
were used in the iritial implementation of LISP, and CAR
and CDR referred to the address field and the decrement
field of a word on the [BM 704.) Now you can perhaps
guess that when you pass two atoms as arguments to
CONS, you simply get a dotted pair with an atom in both
the CAR and CDR. For example:

A B

would be printed as:
(A.B)

The notation (A . B) is used whenever the CDR of the last
dotted pair forming a linked list is a non-NIL atom. In
general (D E F . NIL) would be equivalent to (D E F),
whereas (D E F . G) could not be expressed without the
dot notation.

Given the three primitives CAR, CDR, and CONS,
and understanding the underlying representation of lists
using dotted pairs, it is possible to write powerful list-
manipulating programs in LISP. For example, suppose it
is desirable to edit a large data structure, and change all
occurrences of the symbol APPLE to ORANGE. In LISP
we could easily write a routine called REPLACE which,
given the data structure (ie: list structure), the original
symbol (the atom APPLE), and the replacement symbol
(the atom ORANGE), would go through the structure

and do the replacement, using itself recursively to do the
replacement in all sublists of the list structure:

(DEF REPLACE (LAMBDA (STRUC OLD NEW)
(COND
((EQ STRUC OLD) NEW)
((ATOM STRUC) STRUC)
(T (CONS
(REFLACE (CAR STRUC) OLD NEW)
(REPLACE (CDR STRUC) OLD NEW)
)
)
)

Notice how the first two lines of the COND allow for
the possibility that the input data structure is simply an
atom (which may or may not be equal to the atom to be
replaced). In addition, notice that the entire body of this
function definition is a single COND, just as it was in the
GCD example given above. This is frequently true in
LISP programs. Finally, notice how the function simply
passes the buck to recursive calls on itself if the STRUC
argument is not an atom, CONSing together the results
of the two inner calls. The reader is encouraged to go
through an example of the execution of this function
when the argument OLD is the atom APPLE, the argu-
ment NEW is the atom ORANGE, and the argument
STRUC is the list structure:

(AN (APPLE A DAY) KEEPS (THE (APPLE MAN)
BUSY))

The result should be:
(AN (ORANGE A DAY) KEEPS (THE (ORANGE
MAN) BUSY))

If STRUC were:
(PEAR BANANA . APPLE)

the result should be:
(PEAR BANANA . ORANGE)

Other kinds of list-manipulating programs which are
relatively easy to write in LISP, but very difficult in more
conventional languages, include formula manipulation
programs which might take in the list representation for a
function (eg: (SIN (MUL 2 X)) ), and return the list
representation for its derivative according to the rules of
the caleulus (eg: (MUL 2 (COS (MUL 2 X)) ).

The author’s system is being used for the development
of a compiler/interpreter system which generates the list
representation for a program written in a programming
language, and then either interprets it directly, or
generates the list of machine language statements to im-
plement the program on a particular microcomputer.
LISP makes such an undertaking quite straightforward
(although not trivial, unfortunately!).

LISP Interpreter

Because programs are data objects (list structures) in
LISP, the same routines used to read and print data ob-
jects may be used to read and print programs. Further-
more user functions, like a general list editor, can be used
also to edit programs. This uniformity vastly simplifies
the task of writing an interpreter for LISP. Only three
basic modules need be produced: READ, EVAL, and

PRINT . READ accepts a LISP list expression from the
terminal, in full parenthesized notation, and builds the
internal representation of the list, sometimes called a
form. EVAL takes a form as its single argument, and
evaluates the form according to the LISP convention that
the first element of such a list specifies the function, with
the rest of the list as arguments.

The result of EVAL is another form. (The term form is
sometimes reserved for LISP expressions which are legal
input to EVAL. The term S-expression covers all types of
lists, whether or not the first element is a legal function
name. Within this paper, form will be used to refer to the
internal representation of any type of LISP expression.)

PRINT takes a form as its argument, and types it on
the terminal in fully parenthesized form. The top level
loop of the LISP interpreter simply prompts the user for
input (— > is the LISP prompt), READs in the users in-
put, EVALs the resulting forimn, and PRINTS the result of
EVAL. In a conventional high level language syntax, this
would be:

while true do begin
patom("'—>");

form ;= read( );
form := eval(form);
print{form)

end.

or in M6800 assembly language:

BIGLUP LDX PRMPAT get prompt atom
JSR PATOM  print the atom

JSR  READ read the form typed in
* result now in M6800 x-register

JSR  EVAL eval the form
* result of EVAL back in x-register

JSR  PRINT print the form

BRA BIGLUP and loop around

PATOM is a subroutine, also called by PRINT, when a
form is known to be an atom. In an assembly language
implementation, it would be very convenient to pass
forms in the M6800 index (X) register. This register is 16
bits long, so it requires that forms be only 16 bits. Some
representation must be chosen for all LISP objects so that
a single 16 bit number may uniquely specify any ar-
bitrary object. Dotted pairs are used to represent lists.
Dotted pairs hold two forms, a CAR and a CDR. so they
must be 32 bit objects. A natural choice is to allocate 4
consecutive M6800 memory bytes for dotted pairs, and
specify dotted pairs by the address of their first byte. This
means that any two different dotted pairs will be easily
differentiated by the forms that specify them.

This still leaves the problem of deciding on an internal
representation for atoms, including symbolic atoms,
numeric atoms, and NIL. In the author’s LISP system
only two items of information are needed for each sym-
bolic atom, the string of characters which are the print
name of the atom, and the value currently associated
with the atom (which is an arbitrary form). Again a 4
byte representation is chosen, with the first two bytes
used as a memory address pointing to the first character
of the print name, and the third and fourth bytes used to
hold the value (a form) of the atom. Now the address of
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this 4 byte object can specify the atom uniquely from all
other atoms and from all other dotted pairs.

Unfortunately this does not provide a simple way of
distinguishing atoms from dotted pairs, when just given
the form. Several solutions to this problem are possible.
One is to restrict dotted pairs to a certain part of
memory, then the address would determine whether the
form specified an atom or a dotted pair. A second
method is to add an additional byte to both dotted pairs
and atoms which simply contains a type specifier, say 1
for dotted pairs and 2 for atoms. This method makes
future expansion of types simple, but is somewhat
wasteful in terms of space. The third method, the one
chosen for the author’s system, is to align all dotted pairs
and atoms on ¢ byte boundaries, that is, with addresses
which are a multiple of four. This means that the low
order two bits of the address are expected to always be
zero, and hence may be used to encode type information.
In the author’s system, dotted pairs are specified by forms
with both bits zero, and symbolic atoms by 01 in the
lower two bits. One of the bits is still unused, but will
become very handy when garbage collection methods are
discussed below.

With numeric atoms, their name determines their
value, and hence only their name (or their value) need be
specified by a form. On the author’'s M6800 system only
hexadecimal memory addresses 0000 thru 7FFF were ac-
cessible for storage of dotted pairs and atoms, meaning
that the high order bit of forms specifying either of these
was always zero. A representation for numeric atoms
was chosen to be a form with the high order bit set, 14
bits of numeric value, and one bit left for garbage collec-
tion.

A special representation for the NIL atom is used both
because the value of NIL is, like numeric atoms, required
always to be the atom itself, and because it is used univer-
sally to represent the end of a list. The form chosen to
specify NIL is simply the value zero. In fact any form
with the high order byte zero is treated like NIL to
simplify the test for NIL in certain cases. This means that
the 256 byte page starting at zero is not usable for storing
atoms or dotted pairs, but this restriction causes no pro-
blem at all, since both are allocated starting at the highest
address available, and the allocator runs into program
long before it reaches page zero.

When writing a LISP interpreter, the implementor
must decide relatively early_on how forms will specify all
types of LISP objects. Unfortunately, it may not be until
well into the implementation that the implementor
discovers that certain choices were inefficient or incon-
venient.

One important requirement affecting this decision not
yet mentioned is the need to implement the LISP EQ func-
tion. This function takes two arbitrary forms, and
returns the atom T or the atom NIL depending on
whether the forms specify the same dotted pair, or
whether the forms specify the same atom. Whenever an
atom is input by READ, it must return the form specify-
ing that atom to the caller. Whenever the same symbolic
atom name is typed, READ must return the same form,
ie: a pointer to the same 4 byte cell. This is accomplished
by retaining a linked list of all defined symbolic atoms
(called the OBLIST).
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Before allocating a new 4 byte cell for an atom, READ
scans the OBLIST for an atom of the given print name. If
found, READ returns a form specifying that pre-exisiting
atom. (Otherwise it must copy the name into some area
used for storing names, allocate a 4 byte cell, initialize the
left cell to point to the name, and the right cell to NIL,
and return a form specifying the new atom.) This method
guarantees that two forms specify the same symbolic
atom if and only if they have the same address.

In some implementations of nurmeric atoms, this same
rule cannot be guaranteed. In such systems, numeric
atoms are simply allocated an appropriately large cell to
store their numeric value (and hence allowing numeric
atoms greater than 14 bits), a new cell being allocated
every time a new number is generated (which happens at
every ADD, MUL, etc). In these systems it would be im-
practical to scan a list like the OBLIST every time any
arithmetic calculation is done, and so the LISP function
EQ may not rely on the rule that unequal forms indicate
unequal atoms. In such systems, EQ must look at the
contents of the cell specified by a numeric atom form,
and make the comparison that way. In systems like the
author’s, EQ simply compares the forms themselves, no
matter what type of atom the form may specify.

The choices made in representing the various types of
LISP objects can be summarized in the high level
language (Pascal-like) data structure specification in
listing 1.

type lisptype =
4 (dtprtype, symatmtype, numatmtype, nilatmtype);
tor =
record
car: form:
cdr: form
end;
symatm =
record
name: tarray [0..n] of char;
value: form
end;
form =
packed record
gebit: boolean;
case objtype: lisptype of

dtprtype: (dtprform: tdtpr);
symatmtype: (symatmform: tsymatm);
numatmtype:  (numatmform. = 5000..4999),
nilatmtype: ()

end.

Listing 1: A Pascal data structure specification that could be
used to represent various types of LISP objects.

READ Function

READ is the basic input routine for the LISP inter-
preter. READ accepts a fully parenthesized expression
from the terminal, and builds up the internal representa-
tion, allocating new dotted pairs and atoms as necessary.
If the expression is a list, READ returns a form specifying
the first dotted pair of the constructed list. If the expres-
sion typed in is simply an atom, READ returns a form
specifying the atom.

The logic of the READ routine is straightforward
because the syntax of LISP expressions is so simple.
READ calls a function RATOM to return the next input
atom. RATOM actually does the work of allocating new
4 byte cells for symbolic atoms (when necessary) as ex-

plained above. RATOM returns a form specifying the
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S o A HE o = GE = Z%8%c0 . =3 [ -wg 3Se N =@ 3 ) plets PRIMR (recursively!)
275z 5337 5% A= EE S 21 ot vEeolZ = B35 Llee T84 2¢ AToo @ ) JSR POPX restore pointer to the datted pair )
£557.3¢ 73 - 2. 8% W “g 3 03*5-:: 3 . T T ™ Hche - ) LCX crLR, X advance to next dotted pair in linked 1liss
e ° doenlEh ot S L8 B =i 7 hrlE = 38 £f8ocebScs ¢F 52 . J3R ISSTPR  is there a next dotted pair?
w5500 2, 29 £ s = & £3on 5 ¢ cu’wlfoc¥s 22 Tla5% & (DEF PRINL (LAM2DA (L) ace PRFAR  nope, go type a ")" )
LoE9es€Cein 22 ge © SE2 3 LR-L ¥ 2a ool ey Bl T2 2 (CCND J3R PUSEX  yep, Save the rsw X-re3z agein
=Ce-glo-gEY R - cabd 2 i e “ls 5 ((DTPR L) (PRCGH LS SPACAT type out s Spaee
o e ¢ T & o e < = “ 83~ 2 53 i RS i (PATCM SPACE) 3cR PATCY
sol8-ag&-ds 83 we T od3n T OSLE.02 @ 5% TerlEered 28 IS3TF o (PRINR (CAR L)) ZRx PRINL  and loop around.
-~ - — o ] n e 2] v 0w [ c © - . a .: A e - - T - A ‘ at\tn
e R R Noom noRal 2808 = sosiwadzdiia 5 P 3 .\ (PRINL (CCR L)) PRPAE Iéﬁf §§*_E:5T type out o zthmugh e
L] o e D w N - 134 Haoret Y Y
= = b= b s = x = = - 2= T o= =S S by ) .
o 2 £ £ & &2 I SENSEoxEEs  JEE BEmioch o528 2 2 2o Iz ) Listing 6: LISP and M6800 assembly code of the PRINT routine.
CCXE 272§ EE £ wHSSLES8ZRE  2z0 gozgsgss g°97=of EB=iBcg= &3
AEE B G = (o - u‘:u;—_g'\'u_r_mu_ t=0 Loooe0e Aeoz=caascSex=L P . o ] the ch ed int
= F s atom typed. If this atom is anything but the atom “( In this RATOM, the characters are copied in © an area
‘ < T3 < < ccscemas< READ simply returns the atom as its result. If the atom set aside to hold the names of atoms as they are input. A
TuELeLE & L3 5 3 3 © > I3 Nl mEtmmakrwicsoceSSxonun ply R _ . Cll cod ] d to t inate the
oS ELTEEnYdERERE5Ee m:;:got—o:—cg NEﬁ:EﬁgEEEE m%zisaaagréo:égggg;a;:‘uﬁ: returnedbyRATOMls‘(,READcallsltselfrecurswely null character (AS code zero) is used to ermma_e
— Y g e Y T LY = - 8 g R - . . s \ . 3 E
= = = ;...... ” - 2" a5 until it gets the atom “)”. meanwhile stringing the forms name, when a separator or special ;haracter is en
5 OcE 5 5 <t AT LT £ returned together as the CARs on a linked list of dotted countered. If the name is entirely numeric, then the atom
o = 3 ] ) R = 8 ) N : g d the f is simplv th 1 f th
£ 33 E = 53 ="z z pairs. This could be written as in listing 2. is a numeric atom, and the form is simply the value of the
S L < ] . . ) . :
& -3 = = == O iy In the LISP functions we are assuming that the atoms number, with the high order bit set, and one 9ther bit left
= LPAREN and RPAREN were initialized to point to the zero for use in the garbage collgctor. Otherwise the atcf>m
: atoms with print names “(” and “)” respectively. Notice is a symbolic atom, andha ;can is made of 'Ifi‘e OB_LI{ST 31'
5 i i i isti ith the same name. If one is foun
° . that in the LISP version, READ accomplishes the loop of a pre-existing atom wi ,
- 3 . .
s g = the machine code version with recursion in READL. The the charactirs just-typed in are t_hl' own azai’faﬂd af orm
2 T - i i ifyi isting atom is returned. If the atom is
2 << . routines LSTINI, LSTADD, and LSTEND used in the specifying the pre-exis
= 5 - ion bui inked li Il is allocated (using GETCEL defin-
& 5 5 < bly ] build up a linked list of dotted a new one, a 4 byte cell is allocated (using
@ oy assembly language version build up i
3 57 o B i i i he first d ed in listing 4) and a pointer to the new atom is added to
] . @ = pairs, using two pointers on a stack, one to the first dot- LSS ;
= = 5% c g, ted pair, one to the dotted pair at the current end of the the OBLIST. A form specifying the new atom is returned.
w0 — B -0 ) -’ : BRI
§ S . G a ~ Ze linked list. The pointers are on a stack so that READ may The M6800 assembly language code for this is in listing 5.
- =5 - N Prin 4 . . . . .
‘c < g £ e = © 3 2 S5 2 call itself recursively. The stack is actually a linked list
= o kol . e & . . . » I3 . «
£ 2 2 & ot ¢ &3 1 5 - e ° itself. The linked-list stack is manipulated with the PRINT Function
< = H e . : - 3 . . . . » - . . . . - N . - -
5 T a i C - & N & = £ P 5 Ez < E routines in listing 3. With these routines it is straight- PRINT is the second major recursive function compris-
g X e 5 L = = v - g Cc— i . . ;
5 e “9f S T e ¢ E % : - < e F r e forward to implement LSTINI, LSTADD, and LSTEND ing the LISP interpreter. It takes a single form as argu-
= . Voo s o ~ =2 I3 € S - — ) > v ) X s . e .
= & 58F ;:.: N S =€ = & 8. TE2I “LIzs & for use in READ. These routines are shown in listing 4. ment, and types the value as a fully parenthesized LISP
= ° d = - p S = - . Al - . v . .,
s cu 0 R -7 " FTE < & s 85 L 5 o 5 2.t 53° Z & = ~E The primitive function RATOM turns out to be the expression. PRINT simply calls the more primitive func-
J = = P - : : @ e =< - X . . . i s :
f o5 o=l g = cEES &7 ;. t = ‘E : g : ERSE . o83 & 5w real workhorse of READ. It is stuck with the job of ac- tion PATOM when it is given an atom to type. Other-
- B £~ . » - b el 5 & - on . . - . . » .
5 LF fEE: e o5 Tefsgzi S o33 24 3 : 5 ggE%y °S5%c. s ) cepting characters one at a time from the terminal, and wise, PRINT types a left parenthesis, calls itself recursive-
= S i ue 2 . == ~ = - & - s 1 9. . A .
§ S8 ge.C Kogm Lnepipeael B wldd ¢ o T de Tecli £a557 . £F© building them up into an atom. RATOM must distin- ly to type out the elements of the list, and then types a
o - o - S y : ~ . - ~ [ < g 2 = - N y . . o .
E sy 9ok she fetiT8E £152 REZE ¢ o < §§ g35= ;35 5% A guish symbolic atoms from numeric atoms, and build up right parenthesis. In any case, PRINT always types out a
-~ Q¢ - . - - & = DM o s v “ hd 3 H -n . B o 3 i
2 ‘,5;_’ EET” X B ;‘: €3 < . §e2noe3 S50 Mo o) nen o] B O SR A ] = = e the corresponding forms. Atoms are in general separated carriage-return/line-feed at the end. This can be coded as
) o - - ) Z N o 9 . iy ] i 2 - 0 . nonn
S =7 fi D E A SEe-TwzdZ P32 [35F I £E a’ =t ZoRiT525.23 > %% by spaces, tabs, or carriage returns, However a few in listing 6.
§ . gBRtp gilz zia.zicl Sn.er ogpeb g TR LE - ¢ .ge ®z%4%° s ottt f special characters always form single-character atoms In the LISP routines, the special function PROGN is
o L v P~ -C [ w oo ] - B -0 = : — - - ¢ ol - ‘_“ - - i " R ) " ;
< 2 Ea~d" TH2T 32, 0°C00807° E2232 F XL % 23 SESuELSeEs: d23% when encountered (eg: “(” and “)”) without any separator used. PROGN simply evaluates all of its arguments in se-
S gl S S e EECE Rhksawd dees g7 " gs cmEstmowess S characters necessary quence, and then returns the value of the last one as the
— o - - . ’
It E 5 2 & : o . o B ‘ : 5 M . X
2 SEEL  oZ 2 o fuonudu B6dve 5 E ¢ . A oshlleliE SElElsE = ; o In the author's LISP system RATOM is relatively value of the entire PROGN. The two functions ATOM
= Soow oD = g 5 3= Pl o - =2 I A . . . R ; .
§ IgTEfEsE TBL RIPI=ESRESEE3 Yo~ o 3. SEfCESE SIE0gE AT eFex sophisticated, allowing for atoms with spaces in their and DTPR are used to test the type of a LISP object.
@ e A L L L ~ ; pRe [ - g e [ v > B ol = e o o e . ‘ " . 3
§ DoEENEEN SRL JCoEsRElRasdE Ind v =sak d - A O e e names if they are quoted (“...”). Also the single quote ATOM returns T if the argument evaluates to an atom —
= ~ = ; . 5 B = i? character (") is given special significance, as are " and symbolic, numeric, or NIL. Otherwise ATOM returns
5 — = i L - TR TL s i . . 5 . .
E C e« T - H = ] - oS TEaaiain O e o eSS ]". However a simpler RATOM is quite enough for an NIL. DTPR is the exact opposite. It returns T if the argu
S, CLOIEGLE SUCE TEEE0I5T258 fcé» ESEEEE o &a E‘L; :;EE: goou St e ERcRelee initial implementation. To make this exposition simpler, ment evaluates to a dotted pair, and returns NIL other-
y — - . N =i oo = LY W - L —_ - e — ; e . 2 s ) - g R
p = =0 R N = i FusZ d only single digit numeric atoms will be allowed. Certain- wise. Such functions which return either T or NIL are
P S : ' = = = 2= Ty ’ . ) X 9 ; \ ; ;
0% 3 S 0y = < 2o g = == = S92 Z ly in an eventual implementation, multidigit numeric called “predicates” in LISP in anal_ogy 'thh predicates as
e £ = 5% ¢z 3 S 2y Bk N o~ e 2 atoms, optionally preceded by a minus sign would be ac- used in symbolic logic. Such functions in other languages
-] - ) o) - 3] 2 - 4 S P,
s e = P - = « & = - O = ) oA ¢, =r = O

cepted. are called Boolean functions.
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Nowhere in the routines for PRINT, nor for that mat- ject is defined, called CODE, distinct from atoms and

00
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5 ter in the routines given earlier for READ, is the dotted pairs. A second alternative is to treat SUBRs like a
e i i funny kind of atom. The author’s LISP systen treats the
@ v allowance made for the input or output of list structures y . Y :
= & a . i i “dot” i i bytes which make up the machine code of the SUBR like
» a o which require the use of “dot” notation. A structure like y p ! D
= = - o < . (A B C . D) could not be input, and the above PRINT the print name of an atom. The SUBR is then specified by
“ < € . B E routines would type it out as (A B C)' simp]y assuming a dotted pair, with the CAR bemg the atom SUBR t.O
5 5 © 5 e £ =s = that the atom which ended the linked list was NIL. It identify the type of function, and the CDR being this
- L_' R E . =2, - e E c « turns out that the changes necessary to implement dot atom with the funny print name. In fact the print name is
= N . Ao = 24 - v _ - . . : . s . E ] 0 . o 5
5 ° SZ - e 8 > T 5 ¢ =F 3 . Cs T2 = notation are quite straightforward. For example, to add it prefixed with a special string which is unlikely to occur in
« a g 5 3y == 5 § ol < N 2{2 A E ~ -ex to the LISP version of PRINT, only the routine PRINL a normal atom’s print name, and hence PATOM could
- - ; ] Tt - - 13 N s N :
= % 23 R EE é EE = v B B = ER e, = §: 2 need be rewritten, as follows: detect that the print name was not typeable, and simply
N = Ch w25 e e = 7 %29 T L7 TS5 LS 3 %C NPIR €5 = type, say, “!” i.nsteac.l. In afidxtlon EVAL can check for t.he
$TV o0 5T & “oelal T EOITE 5 TE ex 235 T Seel gew (DEF PRINL (LAMBDA (L) presence of this special string at the beginning of the print
SSt.e. S oy SUCmxExSd = g£=_ g 2= g A9 B e pes Toes o (COND name to avoid treating a normal atom's print name as
e Ne-wd X @ o PER] —_— - - e s e S S T . . if e .
Sl e e B adaas 3 T8l e tYoge ST au52x 28 N §: ((DTPR L) (PROGN machine code. This method for specifying SUBRs avoids
< EE > & E,: Ef' E §. %i‘, 3% 5t = g, ¢ °§ § EE gv S O I e (PATOM SPACE) introducing an additional type, but the added complica-
= . PURK [u— b4 . iy 5 -— 43 i i -
235w %0 Bx © fla_ea3E 36 &v. < cas 5X T27 Y coevin R o¥ (PRINR (CAR L)) tion in PATOM and EVAL may rule out the method in
L 2% 2oowsyiEEe R 3&%&: :‘;‘:i TS (PRINL (CDR L)) some 1mplemen'tatx.ons. ' o
so3il .S vo& -3 ~d558Tc 3 TE Zof 5 RT3l zeewE Soerr —eont ) When EVAL is given a list to evaluate, it first evaluates
RN B2 9LesSranie « uma v L3 =% sl SRt ke the CAR of the list (recursively). The evaluation of the
EQ L NIL) NIL)
v e e N EC e e © - e wéd ¢ ea o© Ui v Scema vaeo ((Q L :
” s i E CAR should be either a LAMBDA expression, or a SUBR
a e e ...»/‘ = = = 13 [} - <L >o - - (T (PROGN o 3 .
=~ 8Ze~ & =x=35I°FE3, 0 2L ~882 ~ = & o o Sogd o< Lo (PATOM SPACE) expression. If the evaluation of the CAR is an atom, or a
o 257! SedEaEsfEEl3Elcfatan SEEosg EXogX2gXELEL gogtEZgagdag list not headed by LAMBDA or SUBR, then EVAL stops,
z (PATOM
- =3¢t >3 Nm D> a>® —wwx NOO A Qe C = el S <::>--—.:’>»r\.-tt:_: g::::uuzl—uu i i
< uu.-—u.gﬁ ;u.ua:u_:uz‘mssu.n..—-c.'_r_<'_-. Eu.‘u_:_-.u»-u. DO ™ — =L (PATOM SPACE) andmdlcatesanerrorto theuser_
. c @ - — A q o
= s g = o= Y - (PATOM L) If the CAR of the list gives a LAMBDA expression, the
—_- S =Y T = . 5 .
Fl b T - e EWSfwExEXe CoEEmRNEN®ExS ) arguments to the function call are evaluated one at a time
C SfEfgs GSEESSERs RUTGRGLSE (BESZRUIEZEEERRErRSE sBuadcfpus: ) and saved on a list. The value associated with the “for-
oF I CE E o ) mal” arguments of the LAMBDA expression (eg: X and Y
U< = £ Ok —_ — % : = .
k= ;i’l ook 5 o= £§ ;: El?hthe 1SSCD i'outme gl\:en eatr}:xer) a:‘e savetd otn theIt st:ck.
i = = = g ments are then set one at a time to have
B Sl =5 e i - - & I P O e s o agfassemby theesvealzgnlaf ?}:eglzorresponding actual arguments to the
language routines. : . :
) S } . function (which were evaluated already). Finally, the
l As with the primitive function RATOM, the function "Ll:Jod ' of(the LAMBDA expression is evaﬁated wiyth the
PATOM turns out to be more difficult to implement than forrnZl ar ume‘ndtsinow hopldin 9 g vafues The
ST L O Nt 1O) S b it g result of e%aluatin the bod isgthe result of the or.iginal
i e ) E symbolic atoms, numeric atoms, and NIL, and act accor- function call. As aglast ste ’ EVAL restores the original
S s = - dingly. With symbclic atoms, PATOM simply types the o the. formal argumpe’nts
» = ' 3 = . . . -
o 4 & = £ null-terminated name of the atom. With numeric atoms, i : . .

i ' = P N v tion a function
£ - b & - & PATOM must convert back from the internal represen- B ey e SO O nRo e .
3 - 3 b - o G - > . - . P call is very difficult at first. The sequence of these steps is
% S< T 2 s® E - = : tation of the numeric value, to the string of ASCII critical: evaluate actual arguments, save old values of

= ] [ el Lond v - - - . 2
& ve =k N e FF R s characters which represent the number. With NIL, ’

S s £e §e 2. i" - - S s - P T S R e formal arguments, set new values of formal arguments,
5 £ - - . Listing 7 is a simplified ver-

-: T s25 % pupel g~ 35 o :E < g = £ 2' IB.ATO?AP?H%%}I'\AW&?; Ix\ﬁxl;nerli-és atfn?s Soafsonlp 4 single evaluate body of LAMBDA, restore old values of for-
3 - 1. - d H . N

= = Ei"‘? e we 25 ”;: Lo - D 2 s f‘lliogrilt ° y mals. With any other sequence there is a chance that

- € -— - s h = . . .

T XS = B © 4 e o 5 =3 . =3 &5 . changes to the formal arguments of this function might
@ [ e o [ [J=] - 0 [ N 2 _;. Q. . > ] -& = " \ ) : :

g€ ° “E%E - Re 53 fe RZ i %g e a” interfere undesirably with the values of atoms in the call-

= . et ——~ - . . H - T . - N g 0 f o

2 05 ; 5. oS =% 'E 5 28 gese 53 88 s> .s¢f8 B2 Az =2 EVAL Function ing routine's environment. These formal arguments are
€ ¢ 9%9553 5% to.2i Txot e 2T TEel<s . £35 o Tw The EVAL function is the heart of the LISP interpreter. supposed to be strictly “local,” that is, the choice of a
T & EZovi.. S5 YEExYa §3% o3 v &5 CLTEEET sz ogz s EVAL accepts one form as an argument, and evaluates it name for a formal argument should be a strictly local
= bt ha land - ey - b 4 = - . 0 . . - . .

T 2 suzesd t ; = :522 E S O R o' el U = e according to the LISP convention: the value of NIL is decision, having no impact on variables with the same
= ~ hal o 2 [ . « . . . . . .

s ° “Z53.% 87 S522°8 YE §E2sCCc moi A Ernesa N “'_: NIL, the value of a numeric atom is itself, the value of a name in calling routines. Observing these rules allows

C & ¥ 58 .2 ".2%3a x3 3°8478¢ dm3 4 Tewef37 T35 33 “y symbolic atom is the form associated with the atom, and LISP functions to be freely recursive. As the above ex-

S 2 §9e25% Y2 33-%e8 ol o.aw'Tc E5U S s5¢as35 %% £ <o the value of a list is determined by applying the function amples of routines demonstrate, this recursion is in fact

< oo I = U~ v -5 Cgw ow > [y g - 3> on Yy ppy g p. - '

S o LuESSF 2 £38855. 37 ES7ELT. -EE 2% 557 ;‘E <e 2 specified by the CAR of the list to the list of arguments heavily used in LISP programming. _

S v FgofEt sC E: ? T A 5:55 .‘:?u é g;: i : : 3, 22: OO =¥ which make up the CDR of the list. The steps in applying a SUBR function are simpler,

S = oeeE o ) = e - & In most LISP systems at least two distinct kinds of because there are no formal arguments to worry about.

st el = Iz °3% ES § T =% & : ‘ functi ist, SUBRs and LAMBDAs. SUBRs are the EVAL simply evaluates the arguments to the SUBR, and

S - o< xw - = = w O+ ) > S o_=4 e ox T - unctions exist, S an S. S ar ply g . x

S ¢ EEE g% = Ek2p = g 55 _e o §§ = nESE ” £ LehepedE built-in functions of the LISP system, written in machine passes them as a list to the machine code subroutine.

& FILET 5% Fe =cIZ E € wwi SxsELER & ae=c L o@  ¢=ELaREL code (like CAR, CDR, PATOM). LAMBDAs are the EVAL expects the result of the SUBR to be left in register

U S = £ = user-defined functions, defined like (DEF GCD (LAMB- X when the subroutine returns.

;,E-, ;zxou—xx< Ls =Tomxe mu E§§§535u5=< 5 P TS mmmy Cmmmamma= DA (X Y) ...)). The effect of such a DEF is simply to This much of EVAL can be implemented on the M6800

< 2rpugesZ S0 33wg=E 8F -38wSgzz3a3 < JRESBEEZSEE 33”-’;':;25‘—3? define the list (LAMBDA (X Y) ...) as the value associated as in listing 8.

] Ze & 3 5 with the atom GCD. _ The routines EVLALS, POPFRE, EVLNSV, EVLRSO,

¥ iz < S 3 Es= " G = 3% The type of object used to specify a SUBR function and EVLRST have not been included in listing 8 for bre-

3 =°€ = == = d = S ¥ vz 3 *= varies among LISP systems. Frequently a new type of ob- vity's sake. They are all relatively straightforward

i S = =aa o - o -~ e = sw
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routines, making heavy use of GETCEL, PUSHX, POPX,
and FRECEL to build up and then release the lists of saved
values.

Two additional types of LISP functions, normally
recognized by an EVAL function, are called NLAMBDAs
and NSUBRs (or FSUBRs, or FEXPRs if you prefer).
These types of functions take their argument lists un-
EVALed. NSUBRs are simply passed the CDR of the ori-
ginal function call list, instead of a list of evaluated argu-
ments. Similarly, NLAMBDASs are provided with only a
single argument, the list of unevaluated arguments.
Without NSUBRs it is necessary for EVAL to recognize
functions like COND as special cases, so that their argu-
ment list is not immediately evaluated. NSUBRs are
specified in the same way as SUBRs, with the atom
“NSUBR" replacing “SUBR” in the CAR of the dotted
pair. PRINT will type out NSUBRs as “(NSUBR .1)”

NLAMBDASs are very useful for creating elaborate
user-defined functions which take argument lists that are
as or more complicated than COND. NLAMBDAs are
necessary anytime the number of arguments is variable,
or some of the arguments are wanted unevaluated.

To incorporate NLAMBDAs and NSUBRSs in the above
EVAL routines, two additional checks must be added im-
mediately prior to EVLERR:

BEQ EVLLAM

CPX NSUBAT NSUBR?

BEQ EVLNSU yes, go call machine code
subroutine

CPX NLAMAT NLAMBDA?

BEQ EVLNLA yes, pass list of args as single
argument

*

illegal exp...
EVLERR

and the additional routines EVINSU and EVLNLA must
be included. Both of these routines are simpler than the
corresponding routines EVLSUB and EVLLAM.

To make EVAL useful, some number of built-in SUBRs
and NSUBRs must be writter, The number of such built-
in primitives can be kept quite small in LISP if they are
chosen carefully. Most routines can be implemented as
user functions if a few primitives exist. The primitives
will certainly include PATOM, RATOM, EVAL, CAR,
CDR, CONS, COND, SET, ADD, SUB, EQ, GREATER,
ATOM, and NUMBER. All but SET and NUMBER have
been used in the LISP function listings. SET is the
primitive LISP assignment function. SET takes an atom
and a value, and sets the value associated with the given
atom to be the given value. NUMBER is a predicate func-
tion like ATOM, and simply returns T when its argument
is a numeric atom. Listing 9 is an example of one of these
primitives, the SUBR EQ.

Notice that the SUBRs and NSUBRs will start with the
preface string (hex 21, 00 is used in this system). The
argument list is always pointed to by ALP. Also notice
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that the SUBR may not assume that the proper number of
arguments were supplied. The general rule is to treat
unspecified arguments as though they were NIL. In EQ
above, this gives some rather strange behavior, where
simply (EQ) will always return T. It still remains for the
implementor to initialize the atom EQ to point to a dotted
pair, (SUBR . funny-atom), with the print name of the
funny atom set to point to the code at EQSBR as shown
in listing 9. The final section of this article goes over some
of the problems involved with this kind of initialization.

Garbage Collector

A garbage collector eventually becomes essential in
any LISP system. It is possible to create dotted pairs that
are no longer accessible to a LISP program by any path.
This happens, for example, if a function like REPLACE is
called and then the value returned simply PRINTed but
not saved as a LISP atom. This cannot go on for long
before all of the free space is used up with dotted pairs.
The garbage collector’s job is to find all of the dotted
pairs.

The various algorithms for locating such jetsom of the
LISP function evaluation process are all quite intricate.
The basic idea is always to trace systematically down
every list structure to its component atoms, marking
every dotted pair encountered along the way. If a dotted
pair is encountered which is already marked, then that
branch of the list structure is assumed to be already fully
traced. The garbage collector then makes a sequential
scan of all of memory space occupied by dotted pairs,
and links together all unmarked dotted pairs onto a
special list, the free list. During the scan, the marked dot-
ted pairs are simply skipped over, because they are
assumed to still be a part of some useful list structure.
When a marked dotted pair is skipped over, its mark is
also cleared in anticipation of future garbage collections,
when it might no longer be so lucky.

The difficulty with this trace and collect algorithm is
that each dotted pair points to possibly two more dotted
pairs, so during the tracing phase the garbage collec-
tor must eventually follow both paths. What this means

¥ two argument SUBE =€
* return T i{f ziver iderticzl forns, MNIL stherwise
€goge £lB 21 special preface string
FC3 0
¥ ALP points to the list of eveluated arguments

LDX ALP Zet first arg
[RIESS; TRUE ne args s equivalent to
(¢ WIL MTL)
¥ Which should returr T.
L2X CAR, X save first arg temporarily
STX XTMP
L2X sLp pick up s2cond arg
LZX CCR, X
3Eq £QSNIl (EQ X) is cguivalent %o
(E4 X NIL)
LCX ZAR, X
=ISMIL CPX LTMP are the forms identical?
BEC TRUE yes, return T,
Lnx AUBRIG no, raturn the MIL form
RTS
*
Tile Lox TATCM return T atom
RTS

Listing 9: EVAL may have built in primitives to expand the
language. This is an example of the primitive SUBR EQ.

is that a second indication must be made on each dotted
pair, indicating that the garbage collector is now busy
tracing the CAR of this dotted pair, and will be returning
later to trace the CDR of the dotted pair.

During the tracing phase, the garbage collector might
very well be thought of as an ant determined to visit
every branch of a tree. It goes out to the tip of each
branch, but as it returns it must remember whether it has
already traversed the other paths going out from each
branching point. Even this analogy underrepresents the
difficulty of a garbage collector, because the ant can
simply turn around when it reaches the tip of a branch,
but the garbage collector would normally have no clue as
to how to climb back toward the root of a list structure
once it gets out on a distant dotted pair.

The solution to the garbage collector’s problem is to
either reverse all the pointers in the list structure as it
forays out to the terminating atoms and then reset the
pointers on the way back in, or to keep a list of all dotted
pairs which still require that their CDRs be traced. The
first solution is like stringing a spool of thread behind you
as you venture into an unexplored cave, following the
thread back toward the mouth of the cave when you
reach a dead end. Of course the same danger exists; that
the delicate thread leading you back to the starting point
might get tangled or broken.

The second solution is simpler, but suffers from the
grave problem that it requires room to store the list of
partially visited dotted pairs, and garbage collectors tend
to be called upon at times when there is no more room to
spare. In fact, the list of partially visited pairs need
get no longer than the maximum “depth” of any list
structure in the system, so that by setting aside a small
portion of memory reserved for the use of the garbage
collector’s list, the implementor can get by with coding a
much simpler tracing algorithm.

The author’s system uses the pointer reversal method,
and he will testify to the unlimited number of obscure
problems which can appear during the debugging phase
of its implementation.

It should be clear now why it was important to leave
one bit in each form, and hence two bits per dotted pair,
free for the use of the garbage collector. The bit in the
CAR form can be used to indicate that the dotted pair has
been visited once, and the bit in the CDR can be used to
indicate thai both paths from the dotted pair have been
traced. These bits are only used during garbage collec-
tion, but because the garbage collector may be called at
any time when GETCEL finds that there are no more 4
byte cells on the free list it may, in fact, run at almost any
moment.

Because of this unpredictability, a LISP system with a
garbage collector must be coded “defensively,” jealously
protecting any dotted pair allocated but not yet added to
some accessible list structure. The machine code routines
given in the listings do not all adhere to this rule. The
reason for ignoring the garbage collector in the develop-
ment thus far was simply to keep the design of the rou-
tines simple and relatively intuitive.

If the reader intends to include a garbage collector in
an implementation of a LISP interpreter, more care must
be taken. For example, two versions of the routine
PUSHX would be defined. normal PUSHX and PROPSH

(protected push). The PROPSH would be used when the
16 bit value being pushed on the stack pointed to list
structure which might not be accessible in any other way,
and hence might get collected in the next garbage collec-
tion scan. PROPSH avoids this danger by marking the
cell used to store the saved value so that the garbage col-
lector will know to trace this form and its descendents.

Initialization

It is ironic, but somehow appropriate, that the section
on initialization comes at the end of this article. Frequent-
ly it is in fact one of the last things an implementor thinks
about. That is probably because initialization is one of
the biggest difficulties facing the implementor of any
language: assembler, interpreter, or compiler. By ini-
tialization is meant the inevitably awkward methods of
getting the symbol tables, cr the OBLIST in LISP pre-
loaded with the names which are to be built-in to the
system. Most of the routines written to enter symbols in-
to symbol tables, or to add new atoms to the OBLIST,
are all oriented toward names entered by the user of the
language processor. The initialization phase of the system
becomes quite complicated because of this orientation.
The methods finally chosen are, in general, tedious, re-
quiring a lot of special preparation by the writer of the
intialization routine.

The best way to avoid these initialization difficulties is
to spend a little extra effort in designing a few nice
routines for laking information out of tables which are
convenient for the implementor to set up and modify,
and let these routines do the intricate bit-twiddling work
necessary to get the objects in shape for the symbol table,
or the OBLIST.

In the author’s LISP initialization module are routines
to build up dotted pairs in the form required for SUBRs
and NSUBRs, and routines to allocate 4 byte cells for
built-in atoms. The atom initialization routines are given
the address of a contiguous table of null-terminated
ASCII names, each followed by the address of a memory
cell where the form specifying the new atom should be
stored. This is where the symbols like TATOM,
SUBRAT, LAMBAT, etc came from. They refer to
memory locations in the base page of the M6800 (0 thru
255), where the forms specifying the atom T, SUBR, and
LAMBDA, etc, are stored. The table to initialize these
atoms was simply:

ATMTAB FCC T’
FCB 0
FDB TATOM
FCC "SUBR”
FCB 0
FDB SUBRAT
FCC "LAMBDA -
FCB 0
FDB LAMBAT
FCC - N
FDB J—
ECB 0 null-name terminates table

1979 © BYTE Publications Inc 11
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Listing 10: The entire LISP interpreter for the M6800 with built in

garbage collection.

0200
0000
0002
0004

0020
0020
0022
0024
0024
0028
0026
0028
0024
oo2c
002E
0030
0032
0034
0034
0039
0034
003C
003E
0040
0042
0044
0044
0648
0044
004C
004€
0030
0052
0054
0054
0038
0054
005C
005E
0040
0062
0044
0044
0048
006A
004C
005E
0070
0072
0074
0074

00F0
00F 0
00F 1

00FC

03 Ao

NAM  LISP
ASINFLE LYSP INTERFREFER
OFT  HOG

0BEGAD EDV $200
CAR EQU 0
PR EOU 2
EOI EQu 4
* DIRECT FAGE SYORAGE CELLS
ORG 420
BEGFTR FDB REGADR
STRI RHB 2
STR2 RHR 2
STR1 RHB 2
sip2 RHR 2
XTHP EQU STP1
XTHF2  EQU STP2
FREPIR RNP 2
SPCFIR  RNR
ENDFTR  RHP
SYNLST RHR
NAHPTR RHR
FORM RHR
LSTPTR RHB
SYNFTR RHR
CELFIR RHB
SPSAVE RNR
STKFTR RHR
CNPTHF  RHR
CHPTN2 RHB
ALP RNR
NLF RNB
FLP RHB
NILATH RMR
LPARAT RHR
RFARAT  RMB
DOTATH RMR
5QUTAT RANB
QUOATH RMB
LANATH RHR
NLAMAT RNR
SUBRAT RHB
NSUBRAT RHB
TATON  RNB
CONATM  RHB
RSETAT RMR
EOIATH RNB
SUBLS2 RHR
LBRKAT RHB
RERKAT Kb
CUREVI. RHB
SONPIR KB
DADFTR RNR
GCTENP  RHP
GCFREE RMNP
SUBLS] RHER
¢ SINGLE CHAR SLOTS ...
ORG $FO
FEERC  RHBR |
RSIFLG RHR 1
¢ GLOBAL CONSTANTS
ORG SFC

RMRRMNMNRNAORNSRNONNRNRNNRRNRNRRNNOMRNOMRNNNNRORNRRNNRND D

1
THIS SHOULD BE IN EACH MODULE

NUNEER OF FREE CELLS AFTER LAST GCOL
INTTIALIZER IN SUPRS]

00FC &F 490

00FE 00 00

o100
0100
0103
0104
o109
otoc
010F
012
0115
oite
Otk
011E
a2
0124
0427
0124
¢12p
0130
0133
AR K]
0134
0139
013C
01 3F
0142
0145
0148
014p
014E
01351
0154
0157
0154
015D
0140
0143
0188
0149
014C

0200

0200
0200
0202
0204
0204
0208

020A
020C
020€
0210
0212
0212
0214
0215
0218

0218

7€

7E

9F
DE
bF
DE
DF

74
97
84
)

A?
08
34
28

02 E5

02 47

02 74

03 7¢

3
20
2C
FC
2E

FC
24
10
co

FA

FC

-0 Sunsy) s8s

‘Jereldsarul ayl jo Suns) e19jdwos B pue seunnoL Bupn
-29[[0> 88eqIed 2y UO UOHBULIOUT JAYIITY 10 "J0Ss3d01d
0089IA 33 103 ajdwexa d1ywads e 38 Payoo| PuE Jajardiay

s ENR OF MEHORY, MINUS 192 FOR NUMFRM,FRHNUN TARLES
$7000-192 NUST BE HULTIPLE OF 274, NIWUS |52

ENDHER

FIR

+ ZERO WORD

2ERQ

FIR

0

¢ GLOKAL VECTORS

EVAL

FRINTY

GETCEL
FRECEL
FUSHX
FOFX
10PX
EVLATH
SETATH
LOOKUP
GNYTL
GFNXTL
LSTINT
LSTADD
LS5TAD2
LSTEND
LSTENRO

ATHINT
ISDTFR
[SATOM
GETC

NUHINY
HUKFRM
FRANUM
PUTSYN
FUTC

GETSYN
STKFRE
BCOL

PROPSH

15VAR
PRINR
FROPOP
L]

START

O0RG
RHE
JHF
RNR
RNR
RHE
RiR
RHB
RNR
RHP
KHR
RHP
RHB
KHB
RHR
RHE
RNR
RHP
fiB
EQu
JHF
(313
RNR
RHB
RNR
RHB
RHP
RNB
RHB
RNR
JHP
RHR
RHB
RHD
RHD
JHp
RNB
RiHD
RHP

ORG

EQU
SIS
LbX
STX
Lox
STX

$100
3

e ) e G e
I
=

-
=]
3
>

ERREX

RRBRK

ETCAR

N ket Rl O R R e G T Gl G G G G o Gl Gl Gl

OBEGAD

4
SPSAVE
BEGPTR
SPCPTR
ENDHEN
ENDFTR

USER 70 RE TYPSUT (R.1.¥.)

INITIALIZE TABLES FOR NUNFRN AND FRMNUN
LAST 120 BYTES OF MEM HOLD TADLE Y0 CONVERY HIGH ? BITS OF BCD TO & BITS OF BINARY

BIT & OF 128 BYTE TABLE IS ALWAYS ON

.
.
¢ PREVIDUS 44 BYTES HOLD TABLE TO CONVERY & BITS 70 7 BITS
.
.

NUNILP

¢ SET UP 44-BYTE TABLE

LbA A
STA A
LDPA A
Lpa B
EQU
STa A
INX
DEC B
BNE

Lbx

ENDHEN
XTHP
K440
92

»

0,X

NUNILP

ENDNEH

SET UP HIGH BYYE OF XTHP

INITIALIZE TAPLES T0 40°S

-ut JSI7 ® jo uonejuawajdurl ayy y8noy pader; aABY ap
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Sl

0214
0218
021b
02iC
021E
021F
0220
0222
0223

0225
0227
0229
0221
0220
022D
022F
022F
e2n
0232
0211
0234
0234
0237
0238
0239
023k

0230
023E
0240
0242
0244
0244
0248
0244
024C

024E

0251
0251
0254
0257
0254
0250
0240
0243
0245

0247
0247
0249
024C
024F
0270

0273

0274
0274
0279
927¢
027F
0zul
0281
0285
0285
0287

44
A7
08
48
1]
19
24

84
97
DE
84

08
08
81
24

4F
97
DE
bF
bF
bF
bF
bF
DF

7F
CE
(1]
BD
BD
1]
E11]
20

9E

00

02

80
27
24
40

05

00

F9

[]]

00
03
21
02
i
[]]
(13
Ea

ic

B0 21
kb 71

IF

7€ 0

C 02

[ 200}

BD
DE
27
8D

13
1]

02EF
02F1
02F3
02F5
02F8
02FB

02F9

02FA
02FA
02FD
0300

0300

0302
0304
0306
0308

0304
030C
030E
0311

0113
0313
04
0314
0319
031y
03tcC
QME

03IF
031F
0321
0324
0327
0329

932p
0328
032€
0330
03133
0334
0339
033

033D

2330
0340
0342
0345
0347
0349
0348
034D

0350

0352
0355
0357
0359
0358R
035D
035F

71
4
02
EE

sC
03

9C
24
L1
7f

3¢

ep
9C
27

27

?C
27
BD
20

8D
B
BD
9C
27

BD
DF
CE
7A
BD
7F
1y

.1}
24
BD
9C
27
?C
24
M
DF
8D
14l
A7
94
A7
IF
.14

i9

Ft
9C
18
[
iE
00

18
13

04

D4
8
1E£

2t

1]
05
03
02

ot
01

[}
£13
10
50
15

[1]
03
01
ED

02

01

2]
14

c7
01
03
AE
EE

L3}
RE)
03
00
02
00

02
36
0t
[1]
2C
32
27
02
3
[]]
34
00
35
(2]
3
]

CLR A
HuRs4l EQU +
LSR A
STa a4 0,X
IRX
ASL A
ADD A W2
DaA
BCC U441
¢ SET uP 128-BYTE TABLE
LDA A N$80 START ADDR
STA & XTHP+I
LDX XTHP
LDA A N340
NH1281 EQU [
LbA b WS INNER COUNIER
HI2812 EOU U
STA A 0,X \
INX
INC A
DEC B
BNE N12812
T SKIP 3 BYTES
InNX
INX
CHP A 304840  ALL DONE?
BHE NH1281
* YEP, [ABLES NOU SET UP
T CLR A
STA A PEEKC
Lox ZERD
STX FREPTR
Six SYHLSI
STX STRPTR
SIX NILATH
S1X CUKEVL
51X FORN FURM HUST ALUAYS BE A LEGALLY TRACEABLE FORH
¢ JHITIALIZE BUILT-IN ATOHS
JSK ATHINI
.
BIGLUP EQU .
CLR RSIFLG CLEAR RESET FLAG
LDX HPRONSG ">~
JSR PSTRHG
JSR READ
J5k PCRLF
JSR EVAL
BSR FPRINT
BRA B1GLUP
.
ERREX  EQu ’
LS SPSAVE
JSR PSTRHG
JSR PCKLF
SHi SOFTWARE INT (EXIT 70 SUTBUG)
JHP START RESTART

¢+

PERINT  J0F

L]

ERKBIRE EQU
INC
JSK
J5K
Lox
BED
b5k

ERRBK2 EQU
1 bx
JSR

Fy
READRT

[
RBRKF G
.
READL
24
SA
RDL2

FEINT SAVE A FEU JSR’S
+ CONTINUABLE ERRUR
EFLAG INDICATE 1k ERKOR CODE
FSTRNG PRINT ERROR MESSAGE
FCRLF
FORN PRINT CURRENT VALUE
ERRBR2
FFRINT
.
CUREVL FRINT CURRENT FORK BEING EVAL’D
GETCAK
CPX LBRKAT LEFT RRACKET ("[")7
RHE READRT
BSR READL YEF, READ AND CLEAR RERKFG
CLR RBRKFG
Eay \J
RTS NOFE, SIKFLY RETURN NITH ATON
FCR 0 FOSITIVE WHEN "1" FOUNB
Eau L]
JSR LSTINI INFTIALIZE RDLST AND RDLFIR
JSR STKFRE ADD A HEW FRAGMENT T0 STACK
(311] s
BSR READR GET NEXT FORM
cex RFARAT RIGHT FAREN?
BEQ RDLRY YES, FINISH UP READL
CPX POTATN " i
REQ RDLDPAT YES, GO FINISH UP UITH ONE NORE READ

¢ FORM 15 POINTING TD

10

Py
+  RDLEOI
F9

ROLRT

RDLRT2
6C

L}
RDLDOT

13
p

+ ERROR
RLSTER

8C
Fi
78
Fi

’
GETASY

OBJECT TO PE ADDED TO LIST

CPX EDIATH PRENATURE END OF INFUT?

REQ RDLED! YEF, TREAT LIKE “1*

JSR LSTAD2 ADD TO LIST

BRA RDL2 GO GET NEXT FORM

Eou L]

INC RBRKFO EOIATM ENCOUNTERED, CLOSE OFF UNFINISHED LISTS
EQu .

JSR LSTEND FOF OFF RDLPIR

EQU *

JSR FROPOF FOP OFF AND RETURN RDLSY

STX FORA

RTS

EUU +

BSR READPR FPULL 1IN NEXT FORM

JSR LSTEND FILL IN CPR OF LAST CELL

JSR GETASY NOV, REQUIRE ")" TO END 1T ALL

CPX RFARAT

BEQ RDLRT2 ALL DONE NOU!

IN LIST STRUCTURE...

EQU '

JSR PROFOP POP OFF FORN BEING BUILT

SIX FORM

LoX NRLERNS

REC RSTFLO FORCE INMEDIATE RETURN FROM ERRPRK
JSR ERRPRK

CLR RSTFLE

RT5 AND RETURN WITH RESULT IN X-REG AND FORN
EQU .

» SAHE AS GETSYN, ONLY CHECK FOR "'"
* AND BUILD UP (QUQTE ...) IF FOUND
* ALSO DEAL WITH “1" FEATURE.

37

E5

oC

LDA A RBRKFB

RIGHT BRACKET FLAG SET?

PNE  GOSRPR  YEP, RETURN A ")"
JSR GETSYN

CFX  RBRKAT  RIGHT BRACKET?

BED  GOSRBK  VEP, SET RBRKFG AND RETURN 4 )"
CPX  SQUIAT  “’"?

BNE  GOSRT

JSR  READ YES, FICK UP NEXT FORM

STX  FORH SAVE POINTER

JSR GEICEL  FICK UP A CELL

LbA & FORM FILL IN THE CAR

STA A CAR,X

LDA A FORN+

STA A CAR+1,X

SIX  FORN SAVE 1T AGAIN

JSR GETCEL

ANDTHER CELL...

0284
028C
028E
028E
0290
0292
0292
0294
0294
0299
0298
029E
029E
02a1
0243
0243
0247
0248
0248
0248
024E
02b0
0283
02K
0287
0289
028C
02BE
e2C¢0
02C2

02C4
0204
02C4
[¥IN]
02ch
02CE
02CE
02p1
0203

0204
0205
0208

0209

0209
02b8
020D
02bF
02€1
02E2
93E3
92€1
02€4

02E3

02E3
02E8
02E8

02ED
Q2eD

25 02
[:]/ >}

96 FI
27 oC

DE 44
86 30
Bt 02 D4
25 33
7F 00 FI

CE 02 b4
Ab 00

81 i

26 01

08

bD 71 18
Bl 02 ES
bF 34
B0 03 7C
§C &0
27 0D
DE 34
BD 01 00
96 FI
24 B2
1 ]
20 DA

DE 34
EE 02
D 03 7C
BD 01 00

7A 02 D4
bF 34
39

1
3a
04

DF 24
2F 04
9C 2€
24 02
00
19

oc
19

7F 02 F9
BD 03 3D

P AL
27 0B

0342 v4 54
0344 A7 00
0348 94 55
0366 A7 OV
034A 78 A4
036C A7 02
034E 96 35
0370 A7 02
0372

0372 DF 34
0374

0374 139

0375
0375 7€ 02
0378
0378 DE 4E
0374 20 F4

037C

037C BF 24
0376 2F 08
0380 74 00
0383 25 03
0385 EE 00
03087 v
0300

0368 DE FE
038A 0D
03ap 39

2118

7HIE

038C 52
039R 04

039C 2D
039F 04
0340

BCS ERRBR3
ESR FPRINT
ERRBRI  EOU ]
LtbA A RSTFLG RESET OR RETERK?
BEQ ERRLUP
ERKSET EOU +
LDX EQIATH YEP, RESULT 15 NOTHING
ADD A 70 AT THIS LEVEL?
CHP A EFLAG
Lo ERRETN HOPE, KEEP RESETTING
CLR RSTFLG YEP, CLEAR RESET FLAG
ERRLUP ERU .
LDX BEFLAG ERROR PRONPT (E.0. “2:> ™)

Lha a4 0,X FIRST LEVEL?

CHP A& W71

BHE ERRLP2

InX YEP, SKIP PAST DIGIT
ERKLPZ EQU +

JSR PSTRNG

JSR READ READ AND EVAL

STX FORN

JSR GETCAR BUT FIRST , IS IT {CONT ...}
cPX CONATH “CONT?
BEQ ERRCON YEP, RETURN UITH ARG TO CONT
LDX FORN NOPE, EVAL FORN
JSR EVaL
LDA A RSTFLG IN A RESET?
BNE ERRSET YEP, CHECK LEVEL
BSKR PPRINT PRINT VALUE
BRA ERRLUP AND LOOP ARDUND
3

ERRCON EOU o CONTINUE
LDX  FORK GET ARG
LDX  CDR,X
JSR  GETCAR
ISR EVAL EVAL ARG TD CONT AND RETURM
ERRETN EQU  +
DEC  EFLAG BACK UP EFLAG
STX  FORM RETURN WITH RESULT IN FORM AND X-KEG
RTS :
L]
EFLAG  FCB 0 IF NON-ZERO, NOW iN ERROR CODE
FEC co> 7
[ T

)
ISFORN  EQU +
& EXPECIS FOKH IN X-REG
4 SETS C-BIT IF NOT A LEGAL FORM
STX XTHe STORE 1T AND SET CC°5
BLE ISFRI NIL OR A NUMBER, ~A-OK
(421 ENDPIR LEGAL CELL ADDR?
BFL ISFRT YEF

SEC NOY LEGAL, SET C-BIT
RTS

ISFRT  EQU +
£Lc LEGAL, CLEAR C-B1Y
RTS

.
READ EQu 0
4 READ ASSEMBLES A FORN, USING GETQSY'S
¢ TO RETRIEVE THE TORENS
¢ FOKN KETURNED IN X-KEG AND “FORH"
¢ A AND b-REGS CLOBPERED!
CLR RBRKFG INITIALIZE RIGHT BRACKET FLAG
KEADK  EOU »
JSR GETOSY
¢ {(ASSUHE RESULY ALS0 SAVED IN FORH)
cPX LPARAT IS IT A LEFT PAREN?
BEQ READL YEP, RETURN RESULT FROM READL

LDA A QUDATH  WITH “QUATE" ATOH

STA & CAR,X

LDA A QUUATH+Y

STA A CAR+1,X

LDA A FORN

514 A4 CDR,X

LDA A FORN+1

STA A CDR+1,X
GOsR0  EOU 4

SIX  FORN RETURN UITH FORH IN FORN
GOSRT  EQU ¢

RTS

.
GOSREK  EQU ’
24 INC RBRKFG SET RIGHT BRACKEY FLAG
GOSRPR EOV .
LDX RFARAT RETURN ")"
BRA GOSRO
.
GETCAR EQU J
¢ RETURN CAR OF X-RE6 DR NIL IF NONE (SETS C-BIT IF NONE)

STX XTHF
BLE BGCANIL
27 ROR XTHF+¢ ATON?
BCS 6CANIL
LDX CAR, X NO, RETURN CAR
RTS RETURN VUITH C-BIT CLEAR
GCANIL EQU .
LDX 2ERG RETURN NIL
SEC AND C-RIT SET
RTS

*
PSTRNG ERQU $7118

FCRLF  EQU $711E

¢ TABLES, ETC.

RLERNS FCC ‘READ LIST ERROR’

FCh 4
PRONSG  FCC =y

FCB 4
REGAPR EQU i

END STARY
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SYHBOL TABLE:

Al F
CAk

CONATH
ENDHEN
£kRBRI
ERRLF2
FLP
GEANTL
GETCAR
GHXTL
1SATOH
LAHATH
LSTADY
Wi12012
Nu1281
HURTNY
FPRINT
FROFSH
auoats
RBLEDI
READR
RSETAT
SPSAVE
STRI
SUBLS]
T0FX

010F
0112
0113
o1
011B
ONIE
0121
0124
8127
0124
o120
[TR]]
0133
0113
0138
0139
013cC
013F
0142
0145
0148
0148
[2X]3
0151
0154
04157
0154
015D
0150
0143
0168
0149

0300
03090

03do
03D2
0304
0306
[R1d:]
03DpA
[R10N
03DE
03E0
[2]3)]
03E2
[RIg]
Q3E6
03E7
03E?
(213 ]
03EC
0JEE
03F0
D3F1
03F2

03F4
03Fé

03F7
03Fe
03FA

03FC

0044 ATHINT 0139  BELADK 03A0  BEGPYR 0020  BIGLUP 0251
0000 COR 0002  CELPTK 003A  CHPTHZ 0042  CHPTHF 0040
0040  CUREVL 008C  DADFTR 0070  DOTATH 0050 EFLAG 02D4
00FC  EMDFIR 002E  EOL 0004  EOTATH 0044  ERRER2 0285
0208E  ERRBRK 0276  ERRCON 02C4  ERREFN O20E  ERREX 0247
02A8  ERRLUP 029F  ERRSET 0292 EVAL 0100  EVLAIN 011B
0048 FORH 0034  FRECEL 010F  FREPIR 0024  FRHNUN 014D
0388  GCFREE 0074  GCOL 015D  GLTENP 0072  GETC 0142
037C  GETCEL 0¥0C  GETOSY 033D GETSYH 0157  GFNXFL 0127
0124 BOSKe 0372  GOSKBK 0375  GQSRPR 0378  GOSRT 0374
O13F  ISDIFR O13C  ISFORM 0209  ISFRT {)263  1SVAK 0144
0054  LERKAT 0068  LOOKUP 0121  LPARAT 004C  LSTAD2 0130
0126 LSTENO 0415  LSTEND 0131 LSTINI 0424  LSIPTR 0038
022F  NAKFTR 0012  NKILATA 004A  NLANAT 0038  NLF 0044
022D RSUBAT 003C  NUHS4I 024D NUMFRN 0148  NUNILF 0212
0145  DEEGAD 0200 PCRLF 711E  PEERE 00F0  POFX 0015
0273 "PRINK 0149  PRIN{ 0104 PRONSE 039C  PROPUP 014C
01460  PSTRNG 7118  PUSHX 0112  PUTC 0150 PUISYN O14E
0054  KBRKAT 008A  REKKFG 02F9  KOL2 0300  KDLDOT OJIF
0313 ROLKT. 0318  KOLRT2 0319 READ 0263 KEADL O2FA
0268 READRY 02F8  RLEKHS 03B8C  RLSTER 032F  RFARAT 004E
0062  RSTFLG 00FY  SETATM OVIE  SONPTR 004E  SPCPIR 002C
003C  50UTAT 0052  START 0200 STKFR6 015A  STKPIR 003E
0024 5TF2 0028  STRY 0022 STR2 00234  SUBLS2 0068
0076  SUBRAT 005A  SVALST 0030  SYWFIR 0038  TATOR 005E
0118  XTWP 0024  XTHP2 0028 2EKD  OOFE

FRECEL. RNR 3

PUSHX  RHB 3

FOFX RHB 3

TOFX RHR 3

EVLATN RHB )

SETATH RNR 3
7€ 03 FC JNP LODKUP

GNXTL  RAP : ]

GFHXTL RNR 3

LSTIN] RHB 3

LSTADD RMR X]

LSTAD2 RNB 3

LSTEND RHB L]

LSTENO EQU POPX

ERREX  RMR 3

ATHINI RHB 3

I1SDTPR  RHB 3 v

ISATON RHB 3 b

G6ETL RHR k]

NUHINV  RNB 3

NUNFRN RNR 3

FRHNUH RHB 3

FUTSYN RHP 3

PUIC RHE 3

ERRBRK RMB 3
7E 04 D4 JNP GETSYN

STKFRG RHR 3

GCoL RHB 3

FROFSH RMR 3

GETCAR RMR 3

ISVAR  RHB 3

FRINR  RMB 3

*

ORE DREGAD

STRED  EQU *

¢ STREQ@ EXPECTS ST ARG IN STRI, 2ND IN X-REG
DF 24 STX STR2
BF 28 STX STP2
DE 22 LOX STRY
RF 24 STE2 §1X STPY
A6 00 LA A 0,X
DE 28 (§04 51P2
Al 00 CHF A 0,X
24 18 BNE UNEG
08 INX
L1y 15T A
27 10 BEQ 15E0
Aé 00 Lha A 0,X
08 INX
bF 28 STX s$T1P2
DE 24 LDX SIFt
08 INX
Al 00 CHF A 0,X
26 08 ENE UNEQ
08 INX
4D 15T A
24 E2 BNE STE2

* NOTE: THE ABOVE LOOP 1S "UNRAVELLED" FOR SPEED.
bE 24 1SEQ Lbx STR2
AD 15T A

» RETURN WITH COND. CODE SET
k1 RIS
856 01 UNER LpA A Nt
20 FB RRA 15€Q

(YY)

LOOKUP  EOU ¢

+ LOOKUP EXFECTS PTR TO NANE IN X-REG.

o RETURNS PTR TD NEW ATON CELL IN X-REG.

¢ LOOKS ON SYMLST FOR EXISTING ATON, ADPDS CELL TD SYNLST

03[0
0000
0002
0004

0020

0020 05 7D

0022
0024
0024
0028
0024
0028
0024
002¢C
002E
0030
0032
0034
0034
0038
0034
003C
obie
0040
0042
0044
0044
0048
0044
004C
004E
0050
0052
0054
0056
0058
0054
005C
005E
0040
0062
0064
0044
0048
0044
004C
004€
0070
0072
0074
0076

00F0
00F0
00F)

00FC
00FC

00FE 00 00

0100
Q100
0103
04104
g109
010C

03FC
03FE
0400
0402
0403
0405
0407
0409
040P
040P
040C
040E
0410
0410
0412
0414
0414
0418
e
0414
041C
041C
041E
0420
0422
0423
0423
0427
0429
042C
042E

042E
0430
0432

0434
0434
0437
0439
043p
043D
043F
0440
0442
0445
0447
0449
0448
044D
044F
0451
0453
0455
0457

0459
0459
045k

0458
0450
D45F
0441
0443

0445

0467
0449

U3
DF
Ed
1”7
:1]
26
(14
27

08
Ad
27

L1
2p
[:]]
2F

DE
27

bF
13
bF
(24
EE
El
24
£
27

DE
EE
28

BD
113
A?
94
a7
08
bF
1]
113
A?
V8
A7
94
7
7é
A7
U3
20

94
71
25
22
96
21
25

32
22
00

2D
09
0l
oD

00
48

30
04
37
F3

30
18

36
00
k1]

00
00
03
03
20

14
02
(1]

12}
32
00
33
(2]

LL]
0l
3
00
35
1]
30
02
K
(2]
30
14

3

32
20
o
04
13

04

OrT NOG
QBEGAD EQU $03D0
CAK EQu 0
CHR EQv H

LISF ENDS U1TH 38C

£al Eau 4
+ DIRECT PAGE STORAGE CELLS
0kG $20

BEGFIK FLB BEGADK THIS SHOULD BE IN EACH HODULE
STRY KHB 2

STR2 RAB 2

SIPY KHB 4

§TP2 kb 2

XINP Eay Ell g1
XTHF2  EDU S1F2
FREPTR Rig
SPCPTR  RHE
ENDPIR RHR
SYNLST RHB
NAHPTR  RHB
FORM RHB
LSTPIR  RHD
SYNPIR  RNE
CELPTR RHB
SPSAVE RNB
STKPTR RHP
CNPINP ERHB
CHFTH2  RNB
ALF RHB
NLP kHB
FLP RHB
NILATH RHB
LPARAT  RHB
KPARAT RHB
DOTATH  RiB
SOUTAT FRHR
QUOATN KNB
LARATH RHD
NLAHAT  RHB
SUBRAT HHB
NSUBAT  RHB
YATON  RHB
CONATH  RHB
RSETAT RHR
EOIATH RHB
SUBLS2  RHE
LBRKAT RHB
RBREAT  KiB
CUREVL RHP
SOHPTR  RMB
BaDFIR  RAB
GCTEAF  RNB
GCFREE RHB
SUBLSI RMB
+ SINGLE CHaR SLO1S ...
ORG $F0

FEEKC  RNB |

RSIFLG  RdD t

b GLOBAL CONSTANTS

NUHBER OF FREE CELLS AFIER LAST GCOL
INITIALIZED IN SUBRSD

B RO I3 B3 R RO B3 R RO B3R R T R B3 R B3 RD R RO RO B3 R R R ORI R RO A3 RD RD kD B3 A2 RS R RS 13 R

0R6 $fC
ENDNEN  RNB B INITIALIZED IN LISP
¢ ZRD UOKD

2ERQ (203 0
¢ GLOBAL VECTORS

0RG $100
EvalL RHB 3
READ RiNB 3
FRINT  RHB k)
TYFSWT  KHB k]
GETCEL  RHE ]
.
STX NANPTR
STX STRI1
Lpa P 0,X ¢+ 157 CHAR OF NAHE SAVED IN B-KEG

TRA COPY JO A FOR NUN TEST

CHP A N'- COULD THIS BE A NUMRER?
BNE  LKUNK2
ST 1, “-n ALL ALONE?
BEQ  LKUI YEP, TREAT LIKE A NON-NUMERIC ATON
LKUNUN EQU  »
INX POINT 70 NEXT DIG
LDA A O,X END OF SYH7
BEQ  LKUNN3  YEP, UE HAVE A NUNBER!
LKUNH2 EOU o
CNF A N0 :
BLT  LKUY (NOT A NUH)
CHP A W°9
BLE  LKUNUW  KEEP CHECKING
LKUI  EOU o
LBX  SYNLST  POINT TD FIRST ATOM
PED  EOL (UNLESS LIST EHPIY)
LKU2  EQU e
STX  LSTPIR
LDX  CAR,X
STX  FORM ++ SAVE ADDR
DEX
LDX  CAR,X +4 PICK UP NAHE FRON ATON CELL
ENP B 0,X e2 QUICK CHECK FOR 15T CHAR HATCH
BNE  LKU3
b0 JSR STRED
BED  LKUA4
kUl EQU s
¢ ADYARCE TO NEXT ATON
LDX  LSTPIR
LDX  CDR,X
ME  LKUZ
+ NOT FOUND, ALLOCATE TUQ NEU CELLS
€L QU 4
oC JSR GETCEL
LDPA A NANFTR
STA A CAR,X
LDA A NAHPTR+|
STA A CAR+I,X
INX SET UP “FORN’
STX  FORM
oc JSR  GETCEL
LPA A FORM
STA A CAR,X
LDA A FORN+)
STA A CARt1,X
LPA A SYHLST
STA A CDR,X
LDA A SYHLSTH
5TA A CDR+1,X
SIX  SYNLST  PUT NEU ATOM ON FRONT OF SYNLST
BRA  FOUND

L

FHDNUN  EQU +
STX FORN

LKU4 Eau .

# FOUND IT, RESET SFLFIR
LPA A NANFIR
CNF A BEGPTR
BLO FOUND
BHI LKUS
LDA A NAHFIR+I
CNP A BEGPTR+?
Lo FOUND

LKUS €y .

SAVE RETURN FORH

(UNLESS NAHE IS BUILT-IN)




81

du| suonedllqnd 3LAB € 6461

dU| sUoREdNGNd JLAE & 6461

6l

0449
044

044D
044D
044F
0421
0473
0473
0475
0427
0477

0478

0478
8474
0479
047D
047F
6481
0482

0482
0484
0484
0487
04880
0489
0484
0408
o048(
0480
048E
0490
0492
0492
0491
0493

04y7
0497
0499
049b
0490
049F

044l
0444
04A4
04n7

0449
04AY
04AB
04AD
04b0
0483

04b5

0485
0487
0487
(217 ]

bE
bF

bE
9@
28
DE

DE
AF
o
b7
27
SF

T}
22
hL:]
49
58
19
38
L1
38
49
(1]
(4]

oy
11
26

97
b?
bE
94
24

1 1]
20

113
bF
CE
BD
20

13
ap
24
cé

050R

050E
050F
05t
[23R!
0513
0515

0514

0516
0517
0519
051B
031B
051D
05IF
051F
0521
0523

0525
8525
0527
0527
0524
052C
052€
0530
0532
0534
0537
0539
053
033p
053F

053F
0541
0543
0545
0547
0548
0544
054P
0548
054E

7118
711E

0551

36

32
2C

34
44
04
fE

34

32

20
24
]

04
23

00
30

00
Ed

28
29
28
26
03

01

'
Bo

32
2C
03
0
co

24
10
04
FF

7€

7F

DE
bF
19

3D
24
Cé

8p
20

(1)}
27
20

BD
an
81
27
al
24
BD
1}
24
en
20

DE
9Cc
24
A7
08
DF
k1

CE
7E

22

27

48

59
94

03

00

&4
34

06
03

22
c2

03
Fo
bF

o1

0¥
11
04
04
22
F3
o1
22
ce
02
EB

2C
2E
06
00

2t

03
ol

Lbix LEL gL
SiX SPCFIKR
¢ KETUKN POINTEK TO EELL
FOUND  EQU ’
LDX FORN
CFX NILATH NiL?
BRE FND2
Lox IERD YEP, RETURN WITH 2ERO
FHDI EQu ¢
S{X FORN
FND2 EQu 4
RIS
[
LRUNHI  EOU 4

+ BULLD UP A NUHEBER
4 1S 14-BIT BCD NUNBEK (+/-4999)
4 HIGH BIT SET AS INDICATOR

Lbx NAHFPTR ?
CLR A A AND B UILL BE NUNMBER
SUB B W- SAVE STATUS OF "~/ FLAG
STA B XTHp
BEQ  LKUNKS START WITH INX IF “-“ FOUND
CLR ®
LKUKKA  EOU +
+ SHIFT NUNBER LEFT 4
P A M4 OVERFLOWT
BHI NUNOVR YEP-->ERROR HESSAGE
ASL B
ROL A
ASL B
kOL A
ASL B
ROL A
ASL B
RUOL A
AbD B 0,X ADD IN NEW DIGIT
SUB B N°0
LKUNNS  EQU '
INX
151 0,%
BNE LKUNK4 ANU LDOF AKOUND UNTIL DONE
+
LKUNKS  EQU ‘
STA A XInP2 STORE THE RESULT
STA B XINP2+1
Lox XTHP2
LDA A XINP REGA TIVE?
BNE LKUNA?
4 YEF, DD A BCU INVERT
JSR NUKINY
LKUNK? EQU .
JSR NUKFRN CONVERT TO FORM
BRA FNDNUN STORE IN FORN AND RETURN
L]
NUHDVR  EQU *
Lox HANF IR RESET SPCFTR  (ASSUAING NO BUILTIN NUNBERS!!)
51X SFCPTR
LDX NNHUVNS  “NURERIC OVERFLOW’
J5R ERRBRK BREAK FOR NEW NUMBEK
BRA FROY AND CLEANUP
b
IXLIST EQu N

+ PIR TO LIST OF CHARS 14 X-REG
¢ [HAK IN A-KEG, KETURNS INDEX IN B-REG
# B C 0 IF NDT FOUND (CC'S SET ON EXIT)

STX
BSR
§cC
Lba

FC
¢
RETEOI
Fo
RETET2

’
GSNSEF

]

JHP

E0U
CLR
Equ
LDX
STX
RTS

Eou

XTH,
INL
X
-1

P S5AVE X-REG FOR 1nBEX CALC
157 ON LI5T?
2
NOFPE
LOOKUP AND RETURN DIRECTLY FROM LOODKUP
’
PEEKC
¥
EOIATH RETURN UITH EOT ATON
FORN

2

+4 NOT A SEFARATOR DR BREAK, CHECK IF DTHER SFECIAL
¢ LDX BSPCLST
¢ BSR INLIST
% BCC GSSPCL
# NOT SPECIAL, ASSUHE “ALFHANUHERIC"

GSANST

GSANCK

1571
BNE
LDA
Eov
BSR
BRA
EQU
Chp
REQ
BRA

FIRST CHAR?

GSANCK v

L} YES, SET ALPHA-NUMERIC CODE

.

COrYC

GSNXTC LOOP FOR NEXT CHAR

.

LE] NOV ALFHA-NUHERIC?

GSANST YEP, STORE CHAR AND GET NEXT
_ENDSYN NOPE, GO FIN1SH UP PREV SYN

SGSS5PCL EQU ¢
FIRST SFECIAL CHAR?
¢ BNE GSSPCK
4 YES, SET SFECIAL CHAR SYN CODE
+ BRA GSANST

#GSSPCK EQU »
# CHPB #4 NOW STORING SFECIAL CHARS?
+ DEQ GSANST
¢ BRA ENDSYN NOPE, 6O FINISH UF PREVIOUS SYNBOL

e JSTR

4 LDAB H

G505TR

6502
42

42

CORYC

EQU
LDA
EQU
JSR
RSR
CHF
BED
CHFP
BNE
JSR
CHP
MNE
PSR
BRA
Eau

AND GO STORE CHAR

* QUDTED STRING...

L] DUOTED STRING TYPE SYNBOL
L

GETL GET NEXT CHAR

corye AND SAVE 17
NEOT END OF INPUT?
ENDSYH YEF, AND SAVE EDI [N PEEKC
L e CLOSE ounTE?
6502
GETC YEP, CHECK FOR DOUBLE “*
"B
ENDSYN
corYC YEF, SAVE 1T
AND REEP GDING

G502
@

* SAVE CHAR IN A-REG Al LOC FT'D BY SPCFTR
* CHECK AGAINST ENDPIR FOR SAFETY

Lbx
CPrX
BPL
STA
INX
STX

RTS

CFChAD
L]
36

+

+

Eov

LDX
JHP

PSTRNG EQU

FCRLF

EQU

A

¢ TABLES, ETC.

BRELST

FCC

SPCPIR
ENDPTR
CFCBAD
0,X

SPCPIR
4

INOGCHE
ERREX

“N0 NORE FREE SFACE"

7118
1711E

Oy’

¢ (USED 1O INCLUDE *," AND "{(}" IN AROVE LIST)
FCP

04BD
04BF
04C1
04C3
04C35
04L3
p4C?
04C8

04CY

04CY
04CH
64CD
04CE
0400
0402
0401
0403

0404

0404
0405
04027
0409
04DB
040D
04DF
04EY
G4E1
04E4
04E4
04E7
04E9
04EB
04ED
04EF
04F0
04F2
04F4
04F4
04F35
04F?
04F9
04FB
Q4FD
04FF
0501
0501
0503
0504
0504
0504
0507
0509

20
bF
bs
bo

bE
b

39

Al
27
08
&b
26
(1]

3F
96
24
DE
DF
94
24

CE
8p
24
8l
22
30
26
20

3D
26
1}
27
8b
81
27
cé

97
4F
8D
bE

06
28
29
27

28

00
06

00
£7

Fl
18
2C
18
Fo
03

(3}

05
E0
1]
20
27

12
ED

(1]
04
t3
42
22
24
02

34
18

0557 04
055

9359
0549
0544
057C
057D

00

4E
[ 1]
AE
04

42

BRA IXLET
X2 STX XTNP2 CALC INDEX
LDA B XTNF2+)
SUb B XTHP+I
IXLRT  EQU +
LBX XIHP
IST B
RTS
ey
INLIST EQU ’

¢ PTIR 10 CHAK LIST IN X-REG, CHAR IN A-REG
4 RETURNS WITH CARRY SET IF NOT FOUND, CLEAR DTHERWISE
¢ X-REG CLOPBERED (LEFT FOINVING AT NATCH)

CHP A 0,X HATCH CHAR IN LISI?

BEQ INLRT

THX NOFE, TRY THE NEXI

181 0,X END OF LIST?

BNE INLIST

SEC Yup, SET CARRY
FHLRT  EQU +

RIS RETURN WITH CARRY SET OR CLEAR
es

GEFSYN EQV s

4 READ NEXT SYBBOL, ADD T0 SYNLST, RETURN PIR IN X-REG
¢ SPCFIR,FREPIR,SYNLST,ENDPTR NUST BE INITIALI2ER

¢ USES GEVC SUBROUTENE TO GET CHARS

¢ PEEKC SHOULD BE ZERD INITIALLY

o TYPE OF LEXENE RETURNED IN B-REG...

¢ 0 = EOF

¢ 1 = QUOTED STRING

3 = BREAK CHAR (LIKE °,° Ok "(’ )

» =

1
2
3 = ALFHANUHERIC

40 4 = NON-ALPHANUMERIC #+ KENOVED THIS CATEGORY 11/24/78 4

o <SP> AND ALL CTL CHARS (E.G. <HT> AND <FF>)
¢ ACT AS SEPARATORS, EXCEPT <EOI> 1S BREAK

CiR B
LDA A RSTFLG BEING RESET?
BNE RETEI2 YEF, RETUKN UIIH EDIATH
LDX SPCPTR GET START AD FOR CHARS OF SYH
STX SYHPTH
LDA A PEEKC DID UE PEEK?
BNE G52 YuP, SKIP THE GETC
GSNXTE  EaU ¢
JSR GETC
652 EQy +
Lbx UBRKLST IS 1T A BREAK CHAR?
BSR INLIST
BCC GSBRK
WP & & NOPE, IS 1T A <5P> DR CTL CHAR?
Bl GSNSEP
151 B VEF, HAVE UE GOT & SYNBOL?
BNE ENDSYH
BRA GSNXTC NOPE, GO GET NEXT CHAR
GSBRK  EQU .
157 8 HAVE WE GOT A SYHBOL?
BHE ENDSYH
CNF A WEDI {E01> TYPED?
BED RETED] YES, RETURN WITH B=0, ND PEEKC, FORN=EOIATN
BSK copyC NOPE, START A NEU ONE
CHP A 7" QUOTED STRING?
EED G505 TR YES, GO COFY KEST OF STRING
LDA b W2 NOFE, SEY BREAK-CHAR COUE
ENDNPK  EOU +
CLR & END SYM UITH RO PEERC
EHDSYH EQU ¢
STA A FEEKC SAVE PEERC
LLR & FINISH UP SYHBOL
BSR COPYC
LDX SYNPIR LOOKUP ON SYALST
FCR EOI
FCh 0
SSPCLST FCC “IN8IZ=t4;:775/PN
¢ FCB O
’
NNOVHS  FCC "NUNERIC OVERFLOU®
FCA L]
NOGCNG  FCC ‘ND HURE FREE SPACE’
FCB 4
REGADR EQU 4
END

NO ERROR(5) DETECTED

ALF
CAR
CONATH

DOTATH
EDI

EvaL
FHOKUN
FRHNUN
GETCAR
652
GSHXTC
ISATOM
sy
LKV2
LKUNH3
LKUNUH
LSTEND
NILATH
NSURAT
PCRLF

PROPSH
DUOATH
RFARAT
SPCPTR
STKPTR
STRED

SYHFTR
XTHP

0044
0000
0040

0050
0004
0100
0439
0148
0143
O4ES
04E1
013F
0485
odiC
0478
0408
0415
004A
005C
7HIE
0140
0054
004E
0o02C
003E
0300
0038
0024

SYNPOL TAPLE:

ATHIRI 0139
ChR 0002
COFYC O53F

BEGARR 057D
CELFTR 0034
CFCRAD 054R

BEGFTR 0020
CNFTH2 0042
CUREVL 004C

BRKLST 055t
CHFIHF 0040
DADFIR 0970

ENDHEN OOFC  ENDNFK 0303  ENDPIR 002E  ENDSYN 0504

EQIATN 0084 EOL 0434  ERRBRK 0154  ERREX 0136
EVLATH 0IB  FLP 0048  FND1 0475  FNDZ 0477
FORH 0034  FOUND 046D  FRECEL OIOF FREPIR 0024
GCFREE 0074  GCOL 0150  GCTENF 0072 GETC 0142
GETCEL 010C  GETSYH 04D4  GFNXTL 0127  GNXTL 0124
GSANCK O51F  GSANST 0510  GSBRK 04F4  GSHSEP 0514
6502 0527  GSOSTR 0523  INLIST 04C9  INLRT 0403
ISDTFR 013C  ISEQ  03F4  ISVAR 0166  IXIL.2  OAFF
IXLRT 04C5  LANATN 0056  LBRKAT 0048 LKU1 0418
LKU3 042  LKUA  04SB  LKU3 0449  LKUNH2 0410

LKUNN? 0444
LSTARD 012D

LKUNH4 0482
LOOKUF 03FC

LKUNHS 0492
LPARAT 004C

LKUKHS 0497
L5TADZ €130

LSTEND 0133  LSTINI 0124  LSTPTR 0034  NANPTR 0032
NLANAT 0058  NLF 0044  NHOVNS 0339  NOGCHG 053A
NUMFRH 0148  NUMINV 0145  NUMOVYR 0449  OBEGAR 0300
PEEKC Q0F0  POFX 0115 FRINR 0189 PRINT 0104
PSTRNG 7118  PUSHX 0112  FUTC » 0151  FPUTSYN 0V4E
RBRKAT 0064 READ 0103  RETEIY 0511  REIEDI 030F
RSETAT 0042  RSTFLG 00F1 SETATH OIIE  SONPTR 004E
SPSAVE 003C  SOUTAT 0052 STE2  03Dé  STKFRG 0154
STPY 0026 §TP2 0028 STRY 0022 STR2 0024
SUBLS2 0046  SUDLS3I 0076  SUBRAT 005A  SYNLST 0030
TATOM O00SE  TOFX 0110  TYPSWT 0109 UNER  03FB
XTHP2 0028  TJEROD  OOFF

oy
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6L61
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Ul SUCREDIQNG 3LAB

Lz

03A0
0000
0002
0004

0020

0020 04 8C

0022
0024
0024
0028
0024
0028
0024
002C
002€
0030
0032
0034
0034
0918
0034
003C
003€
0040
0042
0044
0044
0048
0044
004C
004E
0050
0052
0054
0056
0058
0054
005C
005E
0040
0042
0044
0044
0048
0064
004C
004K
0070
0072
0074
0074

00F0
00F0
G0F1

00FC
Q00FC

00FE 00 00

0400
010
0103

0108 7E 046 2E
0109 7€ 04 89

010C

05b8
0560
056F
[Ea]
95C4
05C7
v
03CY
e5Ch
05CD
05CF
05CF
0500
0502
05b4
A5b6
05D4
0507
[FT]
0uby
05bA
[F17]
03bC
050D
03DE
050F
05E1
05E2
05E4
05E4
05ks

05€9

05EY
05SED
03ED
05€EF
05F1
05F2
05F3
05FA
05F3
05F7
05F8
05F9
(134
05FD
03FE
0600
0401
0403
0405
0407
0409
0604
0404

d40k

(21
(13110
060F
0411

6b
24
84
(1]
1]

BF
Bé
94
be

H
26
a1
23

346
a4
44
34
46
54
44
34
44
ap
12
84

84
7E

bF
94
97
94
1]
(13
46
L1}
;11
34
19
97
96
4
(1]
49
97
bE
27
-1
4D

bF
94
97
113

2C
08
2b
01
0l

28
24
27
34

04
09
13

EE

oF

1o
[]]

34
FC
24
kH

10

29

27

28
28
03
i

28
FC
28
29

B3]

Sl

OBEGAD
CAK
COR
EOI

orT
(110
EQU
Eau
EQU

HOG
$3A0 $582 ENDS LOOKUP

0
2
4

¢ DIRECT FAGE STORAGE CELLS
$20
BEGADR THIS SHOULD BE IN EACH HODULE

BEGPIR
STRY
5Tk2
sIel
STP2
XTHP
XTHP2
FREPIR
SFCPTR
EHDPIR
SYNLST
NAHP IR
FORM
LSTPTR
SYHPIR
CELPIR
SFSAVE
STKPTR
CHPTHP
CHPIN2
ALP
NLP
FLP
KILATH
LPARAT
RPARAI
bOTATH
SQUTAT
QUOATN
LARATH
NLANAT
SUBRAT
NSUBAT
TATON
CONATH
RSETAT
EQOTATN
SUELS2
LBRKAT
RBRKAT
CUREVL
SONPTR
DADFIR
GCTENF
6CFREE
SUbLS)

1}
FD8
Rup
KHB
RHR
knB
EQU
EQU
Rub
RHE
RNB
RHB
kB
RiB
RHE
RMB
RHp
KHB
RHB
RHB
kb
RHB
RHB
L1t
ReB
RHB
R
RHB
KB
RKB
RNB
Ritb
RHB
kip
RHB
RNB
Rk
RHB
kb
RiB
kg
kND
RKb
RHB
Kitb
RHb
RHb

3R RS RO RO RS RS RS RS RO BRI RS R B RS R RS R D B3 RO R RS I B RS RS RS RS D R R RO RS B RS RO RS D

NUNBER OF FREE CELLS AFIER LAST GCOL
INITIALIZED IN SUBRS3

+ SINGLE CHAR SLOTS ...
8FQ

FEEKL
KSTFLG

ORG
Rith
RMB

|
1

4+ GLOBAL CONSTANIS
sfC

ENUNEN

OR6
Kb

+ JERO LOKD

LERD

303

2

[

+ GLOBAL VECTORS

EvaL
READ

GETCEL

PNH2

FNUKK

FNHR2

FNHKRI

0
FRENUN

URG
Rilb
Kb
Nhig
P
KHB

BSR
BFL
Lba
JSK
ISk
EQU
SIX
LbA
LDA
LbX
EQu
151
BNE
(13
BLS
€au
FSH
LSR
KOk
LSR
ROR
18K
KOR
LSR
ROK
BSR
FuL
ARD
EQU
0OR4
JNP

EQu

A

> w

w3 oo

D>

'
3
3

INITIALTZED IN LISF

100

PRINT
UNDEF 4+ USED TO BE TYFSWI +s

]

FRANUN CONVERT FORM TO NUHMBER
PHH2
MEs NUNBER 15 NEGATIVE
PUTC
NUMINV  CONVERT 10 IT5 ABSOLUTE VALUE
4
XThP 1.OAL NUS INTO A AND B KREGS
A1HF
XInFtet
FORN RESFORE X-KEG FOR RETURN
4
ANY HIGHER ORDER DIGIFSY
PHHR2
809
FHNR3
‘
YEP, SAVE A
SHIFT RIGHT!4

FHUNR RECURSE TO PRINT OTHER DIGITS
RESVORE A

$0F AND OUT HIGHER DIGITS

.

0 FORN ASCIT CODE

PUTC PUT DIGIT AND RETURM

+

» EXPECIS FORN IN X-REG
RETURNS 4-DIGIT BCD NUMBER IN X-REG

N-BIT SET LF NUHBER 1S NEGATIVE

*

¢« USING 1075 CONPLEKENT
.

+

2-BUT SET 1IF NUH 15 2ERO

FNNRET

[
HURFRA

STX
LDA
STA
LbA
TAB
SEC
ROR
LSk
BSK
RO
ROL
51A
LbA
LSR
BSR
kaL.
Sla
Lox
bED
ADD
TsT
£Qu
RIS

fuu

A
A

A

FOKN STORE THE FORN
ERDNEN SET UP HIGH BYTE OF FRNNUM TABLE ADDRESS
XTHP

FORNIY CONVERT LOW BYIE

FNX
SET UP LOU BIT

XINP241  AND STOKE RESULT

FORK CONVERT HIGH BYTE
FNX

SET LOU BIT
XTip2

XTNF2 LOAD RESULT
FNHRET SET UP Z AND N BIT
30

+

¢ EXFECTS BCO NUABER IN X-REG (10°5 CONFLENENT)
+ CONVERTS TD FORM, WITH HIGH BIF SET, AND BIT 120 FOR GLOL

STX
LbA
S5ha
Lba

#
A
A

XTHe2 STORE THE NUNBER

ENDHEN SET UP HIGH BYIE OF NUNFRN TABLE ADDR
XTHP

XTHF2+)  CONVERT LOW BYTE

010F
ol12
[ 12 F]
6118
0118
el1E
0121
0124
0127
8124
012D
0130
0133
(11}
0134
0119
013C
0i3F
0142
0145
0148
0148
014E
0131
0154
0157
0154
015D
0140
0143
0idé
[1X}]
014C

2118
JHIE

0540

2540
0542
0544
0546
0548
0348
0349
0548
054D
05AF

0580

0380
0560
0382
0554
0587
0588
0584
03BA

03BB

3
{3
i3

13

bF
2B
24
DE

09
EE
[:11
DE
39

Ab
27
[ 11
08
20

39

0613
0514
0614
0617
0418
08189
0418
(2301
04lF
0620
0422
0424

0625
0625
0624
0627
0427
0429
062p
042D

042E
0682E
0430
04632
0432
0433
0433
0435
0437
0439
04138
043D

043F
043F
0441
0443

0643
0446
0448

0643
0448
044E

04351
0453
0455
0457
0459
063C
045C
043E
0841
0643
0445
0443

04 08
03 E?
05 A0

06 IF

34
V2
02
44

00
03
kL]

00
04
01 31

Fé

14
8D OF
40
36
49
$7 35
96 28
8b 06
49
97 M
DE 34
39

[14
44

97 27
DE 24
Ab 00
39

98 FI
22 ol

39

8D 0F
PF 34
84 0D
0D 4P
84 04
20 47

94 Fi
26 EF

191
25 03
78 05

ED 01
BD 0t

86 28
8b Ji
EE 00
8D €A
[ 1]

EE Q2
BD 014
27 (A
25 OF

ab b

CONVERT ATON 10 FOIRIER

CORVERT THE HIGH BYTE

SET UP THE LOW BIY

LOW BIT==> C-§1T, 1==> HIGH BIT¥
STOKE LOU BYTE OF FRHNUN/NUHFRN TABLE ADDR

LOAD EONVERTED VALUE

YEP, KETURN INHEDIATELY

CALL RECURSIVE PRINT ROUTIRE

YEF, SIAPLY RETURH

SWITCH OH TYPE OF FOKM

NIL, ATON, OR NUHBER

SAVE X-REG FOR RESTORE LATER
FRAGHENT THE STACK

CHECK TYPE OF FORH
HIL ==> END OF LIST
A NUNBER DR AN ATON(Z!)

FRECEL R#B 3
FUSIX  RHD 3
POPX RN 3
TOPX  RNB 3
EVLATH KNB )
SETAIN RNB 3
LOGKUP KB 3
GNXTL  RHB 3
GFNXTL RHY 3
LSTINI RKB 3
LSTADD RNB 3
LGTAD2 RND )
LSTEND RHB 3
LSTEND EOU  POPX
ERKEX KMB 3
ATHINI RHE 3
ISDIFR RNB 3
ISATON RNG 3
GETC  RHD )
NURINV RND 3
JNP NUNFRN
JP FRENUM
JNP PUTSYN
PUTC  RNB 3
ERRBRK RNB 3
GETSYN RHP 3
STKFRG RNB 1
GCOL  RMD 3
PROPSH RND 3
GETCAK kNB 3
ISVAk  RHB 3
JNP PRINRO
PROFOP RNB 3
’
PSTRHG EOU 47118
FCRLF  EOU  #711E
[
0RG  OBEGAD
4
PUTSYN EOU 2
¢ PUTSYN EXPECTS ATOK PTR IN X-REG
+ USES PUTC TO QUTPUT CHARS
51X FORM
BMI  PUTNUM  NUHBER--> FUTNUN
BNE  F5Y2
LOX  NILATH
PSY2  EQU s
EX
LBX  CAK,X
BSR  PUISTR  DUTPUT THE NAHE
LDX  FORN
RTS
1]
PUTSTR EOU  »
& PUTSTR EXPECTS ADDR OF ZERO-TERNINATED CHAR SYRING
¢ IN X-REG (UHICH IS CLOBBERED!)
& USES PUTC TO OUTPUT INDIVIDUAL CHARS.
FSNXT  EQU  »
LDA A 0,X
BEQ  PSRT
JSR PUTC
X
BKA  PSNXT
PSRT  EOU 4
RIS
4
PUTNUN EOU  »
¢ PUTNUN EXPECTS FORN IN X-REG
« USES PUIC TO QUTPUT 1T
Thb
BSR  HFX
ASL 4
KOR § SET UP LOW BIJ
KOL A
STA & FORA+1  STORE THE RESULT
LDA & XTHP2
BSR  NFX
ROL A
STA A FORA
LDX  FORK RETURN THE RESULT
RTS
+
NFX [T
SEC
ROR A
FHX 0 s
STA A XTHP+1
LBX  XTHP
LbA A 0,X
RTS AND RETUKN
L]
o “PRINT" TYPES OUT FORK, FOLLOUED BY CR,LF
¢ USES RECURSIVE ROUTINE “PRINR™ V0 DO THE UORK
o FORN RETURNED IN X-REG AND "FORH"
PRINT  EOU  +
LDA A RSTFL6  IN A RESETY
BEQ  PRINTH
FRINRT EOU
RIS
PRINTI EQU o
BSR  PRINR
STX  FORM SAVE IN FORH
LDA A 9D CR,LF
BSR  PRUTE
LDA A H3A
BRA  FFUIC
4 .
¢ IYPE OUI FORK, ULIHOUT Ck,LF
FKINRO EQU o
LDA A RSIFLE  IN A RESET?
BNE  PRINRT
PRINR  EOU
+ PRENT TAHES ADDR OF OBJECT IN X-REG
¢ ASSUMES EXTHER DTPR, NIL, ATON, OR NUNBER
+ CALLS PUTSYN AND FUTC )
+ ASSUNES “NIL* ATOM STORED AT “NILATH" -
o USES PUSHX SUBR 10 STACK X-REG
¢ ALSO POFX AND TOPX T0 KEFERENCE STACK
IF JSR ISATOH
BCS  DIFRI
A0 N PUISYH
F)
PIPKT  EOU e
50 JSR PROFSH
54 JSR  STKFRG
s GOV A DIPR, PRINT "(*
DA A Wi
B5k  PPUTC
LDX  CAR,X PRINT THE CAR
ESR  PRINR RECURSIVELY!
1a JSR TOFX RESTORE X-REG
PRI2  EOU
LUX  COR,X AND FOLLOW LIST
i JSR ISDTFR
BEQ  PRI4
BLS  PRTIS
PRI3  EQU o
B5R  PRUTSP  FRINT A SPACE




(44

oU| SUCHEDNANG ILAE B 661

LB

du| SUONEDIIANg 3LAE & 6

€2

0547 BD 01 12 JSR  PUSHX  SAVE X-REG ten hoG

044A EE 00 LbX  CAR,X FRINT THE CAR 0640 OFEGAD  EQU 4640 FRINT ENDS AT 3488
044C 8D DS BSR  FRINR RECURSIVELY! 0032 STKHIN EQU 50 ALWAYS AT LEAST S0 EYTES OF STACK AFTER STKFRG
064E BD 01 15 -~ JSR PORX RESTORE X-REG 0014 MINFRE EOU 20 KIN. NO. OF FREE CELLS REOUIRED BY GETFCEL
0671 20 E9 BRA  FRT2 +4602 NRKBIT EOU 2 KIT USED RAY GCOL
0673 PRIIS EQU .
¢ ATOM OR NUNBER AT END OF LIST 0000 CAR U o
4 USE "." SYNTAX 0002 COR £QU 2
0673 8D OF BSR  FPUTSP  PUT OUT " . * 0004 f01 cou 4
0673 86 2€ LeA A W7, + DIRECT FABE SFORAGE CELLS
0477 BD 0D RSR FFUTC 0020 OKG $20
0479 8D 09 BSR  PFUTSF ) 0020 09 0A BEGPTR FDR  BEGAPR  THIS SHOULD BE IN EACH MODULE
047R 8D Cé RSR  FRINR RECURSE T0 PRINI OBJECT 0022 STRI RHB 2
0470 FRTA  EQU e 0024 STR2  RHR 2
0670 86 29 ’ LhA A K END THE LIST 0024 STPl MR 2
067F 8D 05 BSR  FFUTC 0028 STF2 RNB 2
0481 7E 01 4C JNF FROPOF  RESTORE XrREG AND RETURN 0024 XTHE  EQU STP
i ' 0020 XTHF2  EQU SIP2
0484 PPUTSP EOU o 0024 FREFTR RHB 2
* PUT OUT A SFACE 002¢ SPLPTR RNE 2
0404 86 20 Lba A #° 002€ ENDPTR RHE 2
0684 FPUTC  EQU  » USED TO AVOID LONG JSR 2030 SYNLST RNR 2
0686 7E 01 SI JHF PUTC 0012 NABFTR RHR 2
: 0034 FORK  RHB 2
0689 UNDEF  EQU  » 0034 LSTPIR RHR 2
0689 IF sul STOF, CALLED TYPSWT FRON SONEUHERE 0038 SYNFIR RNB 2
06BA 20 FD BRA UNDEF 003A CELFTR RHR ]
¢ 003C SFSAVE RMB 2
048C BEGADR EQU v 003E STKFTR RNB ° 2
END 2040 CAFTNE RHR 2
0042 CHPIN2 RNB 2
0044 ALP RMR 2
0044 NLP RHD 2
0048 FLP RHB 2
0044 NILATN RHB 2
004C LFARAT RNP 2
004E RFARAT RHP 2
0050 DOTATH RHP 2
0052 SQUIAT RHR 2
0054 PUOATH RNR 2
0056 LAKATH RNR 2
NO ERROR{S) DETECTED 0058 NLAKAT RHB 2
0054 SUPRAT RHR 2
SYSBOL TABLE: 005C NSURAT RNR 2
005E TATON  RHB 2
ALP Q044  ATNINI 0139  REGADR 088C  BEGFIR 0020 CAR 0000 0040 CONATH RN 2
COR 0002 CELPTR 003A CNFTH2 0042  CHPTHP 0040  CONATM 0040 0042 RSETAT RNR 2
CUREVL 003C DARFTR 0070 DOTATN 0050 DTFRT O044R  ENDMEM QOFC 0064 EOTATH RHBP 2
ENDPTR Q02 EDI 0004  EOIATM 0084 ERRBRK 0154 ERREX 0136 0044 SUBLS? iR 2
EVAL 0100 EVLATM O11B FLP 0048 FHMRET 060A FNX 0427 0060 LBRKAT RHB 2
FORM 0034  FRECEL OIOF  FREPTR 002A  FRMNUN 0SE?  GCFREE 0074 0064 RBKKAT RMR 2
GCOL 015D GCTEMP 0072 GETC 0142  GEVTCAR 0143  GETCEL 010C 0040 CUREVL RNR 2
GETSYM 0157  GFNXIL 0127  ONXTL 0124  ISATOH OFJF  ISRIPR 013C 008E SONPTR RNR 2
ISVAR 0148  LAHATH 0054  LERKAT 0040  LDOKUP 0121  LFARAT 004C 0070 DADFTR RNB 2
L5TADP2 0130  LSTADD 012D  LSTENO 01t3  LSTEND 0133  LSTINI 0124 0072 GCTENF RHR 2
LSTPTR 0034 NAKFTR 00132 L {3 0425 NILATH 0044 NLANAT 0038 00724 OCFREE RNR 2 NUMBER OF FREE CELLS AFTER LAST GCOL
NLP 0044  NSUBAT 00SC  NUKFRH 040R  NUNINV 0145  OBEGAD 05A0 0074 SUBLSI RHR 2 INITIALIZED IN SUERS3
FERLF 7I1tE  PEEKC 00F0  PNNM2 05C7  PNMR2 05Dé  FNNR3 0SE4 ¢« SINGLE CIHAR SLOTS ...
PHUNR OSCF  POFX 0115  PFUTC 0486 PPUTSP 0884 FRINR 0643 00F0 ORG  #FO
PRINRO 043F  PRINRT 0632 FRINT 042E  PRINTY 0833  PROFOP O14C 00F0 PEEKC  RNR  f ~
PROFSH 0140 PRT2  045C PRT3 0465 FRI35S 0473 PRT4 047D 00F 1 RSIFLG RHB 3
PSHXT 05RO  PSRT  O5PA  PSTRNG 7118  FSY2 0548  PUSHX 0112 s GLORAL CONSTANTS
PUTC 0151  PUTNUN OSRE  PUTSIR 05RO  PUISYM 05A0  QUOATN 0054 00FC ORG  #FC
RBRKAT 0044 READ 0103 RFARAT 00AE RSETAI 0042 RSTFLG 00F| ¢ END OF MENORY, MINUS 194 FOR NUNFRH, FRMNUM TARLES
SETATH O11E  SONPTR 00SE  SPCPIR 002C  SPSAVE 003C  SQUTAT 0052 00FC ENDNEW RMR 2 INTFIALIZED TN LISP
STKFRG 0154  SIKFTR 003E  STP) 0026 STF2 0028 STRI 0022 ¢ ZERD WORD
§TR2 0024 SUBLS2 0044 SURLSI 0076 SUBRRAT 005A  SYHLST 0030 00FE 00 00 ZERO FDR ]
SYHPTR 0038  TATOM 00SE TOFX 0118  UNDEF 0489 XTHP 0024 + GLOBAL VECTORS
XINF2 0028  ZERD  OOFE 0100 ORG 100
0100 EVAL  RHB 3 04C0 97 27 STA A XIAP+§  SET UF NEW STACK FOINTEK
0103 KEAD  KNE 3 04C2 DE 28 LDX  XTHP INITIALIZE NEW STACK FRAGHENI
0104 FKINT  R#B 3 veC4 32 PUL A RETURN ABDR
0109 R 3 06C5 A7 00 S51A & 0,X
010C 7€ 07 10 NP GETCEL 06C7 32 PUL A
010F 2E 07 A9 JWP FRECEL 0608 A7 01 5TA A 1,X
0112 7€ 07 &1 JHP PUSHX 04CA AF 04 SIS 4,X oLb sk
0115 7€ 07 74 JHF FOPX 06CC B4 04 EO LDA A UNKAVA  ADDR OF UNRAVL ROUTINE
0118 26 07 93 JHE TOFX 06CF A7 02 STA h 2,%
oilb EVLATH Rab 1 0401 B6 06 E1 LDA A  UNRAVAEI
014E SETAIN &HB 3 04D4 47 03 STA A 3,X
0121 LOOKUP KHE 3 0606 35 X8 SET NEW SP
0124 GNXTL  KNB 3 0607 DE 28 LDX  XINP2 RESTORE X-KEG
0127 GFAXTL KB 3 06D9 39 RS AND RETURN
0124 LSTINY RAD 3 ’
0120 LSTADD  RHE 3 06DA SIKFUL EQU  +
0130 LS1AD2 RHB 3 06DA CE 08 Fa LEX  ASTKEHG  °ND HORE ROOH FOR STACK FRAGHENT”
0133 LSTEND knp 3 : 060D 7€ 01 34 JNP ERREX BYEBYE?
0774 LSTENO EQU  POPX ’
0136 ERREX RMB 3 0660 06 E2 UNRAVA FDB  UNRAVL  ADDR OF UNKAYL ROUTINE
0139 ATHENI RHB 3 '
013 I501PR RHE 2 06E2 UNRAVL EQU  +
013F ISATON RHB 3 ¢ UNRAVEL STACK FRAGNENT.
0i42 BETC  RHB 3 ¢ IF EHD OF FRAGHENT STILL EQUALS ENDPTR, SINPLY RESET ENDPTR,
0145 NUHTWY kB 3 s OFHERUISE ADD SPACE 1D FREE LIST
0148 NUHFRH RHB 3 04E2 DF 28 STX  XTHP2 SAVE X-REG
0148 FRANUN KHB 3 04E4 30 15X
014E PUTSYH RHB 3 08ES AE 00 LDS  0,X RESTORE OLD SP
0151 FUTL  RHD 3 04E7 DF 24 SIX  XTHP
0154 ERKBRK KNB 3 04E9 94 25 LDA A XTINP END OF FRAG = ENLPTR?
0157 GETSYN RHB 3 04EB 91 2E CHP A ENDPIR
0154 7€ 04 A0 AP SIKFRG 06ED 24 06 BNE  UNRFRE
0150 76 07 B4 JHF BCUL 06EF AC INC A YEP, JUST UPDATE EHDPIR
0160 7€ 07 5 JNP PROPSH 06F0 97 2E STA A ENDPTR  (BY ADDING 254)
0183 GETCAR RHB 2 06F2 UNRVRT EOU 4
0166 7€ 07 9A P ISVAR 04F2 DE 20 LDX  XTHP2 RESTORE X-REQ
0149 PRINE kW8 3 04F4 39 RTS AND RETURN
018C 7€ 07 74 JHF FROPOF .
' 06F5 UNRFRE EQU 4 .
0640 0Kk UBEGAD 4 FREE ALL CELLS WITHIN FRAGHENT
. 06FS SF CLR &
0640 SIKFRG EQU o 04F4 8D 02 BSR  WLKFRE
¢ JSR STKFRG WILL MAKE ROON FUR HORE STACK, PDSSIBLY 04F8 20 F@ BRA  UNRVRT  RETURN
+  FRAGHENTING YHE STACK. .
' 06FA BLKFRE EOU  +
4 (XKEG+3) CONTAINS OLD SP OF FORHEK FRAGHENT + FREE BLOCK, A3B-REG SPECIFY TOP OF BLOCK
¢ (XREG+2) CONTAINS ADDR OF "UNRAVL" SUBROUTINE s AT RETURN, X-REG, A3B-REG, AND XTHP=A-REG POINT T0 BOTTON OF BLOCK
¢ (XREG+0) CONTAINS RETUKN ADDRESS FOR THIS SUBROUTINE o NTHP+| IS UNSPECIFEIED ON ENTRY AND RETURN
' 06FA 97 26 5TA A XTHP
0680 9F 28 51§ XThP2 CHECK LOW BYTE OF SP FOR HIN. STACKLIA 06FC CO 04 SUB B W4 FREE CELLS UNYIL DOUN TD 254-BYTE BOUNDARY
06A2 96 29 LVA A XTHF23) 06FE D7 27 STA B XTHP+1
06A4 81 32 CHE A WSTKNIN 0700 DE 24 LDX  XTNP
D6A4 23 01 WS STKF? 0702 20 04 ¥RA  BLKF2
0648 39 RS ENOUGH KDOM, JUST RETURN 0704 BLKFY  EQU e
" 0704 A2 02 STA & COR,X
0649 STKF2 EQU  + 0706 E7 03 5TA B COR+1,X
0649 DF 28 SIX  XInP2 SAVE X-REG FOR RESTORE LAVER 0708 EE 02 LEX  COR,X
0648 96 2 LbA 4 ENDPTH 0204 BLKF2  EOU o+
0540 D& 2F LDA B ENDFPIRY) ADJUST ENDPIR 10 256-BYTE BOUNDARY 070A €O 04 SUB B ¥4
04afF 27 04 BEQ STKF4 070C 24 Fé $CC BLKF1
06B) BD 47 BSK  BLKFKE  FREE UP BLOCK DOUN T 254-BYTE BOUNDARY 070E U6 2B LPA B FREPTR41 FILL IN LAST CELL
0683 DF 2E STX  ENDPTR  UPBATE ENDFTK 0710 E7 03 STA B CDR+l,X
0685 STKFA  EOU 0712 D& 24 LDa B FREPIR
0665 1A NEC & ALLOCATE NEW 256-BYTE STACK FRAGHENT 0714 €7 02 STA B CDOR,X
0666 91 2C CHP A SPCPTR  BUNPING INID NANE SPACE? 0216 b4 22 LUA B XIHP+)  UPDAFE FREPTR
0668 23 20 BLS  STKFuL 0718 17 28 STA B FREFTR+
06ba 92 2E SIA A ENDFTR  NUFE, UPDATE ENDFPIR 0714 97 24 STA A FREPIR
08BC 97 24 STa & XTHF 071C 39 RIS
066E 84 FA LDA A 250 +




vZ

6461

=)

OUuj SUOREDNANY 3LAB

8L61

<

OU[ SUOREINANG ALAB

14

071D
071D
071F
[1#3}
0723

0725
9728
0724
072C
072t
9730
0732
0734
0715
0737
0739
Q73B
0730
073D
073F
074
0743
0743
0747
0747
0749
0748
0740
074F
074F
0731
0753
0755
0757
0758
075B

073K

075E
0761

D741
0743
0745
0747
0749
0748
074D
074F
0771
0771
0775
0777
0779

0774

07724
077C
077€
0780
0782
0784
0784
0708
07604

LE
24
94
26

ED

a1
24
94
28
9é
4A
1
23
97
96

80
97
DE
DF
20

PF
EE
bF
bE

&F
&F
&F
&F
39
CE
7€

bF
ap
94
A7
98
h7
94
a7
94
A7
DF
DE
3¢

DE
27
né
97
1]
B4
97
[:1]
EE

24
26
2F
18

07 b4
75
i
EF
74
ER
2E

2C
1F
2E
2F

04
2F
2E
3A
08

3A
02
24
3A

00
0l
02
03

8 ES
01 34

00 3F

24
B8
24
00
27
01
JE
02
3F
03
3E
24

3E
oF
02
3E
01
FE
IF
IF
00

07E8
07€A
07EC
07EE
07F0
07F2
07f2
0783
07F4
07F35
07F 6

07F8
02F8

07F9

07F ¢
07Fp
07FD
07FF
0801
06803
0004
0004
o808
0808
0804
080C
0B0E
[T1]]
0813
0813
08135
0813
0817
0819

08l

0BIb
GBik

0B1F
021
0823
0025
0627

0428
0824
082C
082€
0830
0832
0834
0834
0838
083A
0H3K
0830

1]
A7
Ad
88
A7

08
o8
08
08
20

DE
DF
DE
bF
96
L1}
DE
24

uf
bE
:11]
74
13

U3
1]

113
80
bE
8b
1y

Ad
$7
Ad
$7
['L]
A?
Ad
(L]
(Y4
46
EE
[}

02
03
]
02
]

Ch

FE
70
24
72
3F

IE
0b

28
72
32
00
20

0é

1
fC

3 ED

30
21

aC
1
34
19

29

GETCEL EQU »

LIX  FREPTR  ANY CELLS ON FREE L1ST?
PNE  DLDGET
LDA A ENDPTR+1 NOFE, ALLOCATE DFF ENDPTR
BNE  GCL2
+ ABOUT TO BREAK INTO NEW 254-BYTE PAGE
ISR 6COL
LDA A GCFREE#! A LOT OF CELLS FREED?
CHF A NHINFRE
BHS  GETCEL  YEP, LOOP AROUND
LDA A BCFREE
BNE  GETCEL  (YEP, MORE THAN 256)
LMA A ENDPTR
DEC A
CHP A SPCPTR  AROUT TO RUN OUT OF SPACE?
BLS  NOGCEL
STA A ENDPTR  NOFE, ALLOCATE MEW DTFR OFF ENDPIR
LDA A ENDPIR+ .
6012 EQU  +
SUR A M
STA A ENDPTR1
LDX  ENDPTR  POINT TO NEW CELL
STX  CELPIR
BRA  NEWGET  REJOIN CONHON CODE
OLDGET EQU  »
STX  CELPTR  PULL CELL DFF FREE LIST
LDX  COR,X
STX  FREFTR
LDX  CELPTR  ZERO OUT NEV CELL
NEWGET EQU
CLR  0,X
CLR  1,X
CLR  2.X
CLR 3,X
RTS
NOGCEL LDX  WNOGCHG
JNP ERREX
L]
PROPSH EQU  +
+ PUSH X-REG, WITH LOU BIT SET IN DIFR TO SPECIFY GCOL TRACING
INC  STKFTR#!
PUSHX  EQU o
+ STACK X-REG ON STHPTR, AND SET CC’S FOR X-REB
STX  XTHP SAVE X TENPORARILY
BSR  GETCEL  GET A CELL FOR VHE ADDITION TO STACK
LPA A XTHP SAVE X-REG IN CAR
STA A CAR,X
LDA A XTHP+)
5TA A CAR+1,X
LDA & STKFTR  SAVE NEXT CELL IN CDR
STA & CDR,X
LDA A STKPIR+I
STA A CDRYI,X
SIX  STKPTR  UPDATE STKPTR
LDX  XTHP RESTORE X-REG AND SET CC'S
RTS
L]
POPX  EOU

¢ PULL X-REG NFF OF STKPTR LIST
s ERROR IF STKFIR = 0

Lex STKFTR
PED POPXER 00Fs!
LDA A CDR,X UFPDATE STKPTR
STA A4 STKPIR
LdA A CDR+1,X
AND A NYFE ENSURE THAT LOW BIT IS CLEAR
STA A STKFTR+!
BSR FRECEL
Lox CAR, X +*ASSUNE FRECEL DOESN‘T TOUCH CAR
EOR A WNKKBIT  CLEAR dAKK BLIS
STA A CUR+l,X
LOA A CAReD X
EOR A HARKBIT
STA A CARHY,X
GCFINX EQU +
INX
InNX
InX
INX
BRA 6Cr 1 LOOP 10 CHECK NEXT CELL
*
GCFOUM  EQU ¢
RTS

[

GCIRCE  EQU ’

¢ TRACE ALL CELLS OF INTEREST: .

¢ FIRST THE X-REG STACK (INCLUDING.XTHP §F SIKPTR ODD)

o THEN THE SYHBOL LIST,

¢ THEN THE CUREVL L1ST AND FORH(I1).

s PRESERVES XINP, FORH. CLOBBERS XYWP2, SONPIR, DADPTR, GCTEHP.

LDX 2EKD INITIALIZE DADPTR
STX DADPIR
(§123 XTHp €OPY XTHP T0 GCYEHNP
STX GCTENP
LUA A& STKPIRHY  [KACE XTHP?
ROR A
LDX STKPIR SET UP XTNP2
L 6CT12
6Ln EQU +
STX XTHP2
LbX GCTENP
BSK GCiapy VEP...
DEC XTHP2+¢y  CLEAR LOU BIT
Lox XTHP2 POINT TO NEXT CELL
G6CI2 (1117} »
BEQ GCT4 (ALL DONE)
6CY3 EQu ‘
BSR GCTHRK HARK THIS CELL, SEV UP GCTENP
BHl [T (=BCCHBNE -- NO NEED TO HARK THIS CELL)
BLS GCTY AND LOOF
’
GLT4 €au 3
¢ IRACE THE SYHBOL LIST
L SYHLST
BSK GCT0B)
¢ NOM TRACE CUREVL AND FOKM (NDTE!! FOKM HUST ALUAYS BE A FORN!I)
LbX CUREVL
BSK GCTOB
LhX FORN
K5k GCrogd
KIS ALL BONE

»
GCIHKR EUV [

+ NARK THIS CELL AND STORE CAR IN GCTEHP, CDR IN X-REG
¢ KETURN UITH C-81T SET BY LOU BIT OF CDR

¢ ZEN-BIT SET BY VALUE OF CIK

LDA A CAR,X

STA A& GCTEMP

LDA A CAKI1,X

514 A GCTENF+I

EOR A WHRKBIT  (USE EOK BECAUSE HAY NHOT BE FORH)
S5TA A CAR4,X

LDA A CUR+), X

ORA A WHRKBIT

S1A & (DR+1,X

KOR A SET C-BLI

LbX CIk, X SET UP X-REG, 2 & N-B11
DEX

07ec 319 RTS
0780 FOPXER EQU *
9780 CE 08 D5 Lpx SEDSTKN  STACK UNDERFLOW!
0790 7€ 01 34 JHP ERREX
.
0774 FROFOP EQU FOFX FOR SAFETY’S SAKE, POFX ALUAYS CLEARS LOW BIT ANYUAY
L]
0793 ToPX EQU .
* RETURN X-REG STORED AT TOP OF STKPTR STACK
0793 DE 3IE Lox STKPTR
0795 27 Fé RER POFXER
0797 EE 00 Lox CAR.X
0799 39 RTS
.
0794 ISVAR  EQU 4
¢ CHECK THAT FORN CAN BE USED AS TARGET FOR "SET" OR AS A FORMAL ARGUHENT
¢ RETURK WITH C-BIT CLEAR IF FORR IS LEGAL VAR
0794 BD 01 3JF JSR ISATON FIRST, IT HUST BE A SYNBOLIC ATON
0790 25 08 BCS 15VND
079F 2F 04 BLE 15VKD (NIL OR NUNBER)
0741 9C SE CPX TATOH SECONP, 1T HUST NOT BE CERTAIN SPECIAL AVOHS
0743 27 02 REQ 15vNO
0745 0C Cic
0744 1% RTS
0747 ISURO  EOY *
0747 0D SEC
0748 39 R1S
»
0749 FRECEL EQU .
¢ TAKES ADDR OF CELL IN X-REG
¢ ADDS TO FREPTR LIST
¢ X-REG, AND CAR,X NOT DISTURBED
07A% 94 24 LDA A FREPTR SET NEW CIR
07AB A7 02 STA A CDR,X
074D 96 2B LPA A FREPTR+!
074F A7 03 STA A CDPR+1,X
0781 DF 2A STX FREFTR UPDATE FREPTR
0783 39 RTS
L2
0784 GCoL Eau *
0784 8D 4] RSR BCTRCE TRACE ALL CELLS
0786 DE FE LDX 1ERD INITIALIZE THE FREE LJS5T
0788 PF 2A 51X FREPTR
07BA DF 74 STX GCFREE WILL BE COUNT OF CELLS
07RC ¥F 72 SIS GCTEHP SAVE STACK POINIER FOR STACK PAGE CHECK
07BE 7F 00 73 CLR GCTERP+!
07CI DE 2E LDX ENDPTR NOU SCAN THE CELLS
07C3 GCF1 €au *
07C3 ¥C 72 CFX GCIEHP 1S THIS & STACK PAGE?
07C5 24 0B FHE GCFY
07C7 A& FE LBA A 254,X YEP, SET UP PDINTER 1D NEXT PAGE
07c9 7€ 00 72 INC GCTENP SKIP UF 10 KEXT DIFR
07cC DE 72 Lox GCTERP
07CE 97 72 S§TA A GCYENP
0700 20 F1 BRA GCF)
R
0702 6CF3 [12]1] *
4702 9C FC cPx ENDHEN REACHER END OF HEM?
0704 27 22 BEQ GCFIUN
07D8 Aé 03 LDA A4 CDR41,X 15 THIS CELL MARKED?
0708 B85 02 BIT A NHRKRIT
07DA 24 0C ENE GCFCLR
070C 80 CP BSR FRECEL NO, FREE UP CELL
07hE 7C 00 75 INC GCFREE+) INCREMENT FREE CELL COUNITER
07Kl 24 OF BHE GCF INX
Q7L 7C 00 74 INC GCFREE
07E4 20 0A RRA GCFINX AND ABYANCE 10 NEXT CELL
+
07E8 G6CFCLR  EQW ’
=)
083E 09 BEX
0B3F 37 RTS
"
0840 GCT0B) EQU +
4 AND NOW THE FURI!
4 SONPTR AND DADPTR POINT TO CURRENT CELL AND 1TS FATHER
4 SET GC BIV IN CAR, THEN TRACE THE CAK.
s SET GC PIT IN CDR, AND TRACE 1T,
+ POINTERS ARE REVERSED S0 THAT DADPTR HAY BE SET ON THE UAY BACK UP
¢« CLOBBERS ONLY A,B,X-REGS, DADPTR, AND SOWPTR.
0840 DF 4E STX SONPTR SET UF SONFTR, AND COWD. CODES
0842 2E 48 BGT GCooo AND ENTER TRACE LOOP
0844 GCTRET EQU .
0844 3¢ RTS (RIL OR NUN)
»
0845 GCODAT EQU +
s DONE UITH ATON, CARRY BIT IS ASSUNED ON(!)
0845 09 DEX ANIUST TO POINT TO START OF CELL
0846 Aé 03 LDA A CDR+},X  LOAD UP ACC
4 AN DKDP INTO GCOCODD ...
0848 6COCLD EQY ¢
0848 88 02 EOR A HWMRKBIT  CLEAR HARK BIT IN BACK FOINTER
0844 §7 71 STA & DABFTR+)
084C A8 02 LDA A COR,X
084E 97 70 STA A DADPIR
0850 96 4E LDA A SONFIR RESET CDR
0832 A7 02 STA & CDR,X
0854 94 6F LOA A SDNPTR#)
0634 DF A STX SONFTR SET UP NEUW SONPTR
0858 24 03 BCC GCocn2 UAS IT AN ATOH?
0854 72C 00 &F IkC SONFTR+1  YEP, SET LOU BIT
083D 6COcb2 eQu .
0B5D B4 02 ORA A WHRKBIT.  SET CDR HARK
085F A7 03 8TA A CDbR+1,X
0861 GCODUN  EQU »
4 ON THE MAY BACK UP, CHECK IF CDR ALREADY TRACED
0841 DE 70 LbX DADPIR
0863 27 DF JEO GCTRET {ALL DONE)
0845 D& 71 LDA B DADPTR+1 TRACING AN ATON? .
0847 58 ROR B
0848 25 DB BCS GCODAT YEP, CLEARLY KUST BE DONE WITH 1T
086A Aé 03 LDA A CDR¥1,X  CDR MARKED?
084C 83 02 BIT 4 AHRKBIT
0B4E 24 DB UNE GLOChD
0870 €6 01 LDA B CAR+1,X  NOPE, TRACE DOUN CDR
0872 E7 03 STA B CORet, X HOVE BACK POINTER
0874 D4 4F LOA B SONFIR+1
0874 €A 02 ORA B WNRKBIT
0878 €7 01 S§TA B CAR+1,X  RESET CAR WITH MARK BIT DM
0874 97 &F STA A SONPTR+§ SET NEW SONPTR
087C A6 02 LbA A CDR,X NOU THE SANE THING WIJH THE HIGH BYTES
087E 6 00 LDA B CAR,X
0860 E? 02 STA B CDE,X
0882 Dé 4E LDA B SONPTR
0864 E7 00 STA B CaR,X
0884 97 4E STA A SONFTR
[LLL] GCOCA2 EOU »
¢ NOW START UITH A NEU FORM
0868 DE 4E LDX SONPTR
0B8A 2F D5 BLE GCODUN {NUH OR NIL)
08ec GCOGO €OV 4
083C 94 &F LDA A SONPIR+1 ATONY
0BBE 46 ROR A
080F 23 IE BCS GCOATH (YEP)
0891 E& 01 LDA B CAR+#1,X 1S DIPR ALREADY HARKED?
0893 C5 02 ¥IT D UNRKBIT
0495 24 €A BHE GCODUN
0897 Aé 00 Lha A CAR,X NOFE, NIL OR Nun?
0899 2F 10 BLE GCOCAA
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0698 07 &F S$TA B SONFIR+1 NOPE, TRACE DOUN CAR .
e Rl NO ERROR(S) DETECTED
089F 98 70 LDA A DADFTR
08A1 A7 00 STA 4 CAR,X SIFEOLEABEES
ped e ::“Pf;';;' ALP 0044  ATHINI 0139  PEGADR 0904 REGFTR 0020 BLKFI 0704
T o e BLKFZ 070A BLKFRE 06FA CAR 0000 CDR 0002 EELFIR 003
i R T — CHPTH2 0042 CHPTNP 0040  CONATH 0040  CUREVL 006C  DADPIR 0070
. DOTATH 0050  ENDHEW OOFC  ENDPTR 002E EOI 0004  EQOTATH 0044
EOSTKN 0005 ERRBRK 0150 ERREX 0136 EVAL 0100  EVLATH 0118
084B cocAs £a
e ey T FLP 0048 FORM 0034 FRECEL 0749  FREPTR 0024  FRNNUN 014B
i IRy GCFI  07C3  GCF3 0702  BCFCLR 07E8  GCFOUN O7FB  6CFINX 07F2
S B I e At OHeEELe) GOFREE 0074 GCL2 0730  GCOATH OBAF  GCOCA2 0888  GCOCA3 08BS

GCOCAA 0BDI  GCOCAA 0BAR  GEOCD2 085D  COCDD 0648  GCODAT 0843
GCODUN 0B&)  GCOGO 088C GCOL  07B4  GCTY  080B  ECI2 0813
LY ‘:ng;: 1§ngwn : GCT3 0815 G6CT4  O0BIB  GCVEWP 0072 GCTNRK 0828  GCTOBJ 0840

GCTRCE 07F9  GCTRET 0844 GETC D142 GETCAR 0143  GETCEL 0710

:g:f :g gg :f? : 5:2;;1'[)( ATON ALRTADY NARKED? GEISYA 0157 GFNXTL 0127 GNXTL 0124  [SATON O13F  ISDIFR 013C
b S hom ISUAR 079A ISVND 07A7 LAMATH 0054 LBRKAT 0048  LOOKUF 0121
e ad I —— LPARAT 004€  LSTAD2 0130  LSTADD 012D  LSTEND 0774  LSTEND 0133
S . ol o icteitlocani-nrde i LSTINI 0124 LSTFIR 0036 HINFRE 0014  HRKRIT 0002  NAWPIR 0032
0886 scocas o 4 Gt nodsies| SNt Rexsrin hsk HktoiAs "xiURtNOXG (45 mmnbE CARRINAG
RH 0148 NUHINV 0145  OREGAD 044
—— " L '"'gﬂ:l’:"":ni:hs“ IF VE_HAVE AN ATONG:S OLOGET 0747  PEEKC O0FO  FOPX  077A FOFXER 0780 FRINR 0149
AL ol ey PRINT 0108 PROPOF 077A PROPSH 07SE  FUSHX 0761 FUIC 0151
prer i = PUTSYN OT4E  OUDATM 0054  RBRKAT 004A READ 0103  RPARAT OQAE
' : RSETAT 0062 RSTFLG 00F1  SETATH O11E  SONPTR 006E  SFCPIR 002C
0BBE 2F 9D BLE  GCOCD2  YEF, HARK CDR ARD FROCEED i, ! 4
iy e A T R i GPSAVE 00JC  SQUTAT 0052  STKENG O0BFO  STKF2 04A9  SIKFA 0485
20,9 a7 4F o L J STKFRG 0400  STKFUL 0DA  STKHIN D032 STKFIR 003E SIFI 0024
e e R §IP2 0028 STRI 0022 STR2 0024 SUBLS2 0046  SUBLS3 0076
e el SUBRAT 00SA  SYNLST 0030  SYNPTR 0038 TATON 00SE TOFX 0793
Seeh s e Bt UNRAVA O0SE0  UNRAVL O6E2  UNRFRE O4FS  UNRVRT 08F2  XTHF 0024
08CA BA 02 ORA A WMRKBIT KTNPZ 0028  ZERD  OOFE
0BCC A7 03 STA A CDR+,X
08CE 24 01 BCC  GCOCAA DO WE HAVE AN ATON?
0800 08 INX YEP, SET LOU BIT AGAIN
0801 GCOCAY EQU o
08D DF 70 ) STX  DADPIR  SET NEW DADPTR
0803 20 B3 BRA  GCOCA2  JOIN COWNDN CODE
»
9805 53 EOSTKN FCC  “STACK UNDERFLOW’
PBE4 04 fCR A
0BES 4E NOGCHG FCC  “NO MORE FREE SPACE’
0ar? 04 FCb 4
20F8 AE STKENG FCC N ROON FOR STACK’
0909 04 FLB o
.
0904 PEGADR EQU
END
OFT WOG o1oL GEICEL RNB 3
0940 UBEGAD EGU 940 $922 ENS SIACK 010F FRECEL RNB 3
0000 CRE EOU 0 o112 PUSHX  RHE 3
2002 (k. EOU 2 015 POPX  kNB 3
0004 E01  EOw 4 0118 TOPK  RMB 3
¢ DIRECT PAGE STOKAGE CELLS 011B 7E 09 AC JHP EVLATH
0020 ORE 20 QIVE 7E 0B 65 P SETATH
0020 0B A2 BEGFIR FOB  BEGADR  IHIS SHOULD BE IN EACH HOOULE 0121 LOOKUP RNE 3
0022 STKI  RHD 2 0124 7€ 0b 33 JHP BRXTL
0024 SIK2  RMb 2 0127 7€ 08 4D NP GFEHXTL
0028 SIP1 RnE 2 0124 7E 0A FA P LSTINI
0028 Sik2 kWB 2 0125 7E 0B 06 JHP LSTADD
9024 XINP EQU ST 0130 7€ 0B 08 NP LSTAD2
0028 XINP2  EQU  STF2 0133 7€ 08 25 JHE LSTEND
0024 FREFIR RHB 2 SLSTENO EQU POPX
002C SFCPIR RHB 2 0134 ERREX RHD 3
002E ENDPIR kb 2 : 139 ATNINL RND 3
0030 SYHLST RHB 2 - 013C 7€ 04 E3 JuP ISDTPR
s032 HANPTR  RHB 2 013F 7E 04 EE G ISATON
0034 00 00 FORN  FOH 0 ENSUKE THAT FORN STAKTS DUT AS LEGAL FORH 0142 GEIC  RNB 3
0036 LSTPTR KHB 2 0145 NUNINY RHD 3
0038 SYNFIR RME 2 0148 NUKFRH RMB 3
0034 CELPTR NI 2 014B FRHNUN RKB 3
003C SFSAVE RHB 2 DI4E PUTSYH RHE 3
003E STKPIR KNE 2 0151 PUIC  RHE 3
0040 CHPTHP RHB 2 0154 ERRBRK RHB 3
0042 CHPTH2 RND 2 0157 GETSYH AHB 3
0044 AP RHE 2 0154 STKFRG RHD 3
0044 AP RND 2 0150 GEOL  kmE 3
0046 FLP  kNE 2 0140 PROPSH RHB 3
0044 NILATH RHD 2 0143 GETCAR RMB 1
004C LPARAT RHB 2 0186 ISVAR  RME 3
004E REARAT KH® 2 0169 FRINR  KNB 3
0050 DOTATH Rnp 2 014C FROFOP RNE 3
0052 SOUTAT RNB 2 s
0054 QUOATH RND 2 0940 OKG  OBEGAD
0054 LANATH RnB 2 .
0058 NLANAT RHB 2 0940 T TR
0054 SUBRAT RHB 2 + EVAL EXPECTS FORM PASSED IN X-REG
005C NSUBAT KNB 2 « RETURNS EVALUATION OF FORM IN X-REG AND “FORM™
905E TAION  RNE 2 0940 7D 00 F1 1S1 RSIFLG  INSIDE & RESET?
0040 CONAIN RAE 2 0943 26 oC BNE  EVWLEGI  YEP, RETURM EOIATH
0042 RSETAT RND 2 0945 BD 04 EE JSR ISATON
0064 EQIATH RHE 2 0948 25 0B BCS  EVLDIF  (BIFR)
2084 SUBLS? KNB 2 0944 2F 02 BLE  EVLRI  (NIL OR NUN)
0048 LERKAT KkNb 2 094L EVLATH EOU 4
0044 RERKAT RHD 2 094C EE 01 LDX  CDK-1,X  RETURN CURKENT BINDING
004C CUKEVL RNB 2 094E EVIRT  EQU o
004 SUNPIR  Kitb 2 094E DF 34 5TX FORN
0070 DADPIR  RHE 2 0950 39 RTS
0072 GCTENF  RMB 2 0951 EVLEGT EOU b
0073 GLFKFE RND 2 0951 LE 44 LDX  EQIATH  RETURN EOIATH
2076 SUBLST RAE 2 0953 20 F9 BRA  EVLRT
+ SINGLE CHAR SLOTS ... 0955 EVLOTP EOU
00F0 ORG  $FO 2955 DF 34 STX  FORM SAVE X-REG TEMFORARILY (AND PROTECT IT)
000 FEEKC  RWB 1 0957 BD OF 54 ISk STKFKG  FKAGHENT THE SFACK
00F1 RSTFLG KHB 0954 94 45 LDA A ALFH SAVE ALF,NLF,FLF ON STACK
+ GLOKAL CONSTANTS 095C 34 PEH A
bOFC ORG  #FC 095D 94 44 LDA A ALP
+ END OF NENORY, HINUS 192 FOR NUNFRH, FRONUN TABLES 095F 34 FSH A
00FC ENDHEN Rnp 2 INITIALIZED TN LISF 0960 ¥4 47 LDA & NLP+1
o IEKD WOKD 0962 34 PSH &
G0FE 00 00 ZERD  FDE 0 0963 94 44 LDA A NLP
¢ GLUBAL VECTORS 0945 36 PSH &
0100 ORG  $100 0944 96 49 LDA & FLP+I
0100 7€ 09 40 KLY EVAL 0948 36 FSH A
0103 READ KNB 3 0949 94 48 Lba A FLP
0106 FRINT KB ki 0948 34 PSH &
0109 TR 094C 8D 01 OC JSR GEFCEL  GET A CELL TO AUD T0 CUREVL LIST




Q96F
0971
0973
0975
0977
0979
0978
0970
097F
0981
0983
0983
0987
098¢
098P
098D
0990

8¢
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0992
0794
0979¢
0998
0994
099C
099E

0940

0942
0944
0946
0948
09AA
09aC
09aC
09aF

0981

09FI
0983
09hé

0988

ovpe
09PA
098C
090F
[244}
0ect
09C3
09Cé
[149:]
[2N]
09CB
o9ch
09CF
L3210}
0903
(14 ]

097
oepe
09D¢
[ 124
090D
09DF
09DF
(213}
09E4

0A49
[T1]]
OA4B
0AdD
0A4D
[T112
0451
0A51

0402
0452
0454
0n5é
04358
0R3A

OASD
045D
0Aé0
0482
0482
0445
0A45
087
0As9
0449
0A6B
0A4D
04D
0AGF
0A21

0474
0A74
0478
0A7A
0A7D
0AZF
0481

0483

0483
0AB3
0aBé
0aB7

0ABY
0ABY
0ABE
0A90
0492
[ T35
[TYH]
0498
a4

L6l

0A9C
OAPE
040

0AA2
0AAS
0AA7
0AAY
0AAD
GAaD
OAAF
0AB1

ou| SUOBENANd ILAB C 6

:Y4

94
A7
98
A7
96
A?
94
A?
D
PE
EE
bF
DE
EE
ap
BD
25

DF
EE
bF
DE
EE
9c
27
7C
27
0
27
9C
27

CE
20

PE
BD
20

ap
BE
7D
26

DE
BD
23
2F
0y
EE
Ad
at
26
[T
24

DF
ep
20

ep
CE

27

DE
24

A
97
Ad
97
7€

11
|13

bf
27

ab
EE

DF
DE
BD
25
bF
bE
b
DE
27
20

bE
09
09
bF

bE
Bl
DF
113
7]

111
25
bF

be
EE
26

71
113
)
A?
96
a7
DE

FE
01
09

2F
&4
00
10

18
04
17
[N

00
o
21
oc
01
08

02
L]
49
4A

43
[

[}

8C

EE

13

f"\'f |

06

05

44
4]

01
46

[}

14
04

E?

L]
44
0b
07
44
24
(3]
44

Eé

3£

H“

18
0B

24
ot

[7]
k13
46

44
02
of

01

JA
02
30
03
3a

OF

oC

oC

33

83

33

80

13

LDA
Sra
LDA
STA
LA
SIA
LDA
STA
S1X
LDpX
Lnx
§TX
LDpX
Lox
BSR
JSR
BCS
¢ NOW X-REG
57X
Lox
STX
Lox
LDX
CPX
REQ
CFX
REN
CFX
beEQ
CFPX
BED
EVLERR EOQU
Lbx
BRA

[
EVLNSU EQY

FORH
CAR, X
FORH+|
CAR+I, X
CUREVL
CDR,X
CUREVL+
£ORH X
CUREYL
FORM
COR, X
ALF
FORN
AR, X
EvaL
I5DIPR
EVLERR
SHOULD BE
FORN
ChR, X
FLP
FORH
CAR,X
SURRAT
EVLSUR
NSURAT
EVLNSU
LANATH
EVLLAN
NLANAT
EVLNLA
[ ]
HEYLENS
EVLER2

D> DD D

*

SAVE FOINTER TO ARG LI1ST

FOIN! BACK TO THIS FORM
POINT TB FUNC. OR EXPLICIT LANPDA
RECURSE TO EVAL IV
IS RESULT A DIFR?
HOFE '
EXPLICIT LANBDA EXFR
SAVE FOR LATER

(FUNCTION DEF LIST FOINTER)
POINT BACK TO BEG. OF LIST
NOU LOOK FOR LAHRDA,NLANBDA,SUBR,NSUBR

& EVALUATE (NSURR.FUNCADDR)

LDX  2ERO SET UP A NULL LIST ON TOP OF STACK FOR POPFRE
JSR  PROPSH
BRA  EVNSU2
.
EVLSUR EDU
* EVALUATE (SUBR.FUNCADIR)
BSR  EVLALS
LDX  EOIATH
TST  RSTFLG  IN A RESET?
BME  EVLSBS  YEP, RETURN EOIATH
EVNSUZ EOU
LIX  FLP FICK UP THE ADIR
ISR 1SATON
BCS  EVLSER  GACK!
BLE  EVLSER  NIL DR NUNBER JUST AS BAD!
DEX COWVERT TO CELL POINTER
LDX  CAR,X  GET ADDR OF FUNCTION
LOA A 0,X CHECK NAGIC BYIE
CHP A 0
BNE  EVLSER
18T X
BNE  EVLSER
¢ ALF HOW HAS ARG LIST
SR 2, CALL THE FUNCTION
EVLSES EQU o
STX  FORM SAVE RESULT
BSR  FOPFRE  FREE THE ARG LIST
BRA  EVLRTS  AND CLEAN UF
EVLSER EQU
BSR  FOFFRE  FREE THE ARG LIST
LDX  HEVLSNS  “BAD SUBR/NSUER’
EVLER? EOU  »
BEQ  FFRUUN (AL DONE)
FFR2 EQU 4
BSR  GFNXTA  ADVANCE ALP
FFRI EQU s
LDX  ALP AND LOUP FOR CDR
BNE  PFR2
PFRUUN EQU
RS
L]
GFNXTA EOU  +
LA A COR,X  ADVANCE ALP
5Th A ALP
LBA A COR#D,X
STA A ALF#+
JiP FRECEL  FREE UP THE CELL, AND RETURN
L)
EVLRST EOU  + "
JSR PROPOP  SET UF NLP,NLP FOR KESTORE
STX  WLF
EVLRSO EOU o
JSK FROFOF
EVLRSI EOU o
SIX AP
BEQ  EVLASY
EVLRS2 EQN
BSR  GFNXTA  FREE CELL AND ADVANCE aLP
LBX  CAK,X (FRECEL DOESN’T 10UCH Cak)
EVLRSS EOU o
SIX  FORN
LOX NP
JSR GHXTL
BL5  PFRI ALL VONE, FREE UF REST OF ALP LISV
STX ALP
LDX  XTHP
JSK SETATH  STORE NEU VALUE FOR ATOH
LUX  ALP
BED  EVLRS3
BRA  EVLAS2
L
EVLNSY EOU o

+ CONHON CODE Y0 SAVE OLDP AND SET NEU VALUES OF FORNALS

LoX STKFIR SET UP ALP AS ACTUAL ARG LIST PDINIER

DEX

DEX

STX ALF
¢ SET UF NLP AS FORMAL ARG LIST POINIER

LbX FLP

JSR GHXTL

51X FLP (AND ADVANCE FLP)

LDX XThP

JSR PROPSH SAVE FORMAL ARG LIST PDINTER ON STACK
EVLNS) EOU .

JSR GNXTL GET NEXT FORMAL ARG AND ADVANCE NLP

BCS EVLNSS (ALL DONE)

STX NLP

¢ NEXT FORMAL ARG NOU IN XTHF
¢ NOU GET FIR TO NEXT ALTUAL ARG

LDx ALP
LDX LDR, X ANY HORE ACTUAL ARGS?
BHE EVLNS2
+ NO MUKRE ACTUAL wiGS, CREATE ONE = NIL AND ADED TO LI1ST
J5R GETCEL
LiX ALP
LbA A CELFIR
SIA A CDR,X
LhA A CELFTR+I
STA A CDR+IL,X
Lox CELPIR
EVLNS2 EOU '

07E4
0PE7

09EY
(234
Q9EC
09EC
09EE
09F 1
09F3
09F3
09F7
09FA
09FD
Q9FF
09FF
0/02
0405
0407

0408

0A08
040B
0AOD
0Al0
0A1Y

[ZTH

0415
0A17
04a17

0Al®
0Al?
0AIR
0AIE
0A21
0423
0A25
0A27
0427
0A2%
0A29
0A2B
0A2D
0A2F
04l
0A12
0A34
0A35
0A37
0A38
0A3A
0A3B
GAXD
0A3E
0Ad0
[ZX}}
0A43
0A45

0A44

0A44

04AB1
0AB3
0AbS

0AB7
0AB?
OABC
OABE

0ACH
9AC3
0ACS
QAC?
0ACY

0ACE
GACD
OACF
[T11]
0ADA
0aD04
0AD8
0aDB

0AbY
0ADY
0ADD
0ALE
0AET

0AE]

QAE]
0AE4
0AES
GAES
0AEA
0AEB
0AED
QAED

0AEE

OAEE
DAEF
0AF
0AFJ
0AF3
0AF 4
QAF?
[113]
0AF®

O0AFA

0aFA
0AFL
QAFF
0801t

BE

DE
114
25
bF
E
30
14
20

BD
(1]
bF
17

BD
DE
B0
bD
20

DE
BD
Bp
DF
ap
DE

bF

DE
:11
[
bF
32
97
32
97
32
97
32
97
32
97
n
97
DE
39

oF
EE
13

DE
121
25
7]

DE
17
LY
96
#?

DE
DF
DE
5D
DE
24

19

bF
CE
111
20

(1]
bF
2F
96
44
bE

oC
13
2F
94
AC
4
DE

19

bE
1)
DE

ot
IE

0A

L]
[
oC

24
09
(1]]
ED

01
0l
LL)

0A
A4
0B
ot
02

34

8C
23
L1
4C

48

47

Ad

LI

45
14

01

414
00
28

24
13}
1B
09

44
34
00
33
(3]

28
k1]
28
0B
L1
BD

LT
0B
(3]
(3]

24
0é
27

26

FE
0l
113

54

40
04

15
18

04
15

LX)
40

&C

4C

83

7D
M

JSR ERRBRK
PRA  EVLRT4
L]
EVLALS EQU
JSR LSTINI  BUILD UP LIST ON STACK OF EVAL D ARGS
EVL5R2 EOU ¢
LDX  ALF
ISR GNXTL
BCS  EVLSRI
51X ALP
LDX  XINP
ISR EVAL EVAL NEXT ARG
JSR  LSTADD  ADD T0O LIST
PRA  EVLSB2  AND LODOP
EVLSBI EOV  »
JSR LSTENO  END TME LIST
JSR TOPX GET LIST AND STORE IN ALF
STX  ALP
RTS
[ ]
EVLNLA £0U

s EVALUATE (NLANBDA (L) EXFR)
¢ SIMULATE EVLALS BY MAKING ONE-ELEHENY LIST
¢ UITH UNEVAL’D ARGLIST AS SINGLE “ACTUAL" ARG.

JSR LSTINI
Lox ALP
J5R L5VADD
JSR LSTENO
BRA EVLNL2 JOIN COMNON CODE
.
EVLLAN EQU ]
4 EVALUATE (LANBDA (X Y) EXPR)
BSR EVLALS EVALUATE ACTUAL ARGUHENTS
EVLNL2 EQU b
RSR EVLNSV SAVE OLD AND SET HEW VALUES OF FORMALS

+ TOP OF STACK NOW FBINTS TO LIST OF FORMALS
& JUST BELOU 1S LIST OF THEIR OLD VALUES

EVLROD EOU +
Lox FLP EVAL BODY OF LANBDA/NLAHBDA
JSR GETCAR FOINY TO BODY NF LAWBDA
JSR EVAL
STX FLP SAVE RESULT IN FLP
BSR EVLRST GO RESTORE OLD VALS DF FORNALS
Lpx FLP TRANSFER FINAL RESULT TC FORM
EVLRT4 EOQU s
5T FORM
EVLRTS EQU L]
LBX CUREVL FOF CUREVL LIST
BSR GFNXTA
Lpx ALP
51X CUREVL
FUL A RESTORE FLP,NLP,ALP
STA A FLP
FUL A
STA & FLP+I
FUL A
STA 4 WLP
PUL A
STA A NLF+1
PUL A
STA A ALF
FUL A
STA A ALPH)
LDX FORN RETURN UITH RESULT IN X-REG
RTS

.

FOFFRE EQU *

¢ FREE THE ARG LIST (LIST HEAD IS AT TOF OF SIACK)
JSR FROPOP

+ ADVANCE alLP

STX ALF
LDX CAR, X ST0RE NEXT ACTUAL ARG IN XTHF2
STX XTHP2

+ GET OLD VALUE OF FORMAL ARG, SAVE IN LIST

Lbx XToP BUT FIRST, 15 FORHAL ARG A LEGAL ATOM?
JSR ISvAR
BCS EVLNER (NOPEY)
JSR EVLATH
¢ OLD VALUE NOU IN FORM, SAVE TN LIST
LbX ALP
LDA A FORN
STA A CAR,X

LDA A FORH+Y
STA A CARiL,X
+ SET UP NEV VALUE FOR ATOM

LDX XTHpP2
SIX FORK
LbX XTHP
JSR SETATH
LDX NLP HOVE ON TO NEXT FORMAL ARG
"~ BNE EVLNS1
EVLNSS EQU +
RTS ALL DONE
* UE GOT A BAD FORMAL ARG, COMPLAIN...
EVLHER EQU +
STX FORM
LbX MEVLNHS  “BAD FOKNAL ARG’
JSR ERRBRK
BRA EVLNSS 1GNORE RETURHED VALUE

v
IS5DTPR  EQU ]

4+ RETURN C-BIT SET IF NOT DIPR
¢ RETURN Z-B1T SEV IF IS NIL

¢ BLC WILL BRANCH ON DIPR

o BEQ WILL DRANCH ON NIL

SEC
STX XTHP STORE AND SET CC’S
BLE ISDIRT NIL OR NUMBER==)> RETURN WITH ZiC CORRECY
LOA A XTHPHI CHECK LOY BIT
ROR A SET C-BIT IF NOT DIPR
LDBX XTHP CLEAR 2-BIT
ISDIRT EOU +
RIS C-BIT NOU SEV FROFERLY

L4
15ATON EQY +
¢ RETUKN UTTH C-BIV IF NOT ATON
¢ RETURN WITH Z-BIT IF NIL
¢ KRETURN WITH N-BIT SET IF NUNBER
¢ BHI UILL BRANCH ON WOW-NIL ATOH
cLe SET UP C-BIT FOR ATODH

STX XTap STORE AND SET 23n-B1TS
BLE ISATRT NIL OR NUH, RET WITH Z,N,C CORRECT
LDA A XTHP+1 CHECK LOW BIY
INC A (CONPLENENTED --> C-KEII)
ROR A
LDX XTHF (CLEAR Z-BIT)
ISATRT EOU ¥
kIS CC’S NOU SET UP CORRECTLY

+

LSTINI EQU +

4 THIS SETS UF FHE STACK FOR LSTADD

4 FIKST IT STACKS A NIL, THEN A FOINTER

¢ T0 THE NIL

¢ CALL LSTINX IF X-REG FOINIS TD LIST HEADER
Lbx 1ERD
JSR PROPSH

LDX STKPTR
LSTINX EQY +




0RO
0R02

oe

0B03 7€ 01 12

0R04

QB08

U] SUDLEDIANG 3LAD B 661

0924

0p25

0R23 DF 34

0B27

0827 BD 01 15
0b2A 74 34
082C A7 02
OB2E 94 35
0B30 A7 03

09
09

0B0& DF 34

0K0B BD 01 OC
0ROB 94 34
0BOR A7 00
OBOF 94 35
0RIL A7 01
0BYY BD 01 18
0R14 96 3A
08108 A7 02
QB1A D¢ 3B
OBIC E7 03
OBIE DE 3JE
0B20 A7 00
0822 E7 01

37

0R32 39

115

B33

0833 DF 24
0R35 2F 10
0837 94 27

0RI9 44

0RJA 25 OB
0B3C AS 00
0B3E 97 28
0R40 A4 01
0B42 97 27
0R44 EE 02

0B44 39
b4y

0847 DE FE
0B49 OF 24

0RAB 0D
obAC 139

0p4D

ORAD BD 0A E3
0830 25 FJ
0B52 Aé 02
OF54 97 28
0B56 A4 03
0R58 97 29

0650
e000
0002
0004

0020
0020
0022
0024
0024
0028
0024
0028
0024
0o2C
002E
0030
0032
0014
0034
0038
0034
003c
003E
0040
0042
0044
0044
0048
0044
004C
004E
0050
0052
0054
0058
0058
0054
005C
005E
0040
0042
0044
0064
0048
0044
005C
Q04E
00720
0072
0074
0074

00F0
00F 0
00F 1

6461

=

00FC
00FC
00FE

0100
0100
0101
0404
o109
d40C
010F

Su| SUOHIED||GNG 31AB

LE

iy
i

0E 7D

00 00

DEX
DEX
JHP

.

LSTADD EOU

&« ADD FORN IN

* CALL LSTAD2
5TX

L5TAR2 EQY
JSR
LoA
STA
LDA
STA
JSR
LDA
STA
LDA
SIA
LDX
S5TA A
STA B
RIS

> D> D> >

™o > D>

'
LSTEND EQU
# FILL IN CDR

PUSHX FUSH FOINTER AND RETURN
EY
X-REG TO LIST POINTER ON STACK

IF ALREADY STORED IN ‘FORN®

FORH

4

GETCEL  GET A NEW CELL

FORN FILL IN CAR

CAR, X

FORN+

CARHL,X

T0FX GET LIST POINTER

CELPTR  {CELFTR FILLED IN BY GETCEL)
€OR, X 1

CELFIR#) ’
COR+1, X
STKPIR
CAR, X
CAR'E, X

NOW ADDED TO LISY
UPDATE LIST POINTER

*
OF LAST CELL IN LIST

s ALSO FOP OFF LIST FOINTER
* CALL LSTEN2 IF FORN ALREADY STORED IN "FORN’

STX
LSTEN2 EQU
JSR
LDA
STA
LA
STA
RIS

> > D>

E]
LSTENO EQU
.

GNXTL  EBU

FORM

+

POFX FOP OFF LIST FOINIER
FORH

CDR, X

FORN+!

CDR+1, X

POFX USE THIS IF LIST ENDED UITH NIL

o GET NEXT LIST ELEHENT
¢ X-REG CONTAINS L1ST POINTER

¢ RETURNS CDR IN X-RE6, CAR IN XTHP, C-BIT SET IF NOT RIFR

STX
BLE
LDA
ROR
BCS
(3]
STA
LbA
STA
Lox
RTS
GNLNO  EOU
L
S1X
SEC
RTS

> >

>D> > D>

*
GFNXTL EOQU

XTHP DTFR?
GNLNO
XTHP+1

GNLND
CAR, X
XTne
CAR+1 X
XTHP+1
£BR, X

YEP, RETURN CAR IN XTHP

RETURN UITH C-BIT CLEAR
.
ZERO RETURN NIL IN XTHF
XTHP

RETURN UITH C-BIT SET

+ SANE AS GNXTL, EXCEPT ALSO FREE CELL AFTER
* RETURNING TS CONTENTS

JSR
BCS
LPA A
STA A
LDA A
STA A

ol
UREGAD  EQU
Chk (1]
CoR EQU
EQI EQU

ISDTPR DIFR?
GNLNO
CDR.X
XTNF2
COR+1,X
XTHP2 1

YEP. SAVE CDR

NOG

$6E0 (4697 ENDS EVALSUES)
0

2

4

¢ DIRECT FAGE STORAGE CELLS

ORE
BEGPTR  FLB
S1Rk1 RhB
STR2 Rinp
SIPY RHB
SIF2 LG
XTI EQu
XINF2  EOU
FREPIR RNB
SPCPTR  RAD
EHDPIR RHB
SYNLST RHB
RAHPTR kMR
FO&H Riib
LSIPIR KHB
SYNPIE KND
CELPTIR RHB
SPSAVE RiB
STKPTR  RNB
CHPTHP  RHB
CHPTH2 KHB
ALF Rip
WP L]
FLe Rilb
NILATH RHB
LFPARAT RHB
KFARAT RHB
BOTAFN RAhB
SQUTAT kNP
QUOATH RHB
LANATH Kb
NLANAT RHB

$20
BEGADR

~

(X

THIS SHOULD BE IN EACH NODPULE

0B3A BD 01 OF JSR FRECEL FREE P CELL
O0R3D EE 00 LDX CAR, X SET UP XTNF
0RSF DF 26 5TX XTH¢
O0B&I DE 28 Lox XTHF2 REFURN UIFH X-REG ADVANCED
0Bé3 oC cLe AND C-RIT CLEAR
0R&4 39 RTS
+
R4S SETATN EQU ’
» EXFECTS ATOH IN X-REG
+ NEU RINDING IN "FORN’
* CONFENSATE FOR CELFTR = ATON-1
0B85 76 A LDA A FORM
0R47 A7 0I 5TA A CDR-1,X
0B&Y 94 35 LDA A FORNtY
0B&B A7 02 STA A CDReI-1,X
0B4D 39 RT5
.
4 ERROR MESSAGES
0B4E 42 EVLSHS FCC ‘BAD SUBR/NSUBR’
B7C 04 FCR 4
0b7Dp 42 EVLNNS FCC ‘BAD FORNAL ARG’
O0RBR 04 FCB L]
O0BBC 49 EVLENS FCC “ILLEGAL FUNCTION EVAL’
ORAL 04 FCP 4
s
0BA2 BEGADR EQU .
END
NO ERROR(S5) DETECTED
SYNROL TABLEY
ALP 0044  ATHINI 0139  BEGADR OBA2  BEGPTR 0020  CAR 0000
CDR 0002 CELPTR 003A CHPTH2 0042  CHPTHP 0040  CONATM 0040
CUREVL 004C  DADPTR 0070  DOTATH 0050  ENDHEN 00FC  ENDFTR 002E
EQI 0004 EDIATH 0044  ERRBRK 0154 ERREX 0134 EVAL 0940
EVLALS 09E9  EVLATH 094C  EVLBOD 0A19  EVLDTF 0935  EVLENS O0RBC
EVLEQL 0931 EVLER2 0FEA  EVLERR 09AC  EVLLAN 0A5  EVLNER 0AD?
EVLNLZ 0A1?  EVLNLA 0A0B  EVLHHS 0B?D  EVLNS! 0495  EVLNS2 OAR1
EVLNSS 0ADA  EVLNSH 0981 EVLNSY 0AB3  EVLRSO 0A62 EVLRS! DA43
EVLRS2 0A4Y  EVLRS3 0A4D  EVLRSY 0ASD  EVLRT 094E  EVLRT4 0427
EVLRTS 0A29  EVLSB2 OYEC  EVLSRI O9FF  EVLSRS 0919  EVLSER 09DF
EVLSHS OBAE  EVLSUB 09B8  EVMSU2 09CH FLP 0048 FORN 0034
FRECEL 010F FREPIR 002A  FRHNUM 0148  GCFREE 0074  GCOL 015D
GCYEHP 0072 GEVC 0142  OGETCAR 0143  BETCEL 010C GETSYH 0157
GFNXTA 0A52  GFNXTL O0B4D  GNLND OP47  GNYTL OR33  ISATOM OAEE
1SATRT O0AF9 ISPTPR OAE3 ISDTRT OAED  ISVAR 0184  LAHATN 0054
ILBRKAT 0048  LODKUP 0121 LPARAT 004C  LSTAD2 OROB  LSTADD QRO4
LSTENO 0115  LSTEN2 OR27  LSTEND 0823  LSTINI OAFA  LSTINX 0RO!
LSTFTR 0036  MNANPTR 0032  NILATH 004A  NLAHAT 0058  NLF 0044
NSUBAT 005C  MUHFRN 0148  NUKINV 0145  OBEGAD 0740  PEEKC 00F0
FFR2  0A4B  PFRI  OAMR  FFROUN 0ASI FOPFRE 0A44  FOPX 013
FRINR 0149 FPRINT 0108 PROPOP 014C  FPROFSH 0140  FUSHX 0112
PUTL 011 PUTSYN O14E  OQUOATM 0054  RBRKAT 00A  READ  010)
RFARAT 004E RSETAT 0062  RSTFLG 00F! SETATA 0845  SONWFTR O04E
SPCPTR 002C  SPSAVE 003C  SOUTAT 0052  STKFRG 015A  SIKFTR 003E
STF1 0024 51F2 0020  STRt 0022 STR2 0024  SUBLS2 0044
SUBPLSI 0076  SUBRAT 00SA  SYNLST 0030  SYHFIR 0038  TAIDN 003F
TOPX 0116  XTHP 0024  XTHF2 0028 ZERO  OOFE
=)
ma2 PUSHX  RHB 3
0115 FOFX L1313 3
6118 T0PX KHb ]
0118 EVLATH RHB 3
O11E SETATH  KHB 3
0121 LODKUP  RHB 3
0124 GNXIL  RHD 3
0127 GFNXTL RHB L]
0124 LSTINI RHB 3
012D LSTADD RHB 3
0130 LSTAD2 RHD k)
0433 LSTEND KNP 3
0113 LSTENO EQU POPX
0134 ERKEX RN 3
013y 76 0B BO JhP ATHINI
013C 1SDTPR  RHB 3
043F ISATON RHB 3
0142 GEIC kB 3
0445 NUNINV  RHB 3
0148 HUNFRH  RMB 3
0148 FRHNUK  RHB 3
014€E PUTSYN RNB 1
01351 FUrc RHB 3
2134 ERRBRK RNB ]
0157 GETS5YN RHB 3
0154 STKFRG RNB 3
015D 6COL RHb k)
0140 PROPSH RNB 3
0143 SETCAR RHR 3
0144 ISVAR  knB 3
0149 FRINE  RND k]
014C FROPOP RHB 1
’
(111 ORG DHEGAD
7103 UARNS  EdU $7103 KETURN ADDR FOR (5YS)
0048 HOTHAT EQuU FLP JUST USED TENPORARILY
.
0BBO ATHIND  EQU s

SUBRAT RuB
NSUBAT  RND
TATON  Rip

CONATH
RSETAT
EOLATN
SUBLS2
LBRIAT
RERKAT
CUREVL
SOHPIR
VADF IR
GCTENFP
6CFREE
SUELS]

(1,1
RND
Ri¥
RHB
Rip
RiiB
KHb
RHB
RHE
Kitb
RHH
RHb

P IS 10 D R R 1D R R0 AT D R D R 10 R 1D R 10 R R R R D W R R R R D RS R

INRITIALIZED IN SUBRS3

4 SINGLE CHAK SLOTS ...

PLEKL
RSTFLG

ORG
Kub
Kb

o
|
1

¢ GLOBAL CONSTANIS

ENDHEN
1ERD

ORG
Rivb
FUB

sFC
2 IGLITALIZED W LISP
0

+ GLUEAL VECTORS

EVAL
KEAD
PRINT

GETCEL
FRECEL

ORG
RiB
1]
LY 1]
RHB
RNE
ih1]

#1300
3

ol

NUNBER OF FREE CELLS AFTER LAST GCOL

1. .1]
[1:1:}]
0BBS
0BBS

[227]
0BRA
OkEA
[1::1
0BBD
0BEF
(1]
0B
0BLS
0bL?
0bBCY
0BCB
OBCD
0BCE
0BLF
[F11}

0bD3
08Dé
0BD?

0bDy

CE
DF

08
4D
26
DF
£E
94
A7
94
A?
DE
08
08
&0
24

[¥3
24
bF

oD 8k
38

01 21

18

00
Fb
18
00
34
00
15
]
38

00
£2

ob EO
o1 21
b4

4 INITIALIZE BUILT-IN ATOHS
+ IN THE FORK OF NULL-TERN’D STRING
¢ FOLLOUED BY 8-BIT ADIR

LDX  WATILST  POINT TD BEGINNING OF ATOHS

STX  SYHPTR
ATI2Z EQU s

JSR LOOKUF  LOOK 1T UP, AND FUT ON SYHLST
¢ (RESULT FROH LOOKUF ALSO IN FORN)

LOX  SYKPTR  SCAN TO END OF ATON NAHE
ATIZ  EQU 4

INX

15T 0%

BNE  ATI3

STX  SYHPTR  SAVE POINTER

LBX  0,X GET ADDR OF SLOT (WULL IS HIGH 8 BITS)

LDA A FORH STORE ADDR OF ATON

STA A 0,X

LUA & FORHHI

STA A 1,X

LDX  SYNPTR  POINT 1O NEXT NAME (IF ANY)

18X

1hx

51 0, AT END OF LIST?

BHE  AFI2

4 VEP, ALL DONE
+ INITIALIZE EOIATH

Lbx REQTHAN
JSR LODKUP
SIX EOIATH

s INITIALIZE “NOTHING" AND EGIATH TO POIRI TO EOJATH

BSR

SSETAT




ze

Ju| suonedlqng 31A8 @ 6L61L

2u| suonedlignd 31AB © 6L61

243

O0BDD
OBDF

0BEY
0BE3

0BES
ORED
OBEA
GREC
OREE
0BFO
0RF2
0BFA
0BF4
0BFO
OBFA
0BFC
O0BFE
ecoo
o2
0Co4
ocoé

ocoe
ocos

ocod
(14
ocop
0CoF
ocio

oc12

oCy2
[Tak]
oci1?
ocIy
oCIP
oCId
o0CHF
ocIF
oc2t
0c23
0C25
0c28
0C2a
ocac
0c2¢
oczp
0C2F
(1]}
032
0C34
0C36
oc3e
0C3A
ec3c
0C3E
[T ]]
0ce2
0L4s
0ca7

0CAD
0CBO
0CB2
[ 2]
[ 19 H
oCes
ocea

(101 ]
(10 1]
0CBD
0CBF
oty
[ 1]
[T+
[N )
oCCa
ocee
oCCE
1914
oco?
OCh4
[N T
ocLe
ocLy
(T8 1)

ooy
OChE
O0CPE
0CDE
OCED
oCE2
0CES
0LE?
oCE?
OCER
OCED
0CEF
oCF2
OCF4
OCFS
0CFS
OCF?
0CFA

oCF D
o0CFp
OCFF

0bo2
0002
0004
o0bo?
ohoy
obob

ohoL
(70U
oboE
e
(17}
obt4
016
opnie
0b1A
(07 ]
0bib
one

DE
EF

CE
ap
DE
14
U3
DE
ap
DE
8b
DE
1]
DE
ap
bE
(1)
DE
20

cé
-1
oe
Cé

oF
7F
b7
PE
13
bF

DE
1]
27
BD
bF
BE

08
40
24
08
DF
EE
Ad
at
24
14
26
DF
BD
94
A7

Bb
25
EE
k3

CE
7€

21
8
bF
an
bF
10
94
(Y4
96
A?
f4
(Y4
94
A7
39

8D
19

21
[:14
bd
25
73
:17]
13
BE
1]
bE
kY

b¥
CE
7t

bE
7€

bE
111
13
bE
39

21
8b
BF
(1]
9C
27
DE
k14

U3
39

48

JE
ot

oD
21
JA
01
34
3€
14
34
10
30

40
o0
(1]
07
76
03

o1

34
0}

5C

L1
00
27
24
00
11

38
00
L1
01
44
38

00
FB

18
00
00
29
37
0
11
49
ot
48
00

01
03
02

13
(1}

00
43
48
JA
16
[]]
48
00
49
(1]
46
02
47
01

20

00
20
[]]
[]3
45
12
34
L1
(1]
34

34
0E
[]]

44
01

14
01
11
264

00
F2
33
3
34
03
FE

E2

IE

24

oC

i

34

oc

64

83

24

INITIALIZE FRINARY SURRS AND NSURRS

COPY SELFUN [0 LANBDA/NLAMBDA, ETC.

INITIALIZE SECONDARY LISTS

INITIALIZE TERTIARY LISTS

ALLOU FOR RSR'S

INITIALIZE SUBRS

FOINT 7O NSUBR L1S5¥

LDX  NOTHAT

o (EDIATH STILL STORED IN "FORN")
PSR SSETAT

+ INLTIALIZE TATON 1O POINT TO ITSELF
LDX  TATON
STX  COR-1.X

L3
LDX  WSUBRLS
BSR  SNSINI
LDX  SUBRAT
LD CDR-1,X
SYX  FORM
LDX  NSUBAT
PSR SSETAI
LDX  LAKATH
PSR SSETA(
LOX  HLANAT
PSR SSETAT
LDX  CONATH
PSR SSETAT

T LDX  SUBLS2

PSR SNSINI
LDX  SUBLSI
BRA  SNSINI

L]

SSETAT €U »
JNP SETATH

+

SNSINT EQU  »
LDA B WSUBRAT
BSR  SURINI
Ny
LDA B WNSUBAT

*  PRA SURINI

SUBINI

EQU

AND RETURN THROUGH SUBINI

4 D-REG HOLBS ADPR OF ATOM (IN PIR. PAGE)
« X-REG POINTS TO LIST OF NANES

¢ FOLLOWED BY ADDRESS OF FUNCTION

* FUNCTION MUST START UITH FCB ‘! § FCR O

SRILUP

SBILP2

CARERR

CNSFUN

QUTFUN

STX
CLR

5TA B

Lox
LpX
STX
(X1}
Lox
TsT
BEQ
JSR
STX
LDX
EQY
INX
187
BNE
THX
STX
LDX
LDA A
CHP A
ENE
187
BNE
STX
JSR
LDA A

STA A

458
BCS
LDbX
RTS
EQu
LDX
JHiP

Eau
FDB
¥SR
STX
BSK
STX
JSR
LDA
5TA
LbA
5ia
LA
5TaA
LDA
STh
RIS
EQu
FDLR

4 GEI FIRST

SETFUN

SETERK

GCARA

Grxra

EQFUN

EQYES

ESK
RTS
(3111]
FbE
kSR
A5k
kLS
STx
BSR
STX
Llx
JSK
LDX
K15
Eau
STX
Lox
NP

EQu
LI
JNF

Eau
LbX
JSK
STX
(904
KIS

(317]
FOB
BSR
E1R
BSR
CFX
BEQ
Lox
RIS
EQu
LX
kTS

SYNPIR
XTHP
ATHP4)
XTHP
0,X
aLp

L]
SYHFTR
0,X
SBIRT
LOOKUP
HLP
SYNFIR
L ]

a,X
SBILF2

SYHPIR
o.x
0,X
e
SRIRAD
1,%
SRIRAD
FLP
GETCEL
FLP
CAR X

ISOIFK
CARERR
COR, X

L
HCADEXS
ERRBRK

L]
MAGURD
GNXTA
FLF
GUARA
NP
BETCEL
fLP
Ak, X
FLF+)
Cak+1, X
NLFP
COR, X
NLP #1
COR+1,X

2T DD D

‘
HAGURD
ARG
LCARA

+
HAGHKD
GNXTa
15VAR
SETEKR
NLP
GCARA
FORN
RLF
SETATH
FORN

L

FORM
HSETENS
ERRBRR

’
ALF
GE ICAR

]
ALP
GHXTL
ALP
XTHP

HAGUKD
GNXTA
FORN
GCARA
FORH
EQYES
2ERQ

TATON

GET SUBR OR NSUBR ATON
SAVE 1T

POINT TO ATOM NANE

ALL DONE?

YU

FORH ATON (RETURNED IN ‘FORN’)
SAVE 1T FOR LATER

SKIP PAST ATON NANE

POINT TD FUNCTION ADDR
SAVE FOR LATER

GET FUNC POINTER

CHECK FOR NAGIC BYTES

S5AVE FUNC POINTER
GET A CELL FOR FUNC FSEUDD ATON
FILL IN CAR

00FS1

‘BAD ARG TD CAR/CDR”
RETURN THROUGH ERRBRK

GET NEW CAR
SAVE 1T
GEF HEW COR
SAVE 1T

FILL IN CAR ARD COR

GET VALUE
SET UP FOR SETATH

KETURN ULIH VALUE OF alon

SAVE FORN FOR FRINTOUT
‘BAD ARG TO SET/PATON"
RETURH THROUGH ERRBRK

CONFARE THE TUO ARGS

KETURN WITH NIL

RETURN W1TH T

oc4?
0C4R
0C4D
0CAE
0cso
0cyl
0C535
0Cs7
ocsy
0C3B
0Csp
0CSF
ocat
[T ]
0Ce5
oca7
0C4A
o0Cec
ocan
0C4E
[1di]
oL72
0€72

0cz3
oc?3
0C76

2100
oc7e
0oc7y

oC7B
oc?p
oC?F
0Ceo
oceo

oce2
oces
oces

oce?
ocae
[i:]n
ocec
0C8E
oco
(15 ]]

(19 %]
0Ce3
ocye
19 2:]

0C9A
ocec
OC9F
0CAl
0CAT
0CAS
0CAd
0CAS
0CAB
0CA?
0CAY

O0CAR

0ME
[11] 3

D20
D20
0p22
0024
D27
0n29
0D2b
ob2b
0D2F
[1x1]
0033
00335
0037
003A
0D3C
0B3E
0D3E
(111}
0042
0042
0045
047
0049
0048
0D4E
0050
0052
0052
D34
0034
0053
0033

[ 51:]
o003
00s5A
005¢C
0BSF
[171Y}
0psel
0bs3
0Dés
0b4s
[ Y]
D4y
[117]
(1741
0DoF
[ 104
0073
'] 174]
D75
0074
o078
0b?24
174
(11143
(10,43
apey
[TTK]
opa3
(101
0nas
obea
0baa

¥
A?
08
bF
BD
94
LY
12
A7
98
A?
94
a7
B
DE
bb
DE
08
08
DF
20

CE
43

DE
EE
19

8p
7E

24
7E

21

8D
7E

8D
BD
22
25
EE
39

PE
19

:10
23
(1]
23
Ad
97
Ab
9?
EE
C
27
1]
bF
27

DE
DF

1]
23
bF
BE
11}
bE
2E

21
an
BD
25
2E

bF
(1)
€E
Ad
1]
27
DE
20

08
Ab
27
L1

08
Ad
27

Bb
20

bE
39

49
04

L}
(1]
L1
00
43
1]
4
02
15
03
M
44
01
18

38
AD

[13
[}

éC
00

00
71
00

74
7]

00
04

00

1
04

00

81
1]
05
12
00

&4

00

30

00

E0
10
ot
2C
02
44
03
(14
00

07
[]]
34
£2

46
34

ol
0d
44
24
01
44
Fo

[]]

(1]
(1]
ot
P4
03

01
34

00
00
22
04
kL
EE

00
[13
22
03

00
05

[1]
ED

14

ocC

i
34

03

00

03

04

3C

00

24

00

00

L13

b1

HAKE AN ATOM-LIKE POINTER
SAVE IN FORN FOR SAFETY

GET A CELL FOR (SUBR.FUNCAD)
FILL IN CAR

FILL IN CDR

SET UP FOR SETAIN
GET ATOM

INCRENENY FAST FUNC ARDR

AND LOOP AROUND

“BAD SUBR/NSUBR IN SURINI "

MAGIC BYTES

« RETURN SELF AS VALUE (USED FOR LAHRDA/NLANBDA/SUBR/NSUBR/CONT)

AND EVAL IT, AND RETURN

RETURN EOIATH AS (CAR NIL)
00FS!

EV) 4F2 E2) ... (T ED))

LDA A FLP#
STA A CAR+1,X
THX
STX  FORM
JSR GETCEL
LDA A ALF
5TA A CAR,X
LDA A ALPHI
STA A CAR+1,X
LDA A FORN
5TA A CER,X
LDA A FORMH
STA A CBR+(,X
STX FORM
LBX  NLP
JSR SETATH
LDX  SYNFIR
1NX
18X
STX  SYNFTR
BRA  SBILUP
SBIRT  EQU 4
RIS
.
SBIDAD EQU
LDX  WSBIEMS
JKF ERREX
e
» DUILT-IN FUNCTIONS
HAGURD EQU  $2100
SELFUN EOU o
FDB  HAGURD
LDX  CUREVL
LDX  CAR,X
RTS
SYSFUN EQU ¢+
FDR  MAGURD
+ (§V5)  RETURN TO B0
JNF UARNS
EVLFUN EQU
FDB  HAGURID
¢ GET FIKST ARG
BSR  BCARA
P EVAL
REDFUN EQU ¢
FDB  HAGWRD
JHF  READ
FRIFUN EQU o
FDR  HAGWRD
+ GET FIRST ARG
BSR  GCARA
JHP PRINT
CARFUN EQU
FDR  MAGURD
& GET FIRST ARG
RSR  GCARA
JSR  1SDTFR
BEQ  CARNIL
BCS  CARERR
LDX  CAR,X
RTS
CARNIL EOQU
LDX  EDIATH
RTS
CORFUN EQU  »
FDP  HAGURD
+ GET FIRST ARG
PSR GCARA
(]
CNDFUN EQU  »
FOR  NAGURD
+ (COND (P
CHOLUP EQU o
BSK  GNXTA
BCS  CNDRI
JSKk - ISDTRR
BCS  CNDERT
LDA A CDK,X
5TA A NLP
LUA A COR+I, X
STA A NLP+1
LDX  CAR,X
CPX  TATOM
BEQ  CNBIRU
JSR EVAL
SIX  FORH
BEQ  CHOLUF
CNLTRU EQU  #
LDX NP
SIX  FORM
CNOTLP EOU o
JSR GNXTL
§CS  ENDFRY
5Tk NLFP
LDK  XTHP
JSR EVAL
LB WP
B6T  CHOILP
CHOFRT EOU o
LOX  FORH
CNDRT  EOU o
RTS
CNDERT EQU o
NP EVAL
¢
FATFUN EQU  »
FDB  HAGURD
BSR  6CARA
JSR  ISATOH
BES  SETERR
B6T  PAIF2
FATFY  EQU s
JHP  FUTSYA
FATF2Z  EQU
ST FOkd
DEX
LOX  CAR,X
LDA A 0,X
CHP A W'"
BEQ  PATF)
LOX  FORN
BEA  FATFY
PATFI  EQU ¢
THX
LoA & 0,X
¥EQ  PATFRY
CHF A B
BNE  PAIF4
INX
LDA A 0,X
VEQ  FATFKT
FATFA  EOU ¢
ISR PUTC
BRA  PATF3
PATFRT EOU o
LDX  FORHK
RTS

GET NEXT (P E ...)

ALL DOME (VALUE = NIL)

1S 1T A DTFR?

NOPE, EVAL AHD RETURN

ADVANCE HLP AND GET FIRST ELEN

15171 = 'T

YUP, ALUAYS TRUE

EvaL 1T

LOOP ARDUNB IF = NIL(FALSE)
PICK UP FIRST ‘E°

INITIAL1ZE FORN IN CASE NO "E’S
ALL DONE, RETURN UITH “FORH®

EvaL THE ‘E~
FOINT T4 NEXI "E°
AND LOOP

EVAL AND RETURN

GET FIRST AKG

15 IT AN ATON?

NOPE!

NIL OR MUNBER, JUST LET PUTSYH TakKE 1T

SAVE FORM
GET FRINT NANE POINTER

1§ 1T QUOTED?

NOPE, LET PRINI TAKE OVER

ALL DONE

IS 1T A "7

NOFE, JUST PRINT 1T

YEF, ADVANCE T0 NEXT CHAR

ALL DONE

FRINT 1T AND LOOF ARUUND

RETURN UITH ATON AS VALUE
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DATA FOR ATNINI SUBRR

ZERO LENGTH FRINTNAHE

[1:]] ATILST EQU *
0DBB oF FCC ‘nil”
0DBE 00 FCh ]
GDOF 44 fFCR NILATH
0p90 24 Fce e
0D91 00 FCR [
ony2 SE FCR TATON
D93 28 FcC e
ones 00 FCB 0
D95 4AC FCR LPFARAT
oD94 29 FCC )
o0n97 00 FCP 9
0D98 4E FCR RFARAT
[T ] FCC ‘T
ourA 00 FCB ]
L1070 Y:] fca LBRKAT
o09¢C 5D FCC ‘1
anep 00 FCh ]
ODPE 4A FCR RRRKAT
0R9F 2E FcC 2o
obAg 00 FCR 0
0BAY 50 FCR POTATH
00A2 27 FCB e
00Ad 00 FCR (/]
0nA4 52 FCh s5auTAT
AS 21 Fcc ‘quole’
ohan 00 FCB []
0bAB 54 FCh auoATH
0bAC &C FcC “lantda’
0UR2 00 FCR 0
ODRY 54 FCR LAHATH
0DPA SE FCC ‘nlanbda’
OPRR 00 FCh [
0PBC 58 fCH NLANAT
opsp 73 FCe “subr”
onci 00 FCR ]
onc2? 54 FCR SUPRAT
Q0Cy 4E fFcC ‘nsube”
onca 00 FCR 0
oncy 5C FCh NSUBAT
opca 72 fCC ‘resel”
0DCF 00 FC® 0
obbo 42 FCB RSETAT
00Dt 463 FCC ‘cont”
ones 00 FCR 0
obné 40 Fce CONATM
[11] Y 3 Fce ‘nothing’
ODDRE 00 FCR 0
ORDF 48 FCR NOTHAT
4 EQINAN SERVES TO END ATILST
ODEO 00 00 EOINAN FDB 0
L]
O0RE2 SUBRLS EQY [
ODE2 45 FEC ‘eval ”
0DES 00 FCh 0
OPE7 OC 85 FDB EVLFUN
ODE? 43 FCC ‘car’
0DEC 00 FCB 0
ODED OC 70 FDR CARFUN
ODEF 43 Fcc ‘o’
ODF2 00 FCp 0
0DF3 OC A9 FDR CDRFUN
o00FS 70 Fcc ‘print”
0DFA 00 fCR 0
O0FR OC 91 FDR PRIFUN
ODFD 70 FCC ‘palon’
0EV2 00 FCB 0
0E03 OR 5P FDR FATFUN

NO ERROR(S) DEVECTED
SYNBOL TABLE:

ALP 0044  ATI2  0BBS

BEGABK O0E?D  BEGFIR 0020
CARFUN OCPB  CARNIL OCA4
CHFTH2 0042  CHFTHP 0040
CHOLUF 0D20  CNDRT 0D54
CONATH 0040  CUREVL 004C
ENDFIR 0026  E0F 0004
EQYES ODID  ERREKK 0154
EVLFUN 0CB5  FLP 0048
FEhHRUM 014F  GCARA OCFD
GETC 0142  BETCAK 0163
GNXTA 0002  GNXTL 0124
LAKATH 0054  LBRKAT 0048
LSTABD 0120  LSTEND 0115
HAGURD 2100  HAMPTR 0032
NOVHAT 0048  NSUBAT 005C
UBEGAD 0BBO  PATFI  0D6Y
FATERT 0088  PAIFUN 0DSB
PRIRK 0189  PRINT 0106
FUIC 0151 PUTSYN OI4E
READ 0103  REDFUN OCBC
SHIBAD 0C?73  SBIEHS OE3C
SELFUN OC79  SETATH OIIE
SHSIND 0COB  SONPIR 004E
SSEVAT 0C08  STKFRG 0154
STRI 0022 S5TK2 0024
SUBKAT 0054  SUBRLS 0DE2
TATOH 0056  TOFX 0118
2ERD  OOFE

ATI3  OBBA  ATILST ODBB  ATHINI

CADEAS 055  CAR 0000  CARERK
COR 0002  CORFUN 0CAY  CELPTR
CNDERT 0055  CHDFRT 0052  CHDFUN
CNDTLP 0042 CNDIRU OD3E  CNSFUN
DADPTR 0070  DOTATM 0050  ENDHEA
EOIATH 0044  EOINAM ODEO  EQFUN
ERREX 0138 EVAL 0100 EVLATH
FORM 0034  FRECEL O010F FREFTK
GCFKEE 0074  GCOL 0150 GLIEAP
GETCEL 010C  GETSYM BM57  GFNXTL
ISATON 013F  ISDIFR 013C  ISVAR
LOOKUP 0121 LPARAT 004C  tS5TAD2
LSTEND 0133  LSTINY 0024 LSTPIR
NILATH 004A  BLAHAT 0058 NLP
NSUELS OEIB  NUNFRN 0148  NUNMINV
PATF2 0Db66  PATFI 0D’ PATF4
PEEKC 00F0 POFX 0113  FRIFUN
PROFOF 016C  PRUPSH 0140  PUSHX
QUOATH 0054  OUTFUR OCDY  KBRKAT
KPARAT 004E  RSETAT 0042  RSTFLG
SBILF2 0C2C  SBELUP OCIF  SBIRT
SETEHS OE4B  SETERR OCFS  SETFUN
SPCPTR 002C  SFSAVE 003C  SQUTAT
STRPIK 003E SIFI 00284 SIP2
SUBINI 0Ct2  SUBLS2 00446  SUBLSY
SYRLST 0030  SYNPIK 0038  SYSFUN
WARKS 7103 XINF 0024  XINF2

0BBO

oces
0034
ODIE
OCER
00FC
onoL
ottp
0024
0072
0127
0léd
[T
0034
0044
0145
ob83
oco
0112
Q044
00F 14
0c72
OCDE
00352
0028
0074
0cao
0028

0EOS
0E0Y
0E0A
QE0C
0EOF
0EHD
0E12
0EtA
0E1D

047

0E18
[13]:]
PEIC
0ELD
OEIF
0E24
0E25
0€27
0E2A
0E20
QE2P
[1]]
0E]2
0E34
[Tat:]
0E3Y

OEIR

0E3C
0ES4
0ESS
1374
0E8B
0E2C

0E7D

63
00
ocC
73
00
oc
85
00
op

72
00
oc
N
00
ot
71
00
oC
43
00
op
73
00
oC

a0

12
04
42
04
42
04

0E90
0000
0002
0004

0020
0020
0022
0024
0024
0028
0024
0028
0024
002C
002E
0030
0032
0034
0034
0038
0034
003C
003E
0040
0042
0044
0044
0048
0044
004C
004E
0050
0052
0034
0034
0058
0034
065C
005€
0040
0042
0044
0044
0048
0044
004C
004E
0070
0072
0074
0076

00F0
00F0
00F1

00FC
00FC

PE

oc

ac

79

11 C4

0 94

0O0FE 00 00

0100
0100
0101
0108
0109
o1oc

Fcc
FCB
FOR
FCC
FCB
FDB
FCC
FCB
FDB

FCR

.

NSURLS EQU
FCC
FCE
Fop
FCC
FCe
FDR
fcc
FCB
FDR
FCC
FCB
FDR
Fce
Fcp
FDR

+
FCR

'

SBIENS FCC
FCB

CADEHS FCC
FCR

SETENS FCC
FCR

[

BEGADR EQU
END

“cows’
0
CNSFUN
‘set”’
0
SETFUN
‘eq’

0
EQFUN

0

* KUST FOLL.OW SUBRLS THNEDIATELY
‘read’
[}
REDFUN
‘quole”
0
GUTFUN
“sys’

0
SYSFUN
“cond”
0
CNDFUN
“subr”
0
SELFUN

0

‘BAD SUBR/NSUBR IN SUBINI-
4

‘BAD ARG TO CAR/CBR’

4

‘BAD ARG TO SET/PATON’

4

L]

orT
QBEGAD EQU
CAR eau
COR Eou
£ol Eau

HaG

$E90 $E7D ENDS SUBRS)
[}

2

1

o DIRECT PAGE STORAGE CELLS

DR6
DBEGPIR  FDB
STRY  kad
STR2  KHB
5TPI - RHD
§TP2  RNB
XIP  E0u
XTHP2  Eab
FREPTR  RND
SFCPTR  RAA
ENDPTR  RNB
SYNLST RHB
NANPTR  RHE
FORW  RHD
LSTPTR Rhp
SYHFTR  RND
CELPTR RHB
SPSAVE  RHB
STKPTR  RHB
CHPTHP  RHD
EHPTH2  RHD
ALP RO
NP RHB
FLP  RHD
NILATH RiHB
LFARAT  RHB
RPARAT  RHD
BOTATN RHB
SOUTAT  KiB
QUOATH  RHB
LANATN  RHB
NLANAT KD
SUBRAT  RHB
NSUBAT  RHE
TATON  RHB
CONATH  RHB
RSETAT RND
EQTATH  RAF

FDB
LBRKAT R
RBRKAT  RMB

420

BEGADR THIS SHOULD BE IN EACH NODULE
2

K

2

2

SIP1

STP2

NIWRORNRBRBINRIVOMNRNRNRIODRRN PO RNN DR R

UBLS2

e R N R R R Y W O Ol KRN RPNy

CUREVL RHB
SONPTR KB
DADPTR RHD
GCIEHP  KHB
GLFREE RHD NUNBER OF FREE CELLS AFTER LAST GCOL
SUBLSI RMD INITIALIZED IN SUBRS3
¢ SINGLE CHAR SLOTS ...
ORG  #F0
PEEKC RMB 1
RSTFLG RHB 1
+ 6LOBAL CONSTANTS
ORG  $FC
ENDNEN RNB 2 INITIALIZED IN LISP
¢ 2ERG VORD
ZERO  FDR 0
¢ BLOBAL VECTORS
ORG 3100
EVAL  RWD 3
KEAD  RHBD 3
PRINT RNB 3
R 3
GETCEL kNB 3




010F FRECEL RMR 3
w 0112 FUSHX  RHR 3
o (1R POFX RHR 3
0118 TOFX  RNB 2
~ ot EVLATH RHR 3
e o SETAIH RHR 3
© 2t LOOKWP RER 3
@ 0124 GNXTL  RMR 3
@ 0127 GFNXTL RHE 3
5 o LSTINI RNB 3
m 9120 LSTADD RNB 3
g 030 LSTAD2 RHB 3
% 0133 LSTEND RHB 3
a8 s LSTENG EQY  POPX
5 0 ERREX FRNB 3
& 0139 ATNINI  RHR 3
5 013C ISMIPR RNR 3 \
a 013F 1SATON RHR 3 .
0142 7€ OF 90 BETC  JNP  GTCTTY
0145 NUHINY RND 3
0148 NUWFRN BNR 3
014 FRENUN RND 3
014E PUTSYH RNP 3
QIS 7E 71 12 FUTC  JWP  FICTTY
0154 ERRBRK RHD )
0157 GETSYN RHB 3
0154 STKFRG RHD 3
0150 GCOL  RWD 3
0160 PROFSH RHP 3
0143 GETCAR RNR 3
0148 1SVAR  RHR 3 .
0149 PRINR RHR 3
014C PROPOP RNE 3
1 ]
0E90 ORG  OBEGAD
’
2100 NAGWRD EQU 92100 1y
]
7094 DOSFCH EQU  $7094 MOS FREY CHAR.
7082 DOSEOC EOU  $7082 DOS END OF CONWAND CHAR,
7094 DOSBPT EQU 47074 DOS LINE BUFFER FOINTER
7115 INBUFF EQU 47115 DOS, READ NEXT LINE
7121 NXTCH  EQU #7121 DOS, GET NEXT CHAR FROM BUF
7806 [0SFHS EOU 47804
7740 DOSFCR EOU  $7740
7120 DOSTEX EQU 97120
713 DOSRPT EQU  $713C DOS, REFORT ERROR
208C DOSCUD  EOU  9708C DOS, CURRENT WORKING DRIVEW
71IE PCRLF  EQU  #711E FRINT <CR®,<LF>
7112 PICTTY EOU  $7102 FUT A CHAR
. '
0EV0 GTCITY EQU  »
¢ RETURNS NEXT CHAR IN A-REG
» USES SYSTEM IRFUT BUFFER
* FORCES SYSTEN TO IGNORE E.D.COMHAND CHAR
0E90 D6 70 9A LDA A DOSFCH  GET FREV CHAR
0E?3 Bt 70 B2 CHP A DOSEDC 1S IT E.0.CONNAND?
0E94 24 OB BHE  GETC2
0E?8 7C 70 95 INC  DOSBPT+! YES, [INCRENENT PDINVER PAST 17
0ETE 26 03 BNE  GETC3
0E9D 7¢ 70 94 INC  DOSRPT
0EAD GETC)  EOF  »
0EAD 7E 71 21 JHF AXTCH GET NEXT CHAR AND RETURN
.
0EA3 GETC2 EQU  +
0EAT 81 0D CHNP A RYOD WAS LAST CHAR <CR»?
OEAS 24 F9 BNE  GEICI
0EA7 BD 71 15 JSR INBUFF  YEP, REDUEST A NEW BUFFER FULL
0EAA BD 71 IE JSR  PCRLF ECHO <CR,LF>
&£
4
0F00 CLSFUN EQU e
0FO00 21 00 FUB  NAGUKD
+ CLOSES FILE, SUBSEQUENT READS UILL CONE FROM
s Ty
0F 02 CLSFHY EOW o
0F02 CE 77 40 LIX  WDOSFCE
0F 05 CLSF2  EOU  +
0FO05 DF 48 SIX  FLP
0F07 B4 04 LOA A B4
0F09 A7 00 STA A 0,X
oF ol BB 78 04 JSK DOSFHS
OFOE B OF 97 JSR OFNIfY  HESEY GETC/FUIC
0F 11 20 DC BRA  DFNFEK  AMD RETURN UITH NIL
+
0F 14 OFNERR EOD 4
OF 13 CE 10 D1 LDX  WOPNEAS  “DAD ARG TO OPEN/LOAD’
0F 16 BD 01 54 J5K  ERRBRK  PICK UF KEPLACEHEN( ATOM
¢ BRA OPENFL AND LOUP TO RE-EHECK:!
L]
0F 19 OPENFL EQU 4
o EXPECTS ATON IN X-REG, USES FRINI NAHE OF A10M
o FOK FILENAKE (THKOUS AUAY ALL “*'S)
OF IR ¥D 01 3F JSR ISATOM IS IT AN ATON?
OFIC 25 F5 BCS  OFHERR  NOFE...
OFIE 2B F3 BLT  OFNERR  VEP, BUT 1T IS A NUHBER!
o NIL NEANS SUIICH BACK T0 TTY INPUT
¢ T HEANS SUITCH BAUK TO DISK INPUT (AUST ALREADY
+  BE OFENED)
¢ OTHEKWISE, USE PRINT NANE AS FILENAME
0F20 27 75 BEQ  OPNTTY
0F22 9C 44 CPX  EOIAFA  EOIATH?
0F24 27 7) BEX  OPNTIV  YEP, SUITCH BACK TO TIY (E.G. ON RESET)
0F24 9C SE CPX  TATOM 14
0F28 27 54 BEG  OFWDSK  SUITCH BACK TO DISK
+ HOVE CHARS INTO FCB
* DY PUSHING ONID STACK, AND THEN POPPING
o OFF INTG NAHE AREA
0F24 L4 03 LDA B #3 LIHIT ON EXTENSION
0F2C b7 24 S1A B XINP STORE FOR LATER
0F2E C& 08 LA B 8 LIKIT ON FILE NAHE
0F30 09 DEX FOINT TO PRINT NAKE
0F31 EE 00 LEX  CAR,X
0F33 OFNLF1 ENU 4
0F13 A4 00 LOA & 0,X GEI NEXT CHAR
0F35 27 10 BEQ  OPHLIE  DONE WITH FIRST LOOP
0F37? 08 1nX ADVANCE FOINTER
0F38 81 22 CHP A 7" auolE?
0F3A 27 F7 BEQ  OFHLFI  YEF, LOOK AT NEXT CHAR
OFIC B 2E CHP & #°. Lo1?
0F3E 27 07 BEQ  OFNLIE  VEP, ALL DONE
0F40 S I1ST b HORE CHARS TO GO?
0F41 27 FO BEQ  OPNLP1  NOPE, LUDP ARDUNR
. O0F43 3% FSH & CHAR OK, FUSH 1§ OW STACK
©  0F44 5A VEC B FECKEKENT COUNTER
S  0F45 20 EC BRA  OPNLFI  Afil LDOF AROUND
Qo OF? OPHLIE EQU o
@ OF47 aF CLR A CLEAR A FOR FABDING
< OF48 5 IST B NEED 10 FAD?
M 0F49 27 04 BED  OFNLIR  NOPE, RETURN
D OF4B OFHL2E EGU
& OF4b 36 PSH A YEP, FAD WIIH ZEKOS
& 0FdC S5h LEC B
2. OF4D 28 FC BHE  OPNL2E
3 OF 4F OFNLIR EQU
S OFAF Db 24 Lba B XINP NOKE 0 DO?
a 0FS1 27 05 BEQ  OFHL2R  NOPE
0FS53 7F 00 24 CLk  ATHP YEF, CLEAR XTHP AND LUDF AKOUND
w  OF54 20 DB BKA  DPHLPI
N O0FEB UFNL2K EOU o

T

0EAD
OERO
0EB2

0ER3
0ER3

0EBS
0ERB
0EBA
OERC
OERF
OEC)
0EC)
0ECA
0ECS
0ECE
OECk
QECH
0ECD
[12:0]
0EDO
0EDR2

0ED3
0EDY
0EDS
0EDB
0EDA
0EDC

0EDD
OEDPD

OEDF
0EE2
OEE2
OEEA
0EES
0LED
OEEA
OEEC
OEEE
OEEF
OEEF
0EF1

0EF2
0EF2

OEF4
QEF?

O0EFY
112

0EFB
OEFR
QEFE

0FS8
OF 34
OF5C
0F5SC
0F3D
OF 5F
0F b0
(13

0F63
0F 45
oFée
0F A
OFéC
OF6F
oF 21
0F73
0F74
0F78
0F79
0F?79
0F7b
0F7E
0F80

(131!
0F82
[13-H]
0F8?
0F A
0F8D
OFBD
OFBE
OFBF
0FBF
0F92
0F95

0F97

0F97
0FP9
OF9C
OFPE
0FAl
0F A4
O0FAd
OF Ad
0FAY
OFAC

0FAE
OF AE
OF K1
oF B
0FB2

0Fb3
0FBS

[131:]
0Fb8

OFBA

?F
1]
39

21

CE
bF
ap
[:1d
25

BD
9c
27
BP
20

DE
19

bE
1]
DF
DE
k1

DF
8D
DF
-1}
25
DE
I

DE
37

CE
20

CE
20

DE
Cé

32
A?
09
34
24

DE
ba
A7
84
bo
bE
84
ac
24
AC

A?
BD
24

DE
BC
27
CE
FF

oc
k1)

CE
FF
20

DE
8C
2?
CE
FF
20

CE
FF
20
BD

oD
39

24
K3

70
0A

77
48
1”7
oF
OF

01
1]
05
ot
[X]

oF

FE

"
[]]

24

00

77

48
ED
34
2F
03
L1

FE

00

"
EY

00

1
05

48
(14

0E

Fy

48
20
03
01
21
18
ol
1
01

00
78
2¢

48
t
08
10
o1

1o
[}
Fé

48
1]
08
0E
[]]
11

21
11}
0]

7\

00
[]]

00

24

02

24

40

04

04

8C

2D

04

04

04

28
43

71
32

04
90
41

12
32

3C

37

CLR DOSPCH RETURN <LF>
Lha A NH0A
RTS
E]
LODFUN EQV .
FDR HAGURD

* (LOAD "PROG.TXT)

# OPENS FILE, CHANGES GEIC 10 READ DISK FOR CHARS,
¢ LOOFS READ AND EVAL UNIIL READ RETURNS EOIATH,

¢ RETURNS NIL

LDX NROSFCB  SET UP FLP FOR OFENFL/UOFNTIY
STX FLF
RSR GNXTa PICK UP ARG
J5R DFENFL 00 DFEN FILE
BCS LODRT OFEN FAILER, SINPLY RETURN NIL
LopLUP  EOQV )
JSR READ READ NEXT FORM
CPX EQIATH Eo1?
RER LODRTt YEP, ALL DONE
JSR EVAL NOPE, Eval IT
BRA LopLuP AND LOOF ARDUND
LODRT! EQU *
JSR CLSFN1 RESEY GETC
LODRT  EQU +
Lpx 2ERD RETURN NIJL
RTS
.
GAXTA  EQU +
LbX ALP
JSR GNXTL
STX ALP
Lox XTNP
RIS
’
OFNFUN EQU £l
FDR HAGURD

¢ (OFEN "FILE.TXT)

+ OFENS FILE, SURSEOUENT READS WILL
¢ READ FROM FILE

#* RETURNS ATON IF SUCCEEDS

¢ RETURNS NIL IF OPEM FAILS

Lbx #DOSFCR  SET UP FLP FOR READ
OFNF2 EQU .
STX FLP
BSR BNXTA
S FORN
BSR OPENFL
BCS OFNFER
LDX FORH RETURN WITH ATOH
RTS
OFNFER EOU .
Lbx IERD RETURN VITH NIL
RTS ,
A A
OFDFUN  EOU ]
FDR HAGURD

¢ (OPENO “OF ILE.TXT)
* OPENS FILE FOR DUTPUT, RETURNS NIL IF OFEN FAILS

LpX AOUTFLR
BRA OFNF 2
*
CLOFUN EQU )
FDR HAGURD
¢ (CLDSED)
¢ CLOSES FILE UHICH WAS OFEN FOR OUTPUT
CLOFNY EQU ¢
Lax BOUTFCR
BRA CLSF2

¢ NOU POP OFF INFO FCB

LDX FLP FOINT 10 FCB
Lba B M1 CHAR COUNIER
OFNLP2 EOV .
PUL A PULL OFF CHAK
STA A 14,X STORE T1
DEX DECR FOINTER
DEC B DECK COUNTER
BHE OPNLP2 AND LOOP UNTIL DONE
'
LbX fLP FILL IN EXTENSION IF NOT PRESENT
LBA A DOSCHD (BUT FIRST, FILL IN DRIVE NUN)
STA A 3,X
LbA &4 W €.IXT)
JSR DOSTEX
LDX FLP OPEN FOR READING
Lhaa M
LFX HOUTFCB  (OR WRITINGT)
BNE OFNRED
INC A
OFNRED EOU +
STA A 0,X
JSR DOSFHS
BNE OPNOER OPEN ERROR
OFNDSK  EOU .

4 FLAG GETC TO READ FROMN DISK
¢ OR PUTC IO URITE TO DISK

LbX fLP
cPX JOUTFCR
BED 0PODSK
Lbx NGTCDSK
STX GETC+|
OPNRET EQU +
e AND RETURN
RTS
OF0DSK EQU +
LbX 4PTLDSK
STX PUTC*Y
BRA DPNRET

L
OPHTTY EQU

L]

¢ RESET GETC T0 READ FRON TTY
¢ OR PUTC TO GRITE TO TIY

LbX
CPX
BED
LDX
§TX
BRA
[3111]
LoX
S§TX
BRA

orOTYY

s

OPNOER  EOU
JSR
EQu
SEC
RTS

OPNERT

L

RATFUN  EQU

¢ (RATON)
Fob
JNP

.

GNHFUN  EQU
FDB

¢ (GENNANE)

GHAL [31]1]

FLP
HOUTFCB
oroTyY
NGTCTTY
GETC+!
OPNERT
‘
WPTLTTY
PUTC+I
OPNERT

4
POSRPT
)

HAGURD
GETSYH

'
HAGURT

RETURNS UNIOUE ATOM OF FORH

4

RETURN UITH C-BIT

REPORT ERROR

RETURN U1TH C-BIT SET

PASS THE BUCK TO GEISYM

“THPABC
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6€

OFBA DE
OFBC DF
OFBE FE
OFCY 24
0FC3 CE
OFCs 20
oFCe

0FCA 09
OFCY EE
OFCB

OFCPR A8
OFCD DF
OFCF DE
oFR1 9C
OFB3 24
0FR5 A7
OFD? 08
0FDB IF
OFDA 4D
0FDR 27
OFDR DE
OFDF 08
OFED 20
OFE2

OFE2 DE
OFE4 0B
OFES 08
OFES 08
O0FE7

OFE? Aé
OFEY 24

OFER 86
OFED A7
OFEF 08
0FF0 9C
0FF2 2a
OFF4 4F
OFFé 08
0FF7 OF
OFF9 20

OFFB

OFFB AC
OFFE B)
OFFE 23
1000 B4
1002 47
1004 08
1005 20
1007

1007 A7
1009

1009 DE
1008 BD
100E FF
1000 09
1012 EE
1014 9C
1014 24
1018 FE
1018 39

tore
101C CE
101F 7€

1022 00

108D

108E
108E
1091
1091
1094

1096
1094
1094
1098
1090
10AY
1042
1044
1049
10AA

10AC
104D
104D
1082
1083
HOBS
1068
106C
10BE
10c3
10C4
10C4
10cp
10CE

1000

1op
10ES
10€£6
1103

1104
1104
1104
1108

1120
V22

[RI]

2r Lox SFCFTR SAVE FOINTER TO BEGINNING OF NEW NANE
38 §TX SYHPTR
10 22 LDX GNHLAS GET LAST ATOM NANE YSED
03 BNE GNN2
10 24 Lok WGHNFIR  NEVER INTTIALIZED, USE FIRST
03 BRA 6NN3
GNH2 EQy »
PEX POINT TO CELL
00 (R} CAR, X FOINT TO NANE
GNN3 Eou *
s COFY 1D NANE SFACE
00 LA A 0,
26 STX XIHP
2 LDoX SPCRIR
2€ CFx ENDPTR
47 BFL GNMRAD
00 STA A 0,X ¥
INX
2C 57X SFCFIR
15T A ALL DONE?
035 BEQ 6NN
24 Lpx XTHP
X
E? BRA BNHY NOPE, LOOP UNTIL NULL BYTE
GHNRA EQu .
38 LBX SYNFIR POINT TO FIRST VARIABLE CHAR
INX
THX
TNX
GNN41  EQU *
00 LDA A 0,X
13 BNE GNMA2
¢ UP TO HULL BYTE, SET TO ‘A’
L]] LDA A W°A
00 5TA 4 0,X
INX
2€ cPX ENDPTR
28 BFL GNHRAD
00 CLR 0,X
INX
2 STX SPCPIR
0F BRA GRNSI 60 CHECK IF REALLY NEW
[
GNH42  EOU ]
INC &
SA CHF A 0°2 upP 10 27
07 BLS GNHS
44 LDA A B°A YEF, RESET T0 AA
00 STA & 0,X
INX GO ON TO NEXT BYTE
€0 BRA GNHAY
6NNS EQU +
00 STaA A 0,X ALL DDNE
GHHS | Eau .
38 Lix SYNFTR
01 21 JSR LOOKUP
10 22 STX GNNLAS
PEX
00 Lbx CAR, X 1S THIS REALLY NEUT?
k1:] CPX SYNPTR
A2 RHE (11 ]] NOPE, START OVER
10 22 Lox GNHLAS YEP, RETURN WITH NEW ATOM
RTS
¢
GNNBAD EQV s
10 ES Lox NGNSENS  "NO MORE ROOM FOR TEMF NAME*
01 34 JHP ERREX
’
00 GNHLAS FDR [
1% RIS
+
PTCDER EOU b
BL 71 I ASR BOSRP T REPORT ERKOR
FICDE2Z EQGU +
Bh OF FH JSK CLOFNT CLOSE FILE
20 F4 kRA PICORT AND RETURN
+
SuUBLS2  EOW +
&C FCC “load”
00 FCE 0
0F B3 Fup LOBFUH
&F fce ‘upen’
00 FCy []
0E BD FDP QFNFUN
&F FCC “opena’
00 FCB 0 A
0f F2 FDB OFOFUN .
*
00 (0] 0
NSUBL2 EQU +
43 Fic “close”
00 fCB (]
OF 00 Fbp CLSFUN
63 FcC ‘tlusen’
00 fCh ]
0E F9 FibR CLOFUN
72 FCC “raton”
00 FCE 0
0F B3 Fbp RATFUN
67 FCt “gennane
00 FCh 4]
OF K8 roB GNHFUR
+
00 Fcs ]
»
42 OPNEHS FCC ‘BAD ARG TO OPEN/LOAD
04 FCh 4
L13 GNMENS FCC “H0 SPACE FOR NEW GENNANE ATON’
04 FCB 4
’
OUTFCE EQU )
00 00 FDB ]
00 00 FOB [
RHB 24
00 00 FD® 0
RKB 142
"
BEGADR EQU +
END

1024
1027

1028

1028
1024
1020
102F

54
00

DF
CE
DF
1]

1031 24
1033 A4
1033 61
1037 24
1039 RD
103C 24
103E 8B
1040

1040 DE
1042 39
1043

1043 DE
1045 B4
1047 A7
1049 BD
104C B4
104E 87
1051

1051 74
1054 2E
1056 BD
1059

1059 84
1058 20

105D Q0
105E

105€ 81
1080 25
1042 81
1064 23
1044 81
1048 25
1064 8l
108 22
104E

104E 68
1070

1070 3¢

1071

107t 37
1072 BF
1074 CE
1077 DF
1079 4D
1078 24
1070 E$
107F €I
108t 24
1083 @D
1085 8D
1088 24
1084

1084 DE
108C 33

24
77 40
48
00
1€
02
1}
18
78 04
05
13

26

L1}
04
00
78 08
04
10 5D

10 350
03
oF 97

04
(3]

41
13
3A
08
&1
06
74
02

20

24
11 04
48
00
H
02
02
[]3
by
78 04
04

ONNFIR

*
GTCPSK

Fce
FCh

Eou

‘THP”
¢

E ]

# RETURN NEXT CHAR FROM DISK
* RETURN “EOI" ON ANY ERROR

GTCDRT

GTCPER

BTCDE2

GTCDEY

.
GTCECT
[

CASHIT

+ SUITCH UFFER

CA5u2

CASNRT

]
FTCDSK

4 PUT CHAR QUT

PTCDRTY

NO ERROR{S) DETECTED

SYWBOL TABLE:

ALP
CASW2
CLOFNY
CHPTH2
DOSEFT
DOSPLH
ERDFTR
EVaL
FHREFTR
GETIC
GETSYH
GNH4
GalbaADR
GAXTA
GICDRT
TISATOM
LODFUN
LFARAT
LSTINI
HLANAT
NUHINV
OPNENS
OPNFUN
OPNLFI
OPNTTY
PCRLF
PROPOP
PICBSK
QUODATH
RSETAY
SPSAVE
§TpP2
SUBRAT
XTHP

0044
104E
OEFR
0042
7094
7094
002E
0100
0024
0142
0157
OFE2
1oic
0EDM3
1040
013F
0EB3
004C
0124
0058
0145
1001
0EDD
0F33
0F9?
71IE
[2XTN
1071
0054
0042
003C
0028
0054
0024

ATHINT
CASUIT
CLDFUN
CHPTHP
boscup
DOSKPY
£01
EVLATH
FRANUR
GETC2
GFNXTL
GNH4I
BNHENS
GNXTL
GTCRSK
ISDTFR
LODLUP
L5TAD2
LSIPTR
NLP
NXTCH
OFNERR
OPNLIE
DPRLP2
OFDDBSK
PEEKL
PROFSH
PTCTTY
RATFUN
RSTFLG
SOUTAT
STR
SYHLST
XTHP2

s5TX
Lex
STX
151
BNE
LDA A
WP A
BNE
JSR
BHE
BSR
Eob
LDx
RYS
ERU
Lox
LhA A
STA A
JSR
LDA A
STA A
Eay
DEC
BGT
JSR
(31]]
LDA A
BRA

FC?
EQy

CNP A
BLO
CHP A
BLS
CNP A
BLO
CHP A
BH1
EQu
EOR &
(111]
RTS

Eay

PSH B
STX
LpX
STX
187
[1]3
LA B
CHP B
BNE
BSR
JSR
BNE
EQu
Lox
PUL B

4139
105¢
OEF9
0040
708C
713C
0004
(11}
0i4b
0EAd
0122
OFE?
10E4
0124
1028
013
0ECH
0130
0034
0044
7121
0F13
0F 47
0FSC
OFBF
00F0
0160
7142
0FB3
00F §
0052
0022
0030
0028

XTHP SAVE X-REG
1DOSFCR
FLP SAVE FOR OPNTTY, ETC.
0,X OFEN FOR READING?
6TCDPE2 NOPE, ERROR
2,X
L1}
GTCDE2 NOPE, ERROR
DPOSFNS YEP, GET NEXT CHAR
6TCDER ERROR ON READ
CASHIT UPPER<-->LOUER CASE
.
XTHP RESTORE X-REG AND RETURN
*
FLF CLOSE FILE
1]
0,X
DOSFNS
L1] HAXINUN NUMBRER OF “E01°S RETURNED
GICECT
+
GTCECT T00 HANY °"EQI°S ALREADY RETURNED?
GTCDEY
OFNTTY YEP, RESET GETC
€
1E01 RETURN "EOI"
GTCORT
[} USED TO RECOVER FRON END OF FILE ERROR
*
AND LOUER CASE ) ¢HACK+s»
nA
CASURT
Nz
CASu2
Aa
CASURT
Wz
CASWRT
’
a-‘A
»
»
1¢ DISK

SAVE R, X-REG
XTNP
HOUTFCR
FLP SET UP FLP FOR OFNTTY, ETC
0,X OFEN FOR URITING?
PTCDE2
2,X
12
PICDE2
CASUIT UPFER<-->LOWER CASE
DOSFHS O0UT GOES THE BYTE
PTCDER 00F5!
»
XTNP RESTORE X,B-REG
BEGADR 11C4  BEGFTR 0020 Cak 0000
CASURT 1070  CIR 0002  CELPIR 003a
CLSF2 O0F05  CLSFN1 OF02  CLSFUN OF00
CONATH 0060  CUREVL 004C  DADPTR 0070
DOSEDC 7082  DOSFCB 7740  DOSFMS 7804
DOSTEX 712D  DOTATN 0050  ENDNEM DOFC
EOJATN 0044 ERRBRK 0154 ERREX 0134
FLP 0048 FORN 0034  FRECEL 010F
GCFREE 0074 GCOL 015D  GCIEWF 0072
GETCI OQEAQ  BEFCAR 0143  GETCEL 010C
GHNMY  OFBA  GNN2  OFCB  GNNY  OFCE
GNN42 OFFD  GNH3 1002  GNH3I 1009
GNHFIR 1024  GNHFUN OFB8  GHNLAS 1022
GTCDE2 1050  GTCDE3 1059  GICDER 1043
GYCECT 1050  GICYIV OE90  INBUFF 2115
1SVAR 01484  LANATH 0056  LDRKAT 0048
LODRT OEBO  LODRTt OECD  LOOKUF 0121
LSTADD 012D  LSTENO 01135  LSTEND 0133
NABURD 2100  NANPTR 0032  NILATH 0044
HSUBAT 005C  NSUBL2 10AD  NUNFRM 0148
OBEGAD 0E90  DFENFL OF19  DPNDSK 0F80
OPNERT OFBI  OPNF2 OEE2  OPNFER OEEF
OFRLIR OF4F  OFNL2E OF4B  OFNL2R 0FSE
OFNDER OFAE  OFNRED OF?9  OFNRET OFBD
OFOFUN OEF2  OPOTTY OFA&  DUFFCH 1104
POPX 0115 PRINR 0149 PRINT 0104
FTCDE2 1091  PICDER 108€  PTCDRT 1084
PUSHX 0012  PUTE 0151  FUTSYN OM4E
RBRKAT 008A READ 0103  RPARAT 004E
SETATH O1tE  SONFIR 004E  SPLPTR 002C
STKFRG 0154  STKFIR Q03E  STP1 0024
STR2 0024  SURLS2 1094  SUBLS3 0074
SYNPTR 0038 TATON O003€ TOPX 0118
ZERD  OOFE
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OFT NDG
HEO OREGAD EOQU $11E0 SURRS2 ENDS AT $11C4
09000 CAR EQU 0
0002 CDR EQU 2
0004 E0I EQu [}
% DIRECT FAGE STORAGE CELLS
0020 OR6 $20
0020 13 E35 BEGPTR FDb BEGADR THIS SHOULD BE IN EACH HODULE
0022 STRY RHB 2
0024 STR2 RHR 2
0024 STP? RNR 2
0028 §TP2 RNB 2
0024 XTHP EQU STP1
0026 XTHP2  EOQU STP2
0024 FREPIR RHB 2
oo02c SFCFTR RNR 2
002E ENBFTR RMB 2 i
0030 SYNLST RdB 2 !
0032 NAHPTR RNB 2
0034 FORH RitB 2
0034 LSTPTR RNB 2
0038 SYNFTR  RNR 2
0034 CELPTR RHR 2
003C SFSAVE  RHR 2
003E STEPTR RNR 2
0040 CHPTHP  RHR 2
0042 CHPTN2 RND 2
0044 ALP RHR 2
0044 NLP RNB 2
0048 FLP RHD 2
0044 NILATH RHB 2
004C LPARAT RNP 2
004€ RPARAT RMR 2
0050 DOTATH &NB 2
0052 SQUTAT RND 2
0054 QUOATH RMR 2
0054 LAKATH RNB 2
0038 NLANAT RHB 2
0054 SUBRAT RNR 2
005C NSURAT RHB 2
005E TATON  RHP 2
0060 CONATH RNR 2
0042 RSETAT RHD 2
0054 EOIATH RHD 2
0064 SUBLS2 RHD 2
0048 LBRKAT RHB 2
0044 RBRKAT RMB 2
004C CUREVL RHB 2
004E SONPTR  RMR 2
0070 BADPTR RiR 2
0072 GCTEHP  RNR 2
0024 GCFREE RHB 2 NUMBER DF FREE CELLS AFTER LAST GCOL
0076 13 5C FDR SUBLS3
+ GINGLE CHAR SLOTS ...
00F0 ORG $Fo
00F0 PEEKC  RHP !
00F 1 RSTFLO RAP |
4+ GLOBAL CONSTANTS
00FC ORG $FC
00FC ENDHEH RNB 2 IRTTIALIZED IN LISP
+ ZERD WORD
OOFE 00 00 1ERD FiB 0
* GLORAL VECTORS
e100 ORG 4100
0100 EVAL RNB 3
0103 READ RHB k|
0104 PRINT  RHR ]
o109 RHB 3
o10C GETCEL  RMR k|
\
1208 97 49 SIA A FLP+I
120D 94 48 LIA A FLP
120F 99 44 ADC A NLF
1200 19 DhA
1212 97 48 STA A FLP
1214 DE 48 LbX FLp
1216 7E 01 48 NP NUNF RN
L]
1219 SUBFUN  EOQU *
1219 21 00 fus HAGURD
12t8 SUBFNI  EQU 0
1216 8D 14 BSR GHXTAN
1210 DF 48 STX FLP
V20F BD 10 BSR GNXTHK
1221 BD 12 E5 JSk NUBINY
1224 20 DE BRa ADDF2 {
.
1224 GIRFUN EQU ’
1224 2t 00 FDB NALWRD
1226 80 F1 BSK SUBFNI
1224 B0 0t 4B J5R FRANUN
122D 2F B0 BLE FALSE
122F 20 k8 BRA TRUE
L
1231 GHXThA  EQU N
1231 DE 44 Lox ALP
1233 BD O} 24 JSR GNXTL
1234 BF 44 STX ALP
1210 DE 28 LDbX XTHP
1234 GHNZ EQu .
1234 Bb 01 3F JSR 154708
123D 25 03 BCS GNHERR
123F 2C 0} BGE GNNERR
1241 7€ 01 4B JHP FREHNUS
1244 GNNERR  EQU +
1244 UF 34 STX FORM SAVE FORN FOR ERROR PRINTOUT
1244 CE 13 CB Lox WGNNEKS  “BAD ARG, NUNBER KREQUIRED’
1249 BD 01 54 JSR ERRBRK
124C 96 F) LDA A RSTFLG IN A RESET?
V24E 27 EA BED GaN2
1250 DE FE LDX 2ERD VEP, USE VALUE OF ZEKOD
1232 3¢ KTS
Ll
1253 GNXTA  EQU +
1253 DE 44 LDX ALP
1255 BB 01 24 JSR GHXTL
1250 bF 44 STX ALP
1254 DE 28 LDX XThp
125C 39 RTS
»
125D CNUFUN  EQU ’
o (CONCUHILE (COND ((...) (LIST ...)) (¥ NOTHING}) )
¢ REPEATEDLY EVALS FORM, CONCATS RESULTS TOGETHER.
4 STDPS UHEN RESULT 1S EOTATN (I.E. NOTHING)
1230 21 00 FDB HAGURD
125F BD 01 24 JSR LSTINT START UP A LIST OMN STACK
1242 BD EF BSR GHXTA
1264 25 1E BCS CHUDN2 NO ARG, RETURN WIL
1244 BF 4Af STX FLF
1248 CNUEVL EQU 4
1248 BD 01 00 JSR EvaL EVAL ARG
12460 &0 01 3C ISR ISDTPR IS 1T A LIST?
126€ 27 07 bEQ CNUNXT RESULT 1S NIL, RE-EVAL
1270 25 09 BLCS CRUDUN RESULT IS ATOM, END L1ST UITH ATOH
1272 bD 12 95 JSK LSTCOR RESULY 15 DTPR, CONCAT Ok
1275 25 oD KCS CHLDN2 DOESN'T END UIFH NIL, END OF LOOF
1277 CHUNXT  EQU .
1277 DE 48 LbX FLF RE-FOINY [0 BODY
1279 20 EU bfia CRUEVL ARD GO RE-EVAL 1T

0toF FRECEL 8NB k]
0112 FUSHX  RNR 3
0113 POPX RHP 3
0118 TOFX RNB 3
O1IR EVLATN RHR 3
0NIE SETATH RNR 3
0121 LOOKUF RMR ]
0124 ENXTL  RNB 3
0127 GFNXTL RHP k]
0124 LSTINT RHD L]
2120 LSTADD RMR 3
0130 LSTAP2  RHR 3
0133 LSTEND RHB 3
013 LSTENO EQU POPX
0134 ERREX  RNR 3
0139 ATHINI RHD 3
013 ISDTPR RHP 3
[1R13 1SATON RNB 3
0142 BETC RHD 3
0145 7€ 12 E5 JHP NUNINV
0148 NUNFRN RN 3
014 FRENUN  RNB 3
014E PUTSYH RHB 3
0151 PUTC RiB 3
0154 ERRPRK RNB 3
0157 BEETSYN RMB 3
0154 STKFRG RNP 3
015D 6oL RiB 3
0140 PROPSH RHR 3
0163 GETCAR RNB 3
0144 ISVAR  RND ki
0149 FRINR  RNR 3
014C PROPOP  RNP k]
.
11E0 ORG OBEGAD
.
2100 HAGURD EQU $2100 (‘1)
.
11E0 ATNFUN EQU ’
11E0 29 00 FOR HAGURD
¢ (ATON X) RETURNS TRUE IF X EVALS TO ATON, NUMBER, OR NII
11E2 8D &F BSR GNXTA
11E4 BB 01 ¥F JSR ISATON
11€7 25 03 RCS FALSE
11E? TRUE EQu *
HHE9 DE SE Lnx TATON RETURN ‘T
HIER 39 RTS
11EC FALSE  EQU *
11EC DE FE Lpx 2ERO RETURN NIL
HEE 39 RTS
*
11EF NUNFUN  EQU L]
HEF 21 00 FDB NAGURD
11F1 8D &0 BSR GHXTA
IIF3 BD 01 3F JSR ISATON
11F8 25 F4 BCS FALSE
1IF8 2C F2 BGE FALSE
FIFA 20 ED BRA TRUE
]
VIFE ADDFUN EQU ]
1tFE 21 00 FbB HAGURD
F1FE BP 31 BSR GNXTNN
1200 RF 48 STX FLP
1202 ab 20 BSR BENXTNN
1204 ADDF2  EOb +
1204 0F 44 STX NLP
1204 94 49 LDA A FLP#1 ADD THEM
1208 98 47 ADD A NLP+1
1204 19 DAA
.
1278 CHUDUN EQV 4
127D ¥C &4 CPX EOIATH "NOTHING"?
127D 27 05 BEQ CNUDN2 YEP, JUST END THE LIST NORNALLY
127F BD 01 33 ISR LSTEND NOPE, END THE LIST UITH THE ATOM
1282 20 03 BRA CNUDNI
1284 CNUDN2  EOU +
1284 BO 01 15 JSR LSTENO END THE LIST UITH A NIL
1287 CRUDNI ERU .
1287 7€ 01 &C JHP PKOROP RETURN UITH THE LIST AS VALUE
.
1264 LSTFUN EQU [
4 (LIST ‘4 ‘B ‘L)
1284 21 00 Fbb HAGURD
128C DE 3E LbX STKPTR CLEAR TOP OF STACK (TD AVOID FREEING LIST)
1288 &F 00 CLR CAR, X
1290 &F 01 CLR CAR+1, X
1292 DE 44 Lbx ALF RETURN UITH ARG LIST
1294 39 R1S
¥
1295 LSTCON EQU 3
¢ CONCAT A LIST 1O LIST AT TOP OF STACK
* RETURN VITH C-BIT SET IF COR OF LAST DYPR NON-NIL
1293 DF 34 STX FORM
1297 BB 01 18 JSR TOFX GET POINTER 10 LIST
1294 96 34 LDA A FOKA FILL IN NEW CDR
129C A7 02 STA A CDR,X
129 94 33 LDA A FORN+I
1240 47 03 STa A CDR+1,X
1242 L§TC2  EOU .
1242 DF 28 BTX X1HP2 SAVE PDINTER TO LAST CELL
1244 EE 02 LbX COR,X NOU POINT YO NEXT CELL 1N L1ST
1246 D 0Y 3C JSR ISDTPR 15 IT A DIPR?
1249 24 §7 BCC LSTIC2 YEF, HEEP LOOKRING
1248 24 01 BRE LSTC3 SKIP THE CLC IF NON-NIL CODR
124b oC CLC
[¥{.13 LSICY EOQU E]
124E DE JE LDbX STHPIR FILL IN NEY VALUE FOR LIST POINTER
1280 94 28 LDA A XTHP2 '
1282 A7 00 STA A CAR,X
1264 96 29 LDA A XTNP2+1
12B6 A7 01 5TA A LAkl X
1268 DE 34 Lox FORH RESTORE X-REG
12ba 39 RYS RE(URN UITH C-BIT CORRECT
+
1288 EVLSFN EQU ¢
¢ (EVALLIST (CDR L))
+ EVAL ALL ELENENTS OF ARG (ASSUNED ID BE A LIST)
s RETURN UITH VALUE OF LAST ONE
1288 21 00 FuB HAGURD
126D DE 44 LbX ALP
12BF BD 01 3C JSR ISOTPR
b2c2 25 08 BCS EVLLS2 NOT A DTPR, JUST RETURN THI1S
1204 EE 00 LDX CAR, X GET ARG (SHOULD BE A LIST)
1206 20 04 BRa EVLLS2 AND CONTINUE UITH PROGN CODE
s
12C8 PGHFUN  EOU +
* (PROGN A B C D)
# EVALS ALL ARGS AND RETURNS THE VALUE OF [HE LAST ONE
t2c8 21 00 Fbb HAGURD
12CA DE 44 LDX ALP
12cC EVLLS2 EOD »
12CC DF 48 STX FLP IRITIALIZE RETURN VALUE
V2CE PGNFN2 EQU .
12CE 8D 01 3C JSR 15DIFR
1204 25 OF BCS PGNDUN
1203 DF 44 STX ALP
12D £E 00 LDX CAR, X EVAL CAK
i2b7 BD 01 00 J5R EVaL
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124

I2bA BF 49 §TX FLP 1338 2C 05 BGE BTFUNY

120C DE 44 Lox ALP 1330 B 01 4R JSR FRENUR
12DE EE 02 LDX  CDR,X SCAN TO END OF LIST 1340 DF 48 STX  FLF
:g:g 20 EC PRA PGNFN2 1342 BTFUNt EQU +
PGNDUN EQU  » 1342 DE 4C LDX  CUREVL 4
1262 DE 48 DX FLP RETURN VITH LAST VAL 1344 DF 44 ST aLf PRINT QUT CARTS oF CoREwL List
12E4 39 RTS 1344 BYFUN2 EOU '
s :mmuu = 1346 BD 12 §3 JSR GNXTA
. 1349 25 B9 BCS  RTNEGI
: ::z:ﬂgggsu?gn;rz l: X-REG (BCD 10’5 CONFLEKENT) 1340 96 49 LDA A FLPHI FETURI EQT S0 N0 PRINT Ou1
‘S CONPLENENT
e OO :;:g I:: 99 ::2: A W99 SUBTRACT | (KCP-UISE)
127 27 14 BEDQ NHIVRT 1T IS 2ERD, SAVE OUR BREATH 1350 97 49 STA A FLF+I
:gg: ?: 99 LDA A W399 FIRST GET 9°5 COMPLEHENT 1352 27 B2 RE@  BIFRIN
TAR 1354 BD 01 43 JSR 6
12€C DO 26 SUB B XTNP y 1357 BD 01 04 JSR P:;S?R
12EE 90 27 SUR A XTHP+1 : 1354 20 EA BRA  BTFUN2
:;frg :;: o1 ADD A IY NOW ADD 1 TO GET 10°S CONFLEHENT . )
PAA
12F3 97 27 5TA A XTHP4| ::gg 81 sumLs3 Egg :alun’
12F5 17 T8A 1360 00 FCA 0
12F4 89 00 ABC A N0 FIXUF UP HIGH DIGITS 1380 11 EO FDB  ATHFUN
12F8 19 PAA 1363 & FCL “aunber’
12F9 97 24 STA A XIHP 1369 00 B o0
12FD DE 28 LBX  XTHP 136a 1) EF FDP  NUHFUN
12FD NHIVRT EQU  » 134C 41 Fcr ‘add”
12FD 39 . RIS 134F 00 FCR 0
1370 1
12FE RSIFUN EQU 4 1372 7; e icng “'E‘l::l'm
12FE 21 00 FIB  MAGURD 1375 00 [ I
1300 RSTFN2 EQU  » 1376 12 19 FDB  SURFUN
1300 B4 FF LDA A -1 1378 47 FCe ‘qreater”
1302 RSTFN3 EQU 137F 00 FCp 0
1302 97 Fi STA A RSTFLG 1380 12 24 FOB  GTRFUN
1304 RTNEOI EOU 1382 4C FCT “list”
1304 DE 84 LDX  EOIATH 1386 00 FCR 0
1304 BTFRTN EQU 1367 12 84 FOB  LSTFUM
1304 3% RIS 1389 45 FCC  ‘evallist”
. 1391 00 FCR 0
1307 RIBFUN EQU 1392 12 BR FDB  EVLSFN
1307 21 00 FDB  HAGHRD 1394 72 FCC  ‘velbrk’
1309 DD 12 53 JSR GNXTé 1394 00 FCR 0
130C B 01 3F JSR 15ATON 1398 13 07 FDD RTBFUN
130F 25 0b BCS  RTBFN2 1390 82 Fcc LN
1300 2C 0B RGE  RTBFN2 139F 00 FCR 0
1313 BD 01 4B JSR FRNNUM 130 13 2 FDB  BIFUN
1346 2F EB BLE  RSTFN2  ZERD OR NEG., SANE AS FULL RESET g
1118 DF 24 STX XTHP 1342 00 AL
1314 94 27 LDA A XTNF+} SET UF RSTFLG 1343 NSUBLI EQU ¢
131C 20 EA BRA RSTFNI 133 70 FCC ‘proan’
’ 1348 00 FcR 0
VME RTBFN2 EQU N 13a% 12 C8 FDB PGNFUN
VIE 86 CF LPA A N¥FF-0  FORCE RESET TO CURRENT BREAK LEVEL 13AB 43 FCC “concuhile’
1320 20 E0 BRA RSTFN3 1384 00 FCp 0
. 1385 12 5B FDR  CNUFUN
1322 BRKFUN EQU  » 1387 72 FCC  ‘resel”
1322 21 00 FDB  NAGWRD 13RC 00 ey 0
1324 DE FE DX ZERO 138D 12 FE FPR  RSTFUN
1328 DF 34 SIX  FORM 138F 42 FCC “break’
1328 CE 13 D8 LDX  WBRKMSG 13C4 00 Fce 0
1320 7E 01 54 JEP ERRBRK 1305 13 22 FRB  BRKFUN
4 [ ]
1326 RIFUN  EOUW 13C7 00 FCp 0
1326 24 00 FDB  NAGWRD 13¢8 4 GNNENS  FCC *HUMBER REQUIRED’
¢ (AT NNHN) 1307 04 FCR L]
1330 7F 00 49 CLR FLP+1 1308 42 RRENSG FCC "RREAKTNG ...~
1333 BD 12 53 JSR GNXTA IF ARG IS A NUNBER, RETURN FUN THAT FAR BACK ON CUREVL  |3E4 04 FCR 4
1334 BB OF 3F JSR 1SATOM '
1339 25 07 BCS  BTFUN! 13€5 BEGADR EOU  »

END

NO ERROR(S) BETECTED

SYNBOL TABLE:

ADDF2 1204  ADDFUN 11fC  ALF 0044  ATNFUN VIEO  ATHINI 0139
BEGADR 13ES  BEGFFR 0020  BRKFUN 1322  DRKHSG 13DB  BTFRTN 1304
BYFUN 132  BIFUNI 1342  DTFUN2 1348 (AR 0000 COR 0002
CELPTR 003A  CHPTH2 0042  CHPTHP 0040 CNWDN2 1284  CNUDN3 1287
CNUDUN 127 CNUEVL 1248  CNUFUN 125D  CNUNXT 1277 CONATH 0040
CUKEVL 008C  DADPTR 0070 DOTATH 0050  ENDHEN OOFC  ENDPTR 002E
EOI 0004 EDIATH 0064 ERRBRK 0154 ERREX 0136 EvAL 0100
EVLATA 0118 EVLLS2 12CC  EVLSFH 1280  FALSE 11EC  FLP 0048
FORN 0034  FRECEL 01OF  FREPTR 0024  FRHNUN 014B  GCFREE 0074
GCOL 013D~ GCTEMP 0072 GETC 0142  GETCAR 0043  GEICEL 010C
GETSYN 0157  GFNXTL 0127  GHN2  123A  GNWENS 13CO  GNHERR 1244
GNXTA 1233 GNXTL 0124  GNXTN# 1231 GTRFUN 1226  1SATON 013F
ISDIFR 013C  1SVAR 0166  LANATH 0056  LBRKAT 00,8  LOOKUF 0121

|LPARKAT 004C  LSTAD2 0130  LSTADD 012D  LSTC2 1242 LSTCY 124E
LSTCON 1295  LSTENO 0193  LSTEND 0133  LSTFUN 128A  LSTINI 0124
LSTPTR 0034  HAGURD 2100  HANPTR 0032  NILATH 004A  HLANAT 0058
NLF 0046  NHIVKT $2FD  NSUBAT 00SC  HSUBLY $3AT  NUNFRN 0148
NUNFUN LVEF  NURINV 12E5  OBEGAD 11E0  PEEKC OOFO  PGNDUN 12E2
FGNFNZ Y2CE  PGHFUN 1208 POFX 0115  PRINR 0149  PRINT 0104
PROFOP 014C  PROFSH 0140  FUSHX 0112  FUTC 0151  PUTSVH O14E
QUDATH 0054  KBRKAT 008A KEAD 0103  RPARAT OO4E  RSETAT 0042
RSTFLG 0OFY  RSTFM2 1300 RSTFN3 1302  RSTFUN 12FE  RTBFN2 13IE
RVBFUN 1307  RTNEDOI 1304  SETATH O11E  SONPTR 006E  SPCFIR 002C
5¢SAVE 003C  SDUTAT 0052  STKFRG 015A  STKFIR 003E  STPI 0024
S1P2 0028  STRY 0022 STR2 0024  SUBFHY 121B  SUBFUN 1219
SUBLS2 0068  SUBLSI 135C  SUBRAT 005A  SYNLST 0030  SYWPTR 0018
[ATON O0O0SE  TOFX 0118  TRUE 11E?  XTHP 0026  XINP2 0028
2ERD  QOFE










