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- The purpose of this manual is to give

an informal introduction to the programming language BALM
implemented on the CDC 6600 at the Courant Institute at
New York University. This 1is a powerful language,
possessing a number of highly sophisticated features,
including vector, string, and list processing,
programs as data, and extendability.
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CHAPTER 1. BASIC PROGRAM COMPONENTS

The, al Variables, Values, Names, and Constants

A BALM program may refer to several kinds of data-objects.
Some of these are constants which do not vary during the
execution of the program. In this chapter we will deal mainly
with integers. Constant integers can be written in the usual

way. Examples of integer constants are
1107,5 92/4 61, BE=51

Description of other types of data-object are postponed until
Chapter 2.

Variables in a BALM program are used to refer to data-objects
whose values can vary during the execution of the program. Each
variable has a name, which is used to identify it, and a wvalue,
which may be changed by the execution of theprogram. The value
of any variable can be any type of data-object which can be
created by a BALM program. That is, in BALM a variable does not
have a type associated with it, as in many other programming
languages. In BALM the type of a data-object is determined by
the data-object itself.

A variable name is written as a sequence of letters or digits
starting with a letter. There are some exceptions which permit
other characters to appear in names. But we shall postpone
discussion of these for later chapters. Names with more than
8 characters are truncated by BALM with a warning message.

Thus X, ABC, P1234 are all names of variables. ALONGNAME is
also a variable but it would be seen by BALM as ALONGNAM.
A variable can be given a new value in a number of ways, but
the simplest is by use of an assignment expression. For example,
the expression

ABC=123
would assign to the variable whose name was ABC the number 123
as its value. Subsequent references to ABC would then be taken
to refer to this number, until its value was changed by a

further assignment. The expression



XYZ19 = ABC

would assign to the variable whose name was XYZ19 the current
value of the variable whose name is ABC.

1852 Expressions and Values and Operators

Expressions are the most impprtant components of a BALM
program. A constant or a variable is an expression, and
expressions can be combined with operators to make other
expressions. Integer operators include multiply, divide,
add, and subtract. The value of an expression is the value
obtained by evaluating the expression wsing the current values
of the variables. For example, if the value of the variable
named ABC is 123, the value of the expression

ABCEEED
is the number 128, while the value of the expression
5 + ABC/3

is 46. The operators * and / are used to indicate multiplica-
tion and division respectively. The evaluation of an expression
involving multiplication and addition is done so that the
multiplication is done before the addition. In accordance with
the ordirary rules of arithmetic, parentheses can be used to
modify this order, so that the value of

(5 + ABC) /4

is 128/4, i.e. 32. That is, the expression inside parentheses is
always evaluated first.

To give more flexibility in writing expression which are
functions of more than two other expressions, the standard

functional notation is used. For example
MAX (X+1,Y,2*Z)

is an expression whose value is given by applying the function
named MAX to the values of the expressions X+1, Y, and 2*Z, which
are refe-red to as the arguments of MAX. The same notation can
be used for applying functions to one or two arguments, SO that
the expression:



SQRT (2*7Z)

will have the value which will result from applying the function
named SQRT to the value of the expression 2*7Z.

In BALM there are functions which may have other effects than
simply returning a result. The more general term procedure is
usually used for such functions. In fact, some procedures may
not even return any value, or may always return the same value.
Such procedures are usually evaluated for their effect rather
than their value. One such procedure in BALM is the PRINT
procedure which will print out the values of its arguments and
whose value is the value of its last argument. For example,
execution of

PRINT (A+1)

will print out 21 if the value of A is 20.

In addition to facilities for manipulating integers, BALM
can handle strings of characters, true and false, and various
ways of specifying collections of these objects. For simplicity,
however, we will restrict consideration fox the time being

to integers, which are very simple and familiar to most people.

13 Assignment

In BALM every expression has a value, though sometimes this
value is inaccessible to the programmer. The assignment expres-
sion used above to show how a variable may receive a value is
an expression whose value is the value of the expression used
on the right-hand side of the = , and whose evaluation has the
side-effect of assigning this value to the left-hand side.
Evaluation of the right-hand side takes place before the
assignment, so

COUNT= COUNT + 1

will take the current value of COUNT, add 1 to this value, and
assign the result to the variable COUNT, thus increasing the
value assigned to COUNT by 1. Note that

K = COUNT + 1




will use the value of' COUNT to calculate the value of K, but

will not change the value of COUNT. Since the assignment

expression has a value, evaluation of the expression
A= (B =1)

will have the value 1, and the side effect of assigning 1 to
A and B.

1.4 Program Setup

BALM programs may either be punched on cards and submitted for
batch processing or, if available at your installation, typed in
at an interactive terminal. Suppose for the moment such a
terminal is available and you have logged in and are ready to
enter a BALM program. A semicolon after an expression is a signal
to the BALM system to evaluate the expression it has just read,
and then to read the next expression. Any line with an * in
column 1 is treated as a comment.

Examples

Suppose the problem that we wish to solve is that of calculating
the cost of painting a room. We can do this by calculating the
area of the walls, and then multiplying this by the cost of the
paint. For simplicity, suppose the room has one wall 8 by 16 and
one wall 9 by 17, so we can find the area by typing in:

AREA = 8%16*9*17;

+
This will be executed, so we can then calculate the cost by

multiplying the area by the cost per unit area, say 2 cents per
square foot: i

COST = 2*AREA;
and then printing out the result
PRINT (COST) ;

will print out 562 on the teletype. If we have $7.00 to
spend, we might then want to consider if we can also paint the
closet, an additional area of 6 by 8. We can then type in:

PRINT (COST+2*6*8) ;

=




which will print out:
658

so we can make it, with 42 cents left for a beer.
If we don't have access to a teletype, we could have punched

the same program on cards as follows:

¢ PROGRAM T0 DETERMINF COST OF PAINTING A ROOM

AREA = 8#16e9%w17}

COST = 2+*AREA}

PRINT(CQST)}

PRINT(COST+2%6¢8)};
The output from the program would be printed on the line printer
as the original program with a blank line separating the expres-
sions, and with any printed output interspersed in the appropriate

place. In the present example this would be as follows:
AREA = B816#9#17}
COST = 2+*AREA}

PRINT(CQST)
562

PRINT(COST+2*6«8)
658

155 Conditional Expressions

In very simple problems it is possible to write programs in
which the expressions evaluated are independent of the data.
In most interesting problems, however, this is not possible,
and the programmer must be given some mechanism to permit the
sequence of commands to be dependent on the values of expressions.
The usual way in which the course of the calculation can be
made to depend on the objects being processed is by use of

conditional expressions. These are usually of the form:

IF X THEN Y ELSE 2



0
I
A

where X is an expression whose value is to be tested, and Y and
Z are arbitrary expressions. Expressions such as X are called
logical expressions, and are considered to be false if their
value is NIL, ‘and true otherwise. If X is true, Y is evaluated,
but if X is false, Z is evaluated.

There are a number of operators which can be used to construct
logical expressions. In general, they return the vaiue TRUE or
NIL, and we will refer to them as predicates. The following

predicates can be used to compare the values of two integers.
GT LT GE LE EQ NE

These are used to test if an integer is greater than, less than,
greater than or equal to, less than or equal to, equal to, or

not equal to another integer. For example
IF X EQ Y THEN Z2=1 ELSE Z=2;

will set Z to 1 if X and Y have the same value, and to 2 otherwise.
The value of a conditional is the value of the expression which

is selected. For example,
ZR=STESXEROBYVETHEN' 18 ELSE 2;

could have been written instead of the example above. Other
predicate operators will be introduced later.

The ELSE clause can be left out, in which case the conditional
behaves as if it had an

ELSE NTL
appended to it. For example
IF X EQ Y THEN Z=1;

will set 2 to 1 if X and Y have the same value, and leave the
value of Z unchanged otherwise.

An example of the use of simple conditionals is given in the
program below, which does the calculations for the first nine

lines of the New York State income tax form for 1969:



INCOME = 8000}

ADDITIONS = 2003

SURTRACTIONS = 95;

TOTNY[INC ® [NCOME + ADDIT]ONS « SUBTRACTIONS}
STANRED = TQTNYINC 7/ 10;

IF STANDED GT 1000 THEN STANDED = 10003

FITMDEDS = 950

LIPREMS = 106

ITAXDEDS = 500

TOTITMDEDS = FITMDEDS « L]PREMS ~ ITAXDEDS)

IF STANDED GT TOT]TMNENS THEN DEDUCTIONS = STANDED

ELSE DEDUCTIONS = TNTITMDE
NV ENE S TOTITMDEDS;

§XEMPIIONS = NUMEXEMPTS = 600;
YTAXABLEINC = TOTNYINC = DEDUCTIONS = EXEMPTIONS;
PRINT(NYTAXABLEINC)} ,

The random figures inserted are for a hypothetical resident who
is married with one child (3 exemptions), earned $8000 salary,
with $200 additional income and $95 expenses, whose itemized
deductions came to $950 on his Federal return including $500
in income tax deductions, and who paid $106 in life insurance
premiums. Of course the same program could be used for someone
else simply by changing the appropriate figures. The two
conditionals are inserted in accordance with the requirement
that the standard deduction cannot exceed $1000, and to insure
that the resident gets the larger of two possible deductions.

The expression:
STANDED GT TOTITMDEDS

has the value true only if the value of STANDED is greater than

the value of TOTITMDEDS.
If there are several alternatives to be selected, the follow-

ing form of conditional can be used.

IF Pl THEN X1 ELSEIF P2 THEN X2 ELSEIF ... ELSE X

with the obvious interpretation.
Several conditions may be tested in one conditional by using

the connectives AND® and OR. For example

IF INCOME LT 3000 THEN TAX=0
ELLSEIF INCOME LT 5000 AND NUMEXEMPT GT 4 THEN TAX=10
ELSEIF INCOME LT 10000 AND NUMEXEMPT GT 6 THEN TAX=20

ELSE TAX=230}
=)=




1.6 Loops

Most programming languages and computers recognize that the
most useful kinds of algorithms contain sequences of instruc-
tions which are repeated many times. Special features are
normally provided for permitting the construction and rapid
execution of such repetitive sequences, which are usually
referred to as loops.

In BALM there are two forms of loops provided. The first

is called a while loop, and is of the form:
WHILE P REPEAT C

This is evaluated as follows.

1. The expression P is evaluated.

2. If the value is NIL, the while loop is finished.

3. The expression C is evaluated.

4. Go to step 1.
Note that the condition represented by P is evaluated at each
step, so it is necessary that the evaluation of C be able to
affect the value of P. The usual way of doing this is for C
to contain an assignment which modifies a variable which is
referenced in P.

For example, the following program will print out the

smallest number whose square is greater than S:

I=1;
WHILE 1e1 LE S REPEAT 1=1+1}
PRINT(1):

Suppose we only want to check the numbers up to some limit
I=1;
WHILE ©1 LT LIMIT AND I+l LE S REPEAT l=]+1}
PRINT(1)3

will terminafe if I exceeds LIMIT or when the number whose
square is greater than S is found.
The second kind of loop is the for-loop, which takes the
following form:
FOR V=(I1,I2,I3) REPEAT C

where V stands for a variable, I1,I2,I3 stand for expressions
whose values are integers, and C stands for an arbitrary expres-
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sion. The action of the for loop is as follows:
1. The value of V is set to the value of Il.
2. The values of I2 and I3 are calculated.
3. If the value of V is greater than the value of I2
calculated in step 2, the for loop is finished.
4. The expression C is evaluated.
The value of V is increased by the value of I3 calculated
in step 2. '
6. Go to step 3.
As in the example, if I3 is left out, a value of 1 is assumed.
If I3 is negative, step 3 above tests for less than, and in
step 5 V is decreas=d.
An example of a for loop is the following program which will
calculate the value of 1*2*3...*N and put the result in NN:
NN = 1)
FOR 1=C4,N) REPEAT NN = NNeIl}

Note that, like all expressions, while loops and for loops

have values. In each case the value of the loop is the value
of the 1last 'C.. .Thus
NN = 1)

PRINT(FOQR !=(1,N) REPEAT NN = Nhe]);

will print out the final value assigned to NN. »
Nesting of loops and conditional expressions give us the tools

to evaluate some interesting problems.

FOR I=(41,1) REPEAT
FOR J=(1,9) REPEAT

FOR K=a(1,9) REPEAT

IF (1+JeK)w(Ix %K) EQ 100#1+10*J+K

THEN PRINT(4100«]1+10w%J+K)}
will find all numbers between 1 and 199 whose value is equal to
the sum of digits times the product of the digits. Of course,
this is a rather inefficient method. We shall see how the use

of compound expressions increases our capabilities.



L7 Compound expressions

A useful form of expression which can be used with loops and

conditionals permits several expressions which are to be
evaluated in sequence to be written as a single expression. The

form of this is

DORCISFIC25 TSN ENTEND ;

where Cl1l,C2...,CN are expressions. EXxpressions within a
compound expression are separated by commas. An example of
this is

NN = 13 | = 13

WHILE 1 LE N REPEAT DO NN = NNe]l, I = I+1 ENDj

I LE N is an expression which is true as long as I 1is less
than or equal to N.

The value of a compound is the value of the last expression
before the end. A compound expression may occur anywhere a

single expression could appear.

Example 1.7.1

Although we still have not introduced the more powerful

properties of BALM, it is possible at this point to solve some

fairly interesting problems. The following program, for
instance, will print out all the triples X,Y,Z of numbers below
100, for which X*X + Y*Y EQ Z*Z

FOR £=(1,100) REPEAT n0o 2Z=7ZwZ,

FOR Y=(1,Z-1) REPFAT DO YY=zYwY,

FOR X=(1,Y) REPEAT
IF X=XeYY EQ ZZ THEN
PRINT(X,Y,2)

END

ENDJ
The reader should note that the values taken on by X, Y and 2

for successive executions of the conditional start out with
1,1,2 183 187253 207:21,3 19731984 and so on.

If this seems confusingthe reader should consider that a loop

is not executed if the initial value is greater than the limit.

Consider the case when Z=1. Then the loop beginning for ¥=(1,7-1)

will be skipped, and Z=2 will be the next value. This is by no

means the perfect program for doing this -- for example, we know

that if X*X+Y*Y EQ Z*Z then X+Y is greater than 7 so there is

no point in testing values of X which are less than Z-Y. The

-10-




adjustments of the above program to accomplish this are left
to the reader. There are, of course, many other ways of
solving the above problem which the reader could implement

at thistpoint.

158 Blocks
A block in its simplest form has the following structure
BEGIN(V1l,...,VN) ,X1,...,XM END

where V1,...,VN are variables which are to be considered local
to the block, and X1,...,XM are expressions. In this form a
block is similar to a compound, in that the expressions
Xl,...,XM are executed in order, with the value of the block
being the value of XM. Variables used in the block which are
not declared to be local are called global. Usually blocks

can be included in other blocks, so variables which are local
to an outer block may be global to an inner block. For example,

the following extract from a program would print out the value 6:

X =13 Y = 103
BEGIN(X), X = §, y = 5 END}
PRINT(XeY)}

The variable X inside the block is declared local, so the
assignment to X will not affect the X which has been assigned
the value 1. The variable Y, however, is global to the block,
and so its value is changed to 5.

The value of being able to declare local variables will be
more clear when we discuss user defined procedures. In many
languages, FORTRAN for example, variables are always local
unless they are specifically declared global by appearing in
a COMMON statement. In BALM we have just the opposite case.
We will however postpone further discussion until the section

on name scoping.
sl Labels and Gotos

In the examples we have given so far, our program has simply
consisted of a number of expressions which were to be evaluated
in the order in which they were written. We will now consider
how this order can be controlled in a more flexible way.

-11-




Suppose we have a number of expressions whose evaluation order
we wish to specify. In BALM we can do this by grouping them into
a block, and inserting extra expressions to specify the execution
order. We will call these jumps. If no jumps are specified, the
expressions will be evaluated in the order they are written.

For example
AREA 8*16+9%17

COST 2*AREA;
PRINT(COST)}

could be written

BEGIN (),

AREA = 8»16+9+17,
COST = 2+*AREA,
PRINT(CQST)

END}

This would have the same effect, but if it was being typed on a
teletype nothing would be executed until the user typed in the
semicolon.

When expressions are grouped in a block we may transform from
one expression to another.

The simplest kind of jump in BALM is of the form

GOTO L

where L is a name. When evaluated, this will cause the next

expression to be evaluated to be the one immediately following

the name L in the list of expressions. Such a use of a name is
called a label. For example
BEGIN(),
MOR, | 3 10«1,
= [*2
GOTO MQR
END 3

would not terminate, or not at least until stopped by the computer
operator. Each time the GOTO was evaluated, evaluation would
continue with the expression following MOR.

Jumps are usually used in close conjunction with conditionals.
This permits the execution of the jump to be dependent on the value
of some expressions, and so permits the sequence of evaluation to
be dependent on the data supplied to the program. In particular,
the use of conditional jumps permits the programmer to write more
complex loops than are provided by the for-loop and while-loop

expressions.

=




As an example of a program which uses loops, let us consider

the program which will print out the perfect numbers below 100.
A perfect number is defined as a number which is the sum of the
numbers which divide it exactly. The ancient Greeks knew of
the existence of perfect numbers, one of which is the number 6,
whnich is exactly divisible by 1, 2, and 3. The program can be
written as follows:

BEGIN(),
=%,
NXTsJ=2, S=21,
NXJsIF J GE ] THEN GOTO FIN,
Wsl/Jd,
[F I EQ JeQ THEN S=S+J,
J=J*1,
GOTO NXJ,
FINsIF I EQ S THEN PRINT(I1),
[3]+1,
IF I LT 100 THEN GOTO NXT
END3

Jumps may only take place within a block. BALM does not permit

us to transfer from one block to another. Thus

BEGIN(),
PRINT(10+20),
GOTO DONE
END3J
is invalid since it implies transfer to a label not defined in the

block.
Labels are only valid within blocks and may not occur within

compound expressions or conditional expressions. Thus

BEGINCI),
I=1,

NXTsl=]+q,
IF 1,2¢2 FQ | THEN PRINTY(!),
IF I LT 100 THEN GO NXT
END}

is valid but

BEGINCI)Y,
FOR 1=(1,100) REPEAT DO

NXTy)IF 1,2¢2 FQ | THEN PRINT(I) ELSE GOTO NXT
END END3

is an invalid use of a label and will result in a run time

diagnostic because labels may not appear within a compound.

—L51=



Indirect Jumps

In an expression of the form GOTO X, X can be an arbitrary
expression whose value is a label. X could have been set, for

example, to a label prior to execution of the GOTO, as in the
following

BEGIN(L),
IF SWTCH FQ 4 THEN L=L1
ELSEIF SWTCH EQ 3 THEN L=L2
ELSEIF SWTCH EQ 2 THEN L=L3
EBSENUTE|54Y,
GOTO L.

Ll' LI R )

L2l 20t

LS' CRCI S

L4‘ T |
ENDJ

More uses of this facility are possible using the more powerful

data-objects which are described in chapter 2.

ijeNg 2 Use of RETURN

In BALM a block is an expression and has as its value the value
of the last expression evaluated. The operator return can be used
to terminate the evaluation of the expressions in the block, and

to give it a value. For example, code to assign to R the value
nf factorial N can be written

R = BEGIN(I,NN)Y,

NN=1, =1,
NXT,IF I 6T N THEN RETURN NN;
NNzNN+ |,
131+1,60T0 NxT
i END3
I
J;: RETURN causes a skip to the end of the block and can be thought of

as a block exit. The value returned becomes the value of the entire
block. In a later section we will show how the user can write

code which will permit him to write:

R=FACT (N) ;
which is more convenient.

EXERCISES

1.1 Write a program to convert numbers less than 100 from decimal

to octal. |
1.2 Rewrite example 1.7.1 so that values of X which are less than
5 7-y are not tested. Compare the running times.

==




CHAPTER 2. MANIPULATION OF DATA OBJECTS AND STRUCTURES

2l General Properties of Data Objects

The objects which can be manipulated by a BALM program are
called items. Each item has a type, which is one of the following.

logical

integer

label
pointer-to-identifier
pointer-to-code
pointer-to-string
pointer-to-pair
pointer-to-vector

For convenience, we will often delete the pointer-to prefix and
refer to a pointer-to-vector, for example, simply as a vector.

A pointer-to-code is usually called a procedure. The last three
types of item, strings, pairs and vectors, are themselves ordered
sets of items, while the other types can be considered to be more
primitive.

All items in BALM are treated uniformly, in the sense that any
item can be assigned as the value of any variable, given as an
argument of a procedure, or returned as the value of a procedure
call. This is in contrast to many other programming languages,
in which a variable is restricted to have a particular type of
item as its value. In BALM the type of an item is determined by
the item itself rather than the variable whose value it is.

The following expressions can be used to test the type of

an item.

Expression Value

PAIRQ (X) TRUE if X is a pair, NIL otherwise

VECTOQ (X) TRUE if X is a vector, NIL otherwise

IDQ (X) TRUE if X is an identifier, NIL otherwise
INTOQ (X) TRUE if X is an integer, NIL otherwise
LOGQ (X) TRUE if X is true or NIL, NIL otherwise
LBLQ (X) TRUE if X is a label, NIL otherwise

CODEQ (X) TRUE if X is code, NIL otherwise

STRQ (X) TRUE if X is a string, NIL otherwise

X SIM Y TRUE if X and Y are of the same type, NIL otherwise.
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These take an arbitrary item as argument, and have the value true
if the item is the specified type, and nil otherwise. For example,

to take an action which is dependent on the type of X, we can
write code of the form

IF INTQ(X) THEN ,,s ELSEIF PAIRQ(X) THEN ...

Note that all types are mutually exclusive, so that if a particular
item satisfies one type test, it cannot also satisfy a different
one. The operator
SIM

can be used to test if two items have the same type, so that

PI(EX, W) RS TM* €123
has the same value as

INTQ(P(X,Y))

The three forms of item which can be used to represent ordered
sets have different characteristics and different uses, which we
will be outlining in the rest of this chapter. Of these, the
string is the simplest, consisting of an ordered set of charactres
(letters and digits etc.). The vector and the list are more

powerful, being ordered sets of arbitrary items (including other
vectors and lists) .

2 57 Internal Representation

In the diagrams below we show informally how items could be

represented in memory in a typical implementation. Items are as
boxes of the form

Each such box represents an item, and contains a type field and
a value field, which may contain a pointer. Boxes shown on top

of each other will usually be adjacent in memory.

INTEGER

TYPE VALUE
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INTEGER

TYPE VALUE
STRING

TYPE *
PAIR

{TYPE *

VECTOR

TYPE *
IDENTIFIER
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Labels and logicals have the same internal representation as
integers. Code blocks have the same internal representation
as strings.

In addition in some implementations a third field called mode
is present. On the 6600 this field is 6 bits long and may be set
to an integer between 0 and 7.

TYPE | MODE

The following operations are available to manipulate the mode field.

?>L EXPRESSION VALUE

-

k-f; MODE ( X) returns as an integer the mode field of X

i}; (6 bits on the CDC 6600 implementation)
SETMODE (X, I) the item X with mode field set to I

253 Atomic Items

Integers, identifiers, labels and logicals are atomic in that
the item contains the data rather than a pointer to it. We shall
discuss code along with the atomic items even though a code item
contains a pointer to a code block. This is because there are

A {{ no BALM operations which modify code blocks.
2537 Integers

Integers may'be expressed as decimal or octal numbers in BALM.
Any integer followed by a B is interpreted.as being octal. For

example

13 =75 10101
are decimal integers, while

77B 101010B 10B

are all octal numbers.

-]18~
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The following expressions may be used with integers.

Expression Value

1B )
Li=J
I*J
14
-I
I4+J I raised to the J-th power

I EQ J
I =43 same as I EQ J

NE
LT
GT
LE
GE
LAND(I,J) bit by bit AND of I and J

I and J are considered as binary numbers

LOR(I,J) bit by bit OR of I and J
COMPL (I) complement of I
XOR(I,J) exclusive OR of I and J

SHIFT(I,J) left rotate of I by J places when J is positive
right algebraic shift with sign extension if J
is negative

PL I TRUE if I is not negative, NIL otherwise

HHHHH
guggggg

ZR I TRUE if I is zero, NIL otherwise

Integers on the CDC 6600 version are 18 bits long.
A SHIFT(I,18) results in I and a SHIFT(I,-18) in 0.

Note: Decimal integers must be of magnitude less than 131,072.

2.3.2 Logicals

Logicals are TRUE and NIL. For convenience NIL and FALSE are

the same. The following expressions may be used with logical items.
Expression Value

X AND Y if X then Y else NIL

X OR Y if TIX then Y else TRUE

NOT X if X then NIL else TRUE

NULL X if X then NIL else TRUE

—1X if X then NIL else TRUE

The reader should note that the above expressions test for a value
of NIL. Any value other than NIL will be interpreted in the same

way as TRUE.
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2SS el Identifiers

An identifier may be thoughtof as an ordered triple, whose
components are called name, value and property-list. The name

component is always a string, while the value and property-list

components may be of arbitrary type. Names of identifiers may

be only eight characte;s long and will be truncated with a warn-
1_ ing message if they exceed eight characters.
N Constant identifiers used as data-objects may be specified by
a name preceded by a quote to distinguish them from their values.
Either > or = may be used as a quote. Thus

>ABC =XYZ >ALONGNAME
! are valid identifiers. WNote that ABC without the gquote would
normally refer to the value of the variable ABC.

_ i, The following expressions may be used with identifiers.

3 Expression Value
' SFROMID(ID) the string which is the name comppnent of ID
thus SFROMID(>ABC) results in #ABC#
VALUE ID the value component of ID

For example: X=VALUE (=ABC) is equivalent to X=ABC
PROPL (ID) the property-list component of ID

We shall discuss property lists in more detail

when we discuss language extensions.

An identifier may have a property or properties

A as well as a value.

- VALUE ID = X has the value X and the side-effect of changing
! the value component of ID to X
21

PROPL(ID) = X has the value X and the side-effect of changing
the property-list component of ID to X

ID1 EQ ID2

i d ID2 i i £
Ipl = IDZ TRUE if IDl1 an are the same identifier,

NIL otherwise.

2.3.4 Code Blocks

Ccode blocks in BALM are the items used to represent procedures
Both the BALM system procedures and user-defined procedures are
represented as code blocks. Each time the BALM compiler encounters

a semicolon it generates a block of code and then executes it.
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The following expressions can be used with code.

Expression Value

CFROMV (V) The block of code corresponding to the instructions
specified as integers in the vector V.

IDFROMC (C) The identifier which appeared on the left-hand side
when the block of code was defined as a procedure
(see Chapter 3).

APPLY (C,X) returns the value of procedure C when applied to
argument X, if X is a list (see Section 2.6)
it 1is. considered, . tol belamNlhistH
of arguments and C will be applied to the
members of thelist. If X is not a list it is
considered to be the sole argument of C.

Cl EQ.C2 TRUE if Cl and cC2 refer to the same code block;

Gl =1E2 NIL otherwise.

2.3.5 Labels

Labels are used with GOTOs to determine the flow of control
of the program. Constant labels are defined by using an identi-
fier as described in Section 1.8.1. This identifier can be
thought of as a local variable of the block whose value is the
label item.

The following expressions can be used with labels.

Expression Value
GOTO L Value is not accessible to the programmer, control
GO L is transferred to the instruction at L, L may be

an arbitrary expression, but its value must be a
label defined in the current block.

) o ] Strings

A string in BALM is an ordered set of characters, where we
use the term character to refer to those symbols which can be
punched on a card or typed on a teletype. Strings may be of
arbitrary length, and may contain arbitrary characters. A constant
string is specified in a program by preceding the first character
by the symbol # and following the last character by the symbol #.
In order to include the character # in a string it must appear

twice. For example SoN=



Si=¢%27#)
is the string consisting of one character which is #.

S2=%A QUOTE ## MAY APPEAR IN A STRING#:
will print as

¥A QUOTE # MAY APPEAR IN A STRINGZ}

The primitive operations on strings provided in BALM include
facilities for extracting part of a string (a substring), and
for changing a substring. The operator sub used for this
purpose takes three arguments, a string,
character of the substring,

Thus the program

the index of the first

and the length of the substring. Thus
S = ZABCDEFGHI12345%; SS = SUB(S.3,4)3
SUR(S:5,7) 3 Ze++7})

will assign the string #CDEF# to the variable SS,

string #ABCD+++345# as the value of the variable S.

and leave the

Strings may be concatenated using the operator concat. For

example PRINT(CONCAT(#ABC%,%1234567890123%))

will print #ABC1234567890123#.

The following expression may be used to create a string.

Expression Value

STRING(I1,I2,...,IN) the string whose characters are

represented by Il,I2,...,IN

This is only useful when the user knows the integer representa-
tion of the character. For example:

STRING(1,2,3) ;
results in #FABC#.
The reader should note that the variable whose name is ABC 1is

not the same thing as the string ABC. However, the BALM system
does permit one to be converted to the other.

The following expressions may be used with strings.

Expression Value
SIZE S the number of characters in S
IDFROMS (S) the unique identifier in the system whose name

is S. For example: IDFROMS (#ALONGNAME#) has
ALONGNAM as its value. Note that the string is
truncated to 8 characters.

[continued]
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Expression Value

VFROMS (S) creates a new vector whose elements are the
integer representations of the characters
of S (see Section 2.5).

CONCAT (S1,S2) creates a new string whose characters are the
same as S1 followed by S2

SUB(S,I,J) creates a new string whose characters are the
I-th through the (I+J-1)-st character of S

SUB(Sl,I,J J)y=S2 has the value of S2 and the side effect of
changing the I-th through the (I+J-1)-st char-
acters of S1 to the first through the J-th

characters of S2

S1 EQ 52 TRUE if S1 and S2 refer to the same string,
S1 = 82 NIL otherwise
EQSTR(S1,S2) returns TRUE if S2 is the same as or a copy

of S1; otherwise NIL.

If a string exceeds 1 line, trailing blanks are deleted.

For example
A STRING
ON TWO LINES#

i1s equivalent to
A STRINGON TWO LINES#

2.4.1 Copying and Assignment

In addition to these operations a series of useful procedures
and functions are part of the BALM system. They are listed in
entirety in Appendix E. PRINT is one such procedure which we
have discussed previously. Below we will describe COPY.

In BALM the assignment operation is done by assigning a copy
of the item which is the value of the right-hand side to the
left-hand side. However, in the case of a pointer-to type
only the pointer is copied, not the object pointed to. In a
similar way, arguments to procedures are copies of the actual
arguments, but in the case of pointer-to items only the pointer
is copied. For example:

A=101
SAVE=A)
A=A+l
PRINT(SAVE)}
10

)




Changing the value of A does not affect SAVE. Consider, however,

what happens when the item is not atomic and contains instead a

pointer to a data structure. For example:
ALPHA=S#ABCDEFGH]JKLMNOPQRSTUVWXYZ#)
MOD=ALPHA}
SUB(MOD,2,3)3#234%}
PRINT(MOD):

#A2I4EFGH] JKLMNOPQRSTUVWXYZ#
PRINT(ALPHA) )

The value of ALPHA is also #A234EFGHIJKLMNOPQRSTUVWXYZ#. Two things

should be noted about the above example: (1) the expression

MOD=ALPHA sets MOD to an item whose type is string and whose value

is a pointer to the same data structure referred to by ALPHA.

In other words the structure representing #ABCDE.....# occurs

only once in memory but the assignment created a second reference
to it. (2) The expression SUB(MOD,2,3)=#234# has the side effect

of changing the representation in memory. Since the structure

only exists once any item referencing it reflects the change.
COPY is a function which returns a copy of its argument. If

the assignment expression

MOD=COPY (ALPHA) ;

in the above example were changed to:
then MOD would contain a reference to a string
containing the same characters as ALPHA but not represented in
memory by the same structure as ALPHA.

200 Vectors

A vector in BALM is an ordered set of items in which an element
of the set is referred to by specifying its position within the
vector. For example, if the value of the variable V is a vector
the first element of the vector is referred to by the expression
(1), the second by V(2), etc. The integer used to specify the
element is usually called an index, and in BALM it can be a
constant, a variable, or an expression of arbitrary complexity.

A piece of program which will assign to the variable M the
largest number in a vector V whose elements are all numbers can

be written

LELENGTH(V)}
MeV(1];
FOR [=(2,L) REPEAT
IF V(1) GY M THEN H=VLI))}
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Here we have used the procedure length which will return as its
value the number of items in the vector (or list or string) given
as 1its argument.

An element of a vector can have its value changed by an
assignment in which the left-hand side specifies the element.
For example, the following piece of program will reverse the

order of the elements of the vector V.
L = LENGTH(V)}
FOR 1=(1,(L*1)/2) REPEAT
DC SaV(l), VII)=ViLe1n]), ViLe1=1)=S END;

As a more complicated example, we give below a piece of program

which will sort a vector V of numbers into increasing order.

L = LENGTH(V)Y;
FOR 1=(1,L=1) REPEAT
IF vIiI) GT VIil+y) THEN DO
X = vllely, VIlel) = v(I!), U =1,
WHILE J GE 2 AND V[J=1) GT X PFPEAT DO
VIJ] ® ViJel), J = J={ END,
VIiJl = X
END}

This way of implementing the sorting operation is called a bubble
sort. Essentially the algorithm looks at successive pairs of
elements, checking to see if they are in the correct order. When
an incorrectly ordered pair is found, the second element is moved
backwards towards the beginning of the vector until it is in the

correct position, all the intervening elements being moved forward

one place. The search for incorrectly ordered pairs is then
continued. When the last pair has been examined, the vector
elements are in the correct order. The reader should trace through

through this program with a sample vector to check that he follows
the logic.

A vector can be created in BALM in several ways. The simplest
uses the operator VECTOR, which can have an arbitrary number of
arguments, and which will return as its value the vector which has
as its elements the values of those arguments. Thus

ABC = VECTOR(A+B,12,MAX(V))
will assign to the variable ABC the 3-element vector whose elements
are the value of A+B, the number 12, and the maximum element in
the vector V, in that order. Alternatively we can use the procedure
MAKVECTOR to create a vector of specified size, but without assign-—
ing particular values to the elements (they will all be set to NIL
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actually). Thus

DO ABC s MAKVECTOR(3), ABCl1) = A+B,
ABCl2) = 12, ABCI3] = MAX(V) END;

would have precisely the same effect as the single expression above

The following expressions can be used to create vectors.

Expression Vector

VECTOR(X1,X2,...,XN) a vector whose elements are X1,X2,...,XN
MAKVECTOR (I) a vector with I undefined elements

In the above examples, the only expressions we have used with
indices have been simple variables. In fact any expression whose
value is a vector can be indexed. One very useful data-structure
is a vector whose elements are themselves vectors -- sometimes
called a two-dimensional array in other programming languages OX
a matrix by mathematicians. If M is such a data-structure then
the 3rd element is M[3], and the 2nd element of its 3rd element
is M[3][2]. This element can be changed by putting this
expression on the left-hand side of an assignment in the usual way.

In BALM a simple notation is available for printing a vector
This is illustrated by the program |

V = VECTOR(12, 34, 56); PRINT(V);
which would print

[12 34 56]
In more elaborate cases, such as when the elements of the vector
are themselves vectors or other complex data-structures, an
extension of the notation is used. In general, a vector is
printed as a left square bracket followed by the appropriate
notation for the vector elements, separated by spaces, and
terminated by a right square bracket.

This same notation can also be used to specify constant
vectors in the program. When used in this way, the vector should
be preceded by a quote operator which distinguishes this use of
the square brackets from others. We use > or = as a quote.

V ==[12 34 56]
will actually have the same effect as the assignment to V given
above. A vector constant may not contain variables. Identifiers

appearing in a vector constant are treated as identifier constants
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even though they arenot preceded by a quote. Thus

is equivalent to

v=2[(A B C]};
V=VECTOR(ZA.ZB;ZC)'

and both will print as

Similarly

will print

(A 8 C)

vi=2I[(X Y 21}

X=10J) Y=203 Z=30?
V2=VECTOR(X,Y,2)}
Xz2A NEW VALUE#%;
PRINT(VY)} PRINT(V2)}

(X v 23
(10 2u 30)

The following expressions may be used with vectors.

Expression

VI[I]
V[I] = X

SIZE V
CONCAT (U, V)

SUB(U,I,J)

SUB(U,I,J)=V

SFROMV (V)

CFROMV (V)
V EQ U

V= W
COPY (V)

[continued]

Value

the I-th element of V

has the value X and the side-effect of changing
the I-th element of V to X

the number of elements in V

the vector whose elements are

U(1l),+..,UlSTZE Ul , VI rravilSasZ vl

the vector whose elements are U[I],...,U[I+J-1]
has the value V and the side-effect of changing
the I-th through (I+J-1)-st elements of U

X VAL & 6 5 oV 1))

the string whose characters are represented by
the elements of V, assumed to be integers

less than 128

the code corresponding to the elements of V,
assumed to be integers less than 128

TRUE if V and U point to the same vector,

NIL otherwise

described in the previous section. COPY can
also be used with vectors and makes a copy of
all elements of V, and all their elements, etc.
The reader should note that two vector operations
V[I]=X and SUB(U,I,J)=V have side effects
which result in the data structure being changed.
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Any items which reference a vector are
affected by V[I]=X and SUB(U,I,J)=V.
EQUAL (X1,X2) a utility procedure which returns TRUE if X2

is the same as or a copy of X1, NIL otherwise.

With the availability of vectors, the range of problems that
we can conveniently solve is considerably increased. Many objects
which require a number of properties for their description can
be conveniently —represented by vectors whose elements are the
values of those properties. For instance, a triangle can
conveniently be represented by a vector of length three, whose
elements are the lengths of its sides, and the position of a
town can be represented by its latitude and longitude. Since in
BALM a vector can itself be an element of a vector, we can
represent a trip across the country by a vector whose elements
are the 2-element vectors representing the positions of the
towns on the route.

In some algorithms, it is found to be convenient to be able to
have other types of operations as the basic primitives for
manipulating ordered sets. For example, an algorithm which
frequently requires that an element be added to or deleted from
an ordered set will be rather inefficient using vectors. For this
reason we provide an alternative data-structure capable of
representing general ordered sets, but in which the primitive
operations are different. We refer to thse data-structures as

lists, which are described in more detail in the next section.

2.6 Pairs

A pair is an ordered pair of items, the first component being
called head and the second component tail. Any two items may
'be combined to form a pair. Pairs are created by the following
expression.

Expression Value

X : Y a pair whose head component is X and whose tail
component is Y.

The reader should note that the expression X:Y:Z is equivalent
to X:(Y:Z) and not to (SN EeZ L
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The BALM notation for printing a pair is illustrated below.
P=10320) PRINT(P)}
(10,20)
A pair may also be specified as a constant. We again use a quote

character, either > or =.
P= =(10,20)} PRINT(P)]
(10,20)

The following expressions may be used with pairs.

Expression Value

HD P the head component of P

TL P the tail component of P

HD P = X has the value X and the side-effect of changing
the head component of P to X

TL P = X has the value X and the side-effect of changing
the tail component of P to X

Pl EQ ‘P2 TRUE if Pl and P2 refer to the same pair,

Pils o=t DD NIL otherwise

COPY (P) described in the section of strings is also very
useful with pairs

EQUAL (X1,X2) described in the previous section is useful in

comparing copies of pairs
Since the components of a pair may themselves be pairs we can
construct very complex groups of items. An especially useful form

of a collection of pairs is called a list.

2ol Pairs and Lists

A list in BALM is an ordered set of items in which the two
primitives provided for referring to the components give
respectively the first element of the list and the remainder
of the list.

Lists can be created by using the operator LIST, which can have
an arbitrary number of arguments, and which will give as its
value a list with the values of its arguments as elements. A list
is constructed out of pairs according to the following definition.

Expression Value
Tl S TH(EX T2 PPN ) X (2020 e o (XN SINVTRLE) B
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For example:
ABC = LIST(A+B,12,MAX(V)) ;
will create a list whose elements are the value of the expression
A+B, thé number 12, and the value of MAX(V), and assign this list
to ABC. The procedure list is analogous to the operator vector
described previously. Of course lists may also be constructed
from a given head and a given tail using the colon operator.
For example:
ABC = A+B:12:MAX(V) :NIL;

would have the same effect as the expressions above.

We can think of a list as having two components, a head and
a tail which can be referred to by the two primitives, HD and TL.
For example, if the value of the variable L is a list of three
numbers 1, 2 and 3, then the value of the expression HD L is the
number 1, and the value of the expression TL L is the list whose
elements are the numbers 2 and 3.
. The second element of a list can be referred to as the head
of the tail of the list, so HD TL L would be the number 2.
Similarly the third element would be referred to as HD TL TL L,
and so on. The tail of a one-element list is the empty list which
is written as NIL.

A significant property of lists is that in general the tail of
a list is also a list. Thus those algorithms which require the
elements of a list to be processed in order can be conveniently
implemented using an auxiliary variable to keep the unprocessed
portion of the list. For example, a piece of program to sum the

elements of a list L can be

S =0} R = LJ
WHILE R REPEAT DO S=S+HD R, R=TL R END}

Here the variable S is used to accumulate the sum, and the
variable R is used to keep the unprocessed part of the list.
We are using the fact that the WHILE loop will continue until
R is NIL, which denotes the end of the list.
The predicate PAIRQ can be used to test if an arbitrary
expression is a non-empty list. For example, we could have written
WHILE PAIRQ (R) REPEAT DO S=S+HD R, R=TL R END;

in the example given above.
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A part of a list can be changed by putting the appropriate
reference on the left-hand side of an assignment, as might be
expected. However, there is a certain danger in using this
facility without care, for the following reason. Lists are
represented in memory in such a way that two lists which end in
the same elements may use the same portion of memory to store
those common elements. This means that any operation which
changes an element in one of the lists also changes in an
underhand way the element of the other 1list. This situation

can arise in code such as:

L = LIST(1,2,3);
X = 41L) Y & 51U}
At this point the value of X is the list containing the numbers

4, 1, 2, 3 while Y contains 5, 1, 2, 3. If now we executed:

HD TL TL X = 9)
we would change X to contain 4, 1, 9, 3, but also Y to contain
5,1,9,3. In spite of these warnings, the user can use this
facility without problem if he keeps track of which elements are
common to which lists.

Lists can be printed by the print routine in a convenient and
readable format. This is similar to the format used for vectors,
but using parentheses instead of square brackets. Thus the three
element list containing the numbers 12, 13, and 14 would be printed:

(12 15 14)
instead of:

(12 18 14,N[L)
Similarly this notatioﬁ can also be used to specify constant lists,
if preceded by the quote mark = . Vectors can be elements of lists
and vice versa, so we can write things such as:

VL = =[(12 13) [14 15 16) ([17 18] 19))
and so on. Recall that an identifier in such a constant will be
treated as a constant, not a variable, and expressions will not
be evaluated.

Several useful procedures are available which act upon or result
in lists:
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LENGTH (L) returns the number of elements in a list

VFROML (L) returns a vector whose elements are the same as
those of the list given as its argument.

LFRMOV (V) returns a list whose elements are the same as
those of the vector given as its argument.

MEMBER (X, L) called with two arguments, the second of which
must be a list, returns true if the first argumen
is EQ to one of the elements of the second,
For example: if MEMBER(=RED,L) THEN...

SUBST (X,Y,L) called with 3 arguments, the third of which
must be a list. It returns a new list in
which argument 1 has replaced argument 2.

For example:

LelLIST(=RED,=BLUE,=YELLOW,=PURFPLE);
NEWL=SURST(=GREEN,=PED, L)}

PRINT(L)

(GREEN BRLUE YELLOW PURPLE)

2.6.2 Examples

Remember that the t=2il of

41]

cne element list is always NIL.

In other words NIL marks the end of a list. Thus we can print

n

successive elements of z list in the following way.

WHILE L REPEAT DO
PRINT(HD L),
L=TL L
END}
Thiswill repeat the loop until L is NIL. Suppose L is a list
of strings
L=LIST(XONEZ,#ZTWO%,#THREEZ,2ZFOUR#Z) }
The first time through the loop
ZONEZ
is printed and the value of L is LIST{#TWO#,#THREE#,#FOUR#). Next
2TWO?
is printed and the value of L is LIST(#THREE,#FOUR#) . Then
#THREE#Z
is printed and the value of L is LIST(#FOUR#) . Finally
£FOUR#Z

is printed, the value of L is NIL and the loop is terminated.

-32-

B b



Suppose we have a list of pairs consisting of an identifier
and an integer. A program which will ascertain whether an
identifier is on the list and if so print the integer or if not
add the identifier and the next highest integer to the list is

as follows:

LST= =((RED,1) (BLUE,2) (YELLOW,3))}

ID= =GREEN}

BEGIN(PREV,NaL),

L=LST,

WHILE L REPEAT DO
IF HD HD |, EQ Ip THEN GO FOUND,
PREV=L, N=TL HD L, L=TL L
END,

TL PREV=(IDINeg):INIL,

RETURN N+1,

FOUND, PRINT(ID,TL HD L)

END}
PRINT (L)}

The first time through the loop HD L will be =(RED.1l) thus
HD HD L will be =RED.

Note that HD HD L is equivalent to HD(HD L).
TL HD L is 1 the first time through the loop, and the last time
HD HD L is =YELLOW, N is set to 3, PREV is set to
LIST(=YELLOW:3) and L becomes NIL. To add the new identifier
to the list we need to make the tail of PREV point to a new
element. This is done by replacing TL PREV which is NIL with
a pointer to a new pair whose head is =(GREEN,4) and whose tail

is NIL. The final print of L will result in

((RED,1) (BLUE,2) (YELLOW,3) (GRFEN,4))

EXERCISES

2031 Write a program to test a string and print it
if it is palindromic, i.e. #MADAM#.
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CHAPTER 3. PROCEDURES

3.1 A Little About Utility Procedures.

We have already mentioned a number of built-in procedures:
PRINT, COPY, EQUAL, etc. A complete list of these predefined
or built-in functions exists in Appendix E. All of these are
available to the user as part of the BALM system.

All of these procedures are written in BALM and can be found
in the BALM system listing in Appendix F either near the front
in the section labeled utility procedures or at the end in the
section marked supplement. They provide further examples of
BALM programs.

In this chapter we will be concerned with user-written
procedures. In most cases a BALM program will consist mainly
of a number of definitions of user-written procedures, inter-

spersed with one or more commands to invoke these procedures.

5 User Defined Procedures and Functions

In general a procedure consists of an expression written in
cerms ‘of a number of variables, some of which may be designated
ls standing for arguments. For example, we might want to define
a procedure which will take two arguments and return as its
value the sum of their squares. The mathematical way of defining
this function is something like:

FIX,Y) 3 XeX¥Ysy
In BALM we could write this as:

SUMSG = PROC(X,Y),X*#X+Y+Y END,
Here the expression on the right-hand side of the assignment is
a procedure, delimited by the operators PROC and END. Subsequently
the procedure can be used in a form such as:

A = B #« SUMSG(C,De3) = 5,
Here the arguments of the procedure are the value of C and the
value of the expression D+3. The procedure invocation is

evaluated by effectively carrying out the following operations:

1k gsave the current values of X and ¥
2. Assign the value of C to X and the value of D+3 to Y.
3P Evaluate the expression X*X+Y*Y.
4. Restore the original values of X and Y.
5. The value of suMsQ(c,D+3) is given by step 3.
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The reason for steps 1 and 4 is that it is desirable to be able
to define a procedure so that any changes made to the values of
the variables used to indicate its arguments will not affect the
values which they may have elsewhere.

The expression used to define a procedure can be one of
considerable complexity, including .a block. The procedure
mentioned in a previous section which calculates 1*2*3...*N for

an argument N, could be defined:
FACT = PRQC(N),
BEGIN(I,NN),
NNz1, [=1,
NXT.IF I 6T N THEN RETURN NN,
NNasNN=],
1=11,G0T0 NXT
END ENDI

and could then subsequently be applied like any other procedure.
Thus PRINT (FACT(5))
would print out the value 120.

Below are .some expressions which are useful when writing

procedures.

Expression Value

NUMARGS () returns the number of arguments of the current
procedure

ARGUMENT (I) returns the Ith argument of the current procedure

These make it possible to call a procedure with a variable

number of arguments. For example

PRTARGS=PROC( ),
REGIN(N, 1), ~
N=NUMARGS(),
FOR 1=(1,N) REPEAT
PRINT(ARGUMENT(1)?
ENC ENDJ

PRTARGS(10,20,30))

would print

10

20

30
and PRTARGS(#STRING#)}
would print

ASTRING#

Note: Procedure PRTARGS must be defined before it is executed.
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In BALM all procedures are functions. That is they all have
vValues. The value of a procedurs is the value of its expression.
Normally a procedure consists of a block or a compound expression
but it may as in the case of SUMSQ in the example above be a
simple expression.

Procedures may also have side effects such as modifying a
variable or modifying a data structure pointed to by an argument.
Procedures may not, however, return data to the calling program
by modifying values of variables given as arguments since only
the values of the arguments are transmitted to the procedure.

We shall discuss this in more detail in Section 3.3.

We need not call a procedure directly in BALM but may use APPLY.

Expression Value

APPLY (C, X) returns the value of procedure C where applied
to argument X. If X is a list it is considered
to be a list of arguments and C will be applied
to the members of the list. If X is not a 1list

it is considered to be the sole argument of C.

Suppose we want to write a function of two arguments defined
as follows. If argument 1 is an integer then the function should
return that element of the vector specified by argument 2. If the
1st argument is code then it should return the result of executing
the procedure with the arguments which are members of the list
specified by the 2nd argument.

OF=PROC(F Y )
IF INTQ(F) THEN Y(F]
ELSEIF CODEQ(F) THEN APPLY(F,Y)
ELSE NIL
ENCJ

V==[(10 20 301)}
PRINT(OF(3,V)))

would print

30
R . PRINT(OF (MAX,L1ST(10,20)) )}
would print -
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3.3 Name Scoping

So far we have not really dealt with the problem of name scoping
or what it means to make a variable local to a block. It is
important to make variables local to blocks within procedures to
prevent unwanted side effects. Perhaps an example will serve to
illustrate the seriousness of the problem.

Suppose we wish to determine how many elements of a list and
a vector are the same. Suppose we know that those elements are
themselves vectors and we write a procedure named SAMEV to return

TRUE when its arguments are the same, NIL otherwise.

SAMEV=PROC(X,Y),
BEGIN(),
IF SIZE X NE SIZE Y THEN RETURN NIL,
IF NOT VECTQ(X) OR NOT VFCTQCY) THEN RETURN NIL,
FOR l=(1, SIZE x) REPEAT
IF Xt1) NE Y(1) THEN RETURN NIL,
TRUE
ENC END}

Ve =l (1 23 2 )1

Le =603 31 2 31006182800

N=0}

=13

WHILE L REPEATY DO
IF SAMEV(HD L, v(l)) THEN N=N+i,
!Sl*lq (B 5 Ly
END}J

PRINT(N,=MEMBERS,zARE,=SAME)}

Note that the procedure must be defined before it is executed.

We can see that element 2 is the same and is in the same
position in both the list and the vector. Therefore, we would
expect the print to have the following effect.

1 MEMHBERS ARE SAME

However, SAMEV uses I and I is not local to its block. When
SAMEV is called I has the value 1 but upon exit from SAMEV I has
a value of 2 so the statement I=I+1 will set I to 3. The
second time through the loop, element 2 of the list will be compar-
ed to element 3 of the vector. Thé third time through the loop
element 3 of the list will be compared to element 2 of the vector.

The answer is
0 MEMBERS ARE SAME
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________________________—F______________________________=='."

This example illustrates the need for local variables.
Procedure SAMEV should not be modifying I in the calling program.

I can be made local to SAMEV by inserting it in the list following
BEGIN.
BEGIN(I) .,

While the rules for name scoping in BALM are simple and
straightforward they may seem confusing to users with experience
in some other programming languages. In most programming languages
storage allocation and, therefore, name scoping is determined at
compile time and remains static during execution. In BALM name
scoping is dynamic, that is the meaning of variables is deter-
mined during exectuion rather than procedure definition.

A name used in a BALM expression normally refers to a variable.
Corresponding to each name is a unique identifier. Any occurrence
of the name refers to the current value of that identifier.

A variable is made local to a block by appearing in the

leclaration following a begin. For example:
i BEGIN (A,B,O)

makes A, B, and C ‘local to the block. On entry to the block
the current value of each local identifier is saved. On exit from
the block that value is restored. Therefore any use of an
identifier between entering and leaving a block to which it is
declared 1local will not change the value it had prior to enter-
ing the block. As a general rule it is good practice to declare
all variables to be local whose values are not needed outside a
block. The user should be particularly careful to declare as
local all index variables used in FOR loops. They are frequently
forgotten and are rarely needed outside the block.

A variable used in a block in which it is not declared local is
called global (to that block). Such variables can be used to
transmit parameters to the block or procedure, and any changes made
to their values within the block will have effect outside the
block. Note that a variable can be local to block or procedure A,
but be global to a block or procedure invoked between enterirg and
leaving A. This is often convenient when writing a package of

procedures whose subprocedures have many arguments or always

the same arguments. For example
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OUTLINEs PRQC(),
BEGIN(ITM),
ITM=READ(INPUT),
IF EQF(1TM) THEN RETURN NIL,
IF PAIRQ(ITM) THEN MLIST()
ELSEJF VECTQ(ITM) THEN MVECT()

L]
ELSE PRINT(#ERROR ON INPUT FILE#A)
END END}

MLIST= PROC(),
DO PRINT(SLIST,ITM),

v
END END})

The variable ITM is declared local to procedure OUTLINE and
thus has no effect on any procedure entered before OUTLINE is
invoked. The variable ITM is however, global to procedure MLIST,
MVEC, etc. .and to any procedure called by OUTLINE where it is
not specifically declared to be local.

Similarly on entry to a procedure the current values of the
identifiers named as arguments are saved. The actual value of
the argument then replaces the value of the identifier. The

original value is restored upon exit from the procedure.

3.4 Recursive Procedures

In an earlier section we gave the code to sum the elements of
a list. This can be written as a procedure in the following way.

LSUM = PROC(L), BEGIN(S,R),
S = 0 R = Lo
WHILE R REPEAT n0o SaS«HD R, RaTL R END,
RETURN S END ENDI

An alternative way of writing this procedure makes use of the fact
that we can say that the sum of a non-empty list is the sum of

the head and the sum of the tail of the list. That is, when the

list is not empty, we can say
LSUMEL) = HD L « LSUMCTL L)

Putting in the test for an empty list, whose sum is zero, we get

the following concise definition:

LSUM = PROC(L),
IF L EQ NIL THEN 0 ELSE HD L * LSUMCTL L)

END}
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This type of definition, called a recursive definition, is quite
often convenient for operations on lists. In the simple case
given here, a non-recursive definition is also simple, but in
more complex caseS recursion permits the complexity of an
algorithm to be significantly reduced, so the reader should make
himself familiar with the technique.

As a simple example, suppose we wWrite a procedure to append
two lists, that is, to construct a list whose elements include
those of both arguments. At first sight this is a little tricky,
since we have to add the last element of the first list to the
beginning of the second list, then the second to last, and so on.

However, the following recursive implementation accomplishes this:
APPEND 3 PROC(X,Y),

IF XENIL THEN Y ELSE HD Xi1APPEND(TL X,Y)
ENDJ

This is another example of the usefulness of recursion. A non-

recursive implementation is more complicated, but can be written
as follows:

APPEND 3 PROC(X,Y), REVAPP(REVAPP(X,NIL),Y) END,
REVAPP = PRQC(L,R),

BEGIN(),

MOR, IF L EQ NIL THEN RETUR!l R,
R = HD LtRy L = TL L, GO MOR
END END)

Here we have used an auxiliary routine REVAPP which is similar to
APPEND, but reverses its first argument. Thus the value of

REVAPP (X,NIL) is simply a list whose elements are the same as those
of X, but in the reverse order. REVAPPing this onto the list Y
will then give the required result.

Example: TOWER OF HANOI

Tower of Hanoi is a game which consists of three spindles and
some rings of different sizes. The rings are to be moved from one
spindle to another without violating the following rules.

(1) only one ring may be moved at a time.
(2) a ring may be moved from any spindle to any other.
(3) at no time may a larger ring rest upon a smaller ring.

The following recursive function prints the steps necessary

to move N rings from one spindle to another.

-40-



HANQI=PROC(N»ST,DEST,INTERM),

IF ZR N THEN NI!L ELSE nO
HANO] (N-1,ST,INTERM,DEST),
PRINT(=MQVE,=RING,N,=FROM,ST,=T0,DEST),
HANO! (N=-1, INTERM,DEST,ST)
END

END3

HANOI(S5,=A,5C,2B)}

MOVE RING § FROM A TO C
MOVE RING 2 FROM A To R
MOVE RING 1 FROM ¢ To R
MOVE RING 3 FROM A T0 ¢
MOVE RING 1 FROM 8 Tn &
MOVE RING 2 FROM B TO C
MOVE RING 1 FROM A TO C
MOVE RING &4 FROM A TO R
MOVE RING 1 FROM ¢ TO R
MOVE RING 2 FROM ¢ TO A
MOVE RING 1 FROM B T0 A
MOVE RING 3 FROM c TO B
MOVE RING 1 FROM A T0 C
MOVE RING 2 FROM A TO B
MOVE RING 1 FROM ¢ YO R
MOVE RING 5 FROM A To ¢
MOVE RING 1 FROM B TO A
MOVE RING 2 FROM B To ¢
MOVE RING 1 FROM A To ¢
MOVE RING 3 FROM R TOD A
MOVE RING 1 FROM c ToO R
MOVE RING 2 FROM c To A
MOVE RING 1 FROM B To A
MOVE RING 4 FROM B To ¢
MOVE RING 1 FROM A To ¢
MOVE RING 2 FROM A TO R
MOVE RING 1 FROM ¢ TO R
MOQVE RING 3 FROM Ao Tn ¢
MOVE RING 1 FROM B TO A
MOVE RING 2 FROM B T0O ¢
MOVE RING 1 FROM A TO €

The program logic can be seen by induction. Clearly, moving
zero rings requires no steps. Moving one ring requires one step.
MOVE RING 1 FROM A TO €

Moving two rings requires three steps.

MOVE RING 1 FROM A TO R
MOVE RING 2 FROM A TO C
MOVE RING 1 FROM B TO C

The general solution is:
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(1)
(2)
(3)

move N-1 rings from A to B
move ring N from A to C
move N-1 rings from B to C
In procedure HANOI the arguments are as follows:

(1) N - the number of rings to move

(2) ST - the starting spindle
(3) DEST- the destination spindle
(4) INTERM-the intermediate spindle

The logic follows the general solution. If N is zero then the

function is done and returns NIL. Otherwise HANOI is called

recursively to move N-1 rings from the starting spindle to the

intermediate spindle. When that is done, the print statement

directing the user to move disc N from start to destination 1is

executed. Finally, HANOI is called recursively to move N-1 rings

from intermediate to destination.

EXERCISES

8oL A tree is constructed out of pairs and integers.

Write a BALM procedure COUNT which will return as its

value the number of integers in the tree given as its

argument.

3.2 Write a procedure EQLVQ(L,V) which will have the value
TRUE if the list L and the vector V contain the same
elements in the same order. Assume the elements are
integers.

S

One representation of a set in BALM is as a list whose

elements are the elements of the set. Assuming that
the elements are either sets or integers, write a

procedure EQSETQ(X,Y) which will return TRUE if sets
X and Y contain the same elements.
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CHAPTER 4. INPUT/OUTPUT.

4.1 Printing and Reading

BALM has two predefined files
INPUT and OUTPUT
and several predefined utility procedures for doing I/O. Other
files and other I/O prccedures may be specified by the user. We
will discuss how to do this in the next section.
The simplest output operation uses the étandard procedure PRINT:
PRINT (X1 ;X2 /X305 <tete saNt)
X1 through XN are written on the file which is the value of OUTPUT.
The wvalue of PRINT is XN. PRINT may output more than one line.
An output line is defined as having 73 characters. The first
character is used for carriage control
Printing conventions for BALM items are as follows:
INTEGERS
10 08 778
Note, if a user wishes numbers printed as octal he must set a switch
OCTMODE=TRUE ;
The default is for integers to be decimal
OCTMODE=NIL ;
LABELS
/3 A0 9
Labels are assigned a unique number within their block by the BALM

compiler. They are printed with slashes to avoid confusion with

integers.
LOGICALS
TRUE NIL
IDENTIFIERS
ABC P1234 ALONGNAM
CODE

/PROC TEST/ /PROC SUMSQ/
Code is printed with the name which appeared on the left-hand side
of the equal sign when the procedure was defined.

STRINGS
#A LONG STRING# #NUMBERS 1-2-3#

Strings are enclosed in quotes for printing.
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N
VECTORS
[A B CD] [RTRISSDA RIS A3 )] [, 4] ]
Vectors are enclosed in square brackets. The print program keeps
track of how many levels of nesting haver occurred. It puts as

much as possible on a single line but each time it starts a new

line it indents one space for each level of nesting.

[ONLY ONE LEVEL OF NESTING OCCURS

HERE)

{[TWC LEVELS OF NESTING OCCUR
HERE] )

[ONLY ONE [LEVEL OF NESTING)

OCCURS HERE]

If there are more than 20 levels the print program starts over
at the left margin.

PAIRS
(A . B) (e Yo . Z) (W st Ye 5 Z)
Pairs are printed as
(Ee2)

except when the tail is
(1) another pair

LR 28 g 4t prints as (1 2 3 . 4)
(2) NIL

1:NIL prints as (1)

1:2:3:4:NIL prints as (1 2 3 4)
The same indenting rules described with vectors are used to

indicate levels of nesting of pairs.

(THERE S ONLY ONE LEVFL OF

NESTJNG HERE)

(THIS 1S AN EXAMPLE 0OF (THWO
LEVELS OF NESTING))

A correct program should never produce anything but BALM data-
objects. However, a program with a bug in it could conceivably
produce a value which is not a valid BALM item. In this PRINT

prints o

This is an indication of a program bug; a correct program should
never produce anything but BALM data-objects.

Frequently a user wishes to write a program which reads its
data from an input file. This allows the user to vary the data
without modifying the program.
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The BALM system has several input functions for this purpose.
The simplest is READ. READ has one argument which is a file name.
We shall see in the next section how to create files, but if the
user wishes to read from the input he uses the predefined variable

INPUT.
X=READ(INPUT);

The value of READ is the next BALM data-object on the file. The
same conventions used in printing BALM items apply to reading.

Thus if
(1 2 &)

is on the input file and READ(INPUT) is executed then its value is
the list whose members are 1, 2 and 3.

Since execution in BALM takes place as soon as the system
encounters a semicolon, data must be interspersed with BALM
programs. In the following examples, we shall follow the conven-—
tion of prefacing lines input by the user with => . For example

=> DO A=READ(INPUT), B=READ(CINPUT), C=READ(INPUT) E!D3?
=>2 (A 1BRGEY LXa Yo 74 10R
=> PRINT(A)}
(A B8 C)
=> PRINTI(B) 3
U Y 23
=> PKINT(C):
8
=> OCTMCDE=TRUE
=> PRINT(C);
108

READ recognizes strings, lists, identifiers, vectors, and
integers, but not labels or code. Thus, it is not

possible to read labels or code.
Non-alphanumeric characters such as , * = + - ; which do not
have any special meaning in representing BALM items are treated

as one character identifiers by READ. For example:
=> DO X=READ(INPUT), YSREADC]NPUT), ZsREAD(INPUT) END}
=> A '] B
2> PRINY(X)}
A
=> PRINT(Y);

’
=> PRINT(Z))

R
Spaces are ignored by READ except when they serve as separators

between names or numbers.
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4.2 Defining Other Files

Since I/0 is the most implementation dependent part of the
BALM system we shall assume the user has a CDC 6600 but we shall
note those functions which are general and are applicable to
other implementations.

Before a file can be read it must be defined using the BALM
function MAKFILE.

MAKFILE(FN, 1)
returns a vector which contains information about the file
necessary for reading and writing. The first argument is the
file name and the second argument is the line length. The file
name is an integer N meaning TAPEN in the FORTRAN sense.
For example:

MYFILE=MAKFILE(4,72):

X=READ(MYFILE)
defines MYFILE as being TAPE4 and causes X to be set to the first
item on that file. Alternatively on the 6600, the file name may
be specified as a string.

NEWF=MAKFILE(ZFILZ2Z%,80);
2=READ(INEWF) )

NEWF is defined as being the local file named FILZZ with a line

length of 80. The value of Z is the first item on that file.
On the 6600 buffer space for files can be reused when the

file is no longer needed. The BALM system is informed that a

program no longer needs a file by use of the CLOSE operation.

CLOSE(FN)
FN may be either a string containing the file name or an integer.
CLOSE puts an end of file on the file if the last operation

was a WRITE. Buffers are released and may be used for another file.
Example: CLOSE(d');
closes the file known as TAPEA4.

CLOSE(ZFIL772%))
closes the file known as FILZZ.
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4%3 Other I/0O Functions

WRITE (X,FIL) ;

X is ‘written on file FIL. The value of WRITE is X. Write
uses the same conventions as PRINT but the item is written on
the file which is its second argument. Another difference is
that WRITE is always called with 2 arguments while PRINT accepts

a variable number. Example:
OUTF=MAKF ILE(#PUNCH#,72)1
DATA=# TH]S IS AN OUTPUT MESSAGE#;
WRITE(DATA,QUTF);
These expressions define OUTF as being the local file PUNCH,
and write the string #THIS IS AN OUTPUT MESSAGE# on that file.

On the 6600 this would result in one card being punched.

RDTOKEN (FIL)

RDTOKEN is qguite similar to READ but slightly more primitive.
RDTOKEN behaves in the same way as READ for integers, identifiers
and strings, but doesn't construct 1lists or vectors. If it
encounters a parenthesis, bracket, or period it returns an
identifier whose name is a parenthesis, bracket, or period
respectively. In the following example lines input by the user

are prefaced by =>. For example:

=> DO A=KDTOKEN(INPUT)s» B=RDTOKENCINPUT), C=RDTOKENC(INPUT) END+
S0 (G B )
s> PRINT(A);
(
2> PRINT(B);
1
> PRINT(C):

The parentheses and brackets are returned as one character
identifiers. For example:

BEGIN(),

AsRDTOKEN(INPUT),

IF A EQ IDFROMS(#(#) THEN MAKLIST()
ELSEIF A EQ IDFROMS(x(#2) THEN MAKVECT()
ELSEIF A EQ =, THEN MAKD()

L}

L}

END3
Note that the expression IDFROMS must be used to create an
identifier from parentheses or brackets. This is to avoid

confusion with the notation for constant lists and vectors.
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EOF (X)

EOF is a function which returns TRUE if its argument is an

end of file, NIL otherwise. It is used in conjunction with READ
Or RDTOKEN. For example:

BEGIN(ITM),
NEWF=MAKFILE(Z,89).,

RD, ITM=READ(NEWF),
IF EOFCITM) THEN GO FIN
ELSE

]
GO RD,

FIN,PRINT(ZPROCESSING COMPLETE®#)
END;

1 SAVEBALM (FN)
SAVEBALM is a procedure which provides a facility quite

VRN
Pyt

different from the other read and write routines. It allows the

e

user to write a copy of the current machine state to a file
This file can subsequently be used to resume execution at a
different time.

Suppose that you have written a very useful BALM procedure
which several people would like to use. You might copy your
BALM source program and give them each a deck of cards to place

in front of their BALM programs. But, if your program is very

long then may be spending most of their computer time recompil-
ing. It would be more efficient for you to compile it and then

create a saved file which they can use when they wish to call

your procedure.
MYPROC=PROC(A,B,C),
BEGIN(),

éND;

SAVEBALM (#OWNSFIL#) ; A local file known as #OWNSFIL# is
written and contains the state of the machine, that is all
variables, registers, procedures, etc. This file can only
be read by the RESUMEAL operation.
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RESUMEAL (FN)
reads the machine state from file FN and resumes execution.

RESUMEALL(ZOWNSFIL#Z)3
MYPROC(10,20+30)3

Suppose that #OWNSFIL# is the one created by SAVEBALM above.
Once the RESUMEALL has been executed MYPROC is defined and can
be used. 1In Chapter 6 we shall discuss how to effect automatic
resumption from a saved file.

There are also several more primitive I/O operations which
can be used to construct read and write procedures in case the

predefined procedures do not suit a user's needs.

Expression Value

RDLINE (FN) a string which represents the next line of
the file with trailing blanks deleted.
All blanks are represented by a string of
length 1 consisting of #¥ #. When an end of
file is read a string of length 0 is returned.
If the user wishes to use RDLINE with the input file he may use

the integer 1 as it is synonymous with the input file.

E le:

e S=RDLINE (1)}
ABECDEFGHIJKLMNOPQRSTUVWXYZ
PRINT(S):
2ABCCEFGHI JKLMNOPQRSTUVWXYZ#

OPEN(FN, I) value is the first argument. The first argument
gives the file name and may be either an
integer or string. Argument 2 gives the line
length. If a file is read without first executing
OPEN then the line length is assumed to be 72.

RO OPEN(ZMYFILE#,90)

Z=RDLINECZMYFILEZ)]
WRLINE (S, FN) the string S is.written on file FN and S is

returned.
The integer 2 is synonymous with the output file and should be used

with WRLINE on output. Example:

WRLINE(Z THIS IS AN OUTPUT MESSAGEZ®,2)3
THIS IS AN QUTPUT MESSAGE
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Value

' é_f"? e

~ FN is returned and an end of file is written
~on the designated file.
FN is returned and the designated file

is rewound.

- FN is returned and the designated file is
backspaced.

FN is returned and the machine state is

written on the designated file.



CHAPTER 5. SUMMARY

We have covered now most of the features of the BALM language.
Chapter 1 detailed how to combine operators to construct

expressions:
A = 10+20/5
programs:
A=10
PRINT(A);
conditional expressions:
I[F X THEN Y ELSE ?
IF X THEN Y
IF X THEN Y ELSEIF A TWHEN R ELSE Z

loops:
WHILE P REPEAT ¢

FOR V=(]1,12,13) REPEAT C
compound expressions:

DO CYi., €2, C3, ,., CN END
and blocks:

GEGIN(VllVZQ slolls VN,.
Xl: X24 (L] XH
END

We also learned that labels and gotos and returns are associated
with blocks.
Chapter 2 describes BALM items

logical

integer

label
pointer-to-identifier
pointer-to-code
pointer-to-string
pointer-to-pair
pointer-to-vector

All the primitive operations available to construct expressions
involving BALM items are listed in Chapter 2.

Of particular note are the problems inherent in assignment and
the necessity for copying when items are pointers. The built-in
procedures COPY (X) and EQUAL(X1,X2) provide copying capability
and the ability to determine if items point to equivalent objects.

How to define a procedure is described in Chapter 3.

PROCNAME= PROC(ARG1¢ARG2, ,.. ARGN). X END
A procedure can contain only one expression although that
expression may be a block or compound. Procedures can be written

to accept a variable number of arguments by using
NUMARGS ()
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which returns the number of arguments and
ARGUMENT (I)

which returns the I-th argument.

Name scoping is dynamic in BALM, that is, the meaning of a
variable is determined at execution time, not compile time.
All variables are global unless specifically declared local by
appearing in a BEGIN list. Local means that a variable is
known in the block where it is defined and in all blocks entered
from that block. Likewise procedure arguments are known in the
procedure where they are defined and in all procedures called
from that procedure. The calling program does not receive a
new value assigned to an argument by a procedure. Procedures
can pass information to a calling program as a function or by
modifying a string, list, or vector pointed to by an argument.

Print conventios discussed in Chapter 4 are as follows
integers

10 1018 89
logicals

TRUE NIL
labels

/7107 /387 2/
identifiers

ABC HELLO P1234s
code

/PRQC TEST/ PRQC FACT/
string

ZA STRING# 21234 ///7 10¢#
vector

(STRR 2RO B (S ARY Y 7.
pair

(10 « 20) (10) (10 20 309

Input data should be in the same format as printed data.

Procedure READ constructs the appropriate BALM item.

5.1 COMMENT

We have already noted that any line with a star in column 1
is treated as a comment. There exists a further mechanism for

placing comments on a line or imbedding them in code.

COMMENT X no value. comments are ignored. x may be any
BALM constant: list, string, vector, identifier

or integer, but a string is the usual choice.
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lows a

comma. The program should be syntactically A
COMMENT x is removed, so a comma should not be found
before and after the comment. Example.

* A PROGRAM TO DFMONSTRATE BALM 4
- INPUT AND 'OUTPUT ok
DEMO = PROC(),
BEGINCITM), e
ST, ITM = READ(INPUT)Y, PR A
IF EOF(ITM) THEN GO DONE, 5. '
IF INTQCITM) THEN PRINT(=TYPE,=INTEGER,ITM)
ELSEIF LOGO(ITM) THEN PRINT(=TYPE,=LCGICAL,1TH)

':A'f¢
2
e
' N o L
ELSE PRINT(=UNKNOWN,=TYPE), COMMENT ZALL TYPES T
GOTO ST,
DONEs, PRINT(ZEND OF FILE ON INPUT#)
END t S
END;




CHAPTER 6. RUNNING A BALM PROGRAM

ol Source Input

The control card to direct the system to execute BALM4 on

the CDC 6600 is
BALMAY,

or p
BALM4 (INPUT,OUTPUT)

These two cards have exactly the same effect. Input and output
are the default files. BALM4 expects to find the BALM source
program on file INPUT. It places its output on file OUTPUT.

If the source program is on local file BINP then

BALMA(BINP)
or

BALM4(BINP,QUTPUT)
tells BALM4 that BINP is the file containing the source program.
If the user desires the output from BALM programs to go to the

local file BOUT then
3ALMA(,BOUT)

(0]
% BALM4( INPUT (BOUT)

are appropriate cards. Finally

RALM4(BINP,BOUT)
directs BALM4 to read from BINP and write on BOUT.

6.2 Deck Setup

Two files are necessary to run a BALM program. One is a
saved file which can be created by procedure SAVEBALM described
in Chapter 4. The other is a program which simulates an MBALM
machine on the target machine, in our case a CDC 6600. See
Appendix B for details about other target machines. Chapter 10
describes the MBALM machine and its part in the BALM system
implementation.

The program which simulates the MBALM machine on the CDC 6600
expects to find the saved file on local file BLM4SVD. There
are two versions available on the 6600. One version requires a
field length of about 60000 octal and is suitable for short

programs. The control cards to run this version are
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X123456,CM60000, USER NAME
ATTACH(BALM4,BLM4SVD)

BALMA4,

GREEN END OF RECORD CARD

BALM SOURCE PRQGRAM
L}
PINK END OF FILE CARD

The other version translates MBALM code directly into machine
language. It runs between 6 and 10 times faster than the previ-
ously described version. It requires a field length of about
120000 octal and is more suitable for long programs. It can be

run with the following control cards.

X123456,CM120000, USER NAME
ATTACH(TBALM4 , BLMASVD nTBLM4SVD)
TBALMA,

GREEN END OF RECORD CARD
]

BALM SQURCE PRQGRAM

]
PINK END OF FILE CARD

The following deck setup gives an example of a program which

reads cards from a file other than input.

X123456,CM60000, USER NAME
ATTACH(BALM4,BLM4SVD)
COPYBR(INPUT,INFIL)
REWIND(INFIL)

BALMA,

GREEN END OF RECORD CARD

DATA CARDS

GREEN END OF RECORD CARD

L]
INP=MAKFILE(ZINFILZ80)3

{ ]
]
ITM=READCINP);
]
PINK END OF FILE CARD
If a user wishes to automatically resume execution from a saved

file which he created in an earlier run that file must be local
file BLMA4SVD.
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X12330456,CM60000,  ~ USER NAME «
ATTACH({BALM4,BLM4SVD=0WNSAVENFILE)

BALM4,
or
X123456,CM120000, USER NAME
ATTACH(BALM4=TBALM4 ,BLM4SVD,0WNTSAVEDFILE)
BAL M4,
Note:

A saved file must be used with the same version of BALM4
with which it was created.

INTERCOM OPERATION

BALM may be run interactively using the CDC INTERCOM time-

sharing system. The following commands are necessary to execute

: BAIM programs. The system messages are in lower case,

responses in upper case.

the user

LOGIN,

]
commande ATTACH(BALM4,RLM4SVD)

commande EFL(60000)
command = CONNECT(INPUT)
command= HBALM4,

In batch operation the BALM compiler echos
on the output file.

setting

each line of input

This can be inhibited on the teletype by
TTYFLAGETRUE

The system subsequently prints a

> each time it is ready to read
a line of input.

TTYFLAGSTRUES
TTYFLAG=TRUE!

SPRINT(ZHI %)
ZHI #

>

The user may issue commands to the SCOPE operating system by
prefacing the line with an exclamation point.
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>PRINT(ATESTINGZ) ;
#TESTINGZ

>¢ETL(100)
>PRINTU£ZHELLOZ);
ZFHELLO#

The INTERCOM user is normally advised to enter a semicolon
as soon as an error message is received since complete compila-
tion will not be attempted after an error. He may then start
typing his program again from the previous semicolon.

For example,

SBEGINC]),

>WHILe I LT 10 I=1+1

exe (] [S NOT AN OPERATOR) sew
>;

(1 ERRORS)

There 1s an editor available for the intercom user which
permits the user to make corrections without retyping everything
since the last semicolon. It is available on request and is
not part of the normal BALM system. It is described in BALM
Bulletin No. 12.

6103 Compilation Errors and Messages

The name of the BALM procedure which produced the error
message is listed following the message. If the explanation
is unclear the user may consult the BALM system listing

in Appendix F.
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(ASSIGN ERRQR)
ASSIGN,
caused by placing a constant on the left-hand side of

an equal sign.
10=A+8

(BRACKETS DONT MATCH)
GETYV,
A constant vector has a missing rignt bracket,
ABC= =010 20 (1 2)3

*x«* (N CCMPJLE ERRORS IN me= ) wuw
CODEGEN,
The number of errors produced by the code generator for
the procedure whose name appears in the message.
No code is generated

(N ERRORS)
EXECUTE
The number of syntax errors in the current program.
No code is generated.

v+« (ERRCR IN OCTAL NUMBER) #w+
LXSCAN,
An octal number with an 8 or 9 appears in the text,
10198

*x* (EXPECT ELSE HAVE ev=) xw#

GELSE
A conditional statement is illformed.

*%* (FOR ERROR) #*wx»

GF OR
A FOR loop is ill formed.

FOR 1=1,10 REPEAT ,.,

*+* ( IMPROPER USE QOF ==) wx«
ANALYSE,
A syntax error has occurred, caused by using a predefined
infix operator incorrectly.
A=B+w X}

ax* (=== 1S NOT AN OPERATNR) xwe
OPERROR, (called from ANALYZE)
A syntax error has occurred, caused when the parser
expects to find an infix operator and does not.

WHILE A EQ B PRINT(#AZ);
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L&A

ra

i W

L2

W

o W

LR R

LR

(INPUT INVALID NO CONE COMPILED) ww»
SUBLELS,

A syntax tree of incorrect format has been passed to the
gode generator or one of the generator routines created
incorrect results, probably the result of user extensions.

(MISSING END AFTER BEGIN) ww#w

GPROG

(MISSING END AFTER DOQ) #w#w

GPROGN

(MISSING END AFTER PROC) we»

GLAMEDA

(MISSING OPERAND BEFORE =) #en

ANALYSE,

The - in the message is a ) or a ] or a ; . This is a

syntax error caused by improper use of a built-in operator.

(MISSING =<~) wwex

ANALYSE,

The -- in the message is either a ) or a ]. Syntax error
caused by omitting a closing ) or ].

ATl = 103

(==« NOT VALID [LHS) w#we«

GSETC
An expression appeared on the left-hand side of

an equal sign.

A(1)=10;
[ NOT VALID THEN CLAUSE) wee
GELSE

Probably caused by an unparenthesized nested IF clause:
IF cond THEN IF condl THEN exprl ELSE expr2 ELSE eXpr;

Add parentheses around the inner if; correct form is

IF cond THEN (IF condl THEN exprl ELSE expr2) ELSE expr;

(PARENS DONT MATCH)

‘anw

LA A

GEMISTSITeR

A constant list is defined with missing parentheses,

L= =(10 A c;

(WARNING =-===-=-- GRFATER B CHARACTERS) wx#

LXSCAN,

This is only a warning and can be ignored. Since BALM only
accepts 8 character names anything else is truncated. This
message sarves to remind the user that BALM is seeing only
8 characters.

(WHILE ERROR) wxw

GWHILE

A while loop is ill formed.
WHILE C LT 10 THEN PRINT(C)};
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6.4 Run Time Errors and Messages

*¢++ ATTEMPT TO APPLY A NON PROC IN ==e===<
The procedure named in the message contains an expression
of the form
APPLY(F,L)
and F is not a BALM item of type code; possibly F had syntax
errors and no code was generated. Also recall that a procedure
must be defined before it can be executed.

+++ ATTEMPT TO GOTO A NON LABEL IN PROCEDURE ==s===e
The procedure named in the message contains an expression
of the form

GOTO L

where L is not a BALM item of type LABEL, possibly the defini-
tion of L occurs within a compound, loop or conditional.
For example ;

BEG!N()‘ e DO Loocu END FND3

RLOCK BOUNDS ERROR
Might be caused if there is no way to exit from the block.
Another possibility is a reference to a label outside the block-

¢¢¢ ==e-==< CALLS A NON PROCEDURE
The procedure named in the message contains an expression of

the form

Fx)
where F is not a BALM item of type code. Possibly caused by
syntax errors in F so that no code was generated. F must be

defined before it can be executed.

DATA STRUCTURE EXCEEDS GARRAGE COLLECTOR STACK

The garbage collector is unable to trace a data structure.
This is most likely the result of trying to use a BALM
primitive with an item of incorrect type. For example

HD NIL = Y

ERROR NOT A PROCEDURE = PROGRAM ABORTED

The error recovery procedure (described in 7.1) has been
redefined as an item whose type is not code.

GARBAGE COLLECTION CAN RECOVER LESS 1/20 HEAP SFACE
EXECUTION TERMINATED

The garbage collector cannot recover enough space to continue
executing. The user should verify that his program is not
in a loop and then increase the field length. The statistics
at the end indicate the maximum height of the stack. A height
greater than 4000 may be an indication of infinite recursion.
infinite recursion can be caused by attempting to copy or
print a structure which points to itself.
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GARBAGE COLLECTQR FOUND AN INVALID TYPE

SYMBOL TAGSLE ENTRY ===

NAME ====-
This is probably the result of attempting to use a BALM
primitive with an item of incorrect type. For example

HC VECT = Li1ST1(1])

GARBAGE COLLECTQR FOUND AN INVALID TYPE

SYMBOL TYPE STRING ENTRY =e-

NAME ==ewn=
Probably the result of attempting to use a BALM primitive
with an item of incorrect type.

GARHBAGE COLLECTOR FOUND AN INVALID TYPE

STACK ENTRY =e-ce=
Probably the result of attempting to use a BALM primitive
with an item of incorrect type.

GARBAGE COLLECTOR FOUND AN INVALID POINTER

SYMBOL TAHLE ENTRY --.

NAME == x=e=
Probably the result of attempting to use a BALM primitive
with an item of incorrect type.

GAPBAGE COLLECTOR FQUND AN INVALID POINTER

SYMBOL TYPE STRING ENTRY

NAME ===
Probably the result of attempting to use a BALM primitive
with an item of incorrect type. For example attempting
to take the HD of a vector.

GARBAGE COLLECTOR FOUND AN INVALID POINTER

STACK ENTRY e=-=
Probably the result of attempting to use a BALM primitive
with an item of incorrect type. For example attempting
to index a list.

INCOMPLETE TRANSLATION

INSUFFICIENT SPACE FOR BALM EXFCUTIOM
Increase the field length on the job card.

INVALID ARGUMENT TO 1,0 FUNCTION

Primitives RDLINE, WRLINE, REWIND, ENDFILE, BACKSPACE,
SAVEALL. RESUMEAL must be called with a string or
integer indicating the local file name.

INVALID CATA ON RESTORE FIJLE
Either the local file known as' BLM4SVD at start of execution
is not a BALM saved file or is incompatible with the current
system, or the user's program contains an expression of

the form RESUMEAL (FN)

where FN does not contain a saved file. In the second case
the user should be sure his file has been rewound.
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%

T4+ =---- IS NOT A PRQCEDURE
One of the user's programs contains an expression of the form

The value of the variable named in the message is not of type coc=
It may have had syntax errors when defined so that code

was not generated or it has not yet been defined.

In the case where the user receives the message

v e, IS NOT A PROCEDURE

he has probably used an illformed expression not detected
by the parser. For example

FSPROCtXsY), X1. X2 END;

MORE THAN == CALLS TO ERROR = PROGRAM ABORTED

The current default ..allows for 10 errors. After that
execution is terminated.

NOT ENOUGH SPACE FOR NEW FILE ==w-=-

Either there is not enough space to allocate buffers or the
user has too many files open at the same time. Closing unused

files should solve the problem.
NOT ENOUGH SPACE NEED == MORE WORDS

The garbage collector was able to recover at least 1/20 of the
total space available for data. However, a request was made

for more than the space now available. If this is not the
result of a program bug, the user can increase the field length-.

STACK HEIGUHT MISMATCH

SUBSTRING ERROR == RESULT TRUNCATED IN PRQC ~=--
UNDEF INEC MBALM --

An attempt was made to use an MBALM opcode which does not
have an instruction associated with it. Probably a system

error, although could be caused by using a saved file recently
created with an old simulator.

The user's job may be aborted with one of the following
Scope error messages.

ADDRESS 0OUT OF RANGE OR ARITHMETIC ERROR

This 3is probably the result of using a primitive operation or
procedure with a BAIM item of inappropriate type. For example

CONCAT(PAIRL1,PAIR2); OR HD VECTOR1 OR TL NIL=1
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(5 o) Storage Allocationand Management

In Section 6.2 a field length of 60000 octal or 120000 octal
was suggested for the two versions of BALM, respectively. Actually
BALM uses as much core as it can and is limited only by the
amount specified on the job card. If you have written a fairly
long BALM program you may need to increase the field length.

BALM has a garbage collector which is invoked each time the
system runs out of space. Execution continues as long as the
garbage collector is able to recover 1/20 of the total amount
of space allotted for data. This limit was put in to prevent
the program from calling the garbage again and again without
receiving enough space to continue execution. At the end of
BALM execution some statistics are printed including the number
of garbage collections. The user may assume that each garbage
collection takes approximately 1 second on the CDC 6600. If
the amount of time spent garbage collecting is more than half
of the total execution time, the field length should be increased.

The garbage collector recovers space which was used by BALM
items. As soon as a program is finished with a string, list or
vector the variable Could be set to NIL so that space can be
recovered.

Garbage collection takes place automatically but the user

may force a garbage collection if he wishes.

GARBCOLL() returns NIL, forces a garbage collection.
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CHAPTER 7. PROGRAM CONTROL, TRACING AND DEBUGGING

7 ol Controls

BALM execution stops when the compiler encounters an end of

file on its input. The user may also cause execution to
terminate by using

STOP()
For example

IF IND GT LIMIT THEN D0
PRINT(ZNQ SOLUTION FOQUNDZ)Y,
STOP()

END,

There is a facility for making timing studies.

TIME () returns the time since start of execution in 10ths
of seconds

For example
BEGIN(CHK1,CHK2),
CHK1=TIME(),
F(X)a
CHK2=TIME(),
PRINT(CHKZ2-CHKY{,=QPENT,=IN,=F)
END;

will print the time in 10ths of seconds spent in procedure F.
ERROR RECOVERY

There is a procedure named ERROR in the BALM system. It has
one argument indicating type of ERROR. Whenever one of the run

time errors (listed in Section 6.4) occurs, ERROR is called.

The argument is an integer with the following values.

(1) no more. space

(2) invalid pointer or type found by garbage collector or
structure exceeds garbage collector stack

(3) attempt to call or apply a non procedure

(4) attempt to execute an undefined op code

(5) invalid argument to an I-O instruction, i.e. not a

string or integer.
(6) attempt to GOTO a non label.
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The user may redefine error to suit his own needs. The current

procedure is

ERROR=PROC(TYPE),
IF TYPE EOQ 3 THEN DO EXECUTE(INPUT,OLTPUT), STOP() ENP
ELSE SToOP()

END}

Execution terminates except when the program attempts to call
an undefined procedure. In that case the compiler is called
recursively. This has the effect of skipping ahead to read
the next card on the input file. Compilation continues from

there.

742 Debugging Aids

There is a debugging facility in BALM which compiles all

procedures with an entry message, a print of arguments, and a

message upon return giving the value of the procedure. It also
compiles all GOTO's with a print of the label. The user signals

that he wishes debugging aids by executing
DEBUG( )}

This will affect all procedures compiled from then until an end

e ox NODEEUG() }
is encountered. For example
FACT1=PROC(X), IF ZR X THEN 1 ELSE X*FACT1i(Xx=1) FEND;

DERUG ()}
FACTZ2=PROC(X), IF ZR X THEN 1 ELSE X*FACT2(X=1) ENDIJ

PRINT(FACT1(5));
120

FACTZ2(4)3

FACT2 ENTERED

ARG {1 IS 4

FACT2 ENTERED

ARG 1 IS 3

FACT2 ENTERED

ARG 1 IS 2

FACTZ ENTERED

ARG 1 IS 1

FACT2 ENTERED

ARG 1 IS 0

FACT2 RETURNED 1

FACT2 RETURNED 1

FACT2 RETURNED 2

FACT2 RETURNED 6
2

FACT2 RETURNED
(3=

e e e —————————



An example of goto tracing is as follows.
DEBUG() }

BEGINCFIRST),
FIRST=1¢

L, IF FIRST EQ 1 THEN FIRST=FIRST+1 ELSE RETURN TRUE,
GOTO |

END;
GOTO L

There are two switches to allow the user to control

printouts after the procedures have been compiled with debugging

prints:

PRCTRACE
and

GOTRACE
For example

DEBUG())

FACTEPROC(X), IF ZR X THEN 1 ELSF X*FACT(X-1) END;
PRCTRACE=NIL}

PRINT(FACT(5))}
120

PRCTRACE=TRUE}

FACT(2))
FACT ENTERED
ARG 1 1S 2

J

'

L]

To assist in debugging on the 6600 a user may use the BALM

identifier TRACE. The user is cautioned to use this facility

only when for some reason he does not wish to recocmpile.

He
must be careful to turn TRACE on in the same block as the
programs he wishes to trace are executed.

DO TRACE=2, +.,.., TRACE=0 END;
This avoids tracing the compiler procedures
TRACE - Default value is 0
ik - messages areprinted from the garbage collector
' indicating how many words of heap are used for lists,
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vectors, etc. Also a message is printed at each request

for more stack or symbol table space.

If a SAVEALL is executed the actual core used and an

estimated minimal field length for RESUMEALL are printed.
2 — The names of the calling and called procedures are printed

each time a call is executed. The names of the returning

procedure and the procedure it is returning to and the

value returned are printed when a return is executed.

3 - Both 1 and 2

4 - At end of run a core dump of the MBALM machine is printed.
5 - Both 1 and 4.

6 - Both 2 and 4.

7 ~ Combination of 1,2, andm4n

There exists a further tracing capability.

ExXxpression Value

STKTRACE (I) returns a list of procedures and their arguments

as they occur on the stack, i.e. in reverse
calling sequence. I defines the depth of the
trace. Each member of the list is itself a
pair whose head is code and whose tail is a

vector containing the arguments.

This is particularly useful when a procedure wishes to know who

called it. Suppose you have a generalized message printer

MESS=PRQOC(ARG), REGIN(N),
N=STKTRACE(2),
N=TL N,
PRINT(HD N, =CALLS,=MESS),

]
END END}
The arguments in the tree will not generally be meaningful to the

user. They come from the stack and areonly useful when the system
capability of stack variables is used. See Chapter 11 for an

explanation.
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M compiler in talkative mode.

j the compiler. The variable
T”Wﬁidh‘to-trigger the printouts.

of global variables used

a print of the syntax tree
s both 1 and 2 plus a print of the syntax
ollowing macro expansion
me as 1, 2 and 3 plus a print of the MBALM




CHAPTER 8. SYNTAX

8ol Parsing

The compiler consists of three phases, which are called the
parser, the macro-expander, and the code generator. The parser
transforms an expression into a form called the syntax tree which

shows the syntactic structure of the expression explicitly.

To illustrate theform of the syntax tree, consider the

following =xpression
X « X

The syntax tree of this expression can be repreésented as
(« X X)

Here we have used the symbols ( and ) as a form of brackets to
group together the components of the expression, with the operator
being given first. Any part of a syntax tree between corres-
ponding ( and ) is called a subtree, and that part of the
expression which corresponds to a subtree is called a sub-
expression. The syntax tree of the expression

XeXeYrY

can be represented as
(+ (* X X) (* v yy)

This shows that the expression is the sum of two subexpressions

whose syntax trees are (* X X) and (* Y Y). The expression
PRINT(XRESULTZ,A*(B#*C))

has the syntax tree

(PRINT (, ZRESULTZ (+ A (+ B C))))

Syntax trees may be printed by setting the switch
TALKATIV=2;
In this example each line inputby the user is prefaced by =>.

SO CEDIC => TALKATIV=2;
s> A= 1B EnRG])
SYNTAX TREE
(VAR (e BNENE)
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32 Precedence and Associativity

The BALM language is what is sometimes called an operator
precedence language. That is, the syntax of the language is
determined primarily by specifying a set of operators, and the

precedence relations between them. Thus in the expression
XeX+YxrY

the * and + are operators, with the * having higher precedence

than +. This means that in an expression of the form
(A+B)*C _
the parentheses are necessary to associate C with the expression

A+B. In BALM every operator has two numbers associated with 1it,
called its left and right precedence. If the right precedence
is higher than or equal to the left, the operator is right

associative.

A=R=C=D is equivalent to A=(B=(C=D))

However + and - which have the same precedence are left
associative.

A=B+C-D is equivalent to ((A=B)+C)=D

Operators in BALM are classified into three types, referred
to as infix, unary, and bracket. Infix operators take two
arguments, with the operator being placed between the arguments.
Examples of infix operators are +, *, =, THEN, etc. Unary and
bracket operators are both forms of prefix operators, that is,
they take one argument, and are placed before that argument.

The difference between a unary operator and a bracket operator
is that after the argument of a bracket operator an infix opera-
tor is expected. The function of this infix operator is to
terminate the scope of the bracket operator. Examples of unary
operators are HD, RETURN, and IF. Examples of bracket operators
are PROC, BEGIN, and DO, all of which can be terminated by the
infix operator END. The whole of the BALM language is defined
in terms of these three types of operators, with the exception
of parentheses, square brackets, the quote operator, the NOOP
operator, and the COMMENT operator. A list of the predefined
operators in BALM, together with their precedences, is given

in Section 8.3.
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The rules for determining whether a symbol is an operator,

and whether it is infix or prefix, are as follows.

(1) An expression must start with an operand or a
prefix operator.

(2) A prefix operator must be followed by another prefix
operator or operand.

(3) An operand must be followed by an infix operator.

(4) An infix operator must be followed by an operand or
a prefix operator (unless itis used to terminate the
scope of a bracket operator, in which case it must be
followed by an infix operator.

Note that these rules permit the same symbol to be a prefix and

an infix operztcr simultaneously. The determination of the

type of an operator is made in a left-to-right scan, so omitting

an operator can propagate errors.

8.3 Bulilt-In Operators

Unary and Bracket Operators

Operator Definition Precedence
> Quotation of constants 9999
= Quotation of constants 9999
COMMENT 9999
NOOP Following operator is

treated as a variable 9999

HD Head of a list 2000
TL Tail of a list 2000
SIZE 1900
VALUE 1900
$ Local variables 1900
= Arithmetic negation 1700
ZR Zero test 1200
PL Positive test 1200
NOT Logical negation 1200
NULL Logical negation 1200
= Logical negation 1200

[continued]
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Operator Definition Precedence
GO 500
GOTO 500
FOR 500
WHILE 500
RETURN Block exit 500
IF 200
PROC Procedure definition 100
BEGIN Block definition 100
DO Compound statement 100
L Infix Operators
Operator Definition Associativity Precedence
Exponentiation left 1800
7 Division left 1600
* Multiplication left 1600
+ Addition left 1500
‘ = Subtraction left 1500
EQ Equality test right 1400
= Equality test right 1400
NE Not equal right 1200
GE Greater or equal right 1200
GT Greater than right 1200
LT Less than right 1200
LE Less or equal right 1200
SIM Same type right 1200
AND Logical and right 1100
OR Logical or right 1100
Pair formation right 800
= Assignment right 700
REPEAT right 600
THEN right 400
ELSE right 300
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Operator Definition Associativity Precedence

ELSEIF right 300
’ Separator right 100
MEANS Macro definition right 0
END Bracket terminator right 0
; Terminator right =

8.4 Examples

The following is a syntax tree from a complete BALM procedure.
Lines input by the user are prefaced by =>.

=> SUBSTY = PROC(A,X,L)»
=> [F A EQ L THEN A
=> ELSEIF NOT PAIRQ(L) THEN L
=> ELSE SUBST(A,X,HD IL):SUBSTC(A,X,TL L)
=> ENC}
SYNTAX TREE (= SUBST (PROC (., (, A (, X L))
(IF (ELSEIF (THEN (EQ A L) A)
(ELSE (THEN (NILQ (PAIRO L)) L)
(3 (SUBST (¢, "A" &% SXSREHDMNISINNHE)
(SUBST (o A Gor X GLERIRDNHNDRNS)
END))

This syntax is considerably more complex than any seen so far.
However, if we consider that its form is the same as
A = E
which parses as
(= A B)
we can select and examine subtrees. The first subtree begins
with
(PROC (|
PROC is a bracket operator and it forms a tree like the following.
( PROC (, ARG EXPR) END)
The second subtree following (PROC .. is thus its list of
arguments. The third subtree is its expression. If we examine
the expression we can see how a conditonal parses.
If COND THEN X ELSE Y
parses as
(IF (ELSE (THEN COND X) Y))
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CHAPTER 9. LANGUAGE EXTENSIONS

The BALM system consists of a number of routines, written in
BALM, which read, compile, and execute the user's program. There
is essentially no distinction between these routines and those
which constitute the user's program. In a similar way, there is
no distinction between the data-objects manipulated by the user's
program, and the data-objects manipulated by the system. This
lack of distinction permits the user to modify parts of the
system to meet his own needs if necessary. In particular, the
user can design his own language by modifying or extending the
syntax of BALM. There are certain safequards built into the
system to prevent this being done unintentionally.

The BALM compiler has been designed so that it can be extended
in a number of ways. These range from rewriting the compiler
entirely, which requires considerable work and knowledge, to rather
simple extensions which can be done without extensive knowledge of
the workings of the system. We will concentrate on two simple
but powerful extendability mechanisms. First, the user can
specify new operators, their precedences and the procedures which
they should correspond to. Second, the operator MEANS can

be used to define new forms of expression in terms of old forms.

9ISl Defining New Operators

The following expressions, when evaluated, will define new
Operators. UNARY(=OP'LPR‘=pR)
BRACKET(=0P,LPR, =pR)
INFIX(=0P,LPR,RPR, =PR)

In each case OP is the operator to be defined, and PR is the
identifier to be used to represent it in the syntax tree. LPR
and RPR are the left and right precedences of the operator.
For example, suppose the user was writing a program in which
pairs of items were associated, and the program used lists to
specify these associations. The user would probably write

procedures to manipulate these lists, so that, for example,

T}



SEARCH(X,L)

would find the item associated with X on the list L. Rather
than write this, he could define an operator OF so that

he could write e (L

The following expression will define the operator

INFIX(=0F,1451,1450,=SFARCH)}

The expression
X OFSE

will now parse as
(SEARCH X L)

The precedence selected is be*ween the arithmetic and the logical
operators. Thus the user may write

. _ IF X+N OF L1 EQ VY*NN OF L2 THEN seveas
which is equivalent to
IF (CX+N) OF L1) EQ ((Y=NN) OF [2) THEN ,,.

The operatocr is left associative because its left precedence is
greater than its right precedence. Thus

. X OF L1 OF L2
1s equivalent to
(X OF L1) OF L2

A user may also redefine existing operators. Thus if the user

has written a matrix multiply procedure,
MMPY= PROC(X,Y),

REGINC),
IF INTG(X) AND INTG(Y) THEN RETURN XsY

ELSEIF INTQ(X) AND VECTOC(Y) THEN ..

ELSEIF INTQCY) AND VECTO(X) THEN s+44.

ELSEIF VECTQ(X) AND VECTOCY) THEN 4440

ELSE DO PRINT(#MULTIPLY ERRORZ), RETURN NIL EMD

END END}
he may now change the meaning of * so that
XY
parses as
(MMPY X Y)

by writing '
INF]X(=*01601'1600|‘MHPY)’

Note that as long as MMPY is compiled before the operator is
redefined then * will have its former meaning in MMPY. In fact
any procedures compiled before * is redefined are not affected.
However, suppose the user subsequently discovered an error in
MMPY and wished to recompile. He might make the necessary
correction and resubmit his deck. However, if he has created

-75-




a saved file with a number of procedures or if he is working
under time sharing, he may not wish to start fresh. There are
two utility procedures which permit a user to remove the most
recent cefinition of an operator.

REMINFIX(=0P);

REMUNARY (20P )}
He may therefore execute

REMINE IX(Ex)}

X » Y

and

will again parse as
e o (x X Y)

Now he is ready to redefine MMPY.
USE OF NOOP
Suppose a user defines a new operator

(=IN:11451,1450,=1IN)}

and then wishes to associate a procedure with it.
IN=PROC(Ald)D o8 g0 0 E’MD’

He will receive the following diagnostic from the parser.
wx+v ([MPROPER USE OF [N) #ew

He could reverse the order and define the procedure before
declaring it to be an operator or he could use NOOP.

NOOP IN = PROC(A,B)» +.,. END}
NOOP tells the parser to treat the identifier following it as

a variable not an operator.

9.2 Macros and Use of MEANS

In an earlier example we defined an operator of so that

X OF Y
would parse as

(SEARCH X Y)
Suppose the user writes a procedure which can be used to construct

these lists, so L=DEF(X,Y,L)

will associate X with Y on list L. However, the user would like to

to be able to write
X0 FERSR =AY

to accomplish this. He may make use of macro expansion. The
MEANS operator permits the user to specify how an expression in
his extended language is to translate into BALM. It takes the form

7=



exprl MEANS expr2

Macro expansicn in BALM takes place after parsing. Thus all

operators used in exprl and expr2 must be defined and both

expressions must be acceptable to the parser.

The exprassion
X1 OF X2 = X3 MEANS X2 = DEF(X1,X3,X2);

defines the transformation and the user may now write

A+10 OF LISTL =zALPHA#

and it will be transformed to

(= LISTL (DEF(,(+a 10) (,LISTL1 ZALPHAZ)))

The variables X1,X2, ...X10 play a special part in MEANS.

Occurrences of these variables in exprl match any subexpression

in

a parsed tree. These subexpressions arethen substituted

in expr2 of the MEANS. All other variables must appear in a

subsequent expression or no transformation takes place.

For example if the user writes

X OF Y = X1 MEANS Y = DEF(X,Y,X1);

only expressions containing those variables, such as

X OF Y = 101
X OF Y 3 A+B+C}

will be transformed. Expression with other variables

A OF L = 10}
C ¢« L OF LST = X+Y;

will not be transformed.

Note that if an XI occurs twice or more in exprl, the

corresponding subexpressions must be the same. Occurrences of

an

XI in expr2 which did not occur in exprl will not be

Ssubstituted.

As another example of the use of MEANS, suppose the programmer

was dealing with two-dimensional arrays implemented as vectors

of

an

by

In
to
be

vectors, and wanted to refer to the (I,J)th element of
array M as M(I,J). Instead of M[I][J], he would do this
first specifying
X1[X2,X3) MEANS X1(X2)(X3)1}
subsequent code expressions matching X1[X2,X3] would be changed
the form X1[X2][X3], so that, for example, ABC[2*K,L+1l] would

changed to ABC[2*K] [L+1].
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The transformations specified by MEANS definitions can be
conSLdered to take place during a left-to-right scan over the
syntax tree. The actual algorithm used is the following.

(1) Search the syntax tree from the left until a subtree
is found which is matched by the left-hand side of
a MEANS definition. If there are two such definitions,
choose the most recent.

(2) Transform the subtree according to the MEANS definition.

(3) Continue scanning from the start of the subtree just
transformed. However, if the first operator in the
subtree was not changed by the transformation, only
consider MEANS definitions defined before the one just
applied for application to this subtree. Subsequent

subtrees will be scanned in the regular way.

To illustrate the algorithm let us examine the earlier example

SEARCH= PROC(X,Y), ».¢.. END3
INFIX(=0F,1451,1450,=SFARCH)
DEFePROC(A,BsC), ,se.s ENDI

X1 OF X2 = X3 MEANS X2 = DEF(X31,X2,X3);
If the following statement is encountered

A OF LISTS = A+10;
it will parse as

(= (SEARCH A LISTZ) (+ A 10))
The macro expander will check to see if it has patterns starting
with =, and will find

(= (SEARCH X1 Xx2) Xx3)
which does match and the syntax tree will be transformed into

y (=L IST2 (DEFC , A (p («A 10) LIST3))) )
If another MEANS expression is added

X1(X2) = X3 MEANS SETLIST(X1,X2,X3);
Then when the expression

A OF 8 = C3
is encountered, it parses as

(= (SEARCH A B ) ()
' The macro expander first tries to match it against

=R (XX 2) )" X3)
and fails. Then it tries to match it against

(xRS EARCHBXTL #X:2) X3
finds a match and makes the transformation. Thus the MEANS
definitions are applied in the ‘reverse order of definition;

=7.8=



that is, most recent first. The result of this process is a new
syntax tree, hopefully in standard form, which is passed to the
code generator for compilation.

Note that a MEANS definition in which the left-hand side
subtree matches the right-hand side subtree, but not at the
top level, will be regarded as inherently recursive and will

not be permitted. A diagnostic will be issued. For example
X1 = X2 MEANS PRINT(=X1,==,X1=X2);
is not allowed for if expanded it would result in

(PRINTC, A (» (QUOTE =) (, PRINT(, A (, (QUCTE =) (,PRINT ...

Both the syntax tree and the expanded tree can be printed

by setting TALKATIV=33

There is a predefined procedure which enables a user to remove

the most recent macro associated with an operator.
REMMACRO(B0P)}

In order to remo
i X1(X2) = X3 MEANS SETLIST(X1,X2,X3);

the following expression must be executed.
REMMACRQ(==2))

At times it is necessary to use a variable in expr2 which does

not appear in exprl; for example:

INFIX(=T0,1550,1550,=TN)} 3
FOR X1 = X? TO X3 REPEAT X4 MEANS DO Gi=IF X2 LE X3 THEN 1 ELSE ~1,
FOR X1=(X2,X3,01) REPEAT X4

END;
For this purpose generated names are provided. Occurrences of
Gl,...,G9 in expr2 will be replaced by identifiers which are

unique for the program in which the expansion occurs.

FOR 1= 10 TQ 1 REPEAT (=J+!;
translates into
DO #=*U01= IF 10 LE 1 THEN 1 FLSF =1,

FCR [=(10,1,%*001) REPEAY JzJe!
END

where **001 is the generated name which replaces Gl in the

expansion.
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Examgles

ALTERNATIVE FORMS

The following extensions permit alternative forms for procedure

definition and conditionals.
X1=PROC(X2),X3,X4 END MEANS X1=PROC(X2),D0 X3,%4 END END;
UNARY (=DEF INE, 3000, =DEFINE);
DEFINE X1(X2) = X3 MEANS X1=PROC(X?2),X3 END};
INFIX(=4,200,200,=4¢)3
X1sX2+X3 MEANS IF X1 THEN X2 ELSE X3}

The following extension will permit the use of an arbitrary

identifier as an operator of high precedence.

INFIX(=,,5000,3000,%,)}

X1,X2  MEANS  X1(X2)1
UNARY(=!'3OOD;=.)}
X! MEANS X13

For example, this would permit the programmer to write PRINT.A
instead of PRINT(A) .

DEBUGGING

The following extensions will print out a trace of assignments
and jumps

X1=X%2 MEANS X1=PRINT(=X1,==2,%2);
GO X1 MEANS Go DO PRINT(=GO,=X1), Xi ENI}

If required, these could be made more specific, so that only
selected variables or labels were traced. The following extension

will permit a selected procedure to be traced by preceding its
definition with the operator trace.

UNARY (=TRACE,3000,=TRACE)}

TRACE X1=PROC(X2),X3 END MEANS

X1=PROC(X2), Dn PRINT(=X1,=ARGS,X2),
PRINT(=X1,=VALUF,X3) CHD EMDI

The following extension will generate traceable versions of all
subsequently defined procedures.

TRAGE (TRUE)  MEANS
X1=PROC(X2),X3 END MEANS T,
X1=PROC(X2), IF MEMBER(=X1.,TRACE EN ; :
" DO PRINT(=X4,=ARGS,X2),PRINT(=X1,=VALUETX3) END
ELSE X3 ENDJ '

Those procedures will be traced whose names are on the list
TRACELIST.
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MORE POWERFUL LOOPS

The following expressions permit more powerful forms of loops,
with the loop variable modification not restricted to integer

steps.
INFIX(=WHILE»500,500,=WHILE)}
FOR X1=X2 THEN X3 WHILF X4 REPEAT X5 MEANS
DC X1=X?2, WHKILE X4 REPEAT DO X5, X1=X3 END END;

This permits expressions such as
FOR L=LL THEN TL L WHILE L NE NULL REPEAT PRINT(HD L)
which will print the members of list LL.

OPERATORS AS PROCEDURES

The following extensions permit unary and prefix operators

to be manipulated as procedures.
UNARY(=PRF, 3000, =pRF);
PRF=X1 MEANS PROC(X), X1 (X)ENDS
UNARY (=]NF,3000,=NF);
INF=X1 MFANS PROC(X,Y),X1(X,Y)END}

STRUCTURES

The followinc extensions permit the definition of structures,

implemented as vectors with named components.

UNARY(=STRUCTURE,3000,=STRUCTURE)}
STRUCTURE X1(X2) MEANS :

DO (X1(X4) MEANS VFCTOR(X4)), COMPONENTS((1,2+3,4,5),%2) END
COMPCNENTS(Xx1,X2) MEANS

DO (X2(X4) MEANS X4[x1)), (X2(X4)=X3 NMEANS X4[X1)1=X3) END;
COMPCNENTYS((X1,x5),X2) MEANS

DO (X2(X4) MEANS X4[X11), (X2(X4)=X3 MEANS X4[X11=X3) FND;
COMPONENTS((X1,X2),(X3,X4)) MEANS

DO COMPONENTS(X1,X3), COMPONENTS(X2,X4) FND;

As defined here this is limited to structures with up to five
components. An alternative definition which permits an arbitrary

number of components is defined
STRUCTURE Xx1(X2) MEANS
DO (X1(X4) MEANS VECTOR(X4)), COMPS(X2) EHND;
COMPS(X1) MEANS COMPS2(=X1))
COMPS1(X1,X2) MEANS  COMPS2(=X1,X2)}

RECURSIVE(X1) MEANS X11 »
COMPS1((X1,X2),X3) MEANS  RECURSIVE(COMPS1(X2,(=X1,X3))1;

COMPS(X1,X%X2) MEANS COMPSY(X2,=X1)}
COMPSZ2 = PROC(), BEGIN(I), FOR I=(4,NUMARGS()) REPEAY CO

TQANSLATE(LIST(ARGUMENT(I),:(Xi);=FEANSo=X13VECTOR(!)))s

TRANSLATetL!ST(ARGUMENT(I).=(X1).==,=X2a=MEANS.
=X1,VECTNR(I),=2,=X2))

END END END;
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CASE EXPRESSIONS

The following extensions permit a form of conditional expression

called a CASE expression.
BRACKET(=CASE,100,=CASE)}
INFIX(=ESAC,99,99,=ESAC)}
CASE X1 I[N X2 ESAC MEANS VECTOR(PROCS(XE))!Xl]()I
PROCS(X1) MEANS PROC(),» X1 EMND;
PROCS (X1, X2) MEANS (PROC(),X1 END, PROCS(X2)):

This will permit expressions such as

CASE MONTH [N ¢31,28,31,30,31,30,34,31,30,31,30,31) ESAC

Note that the implementation of the CASE expression as a vector

of procedures will not permit the use of jumps in the list of

expressions. This requires a more elaborate implementation.

PATTERN MATCHING

The BREAKUP procedure can be made available in a convenient
format by the following definition.

=X1=X2  MEANS  BREAKUP(=X1,X2)}
Thispermits expressions such as

WHILE =(H,L)=L REPEAT PRINT(H)

which will print the elements of the list L.

OPERATOR DEFINITION

A convenient form for defining operators of high precedence
can be defined
INFIX(=,,5000,3000,%,):

UNARY(=0PERATOR,=100,=nPERATOR);
OPERATOR X1,X2 = x3 MEANS

CO X1=PROC(X2),X3 END, UNARY(=X1,3000,=X1) EMND3
OPERATOR X1,X2,x3 = x4 MEANS

DO X2=PROC(X1,X3),x4 END, INFIX(=2X2,3000,3000,=X2) END1

This will permit operators to be defined in the following ways.

OPERATOR X.SUMSQ,Y = XeX+Y»Y)
OPERATOR SIUN,X = IF X GE 0 THEM 1 ELSE -1)

ALGEBRAIC MANIPULATION

The following definitions will permit the user to do algebraic

manipulation.

—




UNARY(=LET,3000,=_ET);

LET X1=X2 MEANS X1=SYMR(X2)}

SYMB(X1) MEANS x1;

UNARY(=50400003$)3

SYMB(DX1) MEANS CONSTSYMB(=X1))

SYMB(X1+X2) MEANS ADDSYMB(SYMB(X1),SYMB(X2))}
SYMB(X1eX2) MEANS MPYSYMB(SYMB(X1),SYMB(X2))]

This will translate, for example, the expression
LET X=2eYe¢4e%4

into the same code as
X=ADCSYMR(MPYSYMB(2,Y),MPYSYMB(4,CONSTSYMB(=A)))

t) o) Lexical Changes

The lexical scanner is that part of the BALM system which

determines that

123AEBC

is two items, the integer 123 and the name ABC, whereas
ABC12$

is one item, a name. The rules for lexical scanning can be

varied to a degree by the user if his extended language does
not conform to BALM scanning rules.
The BALM system divides the characters into the following

classifications.
Letters AR=Z
Numbers O=9
Special All others

The user may change a character from one class to another.
Each class is associated with a number; letters are 10,
specials are 11 and numbers have their integer value, 8 is 8,
4 is 4, etc. A procedure has been provided which allows the

user to change a character from one class to another.
CHGCHAR(=CHAR,CLASSNO)1

Thus

CHGCFAR(==,10))
adds - to the letters and removes it from the special characters.
Names like

A-NAME

ITEM=A

are now acceptable.
{5



BALM scanning rules are as follows.

(1) An integer is begun by a digit and terminated by a
letter or special (the letter B is considered part
of the number and denotes octal)

(2) A name begins with a letter and is terminated by a

' special character.

(3) Special characters combine with nothing and are

considered to be one character names, except for

space which is ignored.

In addition two other classifications of special characters
exist but are not used by the BALM compiler. They areincluded
to give BALM users additional flexibility in extending the
language. Characters with a value of 12 act as terminators.
That is they can appear as the last character of an identifier.
For example, if HD. and TL. are unary operators and . has a
value of 12 then a user can write

HDWTL.Y

without spaces and the lexical scanner will return the 3 appro-
priate items. A value of 13 denotes a combining special character.
It will concatenate only with other characters in its class. For
example if * 1is given a value of 13 then the operator ** can
beteecined CHGCHAR(=w,13)

INFIX(**,1601,1600,5¢)1

permits a user to write
AzAwt2 ]

as an alternative way of denoting exponentiation.

9.4 Adding or Modifying Code Generators

Adding a new code generator is more difficult and requires
a more thorough knowledge of the BALM system than the extensions
described in the previous sections. In the next section we

present an outline of the code produced by the generators present
in the current system.
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In Chapter 10 a description of the MBALM machine is presented.
The code produced by the generators 1is either calls on BALM
system procedures Or MBALM machine operations. The main code
generator procedure is COMP which is called recursively and
compiles code for each BALM expression and subexpression in
the expanded tree.

The code generator is driven by two lists CODEGENLIST and
OPLIST. These lists are created by procedures INITCODG and
INITOPL.

Procedure COMP examines each node of the tree to see if the
operator appears on the CODEGENLIST. If it does, the procedure
associated with that operator is called with the tree as an
argument. If the operator on a node is not on the CODEGENLIST,
it is assumed to be either an expression whose value is a code
block or an MBALM operaticn. In this case COMP calls procedure
CALLS.

Procedure CALLS checks to see if the operator on the code is
a member of the OPLIST. If it is, the MBALM operation code
associated with it is generated. Otherwise code to evaluate it
is generated. The result is assumed to be a code block, and a
call to that code block is generated.

Setting switch TALKATIVE=4 produces a listing of the generated

MBALM code as well as the parsed and expanded trees.

9515 Code generated for BALM Expressions

An informal outline of the way the compiler works is given
below. This shows the correspondence between a BALM expression
and the code compiled for it. In each case the code compiled
will stack the value of the expression. The procedure that does
this in the compiler is called COMP. In some cases COMP invokes
other procedures to process particular expressions. The names

of these procedures are given below also.
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EXPR

PROC(IDL,

Code Generated Compiler Procedures

veaa [DN) , X END (GLAMBDA,COREGEN)
(START NEW BLOCK NnF CNDE)
ARG 1

GLOR ID1

ASTORE 1

POP

GSTORE 1D1

POP 1

t

ARG N

GLOB IDN

ASTORE N

POP |

GSTORE IDN

POP 1

(COMPILE CODE Tn STACK VALUE OF X)
ARG 1

GLOB 1D1

ASTORE 1

POP 1

GSTORE 1D1

POP 1

T e

ARG N

GLOB [N

ASTORE N

POP 1

GSTORE IDN

POP 1

(TERMINATE THIS BLOCK OF CODE, ASSEMBLF 1T, INVENT AN
IDENTIFIER NAM Tn REFER TN IT BY, ASSIGN THE BLOCK OF

CODE AS THE VALUF OF NAM, AND RETLRN TO COMPILING cONF INTO
THE PREVIQUS BLOCK)

GLOB NAM

BEGIN(lnllOIQIIDN)lululejlllLlontEMD (GPROG)

RET

BLOCKST N
GLOB 101
VSTORF 1
GLOR DN
VSTORE N
POP N
EééMPlLE CODE TO STACK VALUE OF X)
t e
SETSTK
't
VAR 1
GSTORE 1D1
(N}
VAR N
GSTORE IDN
POP N
BLOCKEND
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EXPR Code Generated Compiler Procedures

FOR I=(JsKsL)y» REPEAT X (GFOR)
(COMPILE CcODE Tn STACK VALUF OF K)
(COMPILE cODE To STACK VALUE OF L)
(COMPILE CODE Tn STACK VALUE OF J)
STACK NIL
USTORF 1
JMP LAST
LOOP POP 1
GSTORE |
(COMPILE CODE To STACK VALIUE OF X)
STEPLOQP
LAST TLOOP LOOP
POP ¢
WHILE X1 REPEAT X2 (GWHILE)
STACK NIL
MORE (COMPILE coDE Tn STACK VALUE OF X1)
JMPF NTRUE

POP 1
(COMPILE CODE Tn STACK VALUE OF X2)
JMP MORE
NTRUE ;..
RETURN X (GRETURN)
(COMPILE CcODE To STACK VAL!E OF X)
JMP RET
GOTO X (GGD)
JIF X IS AN IDENTIFIER USED AS A LABEL
JMP X
GOTO X
,OTHERUY I SE
(COMPILE cODE To STACK VALLE OF X)
JMPI
IF X1 THEN X2 FLSE X3 . (GCOND,ETC,)
(COMPILE CcoODE To STACK VALUE OF X1)
JMPF NQ
(COMPILE CcoODE Tn STACK VALUE OF X2)
JMP YES
NO (COMPILE CODE Tn STACK VALUE OF X3)
YES
DO X1, ,.4¢ XN END (GPROGN)
(COMPILE CODE TO STACK VALUE 0OF X1)
POP 1

(COMPILE CODE Tn STACK VALUE OF XN)
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Code Generated

- HD X1 = X2

3 (COMPILE

(COMPILE

¥ RPLACA

B RN 2t XS
(COMPILE
(COMPILE
(COMPILE
SETINDEX

"
>

GLOB NAM
X10x2)
(COMPILE
(COMPILE
INDEX
X1 + X2
(COMPILE
(COMPILE
-

X10X2, 440 s XN)

(COMPILE
(COMPILE
X1

Xi‘ le (RO | lxN)

(COMPILE
(COMPILE
(COMPILE
CALL N=1

LBL ID
GLOB 1D

NUM3 1

(COMPILE CODE
GSTORE X1

CONE
CoDE

CODE
CoDE
CoDE

(CREATE A NEW

CODE
COPE

CODE
CODE

CODE
CODE

CODE
CODE
CoDEg

To

To
To

To
To
To

"STACK

VALUE OF

STACK
STACK

VALUE
VALUE

oF
OF

STACK
STACK
STACK

oF
oF
oF

VALUE

VALUF
VALUFE

Compiler Procedures

(GSETQ)

(GQUOTEY

IDENTIFIER NAM, ASSIGN X AS THE VALUE OF NAM)

To
To

To
To

To
To

To
To
To

STACK VALUE OF
STACK VALUE OF

STACK VALUE OF
STACKX VALUF OF

IF X1 IS A
STACK VALUE OF
STACK VALUF OF

+OTHERUWISE
STACK VALUE oOF
STACK VALUE ofF
STACK VALUE OF

(CALLS)

BUILT-IN OPERATOR
X2)
XN)

X2)
XN)
X1)

(GVAR)

IF ID IS AN ICENTIFIER USED AS A LABEL

+OTHERYISE

(GCON)

o IF 1 HOT NEGATIVFE

+OTHERWISE




CHAPTER 10. THE MBALM MACHINE

The BALM system is designed around a virtual machine called
the MBALM. Both the system routines and the user's routines
are translated into machine code for this machine priqr to
execution. The code for the MBALM machine is executed by
simulation on the target machine, or by translation into the
machine code of the target machine. The BALM system is designed

' so that the expert user can make use of a knowledge of the MBALM

machine code, but need not know how the MBALM machine 1is
implemented.

The memory of the MBALM contains three components, called the
stack, the heap and the symbol table. The basic data-object of

the MBALM is called an item, and is an ordered pair whose
components are called TYPE and INF. The HEAP and the STACK are
ordered sets whose members are integers or items. The type of
an item is either INT, LOG, ID, STR, PAIR, VECT, CODE, or LBL.
The INF component of an item of TYPE INT, LOG, or LBL is an
integer. The INF component of an item of TYPE STR, PAIR, VECT,
or CODE is an index into the HEAP. The INF component of an item
of TYPE ID is an index into the symbol-table. The symbol-table
is a set of ordered triples, the components of the triples being
called the name, the value, and the property-list. The NAME
component is an item of TYPE STR, while the VALUE and property-
list components are items.

For convenient we will use the following notation to refer to
the components of items and symbol-table elements. If ITM is an
ITEM, its components are referred to as ITM.TYPE and ITM.INF.

If SYMB is an element of SYMTAB, its components are referred to
as SYMB.NAME, SYMB.VALUE, and SYMB.PROPL. Assignment to these
components is assumed to change no other elements of the stack,
symbol-table or heap. An item whose TYPE and INF components
are T and I @ is| written B EFREM! (7R
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O Definition of Operations

In the definition of MBALM instructions given below, the
following representations are used.

S a vector represeting the stack
HEAP a vector representing the heap
SYMTAB a vector representing the symbol-table

The MBALM is conveniently defined using a number of variables

whose values are integers, and which might be considered to be
registers.

PO the index in the heap of the current procedure
PA the relative address of the current instruction
SHll the index of the top element of the stack

AB the index in the stack of the zeroth argument
NA the number of arguments

VE the index in the stack of the zeroth variable
Ny the number of varialbles

NS the number of symbol-table entries.

The following expressions are used in defining the instructions.

PUSH(X) add X to the top of the stack
POP(X) remove the top of the stack and assign it to X
POP() removes the top of the stack and returns its value

CHECK(T1,,.,2TN)
check that the items at the top of the stack are
of types T1,...,TN with TN being the top
CHECKEITHER(TL, ..., TN)
check that the item on the top of the stack has
one of types Tl,...,TN
INT, LOG, 1D, STR, PAlR, VECT, fODE, LBL
mutually distinct integers used to distinguish

types
ANY value assumed to specify arbitrary type
LSBYTE(N) returns I modulo 128
PARAM(1) the integer value of the I bytes following
the current instruction
GETHEAP(N) returns the index in HEAP of a block of N
consecutive unused locations
GETIC(STRING) returns the index in SYMTAB of the entry whose

name component contains the same characters as
STRING. If there is no such entry, creates one
and returns its index.

The format used for defining the various operations of the

MBALM is the following
OP(I" Pt 90 i

This represents the sequence of operations which must be executed
for the instruction whose opcode is I.
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The BALM code below represents an actual model of the MBALM
machine. If this code is compiled the user can execute a file
of MBALM instructions. Assume FORTRAN file 9 contains MBALM
code. Then the following BALM instructions will load and execute
fiste s
BINF=MAKFILE(9,72)}
SETUP(10000,1000,500);

LOADERC()
MBALMSIM();

COMMENT
Zh A h kb A AR A AT AR T A Db g W F e kd CONSTANTS 2T T2 AR E SRR E T E 2R AR L 4
INFIX(=9090015.‘)UOOB.=.)i
REMUNARY(=VALUE)}
BITAND=LAND} BITOR=LOR: BITXNR=X0R}
LPREN=IDFROMS(#(Z%)3 RPREN=IDFROMS(#)#)}
ASTER[SK==w}
COMMENT
#w**--ta*ttw*w**'itti.tttt:tttt-‘-**w*ttt*tttft*t-ot*i*tttt'ttttttttttai*t
AUXTILIARKY DEFINITIONS
A EAALSE AR EAS SRR R R R E R R R TR A2 R R A AR R R R R R R A N AR A LA LR T
LLENGTH = PROCC(L),
BEGINCI),
I[=0,
WHILE L REPEAT DO I=1+1, L=TL L END,
RETURN 1
END END}
PARAM = FPROCI(I]),
BEGIN(J,K),
J=0,
FCR K=(1,1) REPEAT J=J#128+NXTCODBYT(),
RETURN J
END END}
LSBYTE = PROC(X), X=-(x/128)«128 END}
NXTCODBYT = PROC(),HEAPIPO«1+(PA=PA+1)) ENDj
REPLACE = PROC(LST,X), HD LLST=X END;
GETHEAP = PROC((N),
BREGINCI),
[F HT GT MAXH=N THEN
DO PRINT(# NO MORE HEAP %), STOP() ENLC
ELSE DU I=HT+1, HT=HT+N, RETURN | ENL
END END}
EXIT = PROC(),

DO PRINT(# NO, QF INSTRUCTIONS FXECUTED #, INSTCT),
PRINT(), PRINT(# NO, OF SYMBOL TABLE ENTRIES #,NS), PRINT(),
PRINT(# SIZE OF HFAP #,HT,# SIZE OF STACK #,ST),
PRINT(# END MBALM MACHINE SIMULATION #),PRINT(),STOP()

END END}

SETUP = PROC(A,H4sC),
DO MAXH=zA, MAXST=B, MAXSYM=C,
HEAP=MAKVECTO(MAXH), SsMAKVECTO(MAXST),
SYMTAB=MAKVECTQ(MAXSYM)
END END;y
INOUT = PROCC(),
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BEGIN(),
PRINT(), PRINT(Z PO = #,P0,% PA = #.,PA),
PRINT(Z HEAP %), PRINT(SUBV(HFAP,1,HT)), .
PRINT(), PRINT(# STACK £), PRINT(SURV(S,1,ST)), PRINT(),

PRINY(® SYMBOL TARLE #), PRIMNT(SUBV(SYMTAR,1,NS))
END END}

COMMENTY

#"**t"*'*tf'iitﬁ*.'.*‘*...*."*Q*g**'*'iﬁti‘l'*'i‘*f'**'.*i******f"**t
THE FOLLOWING CODE MAKES UP A VECTOR XEQ WHOSE
ELEMENTS ARE PROCEDURES WHICH EXECUTE THE VARIOUS
INSTRUCTIONS

'i.tittt*'itttttit'ft.*t«tot*tt*g*gr**.*ttt*ttt****ftwt*iwttt*trtt'ttti
XEQ = MAKVECTOR(177B);
FOR 1=(1:177B) REPEAT XEQ([)=PROC(),PRINT(OF,%IS NOT AN OPz) END:
NOTIMPL() MEANS DO PRINT(OP,#NOT IMPLEMEMTED#), STOPSIM=TRUE ENTCI
OP(X1),X2 MEANS XEQ([X1)=PROC(),D0 X2 END ENC!
POP(X1) MEANS X1=S[3+(ST=ST=1)1);
POP() MEANS S[1+(ST=ST=1))}
PUSK(X1) MEANS DO G1=x1,S[ST=ST+1)=R1 END;
MREAD(X1,X2) MEANS X2=READ(X1)}
MREAD(X1,X2,X3) MEANS DO X2=READ(X41), MREAD(X1,X3) ENDI
MWRITE(X1,X2) MEANS WRITE(X2,X1)}
MWRITE(X1,X2,X3) MEANS DO WRITE(X2,X1)s, MWRITE(X1,X3) ENT;
X1,TYPE MEANS X1[1];
X1, TYPE=X2 MEANS X1=VECTNR(X2,X1(2))1}
X1,INF MEANS X1(2):
X1,INF=X2 MEANS X1=VECTOR(X1(1),X?2);
X{.NAME MEANS X111);
X1 NAME=X2 MEANS X1=VECTOR(X2,X1t2),Xx1(31)3
X1 .VALUE MEANS X1(2)}
X1, VALUE=X2 MEANS X4=VECTOR(X1[1),X2,X1[(3))}
X1.,PROPL MEANS X113);
X4 ,PROPL=X2 MEANS X4=VECTOR(X1(1),X%112),X2);
ITEM(XL1,X2) MEANS VECTOR(X1,X2);
MBALMSIM = PROC(),
BEGIN(),

INT=4, LQG=2, D=3, STR=4, PAIR=5, VECT=6, CODE=7, LOBL=AR,
ITMNILSITEM(LOG.0), ITMTRUE=ITEM(LOG,1), ANY=0,
PO=SYMTAB(1),VALUE,INF, PA=3, STOPSIKH=NIL,

IKSTCTSU'
WHILE =STOPSIM REPEAT DO OP=NXTCODBYT(),
INSTCT=INSTCT+1, XEQ[OP)() END,
RETURN NIL
END END}
ST=03
IDENT = PROC(S1,52),
BEGIN(I,IP1,IP2),
IF HEAP[(IP1=S1,INF)) NE HEAP[(IP2=S2,INF)] THEN RETURN NIL
ELSE FOR I=(1,HEAP[IP1)) REPFAT
IF HEAP[1P1+1) NF HEAP[IP2+1) THEN RETURN NIL,
RETURN TRUE
END END}
GETID = PROC(W),
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BEGINCI),
[=1,
WHILE I LE NS AND NOT IDENT(SYMTAB[I] NAMF,W) REPEAT 1=1+1,
IF I LE NS THEN RFTURN 1,
NS=NS+1,
IF NS GT MAXSYM THEN DO PRINT(# NO MORE SYMBCL TA2LF#),
STOP() END.,
SYMTABINS)=VECTOR(W,NIL,ITMNIL), RETURN NS
END END}
CHECK = PROC().,
BREGIN(N, 1),
N=NUMARGS(),
FCR I=(1,N) REPEAT
IF ARGUMENT (1) NF S[ST«Nel]1,TYPE AND
ARGUMENT(]) NE ANY THEN DO PRINT(QOP,# ARGE IN ERRQR #),
PRINT(SUBV(KEAP,PO,PA+10)),PRINT(SUBV(S,1,ST))EXIT() END
END END}
CHECKEITHKER = PROC(),
REGIN(N, 1),
N=NUMARGS (),
FCR 1=(1,N) REPEAT |F ARGUME[T(1) EQ S[ST),TYPE THEN PEFURK [,
PRINT(OP,# 0P INVALID ARGUMENT %), PRINT(SUBV(HEAP,PQO,PA+10)),
PRINT(SUBV(S,1,ST)), EXIT()
END ENDj
COMMENT '
#t"tiiit*itw*wtwi-iqt**itv*ttttttttttﬁﬁ**ittgt*ttttti'i*i#tit#it*ti"t*tt
CEFINITIONS OF INSTRUCTIONS

tt'i*tttﬁtvéﬁéii*tttt*i*t*ttttttt*i*&*t'**'*****i***'***fﬁﬁtitt*if’***’

T2 22222 THREE BYTE NDPFRATIONS
2222082 OPCODE PARAMRYTEY1 PARAMEBYTE?2
*w JMPT L2(X)
OP(18)», IF EQUAL(POP(),ITMNIL) THEN PA=FA+2 ELSE PA=PARAM(2):
* JMPF L2(X)
OP(2B)¢ IF FQUAL(PQP(), ITMNIL) THEN PA=PARAM(2) ELSE PAzPA#2;

* JMP |2

OP(3B) . PA=PARAM(2)
*NUM2 |2

OP(4B); PUSHCITEM(INT,PARAM(2)))]
*GLOB ID?

OP(5B), 1=PARAM(2), PUSH(SYMTAB(I],VALUE);
*GSTORE [D2(X)

OP(6B) [=PARAM(2), SYMTABII),.VALUE=SI[ST];
RIBHSITECXA% X2 ptatter oy AL SIE)

OP(10E), PUSH(NIL), FOR I=(1,PARAM(2)) REPEAT DO
NEWSGETHEAP(2), POP(HEAPI1#NEW)), PCP(HEAPINEW)),
PUSH(ITEM(PAIR,NEW)) ENDJ

*| Bl L2
OP(11E), PUSH(ITEM(LBL,PARAM(2)))]}
*VECTOR(X1L s X2)ey0sX1n])

OP(12B)s K=z=PARAM(2), NEW=GETHEAP(K+1), HCAPINFWI=K,
FOR I=(K,1,=1) REPEAT HCAPINEW=+]1=PCP(X),
PUSH(ITEM(VECT,NEW))]
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R B R "

tSTRING(ll:!29-||aIJJJ)

OP(13B), N2PARAM(2), NEWSGETHEAP(N+1), HEAPINEW]=1l,
FOR 1=(N,1,+1) RFPEAT DO CHECKCINT), HEAP([NEW&1)=POP(),NF
END, PUSH(TITEM(STR,NEW) )}

*TLOOP L2C1,1,1)

0P(148), POP(X),CHECK(IMT.INT.INT)oPUSH(X)oI=S[ST'13.INFa
JES[ST=27, INF, K=S[ST=3),INF,
IF J GT 0 AND | LE K OR J LT 0 AND I GE K THEN PASPARAM(?2)
ELSE DO PA=PA+2,S[ST=3)=S[ST) END;

w

TRt r e TWO BYTE QPERATIONS
22 R ST 2] UPCODE PARAMETER
«NUML 1

OP(26E), PUSH(ITEM(INT;DARAH(i)))l
*CALL 116X, X2, 4005 X11,C) ,
oP(27B), CHFCK(CQDE).POP(C).PUSH(ITEM(COEE.FC)).PUSH(PAtli,DUSH(AEh
PUSH(NA),
NA:PARAM(1)pPO=C.lMF.PA=3,AB=ST-4-NAl
*VAR |1
OP(31B), PUSH(S[VB+PARAM(1)])]
*YSTORE 11(X)
OP(328), S{VB+*PARAM(1))=S(ST);
*ARG |1
OP(33B)y PUSH(S[AB«PARAM(1)])};
*ASTORE I1(X)
OP(34R), S{AB*PARAM(1)])=S(ST]}
+POP 11
0P (35B), ST=ST=PARAM(1)
*BLOCKST It
OP(36E)s PUSH(VR), PUSH(NV), VB=ST, NV=PARAM(1), ST=VReAV,

FOR I=(1,NV) RFPEAT S[VL+1)=ITMNILS
L

FRa R et FOUR BYTE OPERATIONS
SIS TXELE OPCODE PARAMRYTE1 PARAMBYTE2 PARAMBYTEZ
*NUM3 13
OP(37E)s PUSHUITEM(INT,PARAM(3)));
*
22 TSR R ONE BYTE OPERATIONS
thbp e ntw OPCODE
*[D(I)
OP(41E), CHECK(INT), PUSHCITEM(ID,POPC),INF))}
*ARG(1])
OP(428), CHECK(INT), PUSH(S[AB+POP (), INF));
*» [DFROMC(C)

OP(43E), CHECK(CODE)s C=POP(),INF,
PUSHUITEM(ID,HEAP[C+4)e128+HEAP[C+2)) )}
*SFROMV (V) _
OP(45B), CHECK(VECT)e: V=POP(),INF, L=HEAP(V], NEW=GETHEAP (L #1),
FOR I=(1,|) REPEAT HEAPINEW+1])=| SBYTE(HEAP[V#[),INF),
HEAP[NEW] =L, PUSHCITEM(STR,NEW));
*VFROMS(S)
OP(46B), CHECK(STR), SU=POP(),INF, L=HEAP[SU), NEW=GETHEAP(L+1),
FOR I=(1,L) REPEAT HEAP[NEW+I)=]TEM(INT,HEAPISL+1]},
HEAP[NEW] =L, PUSH(ITEM(VECT,NEW));
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«NARGS
OP(47B), PUSHUITEM(INT,NA))}
«VALUECIL)
OP(508), CHECK(ID), l=POP(),INF, PUSH(SYFTAR[I],VALUE}}
sVALUE(ID) = X
OP(51B), POP(X), CHECK(1D), SYMTAB[POP(),INF),VALUE=X) PUSHIX)}
*JMPI(L)
OP(528), CHFCK(LBL), PA=SIST],INFI
*STEPLOOP (1a1.1)
OP(53EB), CHECK(INT,INT,ANY),S[ST=1],INF=S(ST-1],]NF+SIST=2] INF}
*[DFROMS(S)
OP(60B)s CHECK(STR), POP(NAM), PUSH(ITEM(ID,GETIR(NAM)));
*PAIR(X,X)
OP(61B), NEW=GETHEAP(2), POP(HEAPINEW+1)), PCP(HEAPINEW)),
PUSHCITEM(PAIR,NEW))}
*XO0R(I,J)
OP(67B), CHMECK(INT,INT), J=POP(),INF, 1=POP(),INF,
pUSH([TEM(INTDRlTXOR(IIJ)));

*SHIFT(I,J)
OP(70B)s CHECK(INT,INT), J=POP(),INF, I=FOPC().INF,
PUSHOITEM(INT,SHIFT(I,J)))1
v+

OP(71B)s CHECK(INT,INT), POP(J), POP(I),
PUSHCOITMOINT, I, INF+J,INF)Y)}
x[=J
OP(72B)s CHECK(INT,INT), POP(J), POPC(I),
PUSHOITEM(INT, I, INF=J 1HF) )}

Ll
OP(73B), CHECK(INT,INT), POP(J), POP(I1),
PUSHCOITEM(INT, T, INFeJd,1NF))}
*1/J
OP(74B), CHFCK(INT,INT), POP(J), POP(I),
PUSHUITEM(INT, 1, INF/J IHF) )3
*[ty
OP(75E), CHECK(INT,INT), POP(J), POP(Il),
PUSHCITEM(INT21,INFJL.INFY)

*-|

OP(76EB), CHECK(INT), PUSHCITEM(INT,=POPC(),INF))} :
* INTO(X) ;

OP(77E), IF POP(),TYPE FQ INT THEN PUSH(]TMTRUE) ELSE PLSHCITMNIL)} !
*STRO(X) “

OP(1018),1F POP(),TYPE FQ STR THEN PUSH(ITMTRUE) ELSE PLSK(ITMANIL);
*VECTQ(X)

0P(1028),IF POP(),TYPF FQ VECT THEN PUSH(ITMTRUE) ELSE PUSHCITMNIL)}
*PAJRQ(X)

0P(1036),1F POP(),TYPF FQ PAIR THEN PUSH(ITMTRUE) ELSE PUSH(ITMNIL)}

*CODEQ (X)
OP(1048),1F POP().TYPE FQ CODE THEN PUSH(ITMTRUE) ELSE PUSHEtITMNIL) )

+1DQ(X)
OP(1058),1F POP(),TYPF FQ ID THEN PUSH(ITMTRUE) ELSE PUSH(ITHMNIL);

*LBLO(X)
OP(1078),1F POP(),TYPE FQ LBL THEN PUSH(ITMTRUE) ELSE PUSK(ITMNIL)}

*PROP(ID) = X
—() G



OP(ilou).PUD(X).cHECK(In).
*PL(I])

OP(1118), CRECK(INT), PUSH(IF POP().INF GE 0 THEN ITMTRUE
ELSE ITMNIL),
*ZR(ID

OP(112B).CHECK(1NT). PUSHCIF POP().INF EQ 0 THEN ITMTRUF
ELSE ITMNIL)
*JDENTQ (X, X)

OP(1138),POP(X), PoP(Y), IF X,TYPE EQ Y,TYPE AND X,INF EQ YTINF
THEN PUSH(ITMTRUE) ELSE PUSHCITMNIL) S
*SI12E(X)

0P(1145),CHFCKE!TueR(VEcT.STR.CODE). ROP XN,
PUSH(ITEH(INT.HEAP(X.INFJ))3
*RETURN(X)

OP(115d) ,POP(R), ST=AR+NA+4, NEWST=AB,
POP(NA), POP(AR), POP(PA),PO=POF(),INF, ST=NEWST, PUSH(R)]

[=POP(),INF, SYMTAR[I),PROPL=X,PUSH(X)}

*STOP
OP(1168),STOPSIM=TRUE;
*y(]) » y
OP(1178),CHFCK(VECT, INT), POP(I), POP(V), PUSH(HFAPIV,INF4ITINF1)}
*V([]] = X
0P(1208),POP({X), CHECK(VECT, INT), POP(1), POP(V),
HEAPIV,INF+I,INF)2X, PUSH(X))
*HD P = X
OP(121B),POP(X), CHECK(PAIR), POP(PY» HEAPIP,INF)=Xs PUSH(X);
TSNP A = Y
OP(1228),POP(X), CHECK(PAIR)Y, POP(P), HEAP(31+P,INF1=Xy PUSH(X);
*HD P
OP(1238) ,CHECK(PAIR),» POP(P)Y, PUSH(HEAPIF,INF1);
*TL P
OP(1248),CHFCK(PAIR)» POP(P), PUSH(HEAP[1+P,INF))}
*LAND(1,4) .
0P (1258) ,CHFCK(INT, INT), J=POP(),INF, [=POP(),INF,
PUSH(ITEN(INT-BITAND(I.J)))i
« LOR(I,J)

0P(1268),CHECK(INT,INT), J=POP(),INF, 1=POP(),INF,
PUSHUITEM(INT,RITOR(I, J)) )}
*COMPL ()
OP(1278) yCHECK(INT), PUSHCITEM(INT,COMPL(POP (), INF)))
*SFROMID(ID) :
OP(1308) ,CHECK(1D), N=SYMTAB[POP(),INF) ,NAME,INF, L=HEAP([N]) !
NEWSGETHEAP(L+1), FOR 1=(1,L) REPEAT HEAP(NEWe])zHEAP(N+1])
HEAPINEW) =L )PUSHCITEM(STR, NEW) )}
*BLOCKENLC (X)
OP(131B),POP(R), SY=VB, POP(NV), POP(VB), PUSH(R);
*NOT(Q)
OP(1328B),1F EQUAL(POP(), ITMNIL) THEN PUSH(ITHTRUE)
ELSE PUSH(ITMNIL);
*EQSTR(S1,S52)
OP(1338), BEGIN(), POP(X), POP(Y), IF X,YYPE NE Y,TYPE CR
Xy TYPE NE STR THEN RETURN PUSHCITMNIL),
X=X, INF, LXSHEAPIX), YaY,INF, LY=KEAP([Y],
IF LX NE LY THEN RETURN PUSHC(ITMNIL)
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ELSE FOR 1=(1,LX) REPEAT -
[F HEAP[X+!] NE HEAP[Y«l) THEN RETURN PUSHCITMAIL),

PUSHCITMTRUE)

END}

*SETSX(X)

OP(1348), StyB+Ny+1)=S[ST), ST=VR+NV+1}
+*TRUE

0P(1358B),PUSH(]ITMTRUE)
«NIL

OP(1368),PUSHCITMNIL)
*SETSTK

OP(1378),ST=VBeNV;
*MAKVECTCR(])
0P(1406),CHECK(INT), L=POP(X),INF, NEW=GETHEAP(L+1), HEAPINEWI=L,
PUSH(ITEM(VECT,NEW)), FOR Is(1,L) REPEAT HEAPINEWsIJ=ITMNILS
*RDLINEC(])
0P(1418) ,CHECK(INT), LIN=VFROMS(NNLINE(PCP(),INF)), L3SIZE(LIN),
NEW=GETHEAP(L+*1), HEAP['EW)=L, SUB(KEAP,NEW+1,L)=LIN,
PUSHCITEM(STRINEW));
*WRLINE(S, 1)
OP(1421) ,CHFCK(INT), N=POP(),INF, CHECK(STR), L
)

N=SIST), INF,
WRLINE(SFROMV(SUR(HEAP,LIN+1,HEAP[LIHN ' N

I
))aN);

*REWIND(T)
OP(1438) ,CHECK(INT), I=S(ST),INF, REWIND(I)}
*BACKSPACE (])
OP(1448) ,CHECK(INT), I=S(ST),INF,BACKSPACE(I)]
*SAVEALLC(])
OP(1458),CHECK(INT), N=S(ST],.INF,
MWRITE(N,PO;PA,ST,AB,NA,VB,NV,HEAP,SYMTAR,S)}
*RESUMEALL(])
OP(1465),CHECKC(INT), N=POP(),INF,
MREAD (N,PO,PA,ST, AB NA,VB,NV,HEAP,SYMTARB,S),
PUSH(ITMTRUE)}
+*ENDFILEC])
OP(1478),CHECK(INT)Y, N=S[ST),INF, ENDFILE(N)}
*CFROMV (V) r
OP(150H),CHFCK(VECT)s V=POP(),INF, L=HEAPIV), NEW=GETREAP(L#1),
FOR 1=(1,L) REPEAT HEAP[NEW+I)1=LSBYTE(HEAPIV+I],INF),
HEAPINEW)=Les PUSHC(ITEM(CODE,NEW) )}
*MODE (X)
OP(151B) ,NOTIMPL ()}
*SETMODE (X, 1)
OP(152b) ,NOTIMPL ()}
*GARBAGE COLLECT
OP(1538),PUSH(ITMNIL?
*TIME
OP(1548) ,PUSHIITEM(INT,TIME()))}
«PROTECT( D)
0P(1558),CHECK(ID), J=SIST],INF,
NAME=SYMTAB([J] «NAME, INF, L=HEAP[NAM), NEW=GETHEAR(L*2),
HEAPINEW)=L+1, HEAP[NEW+1]3ASTERISK,
FOR I=(1,) REPEAT HEAP[NEW+1+I]=HEAP[NAM+11,
SYMTAB[LJ) NAME=ITEM(STR,NEW)}
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*PROP(1D)
0P (1608),CHECK(ID), PUSH(SYM : ey
fL0GO(X) D), PUSH(SYMTABIPOP(),INF),PROPL)

OP(1618),IF POP(),TYPE FQ LOG THEN PUSH(ITMTRUE) ELSE PUSH(ITMNIL)}
«SIMTYPEQ(X, X)

OP(1628),PUSHIIF PQP(),TYPE EQ POP(),TYPF THEN ITMTRUE ELSE [TMNIL)}
*SUE(V, 14J) OR SUB(S,1,J)

OP(1638),CHECK(INT, INT), L=POP(),INF, I=POP().INF,
CHECKETTHER(STR,VECT), POP(X), I=X,INF+l=1,
NEW=GETHEAP(L+1), HEAP(MNEW)=L,

FOR J=(1,L) REPEAT HEAPINEW+J1=zHEAP[I+J],
PUSHCITEM(X,TYPE,NEW))}
*SUB(VQIOJ) = X OR SUB(S.I;J) = X

OP(1648) ,CHECKEITHER(STR,VECT),POP(X),CHECK(INT,INT),L=POP (), INF,
ISPOP(), INF)CHFCK(X,TYPE),POP(Y),I=Y,INF*l=1,XX=¥X, INF,
FOR J=(1,L) REPEAT HEAP([I+J)=HEAP[XX+J),PUSHIX);

«*«CONCAT(V,V) OR CONCAT(S,S)

OP(16508),CHECKEITHER(STR,VECT), RPOP(X), CHECK(T=X.TYPE), PORP(Y).,
X=X, INF, LXZHEAPIX), Y=Y,INF, LY=HEAP[Y], L=LXe«LY,
NEWSGETHEAP(L+1), HEAP(NFW)=L,

FOR I=(1,LY) RFPEAT HEAPINEW+I)= HEAP[Y+I],
FOR I=(1,LX) RFPEAT HEAPINEW+LY+[)=KEAP[X+11,
PUSHCOITEM(TaNEW) )

*STKTRACE ()

OP(1708),CHECK(INT),IST=ST,POP(J1),N=0,1PO=1TEM(CODE,PO)Y, 1ARG=NA,
TAR=AB, WHILE NOT ZR I1AD AND N LT Ji REPEAT Do

K=GETHEAP(IARG*S), J=zK+4, L=SIST),INF,

PUSHCITEM(PAIR,X)), IF ST GT IST THEN HEAP[L+1)=53(ST],
HEAP[J)=1ARS ,

FOR 1=(1,1ARG) REPEAT HEAP([Je!l)=S[IAB+I]),
HEAP(K)=ITEM(PAIR,K+2), HEAP[K+2)=]PO,
HEAP[K+3]1=ITEM(VECT,J), IPO=S[[AR«[ARG+1],
T=1ARG,
lARG=S[1AR+1ARG+4), JABaS[IAP+T+3), N=N+1
END,

HEAP[K+1)1=1TMNIL, ST=1ST)

APPLY(C,X)
OP(1718),CHECK(CODE,ANYY, L=S[ST], J=POP(),INF,

C=S[ST),INFs» INA=D,

BEGIN(),

LOOP, INA=zINA+1, IF L,TYPE EQ PAIR THEN DO
PUSH(HEAP(JY), L=HEAP[J+1]), J=L,INF,
IF L,TYPE NE NIL THEN GOTO LQOP END
ELSE PySH(L) END,

PUSHCITEM(CONE,P0)), PUSH(PA+1), PUSH(AR),

PUSH(NA), PO=C, PA=3, NA=INA, AE=ST-4=NA}
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To illustrate the sort of code used in the MBALM,

consider the following BALM procedure.
SUMV=PROC(V)s BEGIN(S,I1,N),
N=SIZE(v), S=0, I=1,
NXT, IF 1 GT N THEN RETURN S,
g=S+VI]), I=1+1, GOTO NXT,
END ENDJ

This procedure computes the sum of the elements of a vector v,
assumed to be integers. The MBALM code produced for this

procedure is as follows.

7 BYTE P, INST, OPFRAND #
# --------- OO e-eT T aer, P e, eew - meeseepeT e eage e ew - - #
38 ISR # ARG 11 # 1R
513 5R z gLOR [D2 ? 6M1R v
108 34R 2 ASTORF 11(X) z iR
121 358 Z POP 11 # 18
148 6R 2 GSTORF ID2(X) 7 6018 v
17R 35R Z pOP 11 # 1P
218 36R Z BLOCKST I[1 7 3R
23R 5R £ GLOB D2 2 652R S
268 32R Z VSTORE 11(X) * iR
308 5R ¥ GLOR D2 z 530R I
338 32R £ VSTORE [1(X) # 2R
358 2R Z gLOR D2 z 6128 N
408 32R £ VSTORE  I1(X) 2 3B
428 137R # GETSTk #
43R SR Z GLOR. .1D2 z 60108 v
4613 114R £ LENGTH (X) 7
473 6R Z GSTNRF 1D2(X) z 612R N
528 137R # SETSTK #
538 26R £ NUM{ 11 ? 0B
558 6R # GSTNRF 1D2(X) # 6628 S
6083 137R z GETSTK #
61R 26R 7 NUM1 11 ? iR
6373 6R £ GSTNRE ID2(X) ? S3QR I
663 13/R Z SETSTK #
6783 5R 2 GLOR [D2 # 530R I
728 5R Z GLOR [ID2 p 612R N
758 72R 7 SUBTRACT I=J #
768 76R Z NEGATE =1 2
77R 111R £ [POSQ¢I) %
1008 1328 Z NOT(Q) #
1018 2R Z JUMPF L2(X) # 112R
104R 5R Z GLOR D2 % 6A2R S
1078 SR Z JMP L2 2 150R
1128 1368 Z NIL #
113R 1378 # SETSTK #
1148 5R # 6LOR ID2 b 6628 S
1178 5R Y G EORSID2 # 601R v
1228 5R 20 GISORERID ? 530R I
1258 1178 2 vl «#
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52
LOADER

1263 71R ZRADDMIG J 7
1278 6R # GSTORF 1D2(X) ¥ 6628
1328 1378 # SETSTk #

1338 SR £ GLOR D2 z 520R
1368 268 7 NUM1 11 % iR
14083 74R 2 ADD [+J #

141R 6R 2 GSTORFE 1D2(X) 7 53C8
1448 137R # SETSTk «#

1458 3R £ JMP L2 # 668
1508 31R Z VAR 11 * iR
1528 6R z GSTORF 1D2(X) * 6421
1558 IHR # POP 1 z in
1578 31R ¥ VAR 11 £ eB
1618 6R # GSTORF 1D2(X) 7 23CB
1648 35R Z poOP 11 # iR
1668 318 Z VAR 11 ¥ 308
1708 6R £ GSTNRF 1D2(X) ¥ 6128
1738 39R ¥ POP 11 ¥ iR
1758 131R £ BLOCKEND(X) #

176R 348 Z ARG 11 z iB
2008 S5R Z gLOR D2 7 601F
2033 34R Z ASTORF I1(X) ? iB
2058 IHR Z PNP 11 z 1Fk
207R 6R 2z GSTORE ID2(X) 7 6110
2128 35R Z pPOP 11 d iR
2148 115R 2 RETURN(X) #

MBALM Software -- Loader, Garbage Collector
= PRUC();
BESIN(PROK,LLIST,LST,1,LEN,RS,1SAV,IP,N1,P),

NS=HT=0, PROK=NIL,

COUE=7Q STR=40 LOG=9.

STRT,
NXT,

[TMNIL=TTEM(LOG,0),
LLIST=LST=NIL:INIL,

RS=RDTOKEN(RINF),
IF RS EQ LPREN THEN DO PROK=TRUE,

IF FOF(RSY THEN RETURN NIL,

GOYO NXT END,

IF RS EQ RPREN THEN GOTN ENTER,

IF

IF

LST=ADUONC(LST,RS),

IDOC(RS) THEN DO L=VFROMS(SFROMID(RS)),
PsGETHEAP(1+(J=S1ZE L)), HFEAPIP)=J,

FOR 1=(1,J) REPEAT HFAPI(P«1)=LI(I]),
RS=GETID(ITEM(STR,P)),

IF PRUK THEN DO PROK=NIL, ISAV=RS END END,
RS GT 128 THEN Dn N1=RS/128, RS=R§=-N1=%128,
LSTSREPLACE(LST,N1) END,

G0TO NXT,

ENTER, LENSLLENGTH(LL]ST=TL LLIST),IP=GETHEAP(LEN+1),
FCR [=(1,LEN) REPEAT DO HEAP[IP+Il=KD LLIST,LLIST=TL

HEAP[IP)=LEN, SYMTAR[ISAV),VALUE=ITEM(CNRE,IR),

GOTO STRY

END END;
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Input to the loader is a series of lists of MBALM instruc-—
tions representing procedures. The loader locates each name
in the symbol table and if not there makes an entry. It
generates code blocks with each occurrence of a name replaced
by its symbol table entry number. MBALM instructions are
assumed to be in seven bit bytes. Thus the number 256 is

represented by two bytes
0000010 0000000

orsin. octal
28 0B

For example, loading a constant 256 requires the following

3 byte MBALM instruction
48 2B 0B
The input to the loader for the example from the end of the

Previous section 1is as follows.

( 0B SUMV 338 18 5B nB V 348 1B 6B 0B V 353 4B 36B 3B
58 0B S 328 1B 5B nB | 328 2R 5B 0B N 328 3I3B 1378
58 UB V 114B 6R 03 N 137R 26R 0B 6B OF S 1378 268 1B
68 UB 1 157B 58 0B | 58 0B N 72B 76B 111R 132R 2B "B
1128 58 nd S 3B 0B 150R 136R 1378 5B (0B S 5B 0B V SB
08B 1| 1178B 71R 68 0R § 1378 5B (B I 26R 1% 71B 6B 0R 1
1378 3B 08 668 318 1R 6B 0B S 358 1B 31B 2R 6R (0B !
356 1B 314 3R 6B 0R N 35R 1B 131B 33B 1B BR 0B V
348 1B 355 1B 6B 0R v 358 1B 115B )

GARBAGE COLLECTOR

The garbage collector is not illustrated here as there are
sufficient discussions of garbage collectors elsewhere. Whenever
GETHEAP is unable to fulfill a request the garbage collector
is invoked. The garbage collector scans the value and type
entries of the symbol table and the stack. It flags each heap
entry pointed to from the stack and symbol table. Unused heap

entries are recovered and reused.

10) & &3 Bootstrapping

)
The BALM system consists of two separate modules. The first

module is the system itself written in BALM, and containing I/O
routines, lexical scanner, a parser, a code generator and

various utility routines. This module is machine independent
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in that the code generator produces code for a virtual machine

called the MBALM. The second module is a mechanism for executing
the MBALM machine code.

target machine.

This module is different for each
There are MBALM simulators available for the

CDC 6600, the IBM 360, the UNIVAC 1108, XDS SIGMA 5, and the
DEC PDP10. An execution module which translates the MBALM code
into wachine code is also available for the CDC 6600.
Bootstrapping is the process by which a compiler moves itself
from one machine or system to another. Since the BALM compiler
is written in BALM, the compiler is capable of compiling itself.

To implement BALM on a new computer requires

(1) writing a program to execute MBALM instructions, i.e.
an MBALM simulator

(2) writing a loader program to read MBALM instructions
and create code blocks and symbol table entries.

(3) writing a garbage collector

(4) a file of MBALM code produced by compiling the BALM

compiler. The listing of the BALM system in Appendix F

is preceded by a procedure called bootstrap which
generates such a file.

Once the loader has read the MBALM instructions, execution
begins with the first procedure loaded. This is procedure BALM.
It calls INITIATE which in turn calls various procedures
necessary to initialize the system: see the flow diagram in
Chapter 11. One of these, INITIO, defines the BALM character
set for the new machine by reading 3 cards. These cards are
the first cards in the BALM supplement. The characters start

in column 2 and the first character on the first card is a space.

ce=A()[1a8,21e3/200
0123456789
ABCDEF GHIJKLMNOPQRSTUVWXYZ

The special characters éppear on the first card. They are in a

predefined order so that if one wishes to use a character other

than ; for a terminator it should appear in column 21.

The second card contains the numbers 0-9 in ascending order.

The third card contains the alphabet in alphabetical order but

may include special characters at the end. These characters will

then be considered as part of the alphabet in forming names.
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CHAPTER 11. SYSTEM PROGRAMMER'S GUIDE

This section is intended to be a guide to the source listing
which is included in Appendix F. It is directed to the user who
wishes a more detailed knowledge of the system in order to extend
the compiler. Several features about the compiler require some
explanation. Originally all compiler procedures and variables
were accessible to the user. This turned out to be quite
unsatisfactory because it led to inadvertent modification of
the compiler. If a user selected the name BLANK and used it as
a variable he would begin getting strange diagnostics because
the lexical scanner uses the predefined variable BLANK. To
protect a BALM user from these types of problems all critical
variables and procedures have a name which includes a special
character. 1In order to compile the BALM compiler . must be

treated as a letter, as described in Section 9.3. The way to
do this is CHGChAR(:,,lU):

Thus a user is protected from inadvertent modification of  the
compiler since before he can form names with . he must change .

to a letter.

12 LS T Very Local Variables

Name scoping is described in Chapter 3. Let us review for
a moment what happens when a procedure

. SUMSO=PROC (XYY, X*X+YsY ENDJ
1s called, as follows:
ASUNSQ(3,4) !

The following steps are involved:

(1) save the current values of X and Y

(2) assign 3 to X and 4 to Y ’

(3) evaluate the expression

(4) restore the original values of X and Y

(5) return the value of the procedure -- given in step 3.
—103-
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Entering a block of code with local variables is quite similar.
Execution of

‘l; BEGIN(A,R),
' .
"
END3S
involves the following steps.
(1) save the current values of A and B
(2) evaluate the expressions in the block
(3) restore the original values of A and B
(4) value of the block is either the value of the

last expression or the argument of a return.
Note that in the case of a procedure steps 1, 2 and 4 involve
saving and restoring of values; in the case of a block steps 1
and 3. The values are saved in the stack. Each time a procedure
or block is entered the stack is used to save these values. Upon
exit the stack is popped after values are restored. The code
generated to perform the saves and restores takes up both extra
time and space. It can be eliminated when blocks and procedures
access the stack directly for their local variables and arguments
respectively. The compiler procedures and blocks do, in fact,
access the stack directly. We shall refer to arguments and
variables which exist in the stack as very local. The user
may request very local as an option by executing

MAKALOCAL(TRUE);

for very local arguments and

MAKVLOCAL(TRUE);
fcr very local variables.
MAKALOCAL(NIL)) and MAKVLOCAL(NIL)

return the system to its normal state.

A very local variable or argument is known only within its
own block or procedure. This means that blocks defined within
other blocks do not have access to each other's very local
variables, after executing MAKVLOCAL(TRUE); and MAKALOCAL (TRUE) ;
arguments and variables prefaced by $ when defined are treated
in the normal way. If they appear without a $ they are considered
to be very local. For example:
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BEGIN ($A,R,%C,D)
A and C will be treated as local and B and D are very local.

‘ TEST=PROC(%A:B,C)
A will be treated normally, B and C are very local -- i.e.
known only within procedure TEST.

MAKYLOCAL(TRUE);

A=101

BEGIN(A), A=1,
BEGIN(), PRINT(A) EAND,
PRINT(A)

END;

will result in the following prints
10
1
A is very local to the outer block. The print statement in the

inner block will print 10 while the print in the outer block will

result in 1.

11.2 Flow Chart

BALM

41— PN T AT

EXECUTE

The flow diagram of the main compiler procedure, EXECUTE,

1s given on page 106. Names cf compiler procedures appear

in parentheses.
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APPENDIX A. PARTIAL SYNTAX

We give below a partial definition of the syntax of BALM

programs. This is incomplete in the following senses. First,

this definition includes programs which are syntactically
incorrect. For example, the definition does not prevent the
use of expressions which have values of the wrong type, such as
as HD 123. This cannot be done in general by syntactic defini-
tion, so we have not attempted it at all. Second, there are
valid programs which do not conform to the definition. This
does not reduce the power of the language very much, and those

who wisha more exact definition can consult the more precise

definition given elsewhere. Third, the use of blanks in the

language is given informally below.

The alternative definitions aregiven on separate lines,
rather than being separated by an alternation mark as is usual.
Main definitions are given starting in column 1, while

Subsidiary definitions are inset.

<PROGRAM> ;=
<EXPR> 3 <PRQGRAll>»
<EXPR> 3
<EXPR> !z
<EXPR?2>
IF <ELSEXPR>
<ELSEXPR> §:=
<THENEXPR> FLSEIF <ELSEXFR>
<THENEXPR> FLSE <FXPR>
<THENEXPR> :3=
<EXPR2> THEN <EXPR2>
<EXPR2> t:i=
<EXPR3I>
WHILE <WHILFXPR>
FOR <FOREXPR>
GO <EXPRJI>
GOTO <EXPR3>
RETURN <EXPRI>
<WHILEXPR> :t1=
<FXPR3I> REPEAT <[XPR2>
<FOREXPR> 1:=
<FORASS> REPEAT <FXPR2>

<NAME> = <FORLIST>

<FORLIST>» j:=
( <FORPARAMS> )

<FORPARAMS> i1!=
<EXPR> , <EXPR>
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<EXPR4> {:=

<EXPR5> ti=

<EXPRE> =

<EXPR7>

e
e

<EXPR8> 1=

<EXPRO9> (=

<EXPR10> i:=

<EXPR11> i1is

-

<EXPR12> t:i=

<EXPR13> iis

<EXPR> , <EXPRS>
<EXPR> , <EXPR>

<EXPR4>
<LHS> = <EXPR4>

<NAME>

HD <EXPR13>

TL <EXPR13>

VALUE <FXPR13>
<EXPR14> ( <EXPR> )

<EXPR5>
<EXPR5> : <EXPR4>

<EXPR6>
<EXPR&> QR <EXPRF>

<EXPR7>
<EXPR7> AND <EXPR6>

<EXPR8>

<EXPRB> = <EXPR8>
<EXPRB> EQ <EXPR8>
<EXPRB8> NE <EXPRB>
<EXPRR> GT <EXPR8>
<EXPRB> GFE <EXPRR>
<EXPRB> LT <EXPR&>
<EXPRB> LF <EXPRA>
<EXPR8> SIM <EXPP8>

<EXPRO9>
<EXPRR> + <FEXPR9>
<EXPRA> = <EXPR9>

<EXPR10>»
<EXPR9> « <EXPR1(>
<EXPR9> / <EXPR10>

<EXPR11>
- <EXPR11>

<EXPR12>
<EXPR12> * <EXPRi1>

<EXPR13>
SI1ZE <EXPR13>

<EXPR14>
HD <EXPR13>
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TL <EXPR13>
VALUE <FXPR13>

<EXPR14>

<CoNST>

<NAME>

<NQOP> <QP>

( <EXPR> )

<EXPR14> ( <EXPRLIST> )

<EXPR14> [ <EXPR> )

DO <EXPRLIST> END

BEGIN <gLOCKXBODY> END

PROC <PROCBODY> END
<EXPRLIST> 1=

<EXPR>

<EXPR> , <EXPRLIST>
<BLOCKBODY> iti=

<LOCALVARS> , <EXPRLIST>
<LOCALVARS> ;1=

()

( <VARLIST> )
<VARLIST>» 1=

<NAME>

<NAME> , <VARLIST>
<PROCRODY> ::i=

<ARGLIST> , <EXPR>
<ARGLISTY> j§:s

)

( <VARL1IST> )

<NAME> 1=

<LETTFR> <LFTTERQRDIGIT>

<LETTERORDIGIT> ::=

<EMPTY>

<LETTFR> <LETTERQRDIGIT>

<DIGIT> <LETTERORDIGIT>
<CONST> $:=

<INTEGER>

<LOGICAL>

<STRING>

= <ITEM>
<INTEGER> ti1=

<DIGIT> <DIGITS>

<DIGITS> :i=

<EMPTY>

<DIGIT> <D[GITS>
<LOGICAL> t:i=

TRUE

NIL
<STRING> it=

Z ¢CHARACTERS> #
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<EMPTY>
<CHARACTER> <CHARACTERS>

<INTEGER>

<LOGICAL>

<STR ING>

: <NAME>

Gl <SPECIAL CHARACTER>
O - <VECTNR>

<L]ST>

[ <ITEMS> )
( <ITEMS> )

<EMPTY>
5 <ITEM> <ITEMS>

1ition makes no reference to blanks. A blank
AME>, an <INTEGER>, a <LOGICAL>, or a <NAME> used
such as GT). Otherwise, blanks are ignored

r to any operator. Thus the NOOP operator
be used also as <NAME>s if necessary.
HAR occurring in <CONST>s are
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APPENDIX C. EXAMPLES
Example 1

When a function is used frequently with a small number of
arguments, it can be more efficient to save previous results
in a list and look in this list to see if the result has been
calculated for this argument already. If the function is FN,
instead of FN(X) we can write MEMO (FN,FNL,X), where FNL is the
list used to keep the values calculated for FN.

MEMO can be written:

- MEMO = PROC(FN,FNL,X),
BEGINC(FNLPR,SAVE,FNLB,FNLPR2),
FNLB=FNL, FNL = TL FNL, FMLPR=FN[,
NEXT, IF HD HD FNL EQ X THEN GOTO FOUND,
FNLPR2=FNLPR.
FNLPR = FNL, FNL= TL FNL,
IF NULLCFNL) THEN GOTO NOTF ELSF GOTC NEXT,
FOUND, IF FNLPR EQ FNL THEN RETURN TL HI FNL,
SAVE = HD FNL, HD FNL = HD FNLPR,
HD FNLPR = SAVE, RETURN TL SAVE,
NOTFa TL FNLPR2 = NIL, SAVE = FN(X),
TL FNLB = (XISAVE):!TL FNLB, RETURN SAVE
END END3

It is assumed that FNL has been initialized to a list of the form:
(Z (X1,Y1)(X2,Y2) +souyv (XN,YN))
where Y1=FN(X1) , and N is the number of arguments that it has

been decided to save. The HD of the list, Z, is not used by

this routine, but may be useful for other purposes. Each

argument, written as X above, is first looked up in this list.

If it is found, the corresponding pair is moved one place nearer

the beginning of the list and the stored value is returned. If

it is not found the last pair in thelist is deleted and a new

pair corresponding to the new argument is added to the beginning.
An alternative way of writing this function uses a vector

to store the argument-value pairs. We will assume that this is

of the form:
l(Xngi)_(XZ[YZ) soe (XNGZYN)]

The function can then be written as follows.
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MEMQ = pRUC(FN,FML,X);

BEGIN(L,I?,
L=LENGTH(FNL?, t=}6 o
NEXT F 1 GT L THEN GO
5 55 ELéEIF x EQ WD FNL([I) THEN GOTO FCUND,

I=1+1, GOTQ NEXT,
FOUNR, IF I EQ 1 THEN RETURN TL FNL[ILD,
L=FNLIIY, FNLIIY = FNLIT=1],

FNLCI=1) = L, RETURN TL L,

NOTF, FOR I1=(L-1,1,-1) REPEAT FHNL(I+1) = FNL[I],
L = FN(X), FNL{1) = X:L, RETURN |

END END}

Note that this probably executes a little more slowly than the
other version particularly when the argument is usually not
found, because the operation of moving down all the elements

of FNL is much slower. However, by a slight modification to
this version, an extra entry in the vector, say the first, could
be used to keep the index of the top element, and the wvector
could be treated as circular, with the Lth element being
followed logically by the second. This would eliminate the

time-consuming move operation.

There are of course several alternative algorithms which may
be equally effective. For example, it may be more appropriate
to store any new value at the end of the list rather than the
beginning, or possibly in the middle. This will be preferable
when the arguments fall into two types, a few of which occur

frequently, and many of which are rarely repeated.

=il S

T8I | P e



Example 2

We give below a generalized game-playing routine BEST, using
an alpha-beta minimax search, with the appropriate routines

POSSMOVES, NEWPOSN, and SCORE added. It will play tic-tac-toe,

checkers, chess, or Go with varying degrees of success.

Arguments to BEST are: POSN, the position from which the

name must be made; DEPTH,

the number of moves the routine should
look ahead; WISB and HYB,

the range between which scores are
acceptable, with HISB being the minimum and HYB the maximum,

large scores being good. For tic-tac-toe,

for instance, POSN
is of the form:

[[X==)(=0a])([==-=]X]
the extra X indicating it is X to move.

The full deck to play a complete game of tic-tac-toe against
itself is constructed as follows:

A123456,CM60000, HARRISON
CIMGET(BALM4,BLM4SVD)
BALM4,

GREEN END OF RECORD CARD ==
COMMENT (TEST PROGRAM = TIC-TAC=TOE PLAYER)

BEST=PROC(POSN,DEPTH,HISB,MYB),

BEGIN(ML,DMi,RESTSC.BFSYM.TRY).
IF DEPTH=z0 THEN RETURN(-SCORE(POSN)=RILINIL)1
ML=PQSSMOVES(PQSN),
DN1=DEPTH'1nBESTsc=HY9pRESTH=NIL:
[F =ML THEN RETURN(-BESTSC:BESTH=NIL).
TRY=BEST(NEUPOSN(POSN.HD MLY, M1, =BESTSC,=HISR),
IF HD TRY GT RESTSC THEN

DO BESTSCz=HD TRY,BESTM=HD ML END,

IF ~ BESTSC LT HISB THEN RETHRN(=BESTSCIEFSTMINIL),
ML=TL ML, GO NXT

END END:

NXT,

SCORE=PROC(P),
BEGIN(ROWSC,M,H,1,J),
ROHSC‘PROC‘lNlTDSTEP)J

BEG!N(NM’NHJIJ'S)D

INIT(), NM=0, NH=p,

FOR [J=(1,3) REPEAT
DO IF (S=p(l1(J)) EQ M THEN NM=AMet

. ELSEIF S EQ H THEN NH=NHe1,

STEP() END,

RETURN(IF(NM«NH) FQ 0 THEN NM#NM=NE*NW ELSE o)
END END.

M=P(4),H=]F MS>X THEN 20 ELSF 2X,
RETURN

(ROWSC(PROC(), 12J=1 END, PRQC(),J=Jel END)
ROWSC(PROC(), =1+(J=1) END, PROC(),

+

J=J+1 END) «
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=1) END, PROC(),J=J+1 END) +
END, PROC(), I=l+1 END) =»
)

END, PROC(),]=1+1 END) +

ROWSC(PROC(),1
ROWSC(PROC(), ]
J

ROWSC(PROC(), =
ROWSC(PROC(),J =1) END, PROC(),1=1+1 END) +
RUOWSC(PROC(),]=J END, PROC(),Il=Jd=J+1 END) =+
ROWSC(PROC(),1=2+(J=1) END, PROC(),[O [=1~1,J=d+1
END END3 ‘

POSSMOVES=PROC(P),

BEGINCI,JsM),

M=NIL,

FOR I=(1,3) REPEAT

FOR J=(1,3) REPEAT
IF PL1)[J)=>= THEN M=([sJINIL) M,
RETURN(M)
END END3}

NEWPOSN=PRQC(P, M),
BEGIN(N),
N=COPY(P),
NI(HD  M)JI(HD TL M)Y!=zPLl4),
Nl4)=IF P(41=>2x THEN 20 ELSE 2X,
RETURN({N)
END END}

PLAY=PRCC(),
BEGIN(POSN,BM),
POSN=2(([= = =]~ = «][~= = =) X],

NEXT,PRINT(POSN),
BM=HD TL BEST(POSN,1,9999,-9999),
[F BM=NIL. THEN RETURN(POSN),
PCSN=NEWRPOSN(PQSN,BM),
GC NEXT
END ENDJ

PLAY ()}
STOP:
== PINK END OF FILE CARD =-

This uses a look-ahead of only one level, prints out each

position, and terminates when all squares are occupied.

=1L 1Es—
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APPENDIX D. SOLUTIONS TO THE EXERCISES

1,1 FOR 1=¢1,100) REPEAT Dn

1,2

3.1

3,2

3,3

R=I=(N=1/B)w«8,
PRINT(10eN+R)
END3;

FOR Z=(1,100) REPEAT Dn 72=7«Z,
FOR Y=(1,Z=1) REPEAT N0 YY=YwY,
FOR X=t(Z-Y,Y) REPFAT
IF XeX+YY EQ ZZ THEN PRINT(X,Y,Z)
END
END;

BEGIN(V,L,1,N,BLANK),
BLANK=VFROMS(2 2)(1),
V=VFROMS(S), L=SIZE V,
I=1, Nzl /2,
WHILE 1 LE N REPEAT
IF V(1] EQ V(L=I%*1) THEN I=1e1
ELSEIF V{I) EQ BLANK THEN DO !=1+1, L=L+1 END
ELSEIF V{L=1+1) EN RLANK THEN LsL=1
ELSE RETURN PRINT(S,#1S NOT A PALINDROMFZ),
PRINT(S,#21S A PALINDROMEZ)
END;

COUNT=PROC(L?,

I[F PAIRQ(L) THEN COUNT(HD L)«COUNT(TL L)
ELSELF INTQR(L) THEN 1

ELSE 0

END;

EQLYQ=PROC(L V),

BEGIN(I).,

FOR I=(1,S1ZE V) REPEAT
IF NOT PAIRQ(L) THEN RETURN HMIL
ELSEIF HD L NE VII] THEN RETURN NIL
ELSE LsTL L,

RETURN TRUE

END END}

EQSETQ=PROC(X,Y),
BEGIN(I),
IF NOT PAIRQ(X) AND NOT PAIRO(Y) THEN RETURMN X ET Y
ELSEIF NOT PAIRQ(X) NR NOT PAIRNCY) THEN RETURN NIL
ELSEIF LENGTH(X) NE LENGTH(Y) TUFN RETURN NIL,
FOR I=(4,LENGTH(X)) REPEAT
IF NOT ELEM(HD X.Y) THEN RETURN NIL
ELSE X=TL X,
RETURN TRUE
END ENDJ

ELEM=PROC(X,L),
BEGIN()JRE o
E P
HHI%F EusETQ(x,Hn L) TWEN RETURH TRUE
ELSE LsTL L,
RETURN NIL
END END} -116-



APPENDIX E. UTILITY PROCEDURES

The predefined procedures in the current system, in

alphabetical order, are as follows.

ADDON (LST, X)
S is an arbitrary item and LST points to the last element
in a list. The last element is replaced by X:NIL, which is
returned as the value of ADDON.
Example: L=LAST= =A:NIL, LAST=ADDON (LAST,=B)
L contains (A B) and LAST is =B:NIL
BRACKET (OP, PREC, PROCNAM)
defines OP as a bracket operator with precedence PRED and
associated procedure name PROCNAM.
BREAKUP (PATRN, ARG)
BREAKUP performs a multiple assignment of the names in PATRN
to structures in ARG. For example
BREAKUP(2(A [B C (D))),2(<STR> (57 (X) (Y)1)
will cause the same assignments as A=<STR>}B=57;C=2(¥X)1D=>Y;
In general, the names in PATRN are assigned values which
are the elements appearing in corresponding positions
in ARG. If such an assignment cannot be performed due to
a difference in structure between PATRN and ARG then NIL is
returned, otherwise TRUE. In the case of an assignment
failure, only those names encountered before the structural

discrepancy will be assigned values. For example,

BREAKUP(2(A (B C)):2(X (3 4)))
will return TRUE and result in the following assignments.

A=2X3B=33C=4) 9
BREAKUP(2(A(B C) D),>(X (3 4 5))) will return NIL and cause ]
the same assignments as the previous example. D will remain
unchanged. Constants appearing in PATRN must exactly match |

their corresponding elements in ARG for a successful match.
BREAKUP(2(A B C <STR> 7),2(1 2 3 <STR> 7)) will return TRUE while

BREAKUP(2(A B C <STR>» 7),2(4 £ 6 <STR» g)) Will return NIL.
A constant name or structure can be represented by PATRN by

preceding it with a > .
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Example:
BREAKUP(2(A >B B 2(C D)),2t1 B 5 [C Dy

Wwill return TRUE and will perform the assignments A=1;RE5;
BREAKUP(2(A 2B C)e2(1 (B) <XYZ>))
will return NIL and will perform the assignment A=1}

CHGCHAR ( CHAR, N)
CHAR is a vector each item of which represents a character.
It is used by procedure LXSCAN to determine BALM items. If
the value of an item of CHAR is 0 to 9 the character is
than number; 10 the character is a letter; 11 a special
character. CHGCHAR changes the value of the CHAR item

representing CHR to N. For example,

CHGCHAR(=,,410)}
will make . scan as one of the letters and thus make

accessible all the compiler procedures.

CONSTRUCT (ARG)
returns the structure ARG with all names replaced by their

values. Example:

BREAKUP(2([A B) C 53),2([(X Y) Z) R 53))1
PRINTC(CONSTRUCT(2[(A B) € 65)1));

will print [((X Y) Z) R 65)

COMPILE (LST)
LST is a list containing a BALM procedure without the termi-
nating semicolon. COMPILE returns compiled code for that
statement.

COPY (ARG)
returns a copy of its argument.

DUMMY (ARG)
returns ARG.

ERROR (TYPE)
called automatically when errors occur. TYPE is set as follows.

- no more space
- invalid type or pointer found by garbage collector
attempt to execute something which is not a procedure

- attempt to execute an undefined op code

- invalid argument to I/O instruction, i.e., not a string
or integer.

O Ul N
I

- attempt to goto a nonlabel.
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EQUAL (ARG1,ARG2)
returns TRUE if ARGl is the same as (or a copy of) ARG2.
EXECUTE (INFILE, OUTF [[.E)
EXECUTE translates and executes BALM statements from the
file INFILE until a STOP statement is reached. EXECUTE will
then return NIL. Translator error messages are written on
file OUTFILE.
EXPAND (LST)
returns the result of a macro expansion on list LST.
LST is assumed to be in the same form as the output from
the pre-edence analyzer.
GENSYM ()
returns a unique identifier each time called.
GETPROP (ID,P)
refer to listing of the compiler supplement Appendix F.
IFROMID(ID)
returns an integer which is the symbol table entry
number of ID.
INFIX(OP,LPREC,RPREC,PROCNAM)
defines infix operator OP with left precedence LPREC and
right precedence RPREC. PROCNAM is the name of the corres-
ponding procedure.
LENGTH (ARG)
returns the length of a string in characters or the number
of top level elements in a list or vector. :
LFROMV (VECT) |
returns a list of the elements of VECT.
LOOKUP (ARG,LST)
refer to listing of the BALM4 compiler, Appendix F. ;

Assumes that LST is a list whose members are lists of two
elements. LOOKUP searches LST to see if ARG is the first
top level element of a member. If it is not then NIL is

T ——

returned. If it is then the second top level element of

the member is returned.

SS9




LOOKUP (ID1,1ID2)

If the property field of ID1 is a list it is assumed to be
a list whose members are themselves lists with two top

level members. LOOKUP examines each member of the list to
see 1f ID2 is its first top level element. If so then the

second top level element of the member is returned, otherwise
NIL.

MACRO (WAM, PROCED)
defines NAM as a macro with associated procedure PROCED.
MAXPROPS (ID1,ID2)
The value of ID2 is assumed to be a list whose members are
lists of two elements. The first element of each member must
be an identifier. MAKPROPS examines each member of the list
and sets the property field of the first element to a list
of ID1 and the second element of the member. When the entire
list has been searched the value of ID2 is set to ID1 -
(Refer to procedure LOOKUP and also to the supplementary listing).
MAKALOCAL (COND)
If COND is TRUE the compiler will make all procedure arguments
not preceded by a $ into verylocal variables i.e. known only
within that procedure If COND is NIL all arguments will be
local and will be known to all procedures called within the
scope of the procedures. COND=NIL is the current default mode.
MAKVLOCAL (COND)
If COND is TRUE the compiler will make the variables listed
in begin blocks and not preceded by § into very local
variables, i.e. known only within that block. If COND is NIL
all variables listed within begin end blocks will be
compiled as local regardless of whether they are preceded
by $ or not. They will be accessible to all blocks executed
within the scope of the defining block. COND = NIL is the
current default mode.
MAPX (ARG,PROCED)
MAPX applies the procedure PROCED to each of the top level
elements of ARG, returning a list or vector of the results.
If ARG is a list, then a list is returned; if ARG is a vector,

then a vector is returned. ARG must not be a string.
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MEMBER (ARG1,ARG2)
if ARGl is a top level element of ARG2 (a list or vector)
then TRUE is returned, otherwise NIL.

ORDINAL (ARG, LST)
returns I when ARG is the Ith top level member of LST.
NIL is returned otherwise. Note ARG must be on the list:
if LST contains a copy of ARG, NIL will be returned.

PROCTRACE (LST)
LST is assumed to be the result of a STKTRACE (I) operation.
PROCTRACE produces a formatted procedure trace on the output
file.

PTRACE (ID)
prints the value of the arguments of procedure ID each time
it is called and prints the value of each RETURN.

REMINFIX (OP)
rewmoves the most recently added occurrence of OP from the
infix list.

REMMACRO (NAM)
removes the most recently added occurrence of NAM from the
MACROLIST. Note that when the user creates a macro using
MEANS, NAM must be PROCNAME and not OP as described in
procedures INFIX and UNARY.

REMUNARY (OP)
removes the most recently added occurrence of OP from the
unary liste

RESTAT (V)
V is the output of procedure SAVSTAT. The states of OPLIST
MACROLIST, INFIXLIST, UNARYLIST and CODGENLIST are restored
to the same state as when SAVSTAT was executed.

SAVEBALM (S) _ ' ;
opens a file named S, rewinds the file, performs a garbage

collection, executes a SAVEALL on the file and closes the file.
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SAVSTAT ()

output is a vector which can be used as input to RESTAT to
restore the state of the compiler.
SETPROPY (NAME , PROP, VAL)

gives the property PROP with value VAL to the name NAME.

The previous value of this property (if present) is pushed
down, and not lost.

SUBST (NEW, OLD, LST)

The name is returned.

returns the list LST with all occurrences of OLD replaced
by NEW. For example

X=SUBST(2[X Y),2(ACB C)),2(X Y (CA (B €))) 2));
PRINT(X);

will print
EXERYRRGIXTRYAR - 2)

TRANSLATE (LST)

LST is a list containing a BALM statement without the
terminating semicolon. TRANSLATE will return the

statement translated into BALM internal form, suitable
for compilation.

UNARY (OP, PREC,PROCNAM)

defines OP as a unary operator with precedence PREC and
associated procedure name PROCNAM.
VFROML (LST)

returns a vector containing elements of list LST.
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APPENDIX F

The following .is in two parts. The first is a listing of the
BALM4 compiler preceded by a bootstrap program which enables the
compiler to produce a punched object deck.. The second is
additional BALM4 programs which are used to create a saved file

of the BALM4 system.

CHGCHAR(=,,10)} 1
MAKALOCA(TRUE)} MAKVLOCA(TRUE); g
BOOTSTRAP= PROG(), BEGIN(LS,NAM,PR), 3
MOR,  PRINT. (), 3
ERCOUNT,=0, TERMFLA,=NIL, 2
LS=ANALYSE, (1£0S,) g

IF =ZR ERCOUNT, THFN GNTO EPR, 7

IF LS EQ =STOp THEN RETURN ‘1L, 8
LS=EXPAND,. (LS, 2

IF <ZR ERCOUNT, THEN GOTO ERR, 10

NAM=HD TL LS, PR=WD TL TL LS, 11
RSCODEGEN(NAM,PR), 12

GUTO MOR» 13

ERR,  ERMSG, (LIST(ERCOUNT,,=SYNTAX,=ERRORS)), 14
GOTO MOR 15

END END; 1o
BSCODEGEN=PROUC{NAM, X), 17
EEGIN(FERRCNT,SLI1ST2,$END2,LIST3, 18
SGLOBL,SLBLVALS, SNBYTE, SLBLNO, 15

$ARGS, $VARS, REXPX, SARGS, SLBLIST, 20

1,CODEV), 21

ERRCNT=0, GLOBL=NIL, NRYTE=3, LBLNO=1, 22
LELVALS=NIL, 23
VARS=NIL, LBLIST=NIL, ' 24

IF CGCHECK, (=PROG: (COMMA, s=ARGS:=EXPX:NIL)IEND2:NIL, ) 25

AND END2 Eg =END THEN NIL 26

ELSE DO ERMSG, (=PRNC:=ERRORINIL), RETURN NIL END; 27
LIST2=FND2=(0:NIL), END2=ADDON,(END2,GREFS, (NAM)IY, 28
ARGS=REMCOM. (ARGS), 29

I} HD ARGS EOQ DOLLAR., THEN ARGS=ARGS:NIL, 30
SARGS=ARGS, ARGS=EXCHANG,(SARGS,1), 31

COMP, (EXPX), 32
EXCHANG, (SARGS, 1) 33

ASS, (KRTPROC, ) s ol
LIST3=L15T2, 35

WHILE LIST2 REPEAT DO 36

HD LIST2=SUBLBLS,.(HD LIST2), LIST2=TL LIST2 END, 37

PRINT, (=GLOBALs=VARS,GLOBL), 38

It ZR ERRCNT THEN WRITE(LIST3,BINFILE) 39

ELSE ERMSG,(LIST(ERRCNT,=COMP,=ERRORS)), 40

RETURN NIL 41

END END} 42
BINFILESMAKFILE(#PUNCH#,72); REWIND(BINFILE(L1]1)3 43
BOOTSTRAPCOMPILE () ; 44
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COMMENT

45

AREERREE R RRR R R R T R Y R XY S R X L R E I L XX I LTI
PROGRAM Tn BE BOOTSTRAPPED FOLLOWS 47

UP TO STOP} 48

AREERREERERE RS E R A R S A R R R L X R Y X X S XL XY
80

COMMENT 51
QR R R R T s I I Y
MAIN PROGRAM 53

LAE A AR AR AR Rd AR XS R R e 22222222 2 R R A AR T A A A R R R R AT RS 2D X XD
BALM = PROC(), 55
BEGINC), 56
INITIAT, (), 57

EXECUTE( INPUT,OUTPUT), 58

STOP() 59

END 60

END; 61
EXECUTE= PROC($INPUT,30UTPUT), 62
BEGIN(ST,LS, $CURCNM, , SPREVCCHM, , SERCOLNT, ,STERMFLAL ), 63

MOR, PRINT, (), 64
ERCOUNT ,=0, TERMFLA,=NIL, 65
ST=ANALYSE, (1ENS,)., 66

IF TALKAYIV GE 2 THEN DO 67

PRINT, (=SYNTAX,=TREE), PRINT,(ST) 88

END, 49

IF <ZR ERCOUNT, THEN GOTO ERR, 70

IF ST EQ =RESUME THEN RETURN NIL, 71

IF ST EQ =STOP THEN RETURM NIL, 72
MACSYMB,sVECTOR(STAR,,STAR,,DNUM, [1),DNUM, [1),ONUM, (1)), 73
LLS=EXPAND, (ST), 74

[F TALKATIV GE 3 THEN DO 75

PRINT, (=EXPANDED,=TREE), PRINT,(LS) 76

END, 77

IF ~ZR ERCOUNT, THEN GOTO ERR, 78

IF PAIRQ(LS) AND HD LS EO EQSIGN, ANP PAIRQ(HD TL TL LS) aAND

HD HD TL TL LS En =PROC AND 80

IDQ@ (HD TL LS) THEN DO 81

CODEGEN, (KD TL LS,HD TL TL LS), A2

GOTO MOR 83

END., 84

LS = LIST(=PROC,LIST(COMMA, ,MTY,,LS),=END), aS

A6

CODEGEN, (2CURCOM.,LS), a7

[F ~CODEQ(CURCOM,) THEM GOTO M(CR, a8

CURCOM, ()., a9

GOTO MOR, 00

ERR, PRINT, (LIST(ERCOUNT,,=ERRORS)), 91
PREVCOM.=ST, GO MOR 92

END 3

END3 94
COMMENT 95
’tfttit*itt*tttit*gt.ttttotttt*t*ttt*tttttttttitttt***tttﬁﬁttittttttt'i
UTILITY ROUTINES 97
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VFROML .= PROUC(L),
BEGINCN, VA1), 160
N30, V=L, 1‘01
WHILE V REPEAT Do 102
N=nN+1, V=TL V 103
END, VSMAKVECTO(N), 104
FOR I1=(1,N) REPEAT DO 185
VII)=HD L, L=TL L 106
END, 187
RETURN V 108
END 199
END 140
ADDON,=  PROC{X,Y), 111
TL XzYIN]IL 112
END 143
LOOKUP,=  PROC(X,L), 144
BEGIN(P), 115
116
MOR, IF IDQ(L) AND IDO(X) THEN DO 117
P=Ls L=PROPL(X), X=P 118
END, 119
IF =PAIRQ(L) THEN RETURN NIL, 120
IF X EQ HD HD L THEN RETURN HD TL HD L, 121
L=TL Ls GOTQ MOR 122
END 123
END; 124
ORDINAL,= PROC(A,L), 125
ORDY v CAL L 415 126
END3 127
ORD1.= PROCC(A,L,1). 128
129
IF =PAIRQ(L) THEN NIL ELSEIF A EQ HD L THEN I 130
ELSE ORD1+CA,TL L,I1+1) 131
END; : 132
LENGTH,= PROC(X), 133
IF PAIRQ(X).THEN 1+LENGTH,(TL X) 134
ELSEIF VECTQ(X) OR STRQ(X) OF CODEQ(X) THEN SIZE ¥ 135
ELSE O 136
END3; 187
IFROMID.= PROC{X), 138
X0 139
END; 140
GENSYM,= PROCY), 141
BEGINCI,J), 142
FOR 1=(5,2,-1) REPEAT 143
IF (J3CHAR.[GENSYMB,[I))) LT 9 144
THEN DO 145
 GENSYMB, [1]1=DNUM, [J+2], 146
RETURN IDFROMS(SFROMV(GENSYMB,)) 147
END 148
ELSE GENSYMB,. |!1)=DNUM, 1) 149
END ] 150

SR25=




END;

MAPX, = PROCt{X,P), i:;
IF PAIRQ(X) THEN MAPL,(X,P) 153
ELSEIF VECTQ(X) THEN MAPV,(X,P) 154
ELSE X 155

END3} 186

MAPL ,= PROC(L,P), 157

BEGIN(B,E), 188
BsE=NJLINIL, 189

MOR, IF =PAIRQ(L) THEN RETURN TL B, 160
E=ADDQN,(E,»P(HD L))» L=TL L, GOTO MOR 161

END 142
END} 163

MAPV,= PROC(V,P), 164

BEGIN(N,VV, 1), 165
NsSIZE V, VYy=MAKVECTO(N), 166

FOR I=(1,N) REPEAT VVII)=P(VII)), RETURN VV 167

END 188
END3 149

MEMBER,= PROC(X,L), 170

BEGIN(), 137:1

MOR, IF PAIRQ(L) THEN 172
(IF X EQ HD L THEN RETURN TRUE 173

ELSE DO 174

L=TL L, GOTO MOR 1725

END) 176

ELSE RETURN NIL 177

END 178

END; 179
LFROMV,= PRQC(V), 121
SEGIN(L,N:s 1), 181
N=SIZE V, L=NIL, 1R2

FOR 12(N,1,-1) RFPEAT L=v[I)1iL, 183

RETURN L 184

END 185

END; 186
COMMENT 187
AR AR A T e S T T T T T L I o e
INITIATION RNUTINES 189

AR A SR AR Rl 2 R R R R R R e R R T I I I T T T I T T I T,
INITIAT.= PROC(), 191
BEGIN(), 192
INITIO. (), 193

INITUNA, (), 104

INITINF, (), 195

INITEXP, (), 196

INITCOD, (), 197

INITOPL, (), 198

INITMIS, (), 199

RETURN NIL 200

END 2n1

END; 22
INITIOD,= PROCK), 203
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T FOR MACHINE [NDEPENDENCE THE CHARACTER SET IS REAL

A AAL FROM CARDS AND CONSTANTS ARE SET TQ THE CHARACTERS USED EY
Erd COMPILER PROCEDURES

TR CHARACTERS START IN COLUMN 2 OF THE CARDS

e THE FOLLOWING 3 CARDS ARE READ BY [NITID

* = Z ()] ~8, 51 82/0254>

*0123456789

*ABCDEFGH I JKLMNOPQRSTUVAXYZ,

L E"S £%

BEGINC(LINSL,I),
LINSSUBV(VFROMS(RDLINE(1)),2,22),
BLANK,=LIN(1]), PFRIOD,=LINt2), STAR,=LIN(3],
MSIGN,=LIN[4), STRAU,=LIN[S), LPAR,=LIN[6]),
RPAR.3LIN(7]1, LBR,=LINI8B), RBR.=LIN[9]),
SLASHX,=LIN[17]),

SEMIC,=LIN(20],
PROMPT.=LIN[22),
LPVAR,=IDFROMS(SFROMV(VECTOR(LPAR,))),
RPVAR,=IDFROMS(SFROMV(VECTOR(RPAR,))),
LBVAR,=IDFROMS(SFROMV(VECTOR(LBR,))),
RBVAR,=IDFROMS(SFROMV(VEGCTOR(RBR,))),
PERVAR.=1DFROMS(SFROMV(VFCTOR(PER!IOD,)) ),
STARX, =IDFROMS(SFROMV(VECTOR(STAR,))),
NOTSTGN,=IDFROMS(SFROMV(VECTORC(LINIZL0]))),
MINYS, =IDFROMS(SFROMV(VECTOR(MSIGN,))),
DOLLAR: =]DFROMS(SFROMV(VECTOR(LINI[11])
COMMA, =IDFROMS(SFROMV(VECTOR(LIN[12))
FQSIGN:. =]DFROMS(SFROMV(VECTOR(LINI13])
COLON, =IDFROMS(SFROMV(VECTOR(LIN[14))
PLUS. =IDFROMS(SFROMV(VECTOR(LINI151))
EQUIV, =IDFROMS(SFROMV(VECTOR(LIN[16]))
)
)
)
)
)

),
’
)y
’

’
SLASH, =IDFROMS(SFROMV(VECTOR(LIN[17) ’
EXPON, =IDFROMS(SFROMV(VECTOR(LIN([18) ’
QSIGN, =IDFROMS(SFROMV(VECTOR(LIN[19) ’
IEOS, =IDFROMS(SFROMV(VECTOR(LINI20))
COMCHAR,=IDFROMS(SFROMV(VECTOR(LINI2Y
CHAR.=MAKVECTO(128),

FOR 1=3(1,128) REPEAT CHAR,!I1]=11,
LINsSUBV(VFROMS(RDLINE(1)).,2,10),
DNUM.=MAKVECTO(10),

FOR 1=2(1,10) REPFAT DO

CHAR, (LIN[I))=1=1, DNUM,[1]=LINCI])
END,

SEVEN,=DNUM, (8],
LINaVFROMS(RDLINF(1)), LIN=SUBV(LIN,2,SIZE(LIN)~1),
LETTR,=LINI2]),

))
))
))
))
),
))
))
))
))
),
))

),

204
2n5
2né
207
2n8
2n9
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
2%0
231
2%2
233
2%4
235
236
217
238
239
240
241
242
243
244
245
246
247
248
249

IDTRUE+=IDFROMS(SFROMV(VECTOR(LINC20),LINCL18),LIN(21),LIN[S]

)) ),

IDNIL,=1DFROMS(SFROMV(VECTOR(LIN[14), LIN[9], LIN(12Y D)),

L=S1ZE LIN,

251
283

FOR 1=(1,L) REPEAT IF LIN[!) NE BLANK, THEN CHAR,(LIN[1]11=10}

INPUTSMAKFILE(1,72),
OUTPUT=MAKFILE(2,72),
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BLANKL1,=MAKVECTO(72),

FOR 1=2(1,72) REPEAT BLANKLI,[I)=BLANK,,

RETURN NIL

END
END}
INITUNA,= PROC(),
BEGINC),

UNARYLI ,=L1sT¢
LIST(=D0O,LIST(=BRCKT,=D0,100,100)),
LIST(=BEGIN,L1ST(=BRCKT,=REGIN,100,100)),
LIST(sPRQC«LIST(=2BRCKT,3PROC,100,100)),
LIST(21F,LIST(2UNARY,2]F,200,200)),
LIST(>RETURN,LIST(2UNAPY,>RETURN,%00,500))
CLISTC(2WHILE,LIST(2UNARY,2WHILE,500,500)),
LIST(=FORs LISTC(IUNARY,=FOR:s500.,500)),
LIST(2GOTO,LIST(2UNARY,2G0,500,500)),
LIST(>GO,LIST¢(>UNARY, >(G0,500,500)),
LIST(NOTSlGN!nLISY(=UNARY|=NIL00120011200)
LIST(=NOT,LIST(=UNARY,=NILQB,1200,1200)),
LIST(2NULLaLIST(2UNARY,2NILG,1200,1200)),
LIST(=PL,LIST(=UNARY,=FL,1200,1200)),
LIST(=ZR,LIST(=UNARY,=ZR,1200,1200)),
LIST(MINUS,,LIST(=UNARY, INFG,1700,4700)),
LIST(=SIZE,LIST(=UNARY,=S12E,1600,1900)),
LIST(=VALUE,LIST(=2UNARY,=VALUE,1900,1900))
LIST(DOLLAR,,.IST(=UNARY,DOLLAR,,1900,1200
LIST(2TL,LIST¢(2UNARY,2TL ,2000,2000)),
LIST(2HD,LIST{2UNARY,2HD ,2000,2000))

) e
RETURN NIL
END
END3
INITINF.= PROCY(),
BEGINC(),

INFIXLT,aL1sT(

LISTCIEDS,,LIST(=INFIX,]1F0S,,0,~1)),

LIST(2END,LIST(2INFIX,2END,0,0)),

LIST(COMMA,,LIST(=INFIX,COMMA,,100,100)),

LIST(2ELSEIF,LIST(2INFIX,2FLSEIF,300,300)),

LIST(2ELSE, LIST(2INFIX,2E.SE,300,3N00)),

LIST(2THEN,LIST(>INFIX,2THEN,400,400)),

LIST(2REPEAT,LIST(2INFIX,2REPEAT,600,600)),

LIST(EOSIGN.oL[ST(=INFIXaEQSIGN|17003701))n

LIST(COLONQALIST(=[NFIX3COL0No08001800’)p

LIST(20R,LIST(>INFIX,20R,1000,1001)),

LISTC2AND,L.IST(2INFIX,2AND,1100,1101)),

LIST(=NE,LIST(=INFIX,=NE,1200,1200)),

LIST(aLT,LIST(=INFIX,=LT,1200,1200)),

LIST(=GE,LIST(=INFIX,=GE,41200,1200)),

LIST(aGT,LISsT(=INFIX,=GT,1200,1200)),

LIST(!LE)LIST(=1NFIX13LE01200J1200’)o

LIST(sSIM,LIST(=INFIX,=SIM,1200,1200)),

LIST(MINUS,,LIST(=INFIX,MINUS,,1501,1500)),

=i'28=

»

)

’
)1,

257
288
289
240
241
262
243
284
245
246
267
248
249
270
271
272
273
274
275
276
277
278
279
280
2a1
2R2
283
284
2R5
2A6
287
248
2R9
290
201
202
293
244
295
296
207
248
299
300
301
3n2
3n3
3n4
305
3né
307
3n8
309



LIST(PLUS,,LISTC(=INFIX,PLUS,,1501,1500)).
LIST(STARX,,LIST(=INFIX,STARX,+1601,16002),
LIST(EQUIV,,LIST(=INFIX,aEQ,1400,1400)),
LIST(SLASH,,LISTt=INFIX,SLASH,»1601,1600)).
LIST(EXPON,,LIST(=INFIX,EXPON,»1800,1800))>
LIST(=SEQ,LIST(=INFIX,=EQ,1400,3400)) ),

RETURN
END
END;

NIL

INITEXP,= PROC(),

BEGIN(

)

MACROLI,=LIST(LIST(=QUOTE,DUMMY,) ).
RETURN NIL

END
END3

INITCOD,= PROC()},

BEGIN(

)

CODGENL, = LIST(
LIST(=PROC,GLAMBNA)Y,LIST(=BEGIN,GPROG),
LIST(=RETURN,GRETURN),LIST(¢=D0,GPROGN),
T(sG0,GG60)r LIST(=IF,GCOND),

LIS
LIS

T(=AND,GAND),

LIST(30R,GOR),

LIST(=STRING,GSTRING),
LIST(=QUOQOTE,GOUOTE), LIST(EQSIGN,,GSETN),
LIST(aWHILE,GWHILE), LIST(=FOR.GFCR),
LIST(=LIST,GLIST), LIST(=VECTOR,GVECTCR)

Yo
KCA
KNV

KARG,.=338B,

KAS

KNUM1,=268B,

LL,=27B, KRTPROC,=1158, . o
ARS,=26B, KRETPRO,=z1318B, KSETSTK,=137B, KPOR,=3%58B,

KVAR,=31B, KGLOR,=5RB,

TORE, =348, KVSTORE,=32B, KGSTORE, =68,

KNUM?'=4R] KN['H3.=378‘

L0=13685 KTQUF.=135R'
P.=3B, KJMPT,=1B, KJMPF,=2B,

:529’

KNI

KJM

KLBL.=211R, KJMPI,
KL1ST,=10B, KVECTOR,=128B,

KTLOOP.=148B,
KINEG,=768B,

KSTRING,=138,

KSE
RET

END

END;

INITOPL,= PR
BEGIN(
OPL
LIS

TSX.:=134B,
URN NIL

oce(),

)

STy asnltSin
T(COLON,,61R),

KSTFPLO,=538,
KMAKVAR,=41RB,

LIST(=RKD,123B), LIST(=TL,1248),

LISTt=RPLACA,1218), LIST(=RPLACD,4122P), LIST(aLIST,106),
LIST(=MAKVECTO,140B), LIST(=VECTOR,12R),
LIST(sINDEX,117B), LIST(=SETINDEX,120R),

LIS
LIS
LIS

T(sSURV,163R),

LIST¢=SETSUBV,1648),

T(=CONCATV.165B),

T(=SUB,1638B).,

LIST(=SETSUBR,164R),| . 1ST(=CONCAT, 1458).,

=129~

340
311
342
313
344
345
316
347
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
317
338
339
340
341
342
343
J44
345
346
347
348
349
380
381
382
383
354
385
356
387
In8
3589
360
381
342



LIST(=SHIFT,70R), LIST(=LAND,125R), 343

LISTKELORa1263);LIST(:CQMPL,127B), 344
LIST(=2SI2E,114R), LIST(=STRING,13R), LIST(=X0R;678), 3645
LIST(=APPLY,171B), LIST(=IDFROMC,438), 346
LIST(=INTQ,778B), LIST(=STRN,104B), LIST(=CODEQ,104R8)" 367
LIST(=1DQ,1058), LIST(=LBLO,107B), LIST(=VECTR,4N2R), 348
LIST(=PAIRQ,103B), LIST(2L0GA,161F), 349
LIST(=EQ,113B),L1ST(=SIM,1628), 370
LIST(=PL,1114B), LIST(=2R,1128), 371
LIST(=NILQ,132R), 372
LIST(=VFROMS,46B), LIST(=SFROMV,4%5B), 373
LIST(=1DFROMS:+60R), LIST(=SFROMID,130B), 374
LIST(=CFROMy,150R), 375
LIST(PLUS,,718), LIST(MINUS,,72B), LIST(=INEG,76R), 376
LISTtSTARX,,73R), LIST(SLASH.,74B), LIST(EXPON,,758)} 377
LIST(=PROPL,1608B)Y, LIST(=SETPROPL,110B)}, 378
LISTteVALUE,50R), LIST(=SETVALUE,51B), 379
LIST(=MODE,152R), LIST(=SFTMODE,1%51B), 3R0
LIST(=RDLINE,141R), LIST(=WRLINE,142R), 3A1
LIST(=REWIND,1438), LIST(=RACKSPAC,1448B), 3A2
LIST(=GARBCOLL,153B), 383
LIST(=SAVEALL,145B), LIST(=RESUMEAL,1468B), 3m4
LIST(sENDFILE,147B),LIST(=PRNTECT,155R), 3A5
LIST(=TIME,154R), 3R6
LIST(=NUMARGS,478), LIST(=2ARGUMENT,428B), 387
LIST(eNE,LIST(1138,132B)), 3A8
LIST(sLT,LIST(72R,111B,132R)), 3”9
LIST(®GE,LIST(72R,1118)), 390
LIST(=GT,LIST(72R,76B,111R8,1328)), 391
LIST(8STOP,116R) ), 3e3
RETURN NIL 394
END 305
END: 396
INITMIS,= PROC(), 397
BEGIN(), Je8
FALSE=N]L, 399
SYSLIST=NIL, 400
TTYFLAGENTL, 401
TALKATIV=0, 402
OCTMODE=NIL, 403
GENSYMB,sVECTOR(STAR,,DNUM.(4),DNUM,t11,DNUM, [1),DNUM, 1)),
MTY,=SFROMID(SEMPTY), 405
NDF y =] DFROMS(SFROMV(VECTOR(SLASHX, » SLASHX, »SLASHX, s SUASHX,)) )
MAKVLOCA(TRUE), 407
MAKALOCA(TRUE), 4n8
RETURN NIL 4n9
END 440
END} 441
COMMENT 442
’itttfﬁ*iittill*tttt*it**titttttit*ttttttittittvit't***'btf*o*i**t*t*ii*
1/0 ROUTINES 444
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MAKFILE= PROC(FN,LLEN),
BEGIN(LIN, 1),

LINSMAKVECTO(LLEN), FOR 1=(1,LLEN) REPFAT LIN[!)=BLANK.,

RETURN VECTOR(FN,LIN,LLEN,2,LIN,LLEN,2)
END
END;
READ, = PROC(FIL),
BEGINCITM,)SFN,SLIN,SLLEN,SNEXT, STERMLINE),
FN=FIL[1), LIN=FIL[2), LLEN=FIL[3), NEXT=FIL(4],
READIN,,
ITM=RDITEM, ()
FIL[2)=LIN, FILl4)=NEXT, FILI3)=LLEN, PETURN [TM
END
END3
RDTOKEN,= PROC(FIL),
BEGINCITM,SFN,SLIN,SLLEN,SNEXT,STERMLINE),
FN=FILI1), LIN=FILI2), LLEN=FIL(3), NEXT=FIL(4],
READIN,,

ITMILXSCAN, () FILI2)=LIN, FILE4)=NEXT, FILI3)=LLEN,

IF ITM E0 IDTRUE, THEN RFTURN TRUE,
IF IT™ Eq@ IpDNIL, THEN RETIRN NIL,
RETURWN [ TM
END
END;
RDITEM,.= PROC(),
BEGINCIT™),
ITMSLXSCAN, ()
IF [TM FO LPVAR, THEN 1TM=GETLIST, ()
ELSE!F ITM EQ LBVAR, THEN ITM=GETVECT.().
IF IT™™ EQ IDTRUE, THEN RETURN TRUE,
IF [T EQ IpNIL, THEN RETURN NIL,
RETURN | TM
END
END;
GETLIST,= PRQC(),
BEGINCITM,X,Y),
XsY=N]JLINIL,
MOK, ITM=RDITEM, ()
IF ITM EN RPVAR, THEN RETURN TL Y
ELSEIF ITM EQ PERVAR, THEN TL X=(]TM=RDITEM, ())
ELSEIF ITM EQ IENS, THEN DO
NEXT=NEXT=1,

PRINT,(LIST(=PARENS,=DONT,=MATCH,)), RETURN TL Y

END
F:th X=ADDON, (X, 1TM),
GOTO MOR
END
END;
GETVECT,= PROC(),
VFROML , (GETV, ())
END;
GETV, = PROC(),

S1GH =

TERMLINE=

TERML INE=

446
417
448
419
420
421
422
423
424

426
427
428
429
430
4%1
432

434
415
436
437
438
419
440
441
447
443
444
445
446
447
448
449
450
451
482
483
4%4
45855
456
487
488
459
440
441
462
443
444
4645
446
467
468



* % % % % %

BEB!N(ITMlXoY)J
X’Y=NIL1NIL0
MOR, ITM=RDITEM, (),
IF ITM EQ RBVAR, THEN RETURN TL Y
ELSEIF ITM EQ IENS, THEN DO
NEXT=NEXT=1,
PRINT, (LIST(=RRACKETS,=NONT,=MATCK,)), RETURN TL VY

END
ELSE X=ADDON.(X,1TM),
GOTO MOR
END
END3

LXSCAN,= PROC(),

BEGIN(C, J:E),
LXSCAN IS TAdSLE DRIVEN RY VALUES 0OF CHAR,

0=9 NUMBER
10 LETTER
JSSPECAL

12 TERMINATING SPECIAL « CAN END A NAME
13 COMBINING SPEC]AL = COMRINES WITH OTHER 13%S
NXT, IF NEXT GT LLEN THEN DO
TERMLINE()s IF LLEN EQ 0 THEN
RETURN NDF,
END,
C3LIN[NEXT), NEXT=NEXTel,
IF C EQ BLANK, THEN GOTO HXT,
JENEXF= 1,
IF (E=CHAR, (CJ)) FQ 10 THEHN GO SYMF
ELSE!F E LE 9 THEN GO NUMR
ELSEIF C EQ STRQU, THEN GO STR
ELSEIF E EQ 13 TWEN DO
WHILE NEXT LE LLEN AND CHAR,[LININEXT)) EO 13
REPEAT NEXT=NEXT+1,
RETURN(IDFROMS(SFROMV(SUBV(LIN, J,NEXT=J))))
END,
RETURN IDFROMS(SFROMV(VECTOR(C))),
SYMB, WHILE NEXT LE LLEN AND CHAR,[LININEXT)) LF 10 REPEAT
NEXT=NEXTs+1,

469
470
471
472
473
474
475
476
477
478
479
4n0
4n1
4a?
4A3
4n4
485
486
487
488
489
490
491
492
403
494
495
496
497
408
499
500
501
502
503
504
505
506

IF NEXT LE LLEN AND CHAR,[LININEXT!] En 12 THEN NEXT=NEXT+1,

E=IDFROMS(SFROMV (SUBV(LIN, J,NEXT=J))),
IF (NEXTeJ) GT 8 THEN
ERMSG, (=WARNING:F:=GREATER1=8:3CHARSINIL),

RETURN E,
NUMB, WHILE NEXT LE LLFN AND(C=CHAR,[LININEXT))) LE 9 REPEAT
no
EzE*10eC, NEXT=NEXTel
END,

IF NEXT GT LLEN AR LININEXT)] NE LETTR, THEN RETURN E|
CsNEXT+1, NexT=J, J=C, GOTO MAKO,

STR, ESMAKVECTO(Q) i

MSTR, IF NEXT GT LLEN THEN DO

E=CONCATV(E,SUBV(LIN,J*4, LLEN=J)),J=0, TERMLINEC),

S82=

508
509
540
511
512
543
544
545
516
517
548
549
520
521



IF LLEN EQ 0 THFEN RETURN NDF, 522

END, 528
IF LININEXT] NE STRQU, THEN DO 524
NEXT=NEXT+1, ROTO MSTR 525
END, 526
E2CONCATV(E,SUBV(LIN, Je1,HEXT=J=1)), 527
NEXT=NEXT+1, 528
IF NEXT LE LLEN AND LININEXT) EQ STRGU, THEN 529
DO J=NEXT=1, NEXT=NEXT#1, GOTO MSTR ENL, 530
RETURN SFROMV(E), 531
MAKO, Ez0, WHILE NFXT LE LLEN AHD (C=CHAR,ILININEXT)!) LE 7 532
REPEAT DO 533
E=L.OR(SHIFT(E,3),C), NEXT2NEXT+1 534
END, 535
IF LININFXT) EQ LETTR, THEN DO 536
NEXT=NEXT+1, RETURN E 537
END, 538
ERMSG, (=ERROR}I=IN1=0CTAL:=NUMBER:KIL)Y, NEXT=J, RETURN NIL 539
END 540
END; 541
READIN,= PROC(), 542
BEGINC), 543
START: IF FN NE 1 THEN LINsVFROMS(RDLINE(FN)) 544
ELSEIF TTYFLAG TWEN DO 545
WRLINE(STRING(BLANK,,PROMPT,),CUTPLT(1])), 546
LINSVFROMS(RDLINE(FN)) 547
END 548
ELSE DO 549
WRLINE(CONCAT(STRING(BLANK,), (LIN=RDLINE(FNY)),0UTPUTL1]));
LINSVFROMS(LIN) 5%1
END, 552
IF (LLEN=SIZE LIN) GT 0 AMD LIN[1) EG STAR., THEN GOTA START,
NEXT=1 554
END 555
END 3 556
WRITE= PROCIL,FIL), 557
BEGINCSFN,SLIN,SLLEN, SNEXT,$SRPCNT,STERMLINE), 558
FN=FILUL), LIN=FIL(5), LLEN=FIL(6), NEXT=FILL7], 5%9
TERML INE=WRITOUT,, 540
BPCNT=0, PUTITEM, (L), TERMLINEC(), 561
FIL{S)=LIN, FIL[7)=NEXT, RETURN L 562
END 563
END; 5644
PRINT , = PROC(), 545
BEGINCSFN,SLIN,SLLEN, SNEXT, SRPCNT STERMLINE, 1oN»FIL, TR), 566
TR=TRACE, TRACE=n, 567
NeNYMARGS(), FIL=0UTPUT, TERMLINE=WRITOUT,, 548
FN=FIL{1Y, LIN=FILIS5), LLEN=FILI6), NEXT=FILI(7}, 549
RPCNT=0, FOR l=(1,N) REPEAT PUTITEM, (ARGUMENT(!)), TERMLINE(),
FIL(S)=LIN, FIL[7)=NEXT, 5721
TRACE=TR, 572
RETURN ARGUMENT(N) 573
END - 574

=il 38




ENDS
WRITOUT,=

PROC(),

BEGINC], ),

WRLINECSFROMVILIN) ,FN),

NEXTeBPCNT«(BPCNT/20)*20+2,

IF NEXT GT LLEN THEN TERMLINE() ELSF PUTCH,(RLANK,)

J=0.
WHILE (I=LLEN®mJ) GT 72
REPEAT DO
c SETSURVI(LIN,J+1,72,BLANKLT,), J=Je7?
ND,
SETSUBV(LIN,J*1,1,BLANKLI,)
END
END}
PUTBLAN,= PROC(),
END;
PUTITEM,= PROC(L),

IF VECTO(L) THEN PUTVECT, (L)
ELSE]JF PAIRA(L) THEN DO
IF NEXT GT LLEN=10 THEN TERMLINE() ELSE NIL, BPCAT=BRCNT+1,

END

PUTCH, (LPAR,

ELSEIF STRQ(L)

ELS
ELS

EIF I1DOCL) THEN PUTCHV,(VEROMS(SFROMIT(L)))

EIF INTQ(L)

Yo PUTLIST, (L)
THEN PUTSTR, (L)

THEN PUTINT, (L)

ELSEIF L EQ TRUE THFN PUTCHV, (VFROMS(SFROMID(IDTRUE,)}))
ELSEJF L EQ NIL THEN PUTCHV,(VFROMS(SFRAMIDCIDNIL,)))

ELS
ELS

END}
PUTVECT, =
BEG

END
END}
PUTLIST,=

EIF L8LQ(L)

THEN PUTLBL, (L)

ElF CODEO(L) THEN PUTCODE(L.)
ELSE PUTCHV,(VECTNDR(STAR,,STAR.,STAR,))

PROC(L),
INON, [),

IF NEXT GT LLEN=10 THEN TERMLINE(), PUTCH,(LBR,),

IF (N=SIZE L) EQ 0 THEN NEXTaNEXTe1,

FOR I=(1,N) REPEAT PUTITEM,(L(I)),

NEXT:NEXTOI'
PUTBLAN, ()

PROC(L),

PUTCH, (RBR,),

IF NULL L THEN DO

END
ELS

END
ELS

END

NEXT=NEXT-1‘
PUTBLAN, ()

EJF PAIRQ(L)

PUT|TEM, (KD L),

E DO

PUTEH, (RPAR,),

THEN DO

BPCNT=2FEPCNT=1,

BPCNT=BPCNT~1,

PUTLIST, (TL L)

EPCNT=BPCNTe1,

PUTCHKX, (PER]10D,), PUTCHK,(BLANK,), PUTITEM.(L),

NEXT=NEXT=1,

PUTCH, (RPAR,),
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BPCNT=RBPCNT=1,

PUTCHK , (BLANK ,)

A
576
577
578
=iy )
SRA0
5R1
5R2
5R3
584
5R5
5R6
5Aa7
5R8
S5R9
500
591
592
593

595
506
597
508
599
600
601
6n2
603
6n4
605
6né
607
608
6n9
640
611
612
613
614
615
616
617
6418
619
620
621
6722
623
624
625

627



END; 628
PUTSTR,= PROC(S), 629
BEGIN(N, ), 630
S=VFROMS(S), N=S1ZE S, 631
PUTCHK, (STRQU.)» FOR 1=(1,N) REPEAT PUTCHK.(S[I]), 632
PUTCHK+(STRQU,)» PUTCHK,(RLANK,) 633 |
END 634 |
END; 635 |
PUTLEL,= PROC(L), 636 |
BEGINC), 637
IF NFXT GT LLEN=40 THEN TERMLINE(), PUTCH, (SLASHX,}, 638
PUTINT, (L), NEXT=NEXTet1, PUTCH,(SLASRX,), PUTCH,(BLANK,) 639
END 640
END3 641
PUTCODE= PROC(L), 642
BEGINC(), 643
IF NEXT 6T LLEN=15 THEN TERMLINEC(), 644
PUTCH, (SLASKX,)» PUTCHV,(VFROMS(SFROMIN(=PROC))), 645 |
PUTCHV, (VFROMS(SFROMID(IDFROMC(L)))), NEXT=NEXTe1), 646 |
PUTCH, (SLASKHX,), PUTCH, (BLANK,) 647 f
END 648
ENLDI 649 ‘
PUTCHV,= PRQC(S), 650
BEGIN(N, 1), 651
N2S1ZE S, IF N GF LLEN=NEXT THEN TERMLINE(), 682
SETSUBY(LIN,NEXT,N,S), NEXT=NEXT+N, PLUTBLAN, () 653
END 6% 4
END; 65°¢
PUTCH, = PRQC(C), 6%5¢
DC 657
LININEXT)=C, NEXT=NEXTel 658
END 659 A
END} 660
PUTCHK,= PROC(C), 661
DO 662
IF NEXT GT LLEN THEN TERMLINE() ELSE NIL, 663
LIN[NEXT)=C, NEXT=NEXT«1 644
END 665
END} 666
PUTINT,= PROUC(N), 647
BEGIN(S,nNN,0), 668 i
S=NIL, 669 %
IF NEXT GT LLEN=40 THEN TERMLINEC(), 670
IF QCTMODE THEN ROTQO MAKOQ, 671
IF PL N THEN NN=N ELSE DO 672 .
PUTCH,(MSIGN,), NNzeN 673 I
END, 674 $
MOR , Q=NN/10, S=pNUM,[NN=-Q#10+1):S, NN=Q, 675 3
IF ~ZR NN THEN GATO MOR, 676 '
GOTO PUTN, 677
MAKO, an‘ S=LETTB|=SI NN=N, 678
MORQ, S=DNUM, [LANDI(N,7)+1]1S, N=SHIFT(N,»3), 679
IF PL NN THEN ¢(IF ZR N THCN GOTO PUTN ELSE GOTO MQORO) 6R0

=S5t




RLSELIF (Q=0+1) GF 6 THEN GOTO PUTN 681

ELSEIF ZR N THEN DO A2

WHILE (Q=0%1) LE 6 REPFAT S=SEVEN,1S, 6R3

GoTQ PUTN 6R4

END 68R5

ELSE GOTO MQRO, 6R6

PUTN, WMILE S REPEAT Dn 6R7
PUTCH,(HD S), S=TL § 6R8

END, PUTCH, (BLANK,) &R9

END 690

END; 691
ERMSG, = PROC(L), = 692
PRINTG(STARXIOSTARX.JSTARX||LISTARXQISTARX|.STARXI) 693

END; 694
EOF = PROC(X), 695
IF X EQ NDF, THEN TRUE ELSE HIL 696

END; 697
COMMENT , 698
ﬁt*f*itttttttt'*tpttittttttii*t*t*#t*t*ii*ttii*t**t****ﬁ*t*@ﬁ#*#t*t**tt
TRANSLATOR ROUTINES 700

R T R A R R A R R R R L A LR E R 2 R R R TR 222 AAZ R R A 24 R 2R R TERE ER T XF
TRANSLA,= PROC(B1), 702
BEGIN(X), 703
ERCOUNT, =0, 7n4

XzFNOTN, (B1), 705
MACSYMB,=VECTOR(STAR,,STAR,,DNUM, [1),DNUM, [1),DNUM, (1)), 706

IF ZR ERCOUNTs THEN RETURN EXPAND, (X)), 707

RETURN(X) 708

END ; 709

END; 740
MACDEF,= PROC(B1,B2), 741
MACROLI.=LIST(B1,R2):MACROL!, ; 712

END; 713
INFIX= PROC(B1,B2,B3,B4), 714
INFIXLI.=2LIST(BL,LIST(2INFIX,R4,B2,BI3))1INFIXL], 745

END; 716
UNARY= PROC(B1,B2,B3), 717
UNARYL].=LIST(B1:LIST(2UNARY,RB3,B2,B2))1UNARYLI, 748

END}; 719
BRACKET= PRUOC(B1,B2,B3), 720
UNARYL].=sLIST(R1,LIST(2BRCKT,R3,B2,B82)) :UNARYLI, 721

END3} 722
COMMENT 723
A AR ER A AR A AR AR AR RS A A R X R X A2 2 R 2222 A2 AR SR AR 2SR A4 SR AR R SRR A SR X2
PARSER ROUTINES 725

P Y R L L R A R R R R R e e R R R R R R L R A R R R R R AR R R
FNOTN, = PROC(L), 727
IF =PAIRQ(L)Y THEN L ELSF 728
BEGIN(SLST,SRNDTOKEN, , SRFAD, ,TENDFLAG,STERMFLA ), 729
LST=sL, RDTOKEN,=READ,=GETNFXT,, 730
TERMFLA,=NIL, ENDFLAG=SFROMID(=ENL), 731

RETURN ANALYSE,(FNDFLAG) 732

END END} 733
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GETNEXT,= PROC(), 734

IF ~PAIRQ(LST) THEN ENDFLAG FELSE 735
BEGIN(NXT), 7%6
NXT=HD LST, LST=TL LST, RETURN NXT 737
END 738
END; 739
ANALYSE = PROC(TERM), 740
BEGIN(P,11,12,U), 743
PENJL, 11=RDTOKEN, (INPUT), 742
IF EOF(I1) THEN GOTO ENDFIL, 743
IF |1 EQ TERM THEN RETURN MTY, 744
ELSEIF I4 Eo I[EOS, THEN DO 745
TERMFLA,=TRUE, RETURN MTY, 746 .
END 747 ;
FLSE GOTO DQF1, 748 '
DOF, I1=RDTOKEN, (INPUT), 749
IF EOF(]4) THEN AOTO ENDFIL, 750
DOF1, (]F PAIRQ(I1) THEN DO 7%1
[1=FNOTN,(I1), GOTO NOTU 782 f
END), 753 4
IF 11 EQ =CQMMENT OR I[1 EN COMCHAR, 754 i
THEN 00 755
READ, CINPUTY, GOTO DOF 786
END 7857
ELSEIF 11 EqQ =NOOP THEN DN 758
[1=RDTOKEN,(INPUT), GOTOD NOTU 7%9
END 740
ELSEIF 11 FQ ENSIGN, OR 11 EQ GSIGN, THEN DO 761
It = sQUOTEIREAD,(INPUT)Y:NIL, 6GOTC NOTU : 762 .
END 763 w
ELSEIF 11 EQ LPVAR, THEN DO 764 :
11=ANALYSE, (RPVAR,), GOTO NOTU 7645 w
END 766 b
FLSEIF UsLOQOKUP,(I11,UNARYLI,) THEKN DO 767 b
P=UIP, GOTO DOF 768 {
END, 769 |
IF LOOKUP, (I1¢INFIXLI,) THEN 770 )
DO 7/ 7/nk }
ERMSG, (=]MPROPERI=USE:1=0F 1 [1:N]L), 772 :
ERCOUNT ,=ERCOUNT,+1, IF I1 EQ 1E0S, THEMN TERMFLA,sTRUE 773 ]
END : 774 t
ELSEIF I1 E@ TFRM THEN DO 775 l
ERMSG, (=MISSING!SOPERAND: =BEFORE: TERMINIL), 776
ERCOUNT,=ERCOUNT,+1, RETURN MTY, 777 L
END ., 778
NOTU, IF TERMFLA, THFN [2=1E0S, ELSE 12=RDTCKEN,(INPUT), 779
IF ]2 EQ LBVAR, THEN 740 4
DO 7R1 :
[1=L,IST(>INDEX, 11, ANALYSE, (RBVAR,)), GOTO NOTU 7R2
END 7R3

ELSEIF 12 EQ LPVAR, THEN DO
[1sLIST(]11»ANALYSE,(RPVAR,)), GOTO NOTY

END,
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(1F PAIRQ(I2) THEN DO
. DI1=LIST(11.FN0TM.(12)), GOTO NOTU
N
ELSEIF VFCTQ(I?2) THEN DO
EVDIisLISthlNDEY.Il.FNOTN.(LFROMV.(IE))), GOTO AQTU
)
ELSEIF NULL(12) THEN DO
J4sLISTC(11.MTY,), GOTO NOTU
END ),

TEST4: IF 12 EQ IEQS, THEN DO
TERMFLA,=TRUE, U=NIL, GOTO PLL
END
ELSEIF EOF(]2) THEN GOTO EMDFIL
ELSEIF 12 EQ TERM THEN DO
J=NIL, GoYO PLL
END,
IF NULL(U=LOOKUP, (I2,INFIXLI.)) TKFEN
DO
gEERROR.(IZ)a 12=RDTOKEN, (INPUT), GOYC TESTA4
/]
TEST3, IF NULL(P) OR HD TL TL HD P LE HD TL YL TL U THEN DO
P=Ut[1:P, GOTno DOF
END,
PLL, IF NULL P THEN Dn
IF TERMFLA, AND TERM NE IEOS,
THEN DO
i ERMSG, (ZMISSING: TERMINIL), FERCOUNT,=ERCOUNY, el
ND»
RETURN 11
END
ELSEIF HD Hp P En =BRCKT THEN DO
FND!isLIST(HD TL KD P,11,12), P=TL P, GOTO NOTU
ELSEIF HD Hp P En =UNARY THEN DO
11=LIST(KD TL HD P,11), P=TL P
END
ELSE DO
END!iqLISYtHD TL HD P,HD TL P,I1), P=TL TL P
[}
IF U YHAEN GQTO TEST3 ELSE GOTO PLL,
ENDFékbERMSG.(=END:=0F:=FILE:=0N:=INPUT:NIL), STOP ()
END;
REMCOM,= PROC(B1),
BEGIN(),
IF NULL(R1) THEN RETURN(NIL),
IF B1 EQ MTy, THEN RETURN NIL,
RETURN(REMSEP,(B1,COMMA,))
END
END;
REMSEP,= PROC(B1,B2),
BEGINC(),
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806
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840
811
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813
814
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IF ~PAIRQ(RBY) THEN RFTURN R1:NIL,
IF Hp B1 gEQ B2 THEN RETURI!

HD TL B1tREMSEP,(HD TL TL R1,B2),
RETURN B1:NJL

END
END;
OPERROR,= PROC(B1),
BEGIN(),

ERCOQUNT ,=ERCOJNT, + 1,
ERMSG,(B1:LIST(=1S,=NOT,=AMN,=20PERATOR)),
RETURNINTIL)
END
END;
COMMENT
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EXPAND, = PROC(R1),
BEL‘IIN(UP‘M;L,E);

LsEsN]LINIL,
I mPAIRQ(B1) THEN RETURN B1,
IF PAJRQ(QOP=HD B1) THEN GOTO NOTM,
MzLQOKUP, (0P, MACROLI,),
IF NULL(M) THEN GOTO NOTM,
RETURN (M(B1)),

NOTM, E=T_ E=EXPAND,(HDn B1):NIL,

Ri=TL B1,
IF PAIRQ(B1) THEN GOTO NNTM ELSE RETURN TL L
END
END3
EXLIS,= PROC(B1),

BEGIN(L,E),

L=E=NJLINTIL,
MOR,  IF NULL(R1) THEN RETURN TL L,
E=TL E=EXPAND,(HRn R1):INIL,
R1=TL B1, GOTO MnR
END
END;
DUMMY,=  PROC(X),
X
END;
COMMENT

8%7
858
889
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861
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864
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848
849
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871
872
873
874
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876
877
878
879
8A0
8al
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MAIN cODE GENERATOR
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i*tii*t*iii*i***t**i**'&i*t*'i0"*'**‘****‘*i***********'*ttq*i**j**i“#

CODEGEN,= PROC(NAM,X),
DG VALUE NAM =
BEGIN(SFRRCNT,3LIST2,$END2,LIST3,
$GLORL»FLBLVALS,SNRYTE,SLELNO,
1,CODEV,
$ARGS,$VARS,SEXPX,SARGS,$LRLIST), :
ERRCNT=0, GLOBL=NIL, NBYTE=3, LBLNO=1, LBLVALS=NIL,

=R39=

886
887
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VARS=NIL, LBLIST=NIL, 893

IF CGCHECK, (=PROC1(COMMA, tmARGS:=FXPXtMIL) $=END2INTIL,X) 894

AND END2 EQ =END THEN NJL 895

ELSE DO 806

ERMSG, (=MISSING:=END:=AFTER:=PROCINIL), 897

ERRCNT=ERRCNT«1, 898

GOTQ ERR - 899

END, 900
LIST2=END2=(01NIL), END2=ADDON, (END2, (NAM=GREFS, (NAM))),

ARGS=REMCOM, (ARGS), 9n2

IF HD ARGS EQ DOLLAR, THEN ARGS=ARGS:NIL, 903

SARGS=ARGS, ARGS=EXCHANG,.,(SARGS,1), 904

CoOMP, (EXPX), 905

EXCHANG, (SARGS,1), 9né

ASS . (KRTPROC,), - 907

IF TALKATIV GF 1 THEN PRINT,(=CLORAL,=VARS,(LORBL) 908

[F TALKATIV En 4 THEN D0 909

PRINT,(=RINARY,=CODE), 940

I=0CcTMODF, OCTMOPE=TRUE, PRINT,(LIST2), OCTMNDF=1 911

END, 942

IF TALKATIV GFE 2 THEN PRINT,(=LABFL,=LIST,LRLVALS}, 943

LIST3=zL 1572, WHILE LIST2 REPEAT DO 944

HD LIST2=SUBLBLS, (WD LIST2), LIST2=TL LIST2 945

END, 946

IF ZR ERRCNT THEN DO 947

NBYTEzNBYTE=1, CODEV=MAKVECTO(NEBYTE), 948

FOR I=z(1,NRYTE) REPEAT DO \ 949

CODEVI]Y=1FROMID, (HD LIST3), LIST3=TL LIST3 920

END, 921

FOR I=(NRYTE,2,+1) REPEAT 922

IF CODEVII) GT 177B THEN DO 923

CODEVIl«1)=CONEV([]]/200R, 924

CODEVII1Y=CONEV(1])=200B*CQODEV([I=1) 925

END 926

ELSE NIL, 927

RETURN CFROMV(CODEV) 908

EN[ 929

ERR, ERMSG, (ERRCNT1=COMPILE,1=ERRORSI=ININAMINIL), 930

RETURN NIL 931

END, NAM 932

END 933

ENDJ 934

SUBLBLS.= PROC(X), . 935

IF =PAJRG(X) THEN X ELSE 936

BEGINC(Y), 937

YaL0OKUP, (KD X,LRLVALS), 938

IF Y THEN RETURN Y, 939

ERRCNT=ERRCNT*1, _ 940

ERMSG, (Xt=INVALIDI=TREE1=NO!=CCDE{=COMPILEDINIL), 941

RETURN NIL 942

EAD 943

END; 944

COMP, = PROC(X) , 945

-140-



BEGIN(FN,ARGL,GENR), 946

IF IDG(X) THEN RETURN GVAR,(X)s 947
1F =PAIRQ(X) THEN RETURN fACON.(X), 948 ‘
FN=HD X, ARGL=TL X, 949 b
IF IDG(FN) THEN DO 950 M
GENR=[ 0OKUP, (FN,CODGENL . ), 981 i
IF GENR THEN RETURN GEIR(X) ELSE -NIL 952 |
END, 9583 ’
RETURN CALLS,(X) 984 i
END 955 |
END; 956 i
GVAR, = PRQAC(ATM), 987 g
958 |
BEGINCY), 989 A
IF Y=QRDINAL,(ATM,ARGS) THEN ASS,(KARGC,,Y) 940 |
ELSETF Y=ORDINAL,(ATM,VARS) THEN ASS,(KVAR.,Y) 961 |
FLSE!F MEMRER, (ATM,LRLIST) THEN ASS,(KLBL,»0,LIST(AT™)) 962
ELSE ASS.(KGLOR,,0,GREFS, (ATM)), 983 ;
RETURN NIL 964 f
END 965 :
END; 966 i
GCON, = PROC(X), 9687
BEGIN(N), 968
IF NULL(X) THEN ASS,(KNIL,) 969
ELSEIF X EQ TRUE THEN ASS,(KTRUE,) 970
FLSEIF X EQ MTY, THEN NIL 971 |
ELSEIF INTQ(X) THEN 972 ;
(]JF X LT 0 THEN NnO 973 ‘
GECON, (=X), ASS,(KINEG,) 22
END 975
FLSEIF X LE 1778 THEN ASS, (KNUM1,,X) 976
ELSEIF X LF 377778 THEN ASS, (KNUM2,,0,X) 973
ELSE ASS.(KNUMZ,,0,0,X) ) 97
ELSEIF IDQ(X) THFN DO 979
9A0
ASS,(KNUM24,0,GREFS, (X)), ASS,(KMAKVAR,) 9481
END 942 1
ELSE DO 9a3 A
N=GENSYM, (), VALUE N=X, ASS.(KGLOS,,0,N? oad ‘
END 9A”5 ! -
END 986 H
END; 987 ;
CALLS,=  PROC(X), 9A8
BEGINCARG,FN,ARGL, SARGL,0P), 9A9 :
FN=HD X, ARGL=SARGL=ARGLIST.(TL X), 990
WHILF ARGL REPEAT DO 991 5
COMP, (KD ARGL), ARGL=TL ARGL 992 -
END, 993 -
IF OP=LOOKUP,(FN,OPLIST,) THEN 994 }'
(]F INTQ(QP) THEN RETURN ASS,(OP) 995 !
ELSE RETURN MAPX, (0OP,ASS,) ). 996
COMP. (FN), 997
ASS, (KCALL.,LENGTH,(SARGL)) 908
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END 999

END; 1000
ARGLIST. 3 PROG(L), 1001
IF NULL L THEN NIL 1002
ELSE]JF HD L EQ MTY, THEN NIL 1003
ELSEIF «PAIRQ(HD L) THEN L 1004
ELSEIF HD HD L EQ CNOMMA, THEN REMSEP,(HD L,COMMA,) 1005

ELSE L 1006

END} 1007
GREFS,= PROC(A), 1008
DC 1009

IF MEMBER, (AsSYSLIST) THEHN 1010

DO 1011

A=VFROMS (SFROMID(A)), 1042
A=CONCATV(YECTOR(STAR,)sA), A=]DFROMS(SFROMV(A)) 1013

END 1014

ELSE NIL, 1045

IF MEMBER, (A,GLORL) THEN HIL ELSE GLOFL=A:GLOBL, 1046

A 1047

END 10418

END} 1049
ASS,= PROC(?, 1020
BEGINC]), 1021
NBYTE=NBYTE«NUMARGS(), 1022

FOR 1=(1,NUMARGS()) REPEAT END2=TL END2=ARGUMENTC(IYS$NIL 1023

END 1024

END} 1025
LBL, = PROC(X), _ 1026
LBLVALS=(X{NBYTEINIL)ILRLVALS 1027

END} 1028
GENLBL,= PROC{(), 1029
LBLNO=LRLNO+1 1030

END} 1031
COMMENT 1082
AR R R R R R R e A L e R R R e R R 2 e R R R LR 2 e R R A R R R 2 R R RS
CODE GENFRATORS 1034

L e A R R R R R R R 222 R R R 2R R R R s R A R T
GLAMBDA= PROC(X), 1036
BEGIN(N), 1037
NEGENSYM, (), 1038

CODEGEN, (N, X) 1039

IF VALUE N EQ NJL THEN ERRCNT=ERRCNT+1, 1040
ASS,(KGLOB,,0:GREFS,(N)), RETURN NIL 1041

END : 1042

END}; 1043
EXCH1,=  PRROC(L,!), 1044
IF NYLL(L) THEN NIL 1045
ELSEJF =~PAJRQ(HD L) THEN HD L ¢ EXCHANG,(TL L,I+*1) 1046

ELSE DO : 1047

ASS, (KARG,»])e ASS.(KGLOB,s0,HD TL HD L), 1048

ASS , (KGSTQRE,»0,HD TL HD L), ASS, (KPQP,,1). 1080

I ¢t EXCHANG,(TL L.I+1) 1081
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END
END;
EXCHZ2 ,= PRQC(L, 1),

BEGIN(X),
IF NULL(L) THEN RETURN NIL
ELSEIF ~PAIRQ(HD L) THEN X=HD L
ELSE X=HD TL HD L,
ASQ.(KARG.,I); ASS|(KGLOB|DOJX"

ASS, (KASTORE,»1), ASS,(KPOP,,1), ASS,(KGSTORE,20,X),

ASS, (KPOP,,1): I:EXCHANG,(TL Lal<*1)
END
END3
MAKALOCA=S PROC({COND),
IF COND THEN EXCHANG,=EXCH1,
ELSE EXCHANG,=gXCH2,
END;
GPROG= PROC(X),
BEGIN($VARS,SPROGRAM, T1,$LBLIST,3RET,SVARS),

IF CGCHECK, (=BEGIN! (COMMA, t=VARS:=PROGRAMINIL) IsRETINIL,X)

AND RET EQ =END THEN NIL
ELSE DO
ERMSG, (=MISSING!=END:=AFTERI=BEGININIL),
RETURN ERRCNT=ERRCNT+1
END,
LBLIST=NIL,
VARS=REMCQOM, (VARS), PROGRAM=REMCOM, (PROGRAHM) .,
IF WD VARS EO DOLLAR, THEN VARS=VARSINIL,
ASS, (KNVARS, ,LFNGTH,(VARS)),
SVARS=VARS, VARS=SAVLOCS,(SVARS,1),
RET=GENLRL, ()
X3PROGRAM,
WHILE PROGRAM REPEAT DO
T1=HD PROGRAM, PROGRAM=TL PROGRAM,
[F ~PAIRQ(T1) THEN LBLIST=T1:LELISY ELSE NIL
END,
PROGRAM=SYX,
WHILE PROGRAM REPEAT DO
T1=HD PRQGRAM, PROGRAM=TL PROGRAM,
[F =PAIRQ(T1) THEN LBL,(TYL)
ELSE no
ASS, (KSETSTK,)s COMP,(T1)
END
END,
ASS, (KSETSX, )
LBL,(RET)Y,
RSTLOCS, (SVARS, 1),
ASS, (KRETPRQ,!
END
END
SAVL1,= PROCCL, 1),
IF NULL(L) THEN NIL
ELSEJF ~PAIRQ (KD L) THEN HD L t SAVLOCS,(TL L,I+1)
ELSE DO
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ASS, (KGLOB,,0¢HD TL HD L), ASS,(KVSTORE,s1),
LISAVLOCS, (TL LsT+1)
END
END}
SAVL2,= PROC(L, 1),
BEGINC),
IF NULL(L) THEN RETURN (NIL)
ELSEIF ~PAIRQG(HD L) THEN ASS,(KGLCB,,0,HD L)
ELSE'F HD Hp L EN DOLLAR, THEN ASS,(KGLOR,,0,HD TL HN L)
ELSE RETURN(HD TIL HD L } SAVLOCS,(TL L.lI*1)),
ASS, (XVSTORE,e1), I3SAVLOCS,(TL L,1+1)
END
END}
RESTL1,= PRQC(L, 1),
IF NULL(L) THEN NIL
ELSEIF ~PAIRQ(HD L) THEN RSTLOCS,(TL L,l+1)
ELSE DO
ASS,(KVAR,, 1)+ ASS,(KGSTORE,,0,HD TL KD L),
ASS, (KPOP,s1)s RSTLOCS,(TL L,1+1)

END
END3;
RESTL2,= PRQC(L,!1),
BEGINC),
IF NULL(L) THEN RETURN NIL
ELSEIF =PAIRO(KD L) THEN DO
ASSI(KVARull)p ASS.(KGSTOREllooHD |
END
ELSEIF HD Kp L ENn DOLLAR, THEN DO
ASSy(KVAR, 1),
ASS, (KGSTORE,,0,HD TL HD L)
END
ELSE RETURN RSTLOCS,(TL L,1+1),
ASS, (KPOP,,1)s RSTLOCS,.(TL L,I+1)
END
END}

MAKVLOCA= PROC(COND),
IF CQOND THEN Do
SAVLOCS,=SAVL1,, RSTLOCS,=RESTL1,

END
ELSE DO
SAV,0CS,=SAyL2,,» RSTLOCS,=RESTL2,
END
END}
GRETURN®= PROC(X),
DO
COMP.‘HD TL X).ASS.(KSETSX.). Asso(KJPPQIOOLIS?(REY”
END
END;

GPROGN= PROC(SL),
BEGIN(SF),
IF CGCHECK, (300:=L1sE:NIL,L) AND E EQ =END
THEN NIL ELSE DO
ERMSG, (=MISSINGI=END:sAFTER!I=DCQINIL),
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ERRCNT=ERRCNT+1, RETURM NIL
END,
LEREMCOM, (L), COMP,(HD L), L=TL L,
WHILE L REPEAT Dn
IF (E=HD L) NF MTY, THEN DO
ASS.(KPOP|11)J COHP.(E,

END,
L=TlE
END
END
END;
GGOo= PROC(X),

BEGINCARG),
ARG=HD TL X, :
IF MEMBER, (ARG LRLIST) THEN ASS,(KJMP,,0,LIST(ARG))
ELSE DO
COMP, (ARG)s ASS,(KJMPI,)
END
END
END 3
GCOND= PROC(X),
REGIN(SLAST),
LAST=GENLBL,()s X3HD TL X,
IF HD X EQ=THEN TWEN DO
GTHEN, (HD TL X,HD TL TL X).
ASS, (KNIL,)
END
ELSE GELSE,(HD Xs»H4D TL X,HR TL TL X),
LBL,(LAST)

END
ENDS
GELSE,= PROC(UP,TH,REM),
BEGIN(),
[F 0P EQ =THEN THEN DO
GTHEN,(TH,REM),
RETYRN ASS,(KNIL,)
e TH EQ =THEN) THEN DO
ELSEIF =PAIRQ(TH) OR =(HD TH =
EéMsG,(%Hg-NoT =VALID:=THEN:=CLAUSEINIL), ERRQNT-ERPFNT+1m
RETURN NIL
END
ELSE GTHEN, (WD TL TH,HD TL TL TH),
IF 0P EQ =gLSEIF THEN
GELSE.(HD REM,HD TL REM,HD TL TL REM) o : AT
ELSEIF OP EQ =ELSE THEN COMP,(REM) Ay 4 Zecek NS
ELSE nU ey it
ERMSG, (=EXPECT1SELSEt=HAVEIOPINIL), ERRCNT=Eﬁ$§@F§£_.;
ENBEND o ;e;a
- 4
END} ok *'
GTHEN, = PROG(P,F),

BEGIN(NTRUE),
IF WD E EQ =GO AND MEMBER,(HD TL EaLBLlSTP



DO
COMP ,(P), ASS,(KJMPT,,0,LIST(HT TL E))
END
ELSE DO
COMP,(P), NTRUE=GENLBL, (),
ASS ¢ (KJMPF 4, 0,LIST(NTRUE)), COMP,(F),
IF KD E NE =GN AND HD E NE =RETURMN THEN
ASS ¢ (KUMP,»0,LISTC(LAST)) FLSE NIL,
LBL+ (NTRUE)

END,
RETURN NIL
END
END3
GAND= PROC(X),
BEGINCL),
L'GENLBLc()D ASS.(KNIL.).
COMP.(HD TL X) ,»ASS,(KJMPF,.,0,LIST(L)Y),
ASS,(KPOP,,1)2 COMP,tHD TL TL X),
LBL, (L)
END
END;
GOR= PROC(X),
BEGIN(L),
LLeGENLBL, (), ASS,(KTRUE,),
COMP.(HD TL X) ¢ASS,(KJMPT,,0,LIST(LY),
ASS, (KPOP,,1)2 CNOMP,(HD TL TL X),
LBL, (L)
END
END;
GOQUOTE= PROC(X),

BEGINCARG),

ARGEHD TL X,
GCON, (ARG)
END
END;

GSETQ= PROC(X),

BEGINC(LHS,)LHSOP,LHSARGS,RHS),
l.HS=HD TL X, RHS=HD TL TL X,
IF ~PAIRQ(LKS) THEN DO
COMP, (RHS)s» ASSIGN,(LHS), RETURN NIL
END,
LMSOPaHD LHS, LHSARGS=ARGLIST,(TL LHS),

IF LHSOP EQ =HD THEN COMP,(LI!ST(=RP_ACA,HD | [HSARGS,RHS))

1211
1212
1243
1214
1245
1216
1247
1248
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
12%6
12%7
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1280
1251
1252
1283
1284

ELSEIF LHSOP EQ =TL THEN COMP,(L!ST(=RPLACD,HD LFSARGS,FRHS))

FELSEIF LHSOP EQ =INDEX THFN

COMP.(LIST(=SETINDEX.HD LHSARGS,HL TL LHSARGS,RHS))

ELSEIF LHSOp En =2VALUE THEN
COMP.¢LIST(=eSETVALUE,HD LHSARGS,RKS))

ELSEIF LHSOP EQ =SUBV OR LHSOP EQ 3SUF THENM
COMP.(LIST(2SETSUBV,HD LMSARGS,HD TL LHSARGS,
HD TL TL LHSARGS,RHS))

ELSE DO
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1264

ERMSG, (LHSt=NOT!=V 1= ' RRCNT=ERRCAT+1

NS 0 ALID:=LHSINIL), ERRCN 1245
END 1246 :
END; 1247 %
AtSSIGN,=  PROC(ATM), 1248 ’

BEGIN(X), 1249

IF =IDG(ATM) THEN DO 1270

ERRCNT=ERRCNT+1, 1271

PRINT, (ATMIFQSIGN, s VALINIL) s 1272

PRINT,(=ASSIGN,1=FRRORINIL), 1273

RETURN NIL 1274

END, 1275

1276

IF X=0ORDINAL,(ATM,ARGS) THEN ASS,(KASTORE,,X)

ELSETF X=ORDINAL,(ATM,VARS) THEN ASS,(KVSTORE,X) 1277
ELSE ASS,(XGSTORF,,0,GREFS.,(ATH)) 1278
END 1279 4
END; 1240 i
GWHILE=  PROC(X), 1281 !
BEGIN(MORE,NTRUE %P, $E), 1282 !
1F aCGCHECK, (ZWHILF:(=REPEAT=P=ENILYINIL, XD THEN 12R3 5
DO 1284
PRINT, (=WHILEt1=FRRORINIL), RETLRN FRRCNT=ERRCNT#1 1285
END, 1286
ASS(KNIL.), 1287
MORE=GENLBL, (), 1288
LBL, (MORE), 1289
COMP.(P), 1290
NTRUE=GENLBL, (), 1291
ASS, (KJMPF,,0sLIST(NTRUE)), 1202
ASS, (KPOP,,1) 1203
COMP. (E), 1294
ASS, (KJMP,,0sLIST(MORE) ), 1295
LBL, (NTRUE) 1296
END 1207
END; 1298
GFOR = PROC(X), 1299
BEGIN($E,$1,%J,%K,L,LAST,FORL), 1.300
L = =FOR;(:REPEAT;(Eosxcm,;:1:(COHMA.}=J8=K=NILJ:NIL) 1301
FEEINIL)INIL, 1302
1F =CGCHECK, (L,X) THEN 1303 ,
DO 1304 ;
PRINT, (=FOR:=FRROR:NIL), RETURN ESRCNT=ERRCAT+1 1305 |
END, 1306 |
IF =PAIRO(K) OR 4D K NE COMMA, THEN L=1 1307 !
ELSE DO 1308 ‘
L=HD TL TL K, K=HD TL K 1349
END, 1340 i
LAST=GENLBL, (), 1311 E
COMP.(K), COMP,(L)s COMP,(J), 1342 |
ASS, (KNIL,.)., 1343 |
ASSIGN. (), 1344 =
ASS, (KJMP,»0sLIST(LAST)), 1345 :
1346 f

FORL=GENLBL,()s LBL.(FORL),
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ASS, (KPOP,,1)
ASSIGN. (1),
COMP, (E),
ASS, (KSTEPLO,),
LBL,(LAST),
ASS , (KTLOOP,,0,LIST(FORL)),
ASS, (KPOP,,3)
END
END3
CGCHECK.= PRQC(FORM, TREF),
IF IDQ(FORM) THEN Dn
VALUE FORM=TREE, TRUE
END
ELSEIF -PAIRQ(FORM) THEN FORM EQ TREE
ELSEIF -~PAIRQ(TREF) THEN NIL
ELSEIF HD FORM NE HD TREE THEN NIL
ELSE CGCHKL ,(TL FORM,TL TREF)
END;
CGCHKL,.,= PROC(FL,TR)Y,
IF NULL FL THEN NULL TR
ELSE]F ~PAIRQ(FL) OR -PAIRQ(TR) THEN NIL
ELSEIF CGCHECK,(HD FL,HD TR) THEN CGCHKL,(TL FL,TL TR}
ELSE NJIL
END;
GLIST= PRQC(X),
BEGINC),
XsARGLIST,.(TL X), MARX,(X,COMP,),
ASS, (KLIST.,0)LENGTH, (X))
END
END;
GVECTOR3 PROC(X),
BEGINC(),
XaARGLIST,(TL X), MAPX.(X,COMP,),
ASS  (KVECTOR,20,LENGTH, (X))
END
END3
GSTRING= PROC(X),
BEGWINC),
X8ARGLIST, (TL X), MAPX,(X,COMP,),
ASS, (KSTRING.¢0,LENGTH, (X))
END
END3
STOP3}
STOP;
COMMENT =%
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8BREAKUP, =

SUPPLEMENT A
PROC(P,X),

BEGINCI),

END

END3

IF IDQ(P)
VALUE P=X,
END
ELSEIF PAIRQ(P) THEN
(IF ~PAIRQ(X) THEN NIL
ELSETF Hn P EQ 2> AND EQUAL.(HD TL P,HD X) THEN
BREAKUP, (TL TL P,TL X)
ELSEIF BREAKUP, (HD P,HD X) THEN BREAKUP,(TL P,TL X}
ELSE NIL)
ELSEIF VECTQ(P) THEN
( 1F =VECTQ(X) THEN NIL
ELSE DO
=1, WHILE BREAKUP,(PLI1,X[]])) REPEAT
IF 1 LT sIZE P ANDLLALT S1ZESXSTHENSISIES
ELSE RETURN S1ZE P FQ SIZE X,
NTL
END)
FLSE P EQ X

THEN Dn
TRUE

IQPLIST,=LIST(=EQSTR,133R)10PLIST,)

(10PLIST, =

IEQUAL, =

LIST(=REMARK:172B)10PLIST,;
PROC(X,Y),

BEGINCI),

MOR,

END

END 3}

IF X @ Y THEN RETURN TRUE
FLSEIF X SIM Y THEN
t1F PAlRO(X) THEN (IF EQUAL,(HD X,HD Y)
No
X=TL—- X,
END
FLSE RETURN NIL)
ELSEIF VECTQ(X) THENCIF SIZE X NE SIZE Y THEN RETURN NIL
ELSE DO
FOR [=(1,SIZE X) REPEAT IF ~EQUAL.(X[(1].YLIT)
THEN RETURN NIL.,
RETURN TRUE
END)
FLSE RETURN EQSTR(X,Y) )
FLSE RETURN NIJL

THEN

y=TL Y, GOTO MOR

MACRO=MACDEF , 3
OPLIST,=LI1ST(=STKTRACE.17nB)30PLIST.} _
OPLIST,=L1ST(=UPEN,166B):L1ST(=CLOSE,167B)i0PLIST, )

MAKPROPS =

PRQC(P,1D),

BEGIN(L,Z),

L=VALUEC(ID),
SETPROPL(ID,LIST(=PREVAL,L):PROPL(ID)),

ZzLy LENIL,
WHILE PAIRQG(Z) RFEPEAT DO
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L=HD Z:L, Z=TL 2

END,

WHILE PAIRQ(L) REPEAT DO
SETPROPY(PeHD HD L,HD TL WD L),

BSOS E
END,
SETVALUE(IN,P)
END
END3

SETPROPY= PROC(vaDrV)o
IF PAIRQIPROPL(ID)) THEN SETPROPLCID,LIST(P,V):PROPL(IDY)
ELSE SETPROPL(ID,LIST(P,V):INIL)
END;
cOpYs= PROC(X),
IF VECTQ(X) THEN REGIN(V,L,!).
LeS]ZE X, V=MAKVECTOC(L),
FOR I = (1, L) RFPEAT V[!]) = COPY(X[1])),
RETURNI(V)
END
ELSE]JF STRQ(X) THEN SUB(X,1,S1ZE X)
ELSEIF CODEQ(X) THEN DO
pRINT.(X.=CANN0T|=HEI=COPIED,lx
END
ELSEIF PAIRQ(X) THEN COPY(HD X)ICOPY(TL X)
ELSE X
END;
PRTR,=TRANSLA. ( =¢
PROC() ,BEGIN(N,1,R), N=NUMARNS(),
PRINT, (ZARGUMENT,=0F,=PNAME, =ARE),
FOR I=(1,N) REPEAT PRINT,(ARGUMFNT(I))s PRINT, (),
IF N EQ 0 THFEN R=0QLDPR()
ELSEIF N En 1 THEN ReQLDPRCARGUNMENT(1))}

ELSEIF N E0 2 THFN R=0LDPR(ARGUMFENT (1), ARGUMENY (2))
ELSEIF N EQ 3 THEN P=QLDPR(ARGUMENT(1),ARGUMENTY(?2),

ARGUMENT (3))

ELSE DO
! PRINT, (#T00 MANY ARGS FOR TRACER#), RETLRN NIL
ND,
PRINT,(SVALUE,=s0F,3PNAME,=1S), PRINT,(R)7 PRINT.(),
RETURN R
END
END )

PTRACE=PROC(]D),
BEGIN(G,NEWP),
GEGENSYM, (), SETVALUE(G,VALUE 1D ),
NEWP=SUBST,(1D,=PNAME,PRTR,),
NEWP=SUBST, (G:¢=0LDPR,NEWP),
CODEGEN, (ID,NEWP)
END
END}
PROCTRAC= PROC(L),
BEGIN(Y,Ns 1),

PRINT, (#BALM4 TRACE = PROCS IN REYERSF CALLING SEQUENCEZ),

1050 =
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WHILE L REPEAT

DO
PRINT, (1DFROMG(HD HD L)), V=TL HD L, N=SIZE V,

FOR 1=(1,N) RFPEAT PRINT,(=ARG,1,s=,VI1]),
L=TL L
END
END
END3
CONSTRUC= PRQC(P),
IF IDQ(P) THEN VALUF P
ELSEIF PAIRQ(P) THEN
(IF KD P EQ 22 THEN HD P:CONSTRUC(TL P)
ELSE CONSTRUC(HD P)I1CONSTRUC(TL P) )
ELSE P
END3;
GETPROP= PROC(ID,P),
LOUKUP, (P,PROPLCID))
END;
VBLANK ,=VECTQR(BLANK, )}
MAKFILE = PROC(MNAM,LLEN),

BEGIN(LINSI)Y,
LINSMAKVECTO(LLEN): FOR I=(1,LLEN) REPFAT LIN(I)=BLANK,,

- RETURN VECTOR(OPENCNAM, LLEN) o LINsLLEN,2,LIN,LLEN,2)
D
END;
SURST,= PROCCA,X,L)q
[F X EQ |, THEN A
ELSFEIF ~PAIRQ(L) THEN L
ELSF SUBST.(A,X,HD L):SUBST,.(A,X.TL L)
END;
MMEANS = PROC(L),
BEGIN(LS,RS,M,0P,R0P,PREVM),
LS=HD TL L,  RS=HDNTEST Sni;
IF =~PAIRQ(LS) THEN
Do ERMSG.(LSI:NOT!=VALID:=LHS:=FOR:=HEANS3NTL)a
RETURN NIL
END,
OP=HD LS,
ROP=N]L,
IF PAIRQ(RS) THEN DO

ROP=HD RS,
][F ROP EQ =X1 OR ROP EQ =X2 OR ROP EQ =X3 OF ROP FQ =X4

OR ROP EFQ =X5 OR ROP EN =X6 OF ROP FQ =X7 OR RNP EQ =X8
OR ROP FQ =X9 OR ROP EN =X10 TKEN ROP = NIL
ELSEJF MMATCH,(LS,TL RS) THEN [O
ERMSG,(LIST(=USE.=nr.oP,=IN.=MEANS,=HILL}=RECURSE.=
FOREVER) ),
RETURN NIL
END
END,
MaSURST,(LS,=L,TMAC,),
MaSURST, (RS, =R, ,M), :
PREYM = LODKUP.(OP.HACROLI.).

S50 =
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'F PREVM EQ NIL THEN
MSSURST, (=EXLIS,.,=F,,M)
ELSE MESUBST, (PREVM, =E,,M),
IF NULL(ROP) THEN M=SUBST, (=EXPAND, , =FX,,M)
ELSEIF (PREVM=LOOKUP, CROP,MACROLI ,))
THEN M=SyURST, (PREVM,=EX,, M)
ELSE ﬂ=SUBST.(=EXLIS.y=EX.|M)0
MACDEF , (OP,VALUE CODEGFN, (GENSYM,(),M)),
RETURN NIL
END
END3
MMATCH,= PROC(LS,RS),

BEGINCX,3X1,8X2,8%X3,8%X4,8X5,TX6,3%X7,TX8,%X9,%%X10),
X1=X23XJ=2xX4=X5=XA=X7=2X8=X9=X10=GELSYNME,,
WHILE RS REPEAT 1F =PAIRQ(RS) THEN RFYURN NI
ELSEIF PAIRQ(X=HD RS) THE!

(]F MMATCH,(LS,X) THEN RFYURN TRUE ELSE RS=TL RS)
ELSEIF X EQ HD LS THFN RFTURN MATCH,(LS,RS)
ELSE RS=TYL RS
END
END;
TMAC.=TRANSLA.(=2(PROC(S),

BEGIN ($X1,8X2,8X3,%X4,9X5,8X6,8%X7,FX8,T7X9,%X10.
$G1,%G2,%G3,%G4,%65,%G6,%77,%G8,%9,%¢10),
G1=G2=6G3=64=65=G4=G7=68=69=G10=0,
X1=X22X3=X4=X5=Xh=X7=X8=X9=X10=GENSYMF,,

IF MATCH, (=L,S) THEN
RETURN EX,(BUJLD, (=R,))
ELSE RETURN E,(S)
END
END) )}
MATCH, = PROC(L,S).,

IF PAIRQ(L) THEN

(IF PAJRU(S) TKEN

(1F MATCH.(HD Ls HD S) THEN

MATCH,(TL L,TL S)

ELSE FALSE)

ELSE FALSE)

ELSEJF L EQ =X1 OR L FQ =X2 OR L EQ =x3

OR L EQ =X4 OR | FQ =X5 OR L EQ =X6

Ok L EQ =X7 OR L FQ =XB OR L FQ =X9 QR L FQ =X10

THEN (]JF VALUE L FQ GENSYMB, THEN DO
VALUF L=S,TRUE

END

ELSEJF EQUAL,(VALUE L,S) THEM TRUF ELSE NIL)

ELSEJF L EQ S THEN TRUE

ELSE FALSE

END3}
BUILD,= PROC(R),

IF PAIRQ(R) THEN

BLUILD, (KD R)Y:BUILD,(TL R)

ELSEIF R EQ =X1 OR R FQ =X2 DR R EQ =Xx3

OR R EQ =X4 R R EQ =X5 QR R EQ =X6

S52=
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OR R EQ =X7 OR R FQ =X8 OR R FQ =X9 CR R EQ =X10 1575
THEN (]F VALUE R EQ GENSYMB, THEN R ELSE VALUE R) 1576
ELSE]F R EQ =G4 OR R FQ =G2 OR R EG =63 CR R FQ =64 1577
OR R FQ =G5 QR R £Q =66 OR R FQ =67 CR R C£Q =G8 OR R EQ =69 1578
OR R FQ =G10 THEN 1579

( IF VALUE R Eg 0 THEN VALUE R=GENNAVM, () ELSE VALUE R) 1540
ELSF R 1581
END; 1582
GENNAM,= PROC(), 1583
BEGINC],J ), 1584 i
FOR 12(5,3,«1) REPEAT IF (J=CHAR,[MACSYMB,[I]]) LT 9 1585 d
THEN DO 1586
MACSYMB, [ 1)=DNUM, (J¢2), RETURN IDFROMS(SFROMV(MACSYMB.))
END 1588 ,
ELSE MACSYMB, [1)=DNUM, (1] 1589 ’
END 1590 1
END; 1591 '
INFIX(=MEANS,0,0,2MEANS) 1592 i
MACDEF , (sMEANS ;MMFANS) } 15963 A
MAKPROPS (= [NFIX)=INFIXLI, )3 1594
MAKPROPS (=UNARY ) =UNARYLT )3 1595
MAKPROPS(=MACRO,=MACROL!.)} 1596
MAKPROPS(=CODFGs=CONGENL,)} 1597
MAKPROPS (= INSTR,=0PLIST, ) 1598
COMPILE.= PROC(X), 1599
VALUE CODEGEN, (GENSYM, (), TRANSLA, (X)) 16n0¢
END3 1601
SAVSTAT= PROC(), 1602
VFLTOR(UNARYLI..INFTXLI..HACPOLI.-COEGENL..OPLISY ) 1603
END} 1604 o
RESTAT= PROC(X), 16n5 i
IF VECTO(X) THEN DO 1606 o
UNARYLT,=Xx(1)» INFIXLI,=X[2), MACROLI,=X[3], 1607 |
CODGENL ,=X[4), OPLIST,=XI5) 1608 B
END 1609 4
ELSE PRINT,(LIST(=RFSTAT,3ARG,=1S,=INVALID)) 1610 {8
END; 1641 y
REMOVEX,= PROC(LISTID,OP), 1612 LA
BEGIN(P,LsID), 1643 ey
PaNJL, LaVALUE LISTID, 1644 i
ID=0QP, 1645 ]
MOR,  WHILE PAIRQ(L) REPEAT DO 1616 s
IF ID EQ HD HPD L THEN RETURN 1647 ]
(1F PAIRQ(P) THEN TL P=TL L 1648 %
ELSEIF IpO(P) THEN SETPROPL(QP,TL L) 1649 1 ¢
ELSE VALUE LISTID=TL L), 1620 :
Pt [ =TS 1621 i
END, 1622 -
IF InQ(L) THEN DN 1623 .
P=L, L=PROPL(ID), ID=P, GOTO MCR 1624 i3
END 1625 ;
ELSE PRINT,(LIST(OP,=NOT,=0N,LISTID)) 1626 0

END 1627




END; 1628

REMMACRO= PRoOC(1D), 1629
REMOVEX, (=MACROL!,,1D) 1630
END; 1631
REMINF [X= PROC( D), 1632
REMOVEX.(=INFIXLI,,»1D) 1633
END; 1634
REMUNARY= PROQC(ID), r1oaz
REMOVEX. (SUNARYLI!,,ID) 1636
END; 1637
ERROR= PROC(TYPE), 1638
IF TYPE EQ 3 THEN Dn 1639
EXECUTE( INPUT«DUTPUT), STOP() 1640
END 1661
ELSE STOP() 1642
END;} 1643
SAVEBALM= PRQOC(S), 1644
Do 1645
REWIND(S), GARRCNLL(), SAVEALL(S), 1646
CLOSE(#B|LM4sVDz) 1647
END 1648
END; 1649
SUKE= PROCC!I,J,K)., 1650
SUb(],J.K) 1651
END; 1682
SuUBvVs= PROC(I, J,K), 1653
SUBV(I,J,K) 1684
END; 1655
GENP(X1) MEANS X1=PRQC(X,Y), 1686
X1(X,Y) 1687
END; 1658
GENP(WRL INE)} 1689
GENP(SHIFT)3 GENP(CONCATV); GENP(CONCAT); 1640
GENP(LAND)} GFNP(LOR)J GENP(XORY; NENRP(EQSTR)} 1661
REMMACRC(=GENP); 16A2
GFNP(X1) MEANS X1i=zPRQC(X), 1663
X1(X) 16644
END} 1665
GENP(RDL[NE) ) 16646
GENP(MAKVECTO) ) GENP(COMPL); GENP(INTQ)? GENP(STRQ)J) GENP(CODEQ); 1647
GENP(IDQ) S GENP(LBLO)I GENP(VECTQ); GENP(PAIRQ)j3 GENP(LOGR) ] 1668
GENP(NILQ)} GENP(VFROMS); GENP(SFROMV)Y} GENP(IDFROMS)} GENP(SFROMID)}
GENP(IDFROMC);3 GENP(REWIND)S GENP(SAVEALL)j} GFENP(RESUMEAL); 1670
GENP(ENCFILF); GENP(PROTERT); GENP(STKTRACE); 1671
GENP(REMARK) ; 1672
REMMACRC (2GENP) ) 1673
TIME = PROC(), TIME() END} 1674
STOP = PROC(), STOP() END3 1675
CHGCHAR = PROC(CHR,NyM), 1676
CHAR, [VFROMS(SFROMIN(CHR))[1)) = NUM 1677
END; 1678
ADDON = ADDON,} BREAKUP = BREAKUP,3} CODEGEN = CODEGEN,} 1679
COMPILE = COMPILE,; DUMMY = DUMMY,j) EQUAL = ERUAL.} 16R0
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1681

EXPAND = EXPAND,; GENSYM = GENSYM,; IFROMIL = JFROMID,;

LENGTH = LENGTH,; LFROMV = LFROMV,; LOOKUP = LOOKUP.; 1682
MACDEF = MACDEF,; MAPX = MAPX,; MEMBER = MEMBER,; 1683
ORDINAL = ORDINAL,; PRINT = PRINT,; RDTOKEN = RDTOKEN.: 1684
READ = READ,}) SUBST = SUBST.5 TRANSLAT = TRANSLA,! 1685
VFROML = VFROML ¢} 1686
16R7
e NDEBUGGING PROCFDURES www 1688
GOFLAG ,=NIL; 16R9
PRCFLAG,=N[L} 1690
PRCTRACE=NIL} 1691
GOTRACE=NIL} 1692
GOSUB, = TRANSLA,(=(p0 IF GOTRACE THEN PRINT,(=60T0,=X1),¥1 END))I 1693
GOSUB2,= TRANSLA,(=(D0O IF GOTRACE THEN 1694
PRINT, (=GOTN,RH) FLSE RH END)); 1695
PRSUB, = TRANSLA,(=(DO IF PRCTRACE THEN DO PRINT,(allAME,=ENTEREN), 1696
ARGPR, (ARGS) END, VAL=BO[L, IF PRCTRACE THEN 1697
PRINT, (=NAME, 1698
aRETURNED,VAL), VAL END)); 1699
*#¥ THIS IS A FIX FOR PRORLEM OF § IN ARGLIST === ,5A,8%R,C) 1700
NOOP $ = DUMMY .} 1701
ARGPR ,=PROC (), dEGINC) s 1702
FOR 1=(1,NUMARGS()) REPEAT PRINT,(=ARG,I,=1S,ARGUMENT(1)) 1703
END END S 17n4
DEBUG=PROC(), 1705
DO GOFLAG,=TRUE,PRCFLAG,=TRUE, 17n6
GOTRACE=TRUE, PRCTRACE=TRUF 1707

END END; 170¢
NODEBUG=PRQOC(), 1704

DO GOFLAG,=NIL, PRCFLAG,=N!L, GOTRACE=NIL, PRCTRACE=N[L END EKP 1}
MGO,= PROC(L), BEGIN(RHS,RD), 1711
IF ~GOFLAG, THEN RETURN EXLIS, (L) 1712
RHS = HD TL L, Ul
IF PAIRW(RHS) THEN BD = SUBST,(RHS,=RH,GOSUB2,! 1714
ELSE BD = SURST,(RHWS,=X1,G0SUB.), 245
HD TL eatRDE 1716
RETURN EXLIS, (L), 1747
() END ENDJ 1748
MEQUAL,= PROC(L),REGIN(RHS,LP,AR,BODY,BD,G1), 1719
RHS = HD TL TL L. 1720
IF =PAIRQ(RHS) THEN RETURN EXLIS.(L), 1721
IF PAJRU(RHS) AND HD RHS NF =PROC THEN RETURN EXLIS, (L), 1722
I[F =PRCFLAG, THEN RETURN EXLIS.(L). 11723
G1 = GENSYM(), 1724
LP = HD TL RHS, 1725
AR = HD TL LP, 1726
BODY = HD TL TL LP, 1227
BRD = SUBSF,(HD TL L»=NAME,PRSIR,), 1728
BD = SUBST,(G1,=VA_L,RD), 1729
BD = SUBST,(AR,=ARGS,RD), 1730
HD TL TL (P = SuBST,(RODY,=B0D,BN), 1731
RETURN EXLIS, (L), 1732
1733

()

END END}
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COMMENT # C PERIOD SN THAT IT IS NO LONGER ACCEPTABLE IN 1738
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CROSS REFERENCE

A

ADDON
ADDON,
AFTER

AN
ANALYSE,
APPLY

AR

ARE

ARG

ARGL
ARGLIST,
ARGPR,
ARGS
ARGUMENT
ASSIGN,
ASS,

ATM
R
BACKSPAC
BALM

RD

BE
BEFORE
BINARY
BINFILE
BLANKLI,
BLANK,

BOD

BODY
ROOTSTRA
RPCNT
BRACKET
BRACKETS
BRCKT
BREAKUP
BREAKUP,
BRSCODEGE
BUILD,
Bl

B2

125 126 128 130 131 1008 1010 1012 1013 1016 1017 1494

1495 1497

1679

28 111 161 461 477 901 1679

B97 1073 1157

849

6 66 732 740 765 782 785

366

1719 1726 1730

1444

989 1170 1171 1172 1174 1241 1243 1244 1472 1610 1703
946 949 989 990 991 992
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1697

1702
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387 570 573 1023 1444 1445
1251 1268 1273 1314 1318
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1138
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15841
382
25

1711 1714 (47001716

1437
776
910
39 43
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1 L3430
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59 160
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1234 1235
1317

1150
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1749
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1697 1731
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3 44
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1679
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1268 1270
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718
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1174
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B3
R4
c

CALLS,
CANNOT
CFROMV
CGCHECK,
CGCHKL ,
CHARS
CHAR,
CHGCHAR
CHR
CLAUSE
CLOSE
CODE
CODEG
CODEGEN
CODEGEN,
CODEQ
CODEV
CODGENL ,
COLON,
COMCHAR,
COMMA,
COMP
COMPILE
COMPILED
COMPILE,
COMPL.
COMP,

CONCAT
CONCATV
COND
CONSTRUC
COPIED
CoPY
CURCOM,
DERBRUG
NDNUM,
DOF
DOF1
DOLLAR,
NDONT
DUMMY
DUMMY,
E

EMPTY

714
714
482
661
9% 4
1437
375 9238

25 894 1070 1155 1283 130X 1326 1238

1333 1335 1338

510

144 240 241 245 254 496 500 505 507 512 532 1585 1477
1 1676 1740

1676 1677

1196

1409 1647

910 941

1597

1679

82 B7 B8BK 1039 1463 1529 1600 1679

B8 135 367 603 1436 1667

21 890 918 920 923 924 925 928

327 951 1597 1603 16N8

232 300 356

239 754

25 85 230 294 834 894 100F 1070 1201 1307

40

1680

941

930 1599 1680

364 1667

32 905 945 992 997 1092 1150 1160 1143 1174 1202 1712
1215 1216 1227 1228 1235 1236 1254 1254 1255 1257 1299
1261 1290 1294 1312 1319 1343 1349 1355

362 550 1669

361 521 527 1013 1660

1064 1065 1140 1141

1477 1480 1481

1437

1429 1432 1439

63 87 88 89

1705

73 146 149 243 245 247 404 675 679 706 1587 1589

749 756 768 808

748 751

30 229 282 903 1078 1113 1132

459 475

1680

321 879 1680 1701

158 159 161 482 496 497 499 808 510 S11 514 516 514
521 527 531 532 534 537 878 859 845 AR74 873 875 1154
1155 1162 1163 1208 12410 1212 1216 1217 1282 1283 1294
1300 1302 1319

405

ARV IR 7.210 724
72042
493
664
988

494 496 498 504 512 514 517 532 834 656 65A

1518



ENDF 1L
ENDFILE
ENDFLAG
END2
ENTERED
EQF
EQSIGN,
FQSTR
EQUAL
EQUAL,
EQUIV,
ERCOUNT,
ERMSG,

ERR
FRRCNT

ERROQOR
FERRORS
EXCHANG,
EXCHY.
EXCH2,
EXECUTE
EXL1S,
EXPAND
FXPANDED
FXPAND,
EXPECT
EXPON,
EXPX

EX.

Fy

FALSE
FG

FILE

FL

FN

FOREVER
FORL
FORM

G

GAND
GARBCOLL
GCOND
GCON,
GELSE.
GENLBL,
GENNAM,
GENP

GENR

743 750 799 827

385 1671
729 731 782
18 25 26 28
1696

695 743 750 799

79 231 299 333 761 1272 1301

1386 1403 14661

1680

1371 1388 1392 1399 1566 1680

234 33172 §

5 7 10 14 63 65 70 78 91 704 7207 7730778 T3RSES

14 27 40 510 539 692 772 776 813 827 849 897 930 941
1073 1157 1196 1204 1264 1503 1514

7 10 14 70 78 91 899 930

18 22 39 40 888 R92 898 917 930 940 1040 1074 1158 1196
1204 1264 1271 1285 1305

27 539 1273 1285 1305 1634

14 40 91 93¢
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1044 1065

1054 1066

58 62 1640

870 1523 1528 1712 1717 1721 172251723 v2te
1681

76

9 74 707 857 BsK5 875 1525 1681

1204

236 314 377

20 25 32 891 894 905

1525 1527 1528 1549

1528 1524 1550

399 1558 1559 1548

423 425 428 431 433 435 5F7 559 562 566 568 569
827

1335 1336 1337 1338

416 420 424 425 432 433 544 547 550 558 559 566 569
578 946 949 950 951 989 990 994 997

705 727 752 788 791

1515

1300 1316 1322

1326 1327 1328 1330 1332 1333

1459 1460 1462

331 1224

383 1646

330 1178

948 967 974 1244

1185 1189 1201

1029 1081 1180 1215 1226 1234 1288 1291 1311

1580 1583
1656 1659 1660 1661 1662 1663 1666 1667 1668

1671 1672 1673
946 951 952

735
888 894 895 901 1023

1316

1669 1670
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GENSYM
GENSYMB,
GENSYM,
GETLIST,
GETNEXT,
GETPROP
GETVECT,
GETvV,
GFOR
GGO
GLAMBDA
GLIST
GLOBAL
GLOBL
GQF LAG,
GOR
GosSuB?2,
GosuB,
GOTRACE
GPROG
GPROGN
GQUOTE
GREATER
GREFS.
GRETURN
GSETOQ
GSTRING
GTHEN,
GVAR,
GVECTOR
GWHILE
G1

G40

G2

G3

G4

G5

Gé

G7

G8

G9

HAVE

I

ID

1681 1724

144 146 147 149 404 1535 1547 1563 1876
141 984 1038 1460 1529 1600 1681

444 451

730 734

1484
445
466
334
330

465

4648

1299

1169

328 1036

335 1341

38 908

19 22 38 889 B92 908 1016
1689 1706 1710 1712

331 1232

1694 1714

1698 1715

1692 1693 194 1707 1740
328 1068

329 1153

333 1240

510

28 901 963 981 1008 1041 1278
329 1148

333 1247

a82R 11353

1182 1192 1199 1208

947 957

335 1347

334 1281

1545 1546 1577 1719 1724 1729
1545 1546 1579

1545 1546 1577

1545 1546 1577

1545 1546 1577

1545 1546 1578

1545 1548 1578

1545 1546 1578

1545 1546 1578

1545 1546 1578

1204

21 100 105 106 128 130 131 142 143 144 146 149 165 167
181 183 213 241 244 245 254 258 447 419 566 570 577
580 584 607 610 630 632 651 890 911 919 920 922 927
924 925 1021 1023 1044 1046 1048 1049 1051 1054 1059

1060
1122
1365
1489
1703
1410
1484

1061
1123
1378
1490

1101
1126
1379
1584

1103
1130
1389
1885

1105
1133
1399
1587

1106
1136
1430
1589

1109
1137
1432
1650

1114
1300
1443
1651

1425
1617

1413
1613

1412
1488

1422
1615

1426
1624

1427
1629

1458
1630

=6 0=

1115
1301
1445
1653

1460
1632

1{18
1314
1467
1454

1461
1633

1120
1318
1472
1702

1463
1635



IDFROMC
IDFROMS

IDNIL.
1DQ

IDTRUE,
IEOS,
IFROMID
IFROM]D,
IMPROPER
IN

INDEX
INEG
INF X

ENE DXLT o
INITCOD,
INITEXP,
INITIAT,
INITINF,
INITIO,
INITMIS,
INITOPL .
INITTUNA,
INPUT
INSTR
INTQ
INVALID
18

ITM

11

12
J

K

KARG,
KASTORE,
KCALL .,
KGLOB.
KGSTORE ,
KINEG,
KJMPF ,
KJMPI,
KJMPT,

1636

366 646 1471 1670

147 221 222 223 224 225 226 227 228 229 230 231 232
233 254 235 236 237 238 239 250 252 374 406 502 504
508 1013 1587 1669

252 437 447 601

BL 117 368 598 947 950 979 1270 1327 1366 1478 1619
1623 1668

250 436 446 600

6 66 238 292 457 473 745 773 779 796 811

1681
138
772
539
359
279
292 293 294 295 296 297 298 299 300 301 302 303 304
305 306 307 308 309 310 311 312 313 314 315 714 71°%
1592 1594
291 715 770
197 325

196 319

597° 194

195 289

193 203

199 397

198 353

194 2642

58 62 255 742 749 756 759 762 779 805 827 1640
1598
367
941
849
424
447
741
762
808
741
805
142 144 146 482
577 579 580 582
1651 1653 1454
1300 1301 1307 1309
339 960 1048 1059
340 1049 1060 1276
337 998

3359 963 984 1041 1048 1059 1105 1112 1113
340 1050 1060 1122 1130 1134 1278

347 974

343 1216 1227 1292

344 1174

343 1212 1235

920 1681
950
782
376

1514

791 1256

803 1594 1603 1607 1633

599 972 995 1667
1610

1454 1640 1703
427 428 432 435
448 452 454 455
742 743 744 745
764 765 767 770
815 818 821 R24
779 780 784 787
818

445
473
759
791

444
477
761
794

444
472
758
788

442
469
752
782

443
471
754
785

438
461
751
775

437
457
750
773

436
456
749
772

788 790 791 793 796 799 80O 803

502 508 509 517 521 527 530 539

1300 1301 1312 1584

495
584

1312 1650 1651 1653 1654

=I5

1585 1987 16%0
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KJMP
KLBL,
KLIST,

KMAKVAR,

KNIL,
KNUM1 ,
KNUM2,
KNUM3 .,
KNVARS,
KPOP,

KRETPRO,
KRTPROC,
KSETSTK,
KSETSX,
KSTEPLO,
KSTRING,
KTLOOP,
KTRUE,
KVAR,
KVECTOR,
KVSTORE,
L

LABEL
LAND
LAST
BR{IST
LBLNO
LBLG
LBLVALS
LaL,
L8R,
LBVAR,
LENGTH
LENGTH,
LETTB,
LFROMY
LFROMY,

343
344
345
347
342
344
341
341
338
338
1317
338
34 3
338
349
346
348
346
342
339
345
340

ipn2
1054
1111
1128
1162
1301

1419
1496
1561
1619

1720
913

363 679 16614

1150 1172 1218 1295 1315

9482
14844
981

969 1183 1193 1226 1287 1313

976
977 981
978
1079

1049 1050 1060 1061 1123 1137 1163 1228 1236 1293

1323
1098
37 907
1092

1095 1150

13520
1356
1322

970 1234

961 1122 1130 1133

1350

ISNOSENIS 1277
99 104 106 114 117 118 120 121 122 125 126 128 130 131
157 160 161 170 172
254 557 561 562 590
602 603 606 609 410
646 692 693 727 728

1003
1056
1112
1129
1165
1303
142n
1497
1562
1620
1721

1004
1057
1113
1130
1225
1307
1430
1499
1563
1621
1722

in05
1058
1114
1132
1226
1309
1431
1501
1564
1623
1723

173 175 181 182 183

592 593 595 597 568
615 617 621 622 625
730 BE8 859 847 871

1006
1061
1115
1134
1227
1312
1432
135949
1566
1624
1728

1044
1101
1118
1136
1229
1411
1466
1548
1567
1711
1732

104F
1102
1119
ald 7/
1233
1412
1469
1550
1613
L7l

1046
1103
1120
1153
1234
1413
147
15F4
1614
1713

1179 1180 1186 1218 1300 1311 1315 1321
20 24 8941 B93 962 1069 1076 1085 1172 1210
19 22 B89 Rg2 1030

368 602 1668

19 23 889 892 913 938 1027
1026 1090 1096 1186 1219 1229 1237 1289 1296

217
223
1682
133
249
1682
180

223

445 780

134
516

791

608

1682

=1'62=

998 1079 1344 1350 1356 1682
536 678

184 21% 257
569 600 6019
636 639 £47?
873 874 1001

1048
1105
1122
1455
1235
1414
1473
1556
1616
1716

1050
1106
1123
1160
1237
1416
1494
11957
1617
1747

1316

1051
1109
1126
1161
1300
1418
1495
1560
1648
1749

1321



LHS 1248 1249 1250 1251 1253 1264 1503

LHSARGS 1248 1253 1254 1255 1257 1259 1261 1262

LHSOP 1248 1253 1254 1255 1256 1258 1260

LIN 213 214 215 216 217 218 219 220 227 229 230 234 232 i
233 244 235 236 237 238 239 242 245 248 249 250 252 f
253 254 417 419 420 424 425 428 432 433 435 493 50N '
502 505 507 508 512 516 5721 524 527 529 532 538 544
547 550 551 553 558 559 562 566 569 571 578 582 584
653 658 664 1489 1490 1491 i

LIST 14 4p 85 91 264 265 266 267 268 269 270 271 272 273 ¢
274 275 276 277 278 279 280 281 282 283 284 291 292 »
503 294 295 296 297 298 299 300 301 302 303 304 305 :
306 307 308 309 310 311 312 313 314 315 321 327 328 !
329 330 331 332 333 334 335 355 356 357 358 359 360 }-
361 362 363 364 365 366 367 368 369 370 371 372 373 .
374 375 376 377 378 379 3R0 381 382 383 384 383 186
387 238 389 390 391 392 393 459 475 717 745 718 724
782 785 788 791 794 B18 821 824 B49 913 967 1150 1172
1212 1216 1218 1227 1235 1254 125° 1257 1259 1261 1292 ,
1295 1315 1322 1386 1387 1408 1409 1413 1426 1427 1514 .
1610 1626 *

LISTID 1612 1614 1620 1425 3

ST 2 18 28 55 36 37 888 901 911 914 91F '

[RISITHE 18 35 39 888 914 920

LLEN 416 419 420 424 425 428 432 433 435 489 490 500 505
507 512 516 519 521 522 529 532 553 558 559 566 569
580 588 594 608 A38 K44 652 663 670N 1488 1490 1461

LOGO 369 1668

LOOKUP 1682

LOOKUP, 114 767 770 803 R62 938 951 994 1485 1521 1526 1682

LOR 364 534 1661

LP 1719 1725 1726 1727 1731 ¢

LPAR, 216 221 595 B

LPVAR, 221 444 764 784 3

LS 3689 11 63 74 76 79 80 81 82 8% 87 1500 1501 1502
1503 1506 1513 1519 1533 1538 1539

LST 729 730 735 737

LXSCAN, 435 443 481 r,

M 858 862 863 864 1500 1819 1520 1523 1524 41525 1527 1528 1
1529 ¥ .

MACDEF 1683

MACDEF, 711 1407 1529 1593 1683 1734 1735

MACRO 1407 1596 1736

MACROL!, 321 712 862 1521 1526 1596 1603 1607 1630 1736

MACSYMB, 73 706 1585 1587 1589

MAKALOCA 2 408 1064 1742

MAKFILE 43 255 256 416 1488

MAKO 517 532 671 678

MAKPROPS 1410 1594 1595 1596 1597 1598 1736

MAKVECTO 104 166 240 243 257 358 419 518 938 1431 1490 1667

MAKVLOCA 2 407 1140 1741

MAPL , 153 157

MAPYV 4 154 164
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MAP X
MAPX,
MATCH,
MEMBER
MEMBER,
MERUAL,
MGO,
MINUS,
MISSING
MMATCH,
MMEANS
MODE
MOR

MORE
MORO
MSIGN,
MSTR
MTY,

N

NAM
NAME
NBYTE
NDF ,
NEWP
NEXT

NILQ

NN

NO
NODEBUG
NOOP
NQTM
NOTSIGN,
NOTU
NTRUE
NUM
NUMARGS
NUMB
NUMBER
NXT
OCTAL
OCTMODE
oF
OLDPR
ON

oP

1683

152 996 1343 1349 1355 1683

459 475 1539 1548 1553 1556 (557

1683

170 962 1010 1n1s 1172 1210 1683

1719 1734

1731 1735

228 279 309 376

776 813 897 1073 1157

1513 1533 1538

1499 1593

380

4 13 15 64 83 88 90 92 117 122 160 161 172 175 4954 462
471 478 675 676 R74 R76 1390 1394 16316 1624

1282 1288 1289 1295

679 480 486

216 228 673

519 525 530

85 405 744 746 777 794 833 971 1003 1162

100 101 103 104 105 165 166 167 181 182 183 566 567
570 873 607 609 &10 630 631 632 651 452 653 667 672
673 678 679 68n 682 968 984 1037 1038 4039 104N 1041
1443 1445 1446 1447 1448 1449 1467 1474 1472

3 11 12 {7 28 88k 887 901 930 932 14R8 1491

1696 1698 1728

19 22 889 892 918 919 922 1022 1027

406 493 8522 696

1459 1461 1462 1463

424 425 428 432 433 435 458 474 489 493 495 500 501
502 505 506 507 508 509 512 514 516 517 519 524 525
527 528 529 53p 532 534 836 537 529 554 558 559 8§42
566 569 571 578 588 594 608 609 6411 818 626 63IR £39
644 646 652 653 A58 K6 664 670

274 275 276 3772 1669

668 672 673 675 K76 678 680

941

1709

758 1701

861 R&3 865 867

227 274

752 759 762 765 779 782 785 788 791 794 818

1209 1215 1216 1219 1282 1291 1292 1296

1676 1677

387 568 1022 1023 1443 1703

497 5412

539

489 494 736 737

539

403 671 911

772 827 1444 1454 1514

1446 1447 1448 1449 1462

827 1626

858 B61 B2 989 994 995 996 1189 1191 1200 1202 12n4
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OPEN
OPERAND
OPERATOR
OPERROR,
OPLIST,
ORDINAL
ORDINAL,
NRN1,
OUTPUT

p

PAIRQ

PARENS
PERIOD,
PERVAR,
BLC
PLUS,
PNAME

PR
PRCFLAG,
PRCTRACE
PREVAL
PREVCOM,
PREVM
PRINT
PRINT,

PROCTRAC
PROGRAM
PROMPT,
PROPL
PROTECT
PRSUR,
PRTR,
PTRACE
PUTBLAN,
PUTCHK,
PUTCHV,
PUTCH,

PUTCODE
PUTINT,
PUTITEM,
PUTLBL,

1500 1506 1514 1521 1529 1612 1615 1619 1626

1409 14914
776

849

805 846

355 994 1386 1387 1408 1409 1598 1603 1608

1684

125 960 961 1276 1277 1684

126 128 131

58 62 256 546 550 568 1640

115 118 152 153 154 157 161 164 167 741 742 768 aQ7 !
B08 810 817 818 R20 821 824 1208 1212 1215 1282 {243

1290 1364 1366 1367 1369 1374 1372 1373 1375 1378 1379
1380 1383 1410 1419 1422 1425 1426 1427 1477 1478 1479
1480 1481 1482 1484 1485 1613 1614 1618 1619 1421 1624
79 120 130 134 153 160 172 369 593 621 728 735 751 787
8B40 840 B61 867 936 948 1004 1046 1057 1085 1090 1103

1112 1120 1129 1195
1392 1415 1418 1426
1554 1555 1571 1616
459

215 225 625

225 4456

797 801 A10 826

233 310 376

1444 1454 1461

3 11 12

1690 1706 1710 1723

1250 1307 1330 1334 1337 1366 1370 !

1439 1479 1496 1502 1508 1536 1537 j
1618 1668 1714 1724 1722 i

1691 1696 1697 1707 1710
1413
63 92
1500 1521 1522 13524 1526 1527 !
1684 1744 E
4 38 64 68 76 91 459 475 565 693 908 910 911 913 1272 i
1273 1285 1305 1437 1444 1445 1452 1454 1468 1471 1472 5
1610 1626 1684 1693 1695 1696 1698 1703 LA
1466 -
1069 1070 1077 1082 1083 1084 1087 1088 1089 -
220 546 E*é
118 378 1413 1426 1485 1624 ,
385 1671 »
1696 1728 4
1442 1461 ¥
1458 1
587 612 619 653 ‘
625 626 632 633 661
598 600 601 604 645 646 650 \
588 595 608 611 418 626 638 639 645 647 656 673 687 /
689 :
603 642
599 6359 667
561 570 590 610 622 625
602 636
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PUTLIST,
PUTN
PUTSTR,
PUTVECT,
Q

NSIGN,

QUOTE
R

RBR (]
RBVAR,
RDITEM,
RDLINE
RDTOKEN
RDTOKEN,
READ
READIN,
READ,
RECURSE
REM
REMARK
REMCOM,
REMINF [ X
REMMACRO
REMOVEX,
REMSEP,
REMUNARY
RESTAT
RESTL1,
RESTLZ2,
RESUME
RESUMEAL
RET
RETURNED
REWIND
RH

RHS

RQP
RRAR,
RPLACA
RPLACD
RPVAR,
RS

RSTLOCS,
RI
S

SARGL
SARGS
SAVEALL

595 615 622

677 680 681 684 k87
597 629

592 6Q6

668 675 678 6B1 483
237 761

321 333 762

1443 1446 1447 1448
1574 1575 1576 1577
217 224 611

224 472 782

427 4431 454 456 471
214 242 248 3By 544
1684

431 729 730 742 749
1685

426 434 542

423 729 730 756 762
1514

1189 1192 1201 1202
1387 1672

29 830 902 1077 1160

1632

1629 1662 1673

1612 1630 1633 1636
834 837 842 1005
1635

1605 1610

1118 1142

1126 1145

71

384 1670

1069 1070 1071 1n81
1699

43 382 1646 1670
1695 1714

1248 1249 1251 1254
1715 1719 1720 1721
1500 1507 1509 1510
217 222 618 626

357 1254

357 1255

222 455 765 785
1500 1501 1508 1509
1540

1097 1120 1123 1136
1520 1549

1449 1454 1455 1570 1571 1572

1578 1579 1580 1584

547 550 1666

759 779 805 1684

1685

1096 1150

1SS

1255 1257 12%9 1262 1711 1713 1714

157.2281725
1SS 1281528 11526

1543 1520 1533 1536 1537 1538 1539

13711148 14 %

629 631 632 650 K52 653 668 669 675 £78 679 683 687
688 1543 1548 1550 1553 1555 1556 1557 1564 1566 1567

1644 1646
989 990 998

20 31 33 891 904 906

384 1646 1670
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SAVEBALM
SAVLOCS,
STANVIELT
SAVL2,
SAVSTAT
SETINDEX
SETMODE
SETPROPL
SETPROPY
SETSUR
SETSUBV
SETVALUE
SEVEN,
SFROMID
SFROMV

SHIFT
SLASHX,
SLASH,
ST

START
STAKX,
STAR,
STKTRACE
SYOpP

STR
STRING
STRQ
STRQU,
SuRB
SUBLBLS,
SUBST
SyYBST,

SUBvV
SVARS
SYMR
SYNTAX
SYSLIST
TALKATIV
TERM
TERMFLA,
TERMLINE

TEST3
TESTA4
TH
T]ME
TMAC
TR
TRACE

1644 1744
1080 1103 1106 1114 1115 1142 1145

1101 1142

1109 1145

1602

219

359 1257

380

378 1413 1426 1427 1619
1419 1425

362

J60 582 584 653 1261

379 1259 1422 14640

247 683

374 405 598 600 A01 645 646 731 1012 1669 1677
147 221 222 223 224 225 226 227 228 229 230 231 232
233 234 235 236 237 238 219 250 2652 3I?73 406 502 504
508 5351 578 1013 1587 1669

363 534 679 1660

218 406 638 639 645 647

235 313 377

63 66 68 71 72 74 92

544 553

226 311 377 693

73 215 226 404 553 604 706 1013

1408 1671

8 59 72 393 827 1359 1360 1640 1642 1675 1746

498 518

332 365 546 550

135 367 897 1435 1667

216 498 524 529 432 633

362 1260 1435 1650 1651

37 915 935

1685

1461 1462 1494 1497 1519 1520 1523 1524 1525 1527 1528
1685 1714 1715 1728 1729 1730 1731

214 242 248 360 502 508 521 527 1260 1653 1654

1069 1080 1097

496 505

14 68

400 1010

67 75 402 908 909 913

740 744 775 776 RQ0 811 813

5 65 65 729 731 746 773 779 797 811

424 425 432 433 490 521 558 560 561 566 568 570 58°
594 608 638 644 652 663 670
807 826

796 805

1189 1192 1195 1196 1199

386 1674

1519 1543

566 567 572 1335 1336 1337 1338
567 572
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TRANSLAT 1685

TRANSLA, 702 1442 1543 1600 1685 1693 1694 1696

TREE 68 76 941 1326 1328 1330 1331 1332 1333

TTYFLAG 401 545

TYPE 1638 1639

T 1069 1084 1085 1089 1090 1092

u 741 767 768 797 801 R03 BN7 808 826

UNARY P68 269 270 271 272 273 274 275 276 277 273 279 280

281 282 283 284 717 718 820 1595
UNARYLI, 264 718 721 767 1595 1603 1607 1636

USE 772 1514

v 100 101 102 103 104 306 108 164 166 167 180 182 187
1425 1426 1427 1430 1431 1432 1433 1467 1471 1472

VAL 1272 1697 1699 1729

VALID 1196 1264 1503

VARS 20 24 38 B91 893 908 961 1069 1070 1077 1078 107% 1040
1277

VBLANK, 1487 _

VECTOR 73 221 222 223 224 225 226 227 228 229 230 231 232 233
234 235 236 237 238 239 2R0 252 335 358 404 406 42n
504 604 706 1013 1487 1491 1603

VECTQ 135 154 368 592 790 1375 1376 1397 1430 1606 1662

VFROML 1686

VFROML , 99 466 1686

VFROMS 214 242 248 373 8544 547 551 598 600 401 631 645 646
1012 1669 1677

Vv 165 166 167

WARNING 510

WILL 1514

WRITE 39 557

WRITOUT, 560 568 576

WRL INE 381 546 550 578 1659

X 1SRe OIS 20N11"a 1117 118 121 133 134 435 138 139 152

153 154 155 170 173 452 453 456 461 469 470 477 49°%
696 703 705 707 708 879 8RN 886 R94 935 93I6 938 941
945 947 948 949 952 954 947 969 970 971 972 973 974
976 977 978 979 981 984 988 990 1026 1027 1036 1039
1055 1057 1958 1n59 1060 1068 1070 1082 1087 1148 115¢C
1169 1171 1178 1180 1181 1182 1185 1224 12?27 1228 1232
1235 1236 1240 1243 1247 1249 1269 1276 1277 1281 1283
1299 1303 1341 1343 1344 1347 1349 1350 1353 135% (356
1364 1367 1370 1371 1372 1373 1376 1378 1379 1380 1383
1388 1390 1391 1392 1394 1397 1399 1403 1429 1430 1431
1432 1435 1436 1437 1439 1440 1494 1495 1497 1534 1537
1538 1539 1599 1400 1605 1606 1607 1608 1656 1857 1663

1664

X0R 365 1661

X1 1510 1534 1535 1544 1547 41560 1573 16F6 1657 1663 1644
1693 1715

X110 1512 1534 1535 1544 1547 1562 157%

X2 1510 1534 1535 1544 1547 1560 1573

X3 1510 1534 1535 1544 1547 1560 1573

X4 1510 1534 1535 1544 1547 1561 1574
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1511 1534 1535 1544 154°

1511 1534 1535 1544 1547
1511 1534 1535 1544 :
1511 1534 1535 1544
1512 1534 1535 1544 562 1575
111 112 452 453 455 459 469 470 4 “Gﬂw 937 938 639
959 960 961 1388 1390 1391 1 ;;aﬁm Ld@u 'ﬂ(
1656 1657 b & .

1411 1414 1415 1416
1 17490
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INDEX

ADDON [ ]
AND LI}
APPLY )
ARGUMENT
BACKSPACE
BEGIN
BRACKET
BREAKUP
CFROMV
CHGCHAR
CLOSE
CODEQ
COMMENT
COMPILE
COMPL
CONCAT
CONCATV
CONSTRUC

.

® @ m @ e m @ e e W w8

COPY
DEBUG ,
DO
DUMMY
ELSE
ELSEIF
END
ENDFILE
EQ
EQUAL
EQSTR
ERROR
EXECUTE
FALSE
FOR
GARBCOLL
GE
GENSYM
GETPROP
GO

GOTO

GY

HD
IDFROMC
IDFROMS
IDQ

IF
IFROMID
INDEX
INEG

0....'-.-.....!.C.....ct.....c-—4.—..-...‘".
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225,150
SETSUB LI 2L R IR IR R L B I ) l

23,98

(same as SUB(S,I,J)=S1)
SETSUBY 4y vuuyinn (same as SETSUB)
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SIM L L R e N N N N RN NN 15198
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STOP '1'0'!‘!".-0.'0n'otu.l-nt;lnln.snluuc 64,96
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SUB LN I B IR I I I O I I I I I T T S IS TR T T I N I IR I ) 23,98
SUBST LIRS SR B A B R I T B I T I I T I S I T I T T T T I I R T B B B R I | 122,151
SyUBv Pl el et e et et tassesassastrisey (Same as SUB)
TALKATIVE B0 0 8 ¢ g0 9 gt g0t e o P el aeatdrEe 68
THEN L B LA A B R R I B I I I U T BRI B I ') 5,72,87
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TL L A e I A R N N N N N N N N N NN R ] 29171196
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VFROHL L B B BN DRI I B Y T S IS B T R B ) LI TR I I IO T I ] 3211221125
VFROMS O RSN ALARRES LS 8. 4le 2 3 « * 8 et as . L BT ] 23,94
”HlLE U A ~ fe® bt P00 8r72
NRLINE L B | @ - 0 g 0 9 e 0 0o L2 T RN B I I | 49197
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ZR LR IR I B B I I e I I B I B B I I R I N I ) 19,71,96
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