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1~7lj 
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 is a powerful language, 

possessing a number of highly sophisticated features, 

including vector, string, and list processing, 

programs as data, and extend~bility. 
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CHAPTER 1. BASIC PROGRAM COMPONENTS 

1.1 Variables, va·lues, 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 

10, 246, -5. 

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 value, 

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, Pl234 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=l23 

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 
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XYZ19 = ABC 

would assign to the variable whose name was XYZ19 the current 

value of the variable whose name is ABC. 

1.2 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 tEing the current values 

of the variables. For example, if the value of the variable 

named ABC is 123, the value of the expression 

ABC+ 5 

is the nu~er 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 ordiLary 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+l,Y,2*Z) 

is an expression whose value is given by applying the function 

named MAX to the values of the expressions X+l, 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: 
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SQRT (2*Z) 

will have the value which will result from applying the function 

named SQRT to the value of the expression 2*Z. 

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 argum10:int. For example, 

execution of 

PRINT (A+l) 

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 f ctlse, and various 

ways of specifying collections of these objects. For simplicity, 

however, we will restrict consideration fo:,: the time being 

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

1.3 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 
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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; 
-t 

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: 

COST = 2*AREA; 

and then printing out the result 

PRINT (COST); 

w·ill 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); 

-4-



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 10 DETERMINF COST or PAINTING A ROOM 
AREA= ij•16*9•17J 
COST: 2•AREAJ 
PRINT<COST>I 
PRINT(COST+2*6•8)J 

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: 

COST= 2•ARcAJ 

PRINT(COST>J 
562 

PRINT(COST•2•6•8)J 
658 

1.5 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 Z 
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where Xis 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 Xis true, Y is evaluated, 

but if Xis false, Z is evaluated. 

There are a number of operators which can be used to construct 

logical expressions. In general, they return the value 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, 

g~eater than or equal to, less than or equal to, equal to, or 

not equal to another integer. For example 

IF X EQ Y THEN Z=l 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, 

Z = IF X EQ Y THEN 1 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=l; 

will set Z 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 .: 
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INCOME• aooo, 
ADDITiONS = 200; 
SUATRACTIONS = 95J 
TOTNYINC s INCOME• ADnITIONS ~ SUBTRACTIONSJ 
STANDED ~ TOTNYINC / 10; 

IF STANOEO GT 1000 THEN STANOED: 1000J 
F"ITMDl::DS ~ 950J 
LIF'REMS: 106J 
ITAXDl::l)S I! ~oo, 
TOTITMDEDS: F?TMOEDS • L!PREHS ~ ITAXOEDSJ 
IF STANOED ~T TOTJT~nEos T~EN DEnucTIONS = STANDFD 

NUMEX!::MPTS ~ 3J 
ELSE DFnucTIONS: TnTITHOEDS1 

EXEMPl IONS~ NUMEXEMPTS • 600; 
NYTAXAALE!NC = TOTNYINC •DEDUCTIONS-~ EXE~PTIO~S; 
PRINT(NYTAXABLEINC)I 

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 Xl ~LSEIF 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•O . 
F.LSEIF lNCO~E LT 5000 AND NUMEXEMPT GT ◄ TMEN TAX•10 
ELSEIF INCOME LT 10000 ANO NUMEXFMPT GT 6 THliN TAX•20 
ELSE TAXaJOJ 
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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 Pis 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 Pis 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: 

t:1; 
WHILE t•I LES REPE•T t=l+1J 
PRINT(l)J 

Suppose we only want to check the numbers up to some limit 

I=U 
WHILE I LT ~IMIT AND I•I ~ES REPEAT l=I•!J 
PfHNT(l)J 

will terminate if I exceeds LIMIT or when the number whose 

square is greater than Sis found. 

The second kind of loop is the for-loop, which takes the 

following form: 

FOR V=(Il,I2,I3) REPEAT C 

where v stands for a variable, Il,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 ftS follows: 

1. The value of Vis set to the value of Il. 

2. The values of 12 and I3 are calculated. 

3. If the value of Vis greater than the value of 12 

calculated in step 2, the for loop is finished. 

4. The expression C is evaluated. 

5. The value of Vis increased by the value of 13 calculated 

in step 2. 

6. Go to step 3. 

As in the example, if 13 is left out, a value of 1 is assumed. 

If I3 is negative, step 3 above tests for less than, and in 

step 5 Vis 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 = ll 
FOR 1=(1,N) REPEAT NN: NN•IJ 

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 last C. Thus 

NN = lJ 
PHINT(FOR t;<1,N) REPEAT NN • NN•I)J 

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 1=(1,l) REPEAT 
FOR J=(1 1 9) REPEAT 

rOR K~(l,9) REPEAT 
If (I+J+K)•(I*J•K> E~ 100•I+10•J•~ 
TMEN PRINT(100•1•10•J+K)J 

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. 
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1.7 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 

DO Cl,C2, ... CN END; 

where Cl,C2 ... ,CN are expressions. Expressions within a 

compound expression are separated by commas. An example of 

this is 

NN = lJ l = 1J 
WHILE l LE~ REPEAT no NN: NN•l, I = 1+1 ENOJ 

I LEN is an expression which is true as long as I is 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 L=(11100) REPEAT no ZZ=Z•Z, 
FOR Y=(1,Z•1) REPEAT DO YY:YwV, 

FOH X=(1 1 Y) REPEAT 

E~U 
ENOJ 

IF X•X+YY EO ZZ T~EN 
PRINTCX,Y,Z> 

The reader should note that the values taken on by x, Y and Z 

for successive executions of the conditional start out with 

1,1,2 1,1,3 1,2,3 2,2,3 1,1,4 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=l. Then the loop beginning for Y=(l,Z-l) 

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 z so there is 

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

-10-
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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 this point. 

1.8 Blocks 

A block in its simplest form has the following structure 

BEGIN(Vl, ... ,VN) ,Xl, ... ,XM END 

where Vl, ... ,VN are variables which are to be considered local 

to the block, and Xl, ... ,x:N\ 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 variabler.; 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 = 1J Y: 10J 
BEGI~(X), X = 5, y ~ 5 ENOJ 
PRINT<X•Y)J 

7he 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. 

1.8.1 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. 
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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 

could be written 

AR.EA= 8•16•9•171 
COST= 2•AREAJ 
PRJNT(COST)J 

B !: GI I\:. ( ) , 
AREA= 8•16•9•17, 
COST= 2t:AREA, 
PRINT(COST> 
ENOJ 

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 Lis a name. When evaluated, this will cause the next 

expression to be evaluated to be the one immediately following 

the name Lin the list of expressions. Such a use of a name is 

called a label. For example 
13EGIN() 1 
MOR, t :1 10,.1, 

J :i: l+?., 
LiOTO MOR 
E::NO J 

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 perm_its 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. 
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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, 

which is exactly divisible by 1, 2, and 3. The program can be 

written as follows: 

8EG1N(>, 
1=1, 

NXT,J=2, S•l., 
NXJ,lr J Ge I THEN GOTO PtN, 

O=l/J, 
lt 1 EQ J•Q THEN 5:S+J, 
J=J•1. 
GOTO NXJ, 

FlN,lt I EQ S THEN PRtNT(I), 
I=l+l, 
lt 1 LT 100 TMEN GOTO NXT 

ENOJ 

Jumps may only take place within a block. BALM does not p~rrnit 

us to transfer from one block to another. Thus 
BEGI~( >, 
PRINT(10+.:!0), 
GOTO DONE 
ENOJ 

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 

is valid but 

BEGIN(l>, 
I :a 1, 

NXT,I=I•1, 
Ir t12•2 FQ I TMEN PRINT(!), 
Ir t LT 100 TMEN 00 NXT 
ENOJ 

BEGIN(!>, 
rOR 1•<1,100) REPEAT 00 

NXT,lr 1/2•2 FQ t THEN PRINT(J) ELSE GOTO NXT 
END ENDJ 

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

diagnostic because labels may not appear within a compound. 
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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(!.>, 
Ir SwTCH ~Q 4 THEN L=L1 
ELSEJF SWTCH EQ 3 THEN ~=L2 
ELSEit SWTCH EQ 2 THEN L=L3 
ELSE L;:L4·, 
GOTO L, 

L 1, , , , . 
L 2, , , , 
L 3, • , , , 
L 4, , , , 

ENDJ 

More uses of this facility are possible using the more powerful 

data-objects which are described in chapter 2. 

1.8.2 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 

0f factorial N can be written 

R: 8t:GIN(1 1 NN), 
f\lNa:1, t=l, 
N X T , l r I G T N T H E N RE T U R N 1-1 N : 
NN1;NN•l• 
1=1~1,GDTO NXT 
ENOJ 

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 pe~mit him to write: 

R=FACT (N); 

which is more convenient. 

EXERCISES 

1.1 

1.2 

Write a program to convert numbers less than 100 from decimal 
to octal. 
Rewrite example 1.7.1 so that values of X which are less than 
z-Y are not tested. Compare the running times. 
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CHAPTER 2. MANIPULATION OF DATA OBJECTS AND STRUCTURES 

2.1 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 

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

IDQ (X) TRUE if X is an identifier, NIL otherwise 

INTQ (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 i tern 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 lNTQ(X) THEN .,, ELSEIF PAtna(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 

P(X,Y) SIM 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). 

2.2 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 

..... 1 _T_Y_P_E_ ...... I ___ *_: . (LENGTH L) . 

Cl C2 .. . . 

. . .. CL . . 

PAIR 

I._TY_P_E_..__ __ *_;-I ---~~--TY_P_E __ _ 

I TYPE 

VECTOR 

/,____TY_P_E _.._I __ *_: , (LENGTH L) 

TYPE 

TYPE 

TYPE 

TYPE 

IDENTIFIER 

..__I _TY_P_E __.I ___ I 
I ~ 

- Cl . . ... ca 

TYPE 

TYPE 
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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 O and 7. 

TYPE I MODE 

The following operations are available to manipulate the mode field. 

EXPRESSION 

MODE ( X) 

SETMODE (X, I) 

2.3 Atomic Items 

VALUE 

returns as an integer the mode field of X 

(6 bits on the CDC 6600 implementation) 

the item X with mode field set to I 

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 

no BALM operations which modify code blocks. 

2.3.1 Integers 

Integers may be expressed as decimal or octal numbers in BALM. 

Any integer followed by a Bis interpreted as being octal. For 

example 

13 -75 

are decimal integers, while 

77B 

are all octal numbers. 

101010B 
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The following expressions may be used with integers. 

Expression 

I+J 
I-J 
I*J 
I/J 

-I 
ItJ 

I EQ J 
I = J 

I NE J 
I LT J 
I GT J 
I LE J 
I GE J 
LAND (I, J) 

LOR(I,J) 

COMPL(I) 

XOR(I,J) 

SHIFT(I,J) 

PL I 

ZR I 

Value 

I raised to the J-th power 

same as I EQ J 

bit by bit AND of I and J 
I and J are considered as binary numbers 

bit by bit OR of I and J 

complement of I 

exclusive OR of I and J 

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

TRUE if I is not negative, NIL otherwise 

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 ANDY if X then Y else NIL 

X ORY if ,x then y else TRUE 

NOT X if X then NIL else TRUE 

NULL X if X then NIL else TRUE 

,x 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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2.3.3 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

ing message if they exceed eight characters. 

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. Note that ABC without the quote would 

normally refer to the value of the variable ABC. 

The following expressions may be used with identifiers. 

Expression 

SFROMID ( ID) 

VALUE ID 

PROPL (ID) 

VALUE ID = X 

PROPL(ID) = X 

IDl EQ ID2 
IDl - ID2 

Value 

the string which is the name comppnent of ID 

thus SFROMID(>ABC) results in iABCt 

the value component of ID 

For example: X=VALUE(=ABC) is equivalent to X=ABC 

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 

as well as a value. 

has the value X and the side-effect of changing 

the value component of ID to X 

has the value X and the side-effect of changing 

the property-list component of ID to X 

TRUE if IDl and ID2 are the same identifier, 
NIL otherwise. 

2.3.4 Code Blocks 

code 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) 

Cl EQ C2 

Cl - C2 

returns the value of procedure C when applied to 

argument X, if Xis a list (see Section 2.6) 

it is considered to be a list 

of arguments and C will be applied to the 

members of thelist. If Xis not a list it is 

considered to be the sole argument of c. 
TRUE if Cl and cC2 refer to the same code block; 

NIL otherwise. 

2.3.5 Labels 

Labels are used with GOTOs to determine tpe 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 i tern. 

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. 

2.4 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 I and following the last character by the symbol 1. 
In order to include the character I in a string it must appear 

twice. For example -21-



Sl=~ititJ 

is the string consisting of one character which is f. 

S2=-A QUOTE t~ MAY APPEAR IN A STRING~; 
will print as 

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 

purpo?e takes three arguments, a string, the index of the first 

character of the substring, and the length of the substring. Thus 

Thus the program 
S = ~ABCDEFGHI12345t1 SS = SU8(S.3,4)J 
SU8(S 1 5 1 7) 2 ~•••~J 

will assign the string fCDEFf to the variable SS, and leave the 

string fABCD+++34Sf as the value of the variable S. 

Strings may be concatenated using the operator concat. For 

example PRlNl(CONCAT(~ABC~,i123456J89012~~)); 
will print fABC1234567890123f. 

The following expression may be used to create a string. 

Expression Value 

STRING(Il,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(l,2,3); 

results in fABCf. 

The reader should note that the variable whose name is ABC is 

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 

SIZES 

IDFROMS (S) 

[continued] 

Value 

the number of characters ins 

the unique identifier in the system whose name 

is S. For example: IDFROMS(fALONGNAMEf) has 

ALONGNAM as its value. Note that the string is 

truncated to 8 characters. 
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Expression 

VFROMS(S) 

CONCAT (S 1, S2) 

SUB(S,I,J) 

SUB ( S 1 , I , J) = S 2 

Sl EQ S2 

Sl = S2 

EQSTR(Sl,S2) 

Value 

creates a new vector whose elements are the 

integer representations of the characters 

of s (see Section 2.5). 

creates a new string whose characters are the 

same as Sl followed by S2 

creates a new string whose characters are the 

I-th through the (I+J-1)-st character of S 

has the value of S2 and the side effect of 

changing the I-th through the (I+J-1)-st char­

acters of Sl to the first through the J-th 

characters of S2 

TRUE if Sl and S2 refer to the same string, 

NIL otherwise 

returns TRUE if S2 is the same as or a copy 

of Sl; otherwise NIL. 

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

For example 
;. A STRING 
ON TWO LINES~ 

is equivalent to 
-,.A Sl~INGON 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•AJ 
A:A+11 
PRINT(SAVE>J 
10 

-23-



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=-.ABCOErG~IJKLMNOPQRSTUVWXYZtJ 
MQOsAl.,P~AJ 
SUB(MOD,2,3)~123 ◄ 1J 
PRIN,-(MOD)I 
~A23 ◄ EfGHlJKLMNOPQRSTUVWXYZt 
PRJNT(A~PHA)J 

The value of ALPHA is also jA234EFGHIJKLMNOPQRSTUVWXYZj. 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 iABCDE .... . j occurs 

only once in memory but the assignment created a second reference 

to it. (2) The expression SUB(MOD,2,3)=i234i 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 in the above example were changed to: 

MOD=COPY(ALPHA); 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. 

2.5 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 Vis a vector 

the first element of the vector is referred to by the expression 

V(l), 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 nwnber in a vector V whose elements are all nwnbers can 

be written 

L=LENGTM<V>J 
Mf=Vt1]J 
rUR I=<2,~> REPEAT 

Ir V(IJ GT M THF.N l!sV(J1J 
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Here we have used the procedure length which will return as its 

value the nwnber of items in the vector (or list or string) given 

as its 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 = Lt:NC,T~CV)J 
FOR !=<1,<L-1)/2) REPEAT 

DC S•V[IJ, VClJ=V(L•1~Il, VtL•l•IJ=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 = LENGTHCV)J 
FOR !=(1,~-1) REPEAT 

IF V[[J GT V(I•1, THEN DO 
X = vtl•11, VfI•11 = V[ll, J = I, 
WMILE JG~ 2 AND V[J-1] GT X PFPEAT DO 

V[JJ ~ VrJ•11. J = J•1 ENC, 
VtJ] = X 
ENDJ 

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 nwnber 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 eleme~t 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~ MAKVECTOR<~), AACtll = A+B, 
AECt21 = 12, A9Cl~l : MAX<V) ENDJ 

would have precisely the same effect as the single expression above 

The following expressions can be used to create vectors. 

Expression Vector 

VECTOR(Xl,X2, ... ,XN) a vector whose elements are Xl,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 or 

a matrix by mathematicians. If Mis 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(l2, 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=~[A B ClJ 

V=VECfO~(~A,~8,~C)J 
and both will print as 

Similarly 

will print 

CAB CJ 

Vl:?[X Y Zll 
X:10J Vs201 Z:30J 
V2sVECTORCX,Y,Z)J 
X:t.A ~EW \IALLIEJ!J 
PRJNT(V1>1 PRtNTCV2)J 

ex y lJ 
[10 2U J0J 

The following expressions may be used with vectors. 

Expression 

V [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 = U 
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(l), ... ,U[SIZE U],V[l], ... ,V[SIZE V] 

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 

to V [ 1] , ... , V [ J] 

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 Vr 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. 

-27-



EQUAL{Xl,X2) 

Any items which reference a vector are 

affected by V[I]=X and SUB{U,I,J)=V. 

a utility procedure which returns TRUE if X2 

is the same as or a copy of Xl, 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 (X:Y):Z. 

-28-



The BALM notation for printing a pair is illustrated below. 
P=10JG0I PRINT(P)J 
(10.20) 

A pair may also be specified as a constant. We again use a quote 

character, either> or=. 
P= c(10 1 20>J PRINT(P)J 
(10,20) 

The following expressions may be used with pairs. 

Expression 

HD P 

TL P 

HD P = X 

TL P = X 

Pl EQ P2 

Pl= P2 

COPY(P) 

EQUAL(Xl,X2) 

Value 

the head component of P 

the tail component of P 

has the value X and the side-effect of changing 

the head component of P to X 

has the value X and the side-effect of changing 

the tail component of P to X 

TRUE if Pl and P2 refer to the same pair, 

NIL otherwise 

described in the section of strings is also very 

useful with pairs 

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. 

2.6.l 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 

LIST (Xl, X2, ... ,XN) Xl : ( X 2 : . . . ( XN : NI L) . . . ) 
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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, the 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 Lis a list of three 

numbers 1, 2 and 3, then the value of the expression HD Lis the 

number 1, and the value of the expression TL Lis 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 : OJ R : LJ 
WHILE R REPEAT no SsS+.HD R, RsTL R E~nJ 

Here the variable Sis 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 list. This situation 

can arise in code such as: 
L = LIST<l,2,3); 
X: 41LJ Y ~ 51LJ 

At this point the value of Xis the list containing the numbers 

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

HD Tl TL X: 9J 
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 1J 14) 

instead of: 

(12 1J 14,NIL) 
Similarly this notation 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) [1 ◄ 15 16) ([17 1~) 19)] 

and so on. Recall that an identifier in: such a constant will be 

treated as a constant, not a varici>le, and expressions will not 

be evaluated. 

Several useful procedures are available which act upon or result 

in lists: 
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.. . 

LENGTH (L) 

VFROML (L) 

LFRMOV(V) 

MEMBER ( X, L) 

SUBST(X,Y,L) 

returns the number of elements in a list 

returns a vector whose elements are the same as 

those of the list given as its argument. 

returns a list whose elements are the same as 

those of the vector given as its argument. 

called with two arguments, the second of which 

must be a list, returns true if the first argurnen 

is EQ to one of the elements of the second, 

For example: if MEMBER(=RED,L) THEN ... 

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: 
L~LISTC:REO,=BLUE~=VELLOW,:PU~PLE)J 
NEWL:SURST<=GREF.N,:RED,L)J 
PRINT(L)i 
CAREEN RLLJE YELLOW PURPLE) 

2.6.2 Exa:=ples 

Remenbe:r -::?:.:a:: ~ ±.~·,1 o.f a one element list is always NIL. 

In other words N.tL, r~~s -u--:ie end of a list. Thus we can print 

successive elements of a list in the following way. 

WHILE L REPEAT DO 
PR J NT ( ~U L.), 
L•TL L 

ENOJ 
Thiswill repeat the loop until L is NIL. Suppose L is a list 

of strings 

L=LlSl(-ONE~,-TWO_,~THREE-,itrouR;)1 

The first time through the loop 
JfONEit 

is printed and the value of L is LIST·(jfTWOjf ,,'THREE,', jfFOUR~). Next 

,qwoi 

is printed and the value of L is LIST(,'THREE,,'FOUR,'). Then 

~THREt:-

is printed and the value of L is LIST (,'FOUR,') . Finally 

JtFOUR~ 

is printed, the value of L is NIL and the loop is terminated. 
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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: 
~ST= =((RED,1) C8LUE,2> CYELLOW.~))J 
ID= =GREfNJ 
BEGI~(PREV,~,L), 
L=LST, 
~HILE L REPEAT DO 

Ir HD HD~ EO ID THE~ GO FOUN~, 
PREV=L, N•TL HD~. L=TL L 
END, 

TL PRcV•<lOJN•1>:NtL, 
RETURN N+1, 

FOUND, PRINT<!D,TL HD L) 
ENDJ 
PRINT(L)J 

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

HD HD L will be =RED. 

Note that HD HD Lis equivalent to HD(HD L). 

TL HD Lis 1 the first time through the loop, and the last time 

HD HD Lis =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 ITIL. The final print of L will result in 

EXERCISES 

2.1 Write a program to test a string and print it 

if it is palindromic, i.e. iMADAMi. 
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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. 

3.2 User Defined Procedures and Functions 

In general a procedure consists of an expression written in 

:erms·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: 

r(X,Y) a X•X•Y•Y 
In BALM we could write this as: 

SUMSQ = P~OC(X,Y),X*X+V•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 • SUMS0(C,D+3) • 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: 

1. 

2 . 

3. 

4. 

5. 

save the current values of X and Y 

Assign the value of C to X and the value of D+3 to Y. 

Evaluate the expression X*X+Y*Y. 

Restore the original values of X and Y. 

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 

considerab.le complexity, including .a block. The procedure 

mentioned in a previous section which calculates 1*2*3 ... *N for 

an argument N, could be defined: 
F"ACT: PROC(N), 

BEGJN(t,NN), 
NN1!111 l=l, 
NXT,lf I GT N TMEN RETURN NN, 
NN~NN•l• 
l~l•l,GOTO NXT 
c:ND ENL)J 

and could then subsequently be applied like any other procedure. 

Thus PRINT (F'ACT(5)) 

would print out the value 120. 

Below are .some expressions which are useful when writing 

procedures. 

Expression 

NUMARGS () 

ARGUMENT(I) 

Value 

returns the number of arguments of the current 

procedure 

returns the Ith argument of the current procedure 

These make it possible to call a procedure with a variable 

number of arguments. For example 

would print 

and 

would print 

PRTARliS•PROC(), 
8EG1N(N,t), 
N•~UMARGS(), 
roR t•<1,N) REPEAT 
PRINT(ARGU~ENT(J)) 
ENC ENOJ 

PRTARuS(10,20,30)J 

10 
20 
30 
PRTARuS(-STRING-)J 

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 

values. The value of a procedure 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 

APPLY (C, X) 

Value 

returns the value of procedure C where applied 

to argument x. If Xis a list it is considered 

to be a list of arguments and C will be applied 

to the members of the list. If Xis not a list 

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. 

would print 

and 

would print 

OF•PROC(F"1Y), 
IF lNTQ(F) THEN vtrl 
ELSI:!~ COUEQ(F) THEN APPLY<F,Y> 
ELSI: NI~ 
ENDJ 

V::[10 20 30lJ 
P~INT(0F'<3,V)) J 

30 

PRtNTCOF'(MAX,LtST(10,20)> >J 

20 
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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), 
8EGIN() 1 

IF ~lZE X NE SIZE Y THEN RETURN NIL, 
IF NOT VECTQ(X) OR NnT VECTQ(V) THEN ~ETURN NIL, 
FO~ f ~(1, SIZE X) REPEAT 
IF Xtll NE: Y[Il THfN RETURN NIL, 
TRUt: 
END ENDJ 

V: :((1 2] t2 31 [1 3JJ; 
l.= sqt 31 (2 3] [1 2))J 
N:0; 
I = 1 J 
WHILE L REPEAT DO 

IF SAMEV<HD L, V[J]) T~EN N=N+1, 
t:1+1, L=TL L 
END J 

PRJNT(N1.=MEM8ERS,~ARF.,sSAME>J 

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 MEM~ERS 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+l 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. Th~ third time through the loop 

element 3 of the list will be compared to element 2 of the vector. 

The answer is 
0 MEM~ERS ARE SAME 

-37-



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. 

While the rules for name scoping in BALM are simple and 

straightforward they may seem confusing to users with experience 

in some other p~ogramming languages. In most programming languages 

storage allocation and, therefore, name scoping is determined at 

compile time and remains static durin9 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 occur.rence 

of the name refers to the current value of that identifier. 

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

ieclaration following a begin. For example: 
BEGIN CA,B,C> 

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 local 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 enteri~g 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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OUTLINE• ~ROC(), 
BE:Gir-.(ITM), 

ITM=READ( INPUT), 
IF EOF(ITM) T~EN RETURN NIL, 
IF PAIRQ(lTM) T~EN ~LIST(> 
ELSEJF VECTQCITM) T~EN MVECTC) 

' 
' ELSE PHINT(~ERROR ON INPUT rJLE,> 

END ENDJ 
MLIST= PROC(), 
00 PR!NTC:;:LlST,ITt-t>, 

' F.ND ENDJ 

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 = PROCC~), 9EGl~C~,R), 

S ~ U, R = L, 
WHILE R REpEAT no s~s•HO R, R•TL R tNn, 
RETURNS ENO 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 
LSUM(L) C HD L + LSUM(TL ~) 

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

the following concise definition: 
LSUM: PROC(L), 

ir L EQ NIL THEN 0 ELSE Hn L • LSUM(TL L) 
ENOJ 
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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 write 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: 
APPE~U s PROC(X,Y), 

l~ X:NIL THEN Y ELSE ~D XsAPPENDCTL X,V) 
ENDJ 

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

recursive implementation is more complicated, but can be written 

as follows: 
APPE~D a PROC(X,Y), REVAPP(REVArP(X,NIL),V> END, 
REVAPP: PRQC(L,R), 

~EGtN<>, 
~0R1 l~ I.. EQ NIL. T~EN qETU~ll R, 

~~HD LzR, L = TL L, Gn MOR 
END ENOJ 

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 at~ 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 Han_oi 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 sm~ller ring. 

The following recursive function prints the steps necessary 

to move N rings from one spindle to another. 
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HANOl=PROC<N,ST,DEST,lNTERM), 
IF ZR N THEN NIL ELSE no 

HANOl<N-1,ST,INTERH,OEST), 
PRlNTC=MOVE,=RJNG,N,=FROM,ST,•TO,DEST>, 
HANOlCN-1,INTERM,DE~T,ST) 
Et\D 

El'JOJ 

HANOl(5,=A,;G,s8)J 
MOVE HtNG 1 FROM A To C 
MOVE RING 2 FROM A Tn 8 
MOVE RING 1 FROM C To ~ 
MOVE RING 3 FROM A To C 
MOVE RING 1 FROM B To A 
MOVE RING 2 FROM B To C 
MOVE RING 1 F'ROM A To C 
MOVE RING 4 F'ROM A To 13 
MOVE HING 1 F"ROM C To A. 
MUVE HING 2 F'ROM C To A 
MOVE HING 1 FROM 8 TO A 
MOVE RING 3 FROM C To B 
MOVE HING 1 FROM A r () C 
MOVE RING 2 rROM A To ~ 
MOVE HING 1 FROM C To !3 
MOVE RING 5 FROM A To C 
MOVE RING 1 rROM 8 To A 
MOVE RING 2 F'ROM B To C 
MOVE HING 1 FROM A To C 
MOVE RING 3 FROM 8 Tn A 
MOVE RING 1 F'ROM C To r;l 

MOVE RING 2 FROM C ro A 
MOVE RING 1 FROM B To A 
MOVE RING 4 F'ROM B To C 
MOVE RING 1 FROM A Tn C 
MOVE HING 2 FROM A TO B 
MOVE RING 1 F'ROM C To 13 
MOVE HING 3 F'ROM A Tn C 
MOVE RING 1 F'ROM 8 To A 
MOVE RING 2 FROM ·s To C 
MOVE HING 1 F'ROM A To C 

The program logic can be seen by induction. Clearly, moving 

zero rings requires no steps. Moving one ring requires one step. 

MOVE RlNG 1 F'ROM A TO~ 
Moving two rings requires three steps. 

MOVE RING 1 F'ROM A Tog 
MOVE HING 2 FROM A TO C 
HOVE HING 1 FROM B TO C 

The general solution is: 
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( 1) 

(2) 
move N-1 rings from A to B 

move ring N from A to C 

(3) 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 H.Ai.~OI 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 destinatio~ is 

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

from intermediate to destination. 

EXERCISES 

3 .1 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 Land the vector V contain the same 

elements in the same order. Assume the elements are 

integers. 

3.3 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 procedures may be specified by the user. We 

will discuss how to do this in the next section. 

The simplest output operation uses the standard procedure PRINT: 

PRINT(Xl,X2,X3, ... ,XN) 

Xl through XN are written on the file which is the value of OUTPUT. 

The value 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/ /10/ /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 Pl234 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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,, 

VECTORS 

[A B CD] [[1 2] [1 3] [1 4]) 

Vectors are enclosed in square brackets. The print program keeps 

track of how many levels of nesting have, 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. 

CONLY ON~ LEVEL Or NESTING OCCUR~ 
HEREI 

[[TWO LEVELS OF NESTING OCCUR 
HERE]] 

[ONLY ONE [LEVEL OF NESTING] 
0CCl,;~S HEREl 

If there are more than 20 levels the print program 

at the left margin. 

PAIRS 

(A . B) (X y Z) (W X Y I Z) 

Pairs are printed as 

(1 . 2) 

except when the tail is 

(1) another pair 

1:2:3:4 prints as (1 2 3 . 4) 

(2) NIL 

l:NIL prints as ( 1) 

1:2:3:4:NIL prints as (1 2 3 4) 

starts over 

The same indenting rules described with vectors are used to 

indicate levels of nesting of pairs. 

<THE~~ 1S ONLY ONE L~V~L OF 
NESllNG HE~E:> 

(l~IS ts AN EXAMPLE or (TWO 
LEVELS OF NE~TING)> 

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 *** 

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=READCIN~Ul')J 

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 .S) 

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 

=> 00 A=READ(INPUT), R=READ<lNPUT), C:READ(?NPUT) EtlOJ 
:> (A 8 C> lX V ZJ 10R 
:> PRINT(A)J 

(A 8 C> 
:;:> ?RINTCBJ, 

[X Y ll 
:> PRINT(C); 

8 
:> OCTHODE:TRUf:I 
=> PRINTCC); 

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(tNPUT), V•REAO(JNPUT>, Z ■ READ(INPUT) E~OJ 
11> A. ' 8 
•> PRJNl(X)J 

A. 
:> PRtNT(Y)J 

• 
1:> PRINT(Z)J 

R 
Spaces are ignored by READ except when they serve as 

between names or numbers. 
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4.2 Defining Other Files 

Since I/O 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. 

MAKFlLE(F'N, 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: 
MYF'llE=MAKFllE(4,72); 
)(:READ< MYF· I LE) J 

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. 

NE~F=MAKFlLE<~FlllZ-,80); 
Z=REAIH NEWF) J 

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(F'N> 

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(4); 

closes the file known as TAPE4. 
• CLOSE(,fILzit)J 

closes the file known as FILZZ. 
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" 

.. 

4.3 Other I/O 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=MAKFJL~<~PUNCHt,72)1 
DATAz~ THIS IS AN OUTPUT MESSAGE-J 
WRITE(DATA,OUTF); 

These expressions define OUTF as being the local file PUNCH, 

and write the string fTHIS IS AN OUTPUT MESSAGEi on that file. 

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

RDTOKEN (FIL) 

RDTOKEN is quite similar to READ but slightly more primitive. 

RDTOKEN behaves in the same way as READ for integers, identifiers 

and strings, but doesn't construct lists 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 

=> 
:> 
=> 

,> 

•> 

The 

prefaced by=>. For example: 
DO A=HDTOKEN<INPlJT), B:RDTOKEN(INPUT>, CzRDTOKEN(INPUT) END• 
( 1 I 2 ) 
P~IN1(A)1 
( 

PRINT(B)J 
1 
PRINT(C)J 

parentheses and brackets are returned as one character 

identifiers. For example: 

BEGI~<>, 
A=~OTOKEN(JNPUT), 
Ir A cQ 1orROHS(_(_) T~EN MAKLIST() 
ELSEIF A cQ IDrRO~S(itt) THEN MAKVECT() 
ELSEIF A EQ •• THEN MAKO() 

I 

' ENOJ 
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: 
BEGI~( lTM), 
NEWF=MAKFILE(3,89), 

RD,ITM:RcAO<NEWF), 
IF EOF<lTM) THEN GO FIN 
ELSE 

' GO RD, 
FJN,PHJNT(~PROCESSING C0MPLETE1) 

ENn; 

SAVEBALM(FN) 

SAVEBALM is a procedure which provides a facility quite 

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

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 yo:J.r 

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), 
BE:Gl~(>, 

' ENOJ 
SAVEBALM(~OWNSFIL;{); A local file known as ~OWNSFILi is 

written and contains the state of the machine, that is all 

variables, r.egisters, 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. 

RESU~EALL(~QWNStlL~)J 
MYPROC(10t20,30)J 

Suppose that iOWNSFILf is the one created by SAVEBALM above. 

Once the RESUMEALL has been executed MYPROC is defined and can 

be used. In 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 

RDLINE(FN) 

Value 

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 off f. When an end of 

file is read a string of length O 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. 

Example: 

OPEN(FN,I) 

Example: 

WRLINE(S,FN) 

S=~DLlNECl>J. 
ABCOEFG~IJKLMNOPQRSTUVWXVZ 
PRIN'T(S); 
tABCD~FGHIJKLMNOPQRSTUVWXYZ~ 

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. 

OPEN(~MYFlLEl,9Q)J 
Z=RDLJNt(~MVFILE,)J 

the string 

returned. 

Sis written on file FN and Sis 

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

with WRLINE on output. Example: 

WHLINE(~ THIS IS AN OUTPUT M~SSAGE-1 2)J 
THIS 1S AN UUTPUT MESSAGE 
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Expression (Cont'd). Value 

ENDFILE(FN) 

REWIND(FN) 

BACKSPACE(FN) 

SAVEALL(FN} 

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. 

Note: the procedure SAVEBALM uses the operation SAVEALL. 
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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: 

programs: 
A: 10+20/5 

A:1QJ 
PRINT(A); 

conditional expressions: 

loops: 

IF X T~EN Y ELSE Z 
IF X T ~EN Y 
IF X THEN Y ELSEIF A T~EN R ELSE Z 

WHILE P REPEAT C 
FOR V:(11,12,13) REPF.AT C 

compound expressions: 

and blocks: 
DO C1, C2, C3, ••• CN END 

8EGl~(V1,V2, ,,, VN), 
Xl, X2, , , • XM 

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(Xl,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= PH0CCARG1~ARr,2, ••• AnnN>, X END 
A procedure can contain only one expression although that 

expression may be a block or compound. Procedures can be writte11 

to accept a variable number of arguments by using 
NUMARliS() 
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.. . 

which returns the number of arguments and 

ARGUt-11:NT ( 1) 

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 argwnent. 

Print conventios discussed in Chapter 4 a~e as follows 

integers 

logicals 

labels 

identifiers 

code 

string 

vector 

pair 

10 1018 BY 

TRUE NIL 

/10/ /J/ /2/ 

A~C HELLO P12345 

/PROC TEST/ PROC tACT/ 

'I-A STRING~ ~1234 /// 10i 

(1 2 .SJ [X Vy Zl 

(10 , 20) (10) (10 20 30) 

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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COMMENT may follow any infix operator, but usually follows a 

comma. The program should be syntactically correct when 

COMMENT xis removed, so a comma should not be found both 

before and after the comment. Example. 

• A PROGRAM TO DF.MONsTqATE BALM 
• t N F U T A I\J D ·O U T P lJ T 
DE:MO : PROC (), 

8EGIN<ITM), 
ST, ITM = READ(JNpUf), 

IF EOFCITP-1) THEN GO DONE, 
IF INTQCITM) THEN PRJNT(:TYP[,:fNTEGER,tT~) 
ELSF-IF LOGQ(ITM) THEN pqJNT(:TYPE,=LCGICAL,ITH) 

t 

ELSE PRINT(:UNKNOWN,=TYPE), cnHMENT ;ALL TYP~S TESTED~ 
GOTO ST, 

DONE, PRINT(tEND OF FILE ON fNPUTt) 
Ef\lJ 

END; 
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CHAPTER 6. RUNNING A BALM PROGRAM 

6.1 Source Input 

The control card to direct the system to execute BALM4 on 

the CDC 6600 is 
8Al.M4, 

or 
8ALM4(1NPUT,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. 

or 

If the source program is on local file BINP then 
8ALM4(BJNP) 

8ALM4(81NP,UUTPUT) 
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 

or 
i3ALM4(,BOUT) 

8A~M4(1NPUT,80UT) 
are appropriate cards. Finally 

8AL,M4(81NP,B0UT> 
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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X1234~6,CM60000, USER NA~E 
ATTACH(BALM4,8LM4SVD> 
8ALM4, 
GHEE~ END OF RECORD CARD 

BALM SOURCE PROGRAM 
t 

PINK cNO 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. 

X123 ◄ 56,CMt20000, USER NAME 
ATTACHCTBAL~4,BLM4SVD•TBLM4SVD) 
Tt3ALM4'. 
GREE~ END OF RECORD CARD 

BALM SOURCE PROGRAM 

' PINK cNO OF FILE CARD 

The following deck setup gives an example of a program which 

reads cards from a file other than input. 

X12J4,6 1 CM6QDOO, llSER NAME 
ATTAC~Ct3ALM4,BLM4SV0> 
COPYBt-<( JNPllT, lNF'lL) 
Rf:Wl~D( INF IL> 
8ALM4, 
GREEt\ END OF' RECORD CARD 

DATA CARUS 
t 

GREE~ END Of RECORD CAQO 

I 

ITM:REAO( INP> J 
I 

PINK ENO OF F'ILE CARO 

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 BLM4SVD. 
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!I 
• I 

or 

X1233O4,6,CM60000. • USER NAMF. • 
ATTACH(~ALM4.~LM4SVO:OWNSAVEn.FILE) 
BALM ◄ , 

X1234?b 1 CM120000, USER NAME 
ATTACH<BALM4:T8AL~4,BLM4SVD,0WNTSAVEDFILE) 
8Al.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. 

BALM programs. 

The following commands are necessary to execute 

The system messages are.inlower case, the user 

responses in upper case. 

I 

command• ATTACH(BALM4,8LM4SVD) 
command• EFL(6000Q) 
command• CONNECT ( 1 NP\JT) 
command• t:Ltt L 1-14 , 

In batch operation the BALM compiler echos each line of input 

on the output file. This can be inhibited on the teletype by 

setting TTYFl.AGsTHUci 

The system subsequently prints a > each time it is ready to read 

a line of input. 

TTYFLAG:THU~J 
TTYFLAG=T~U~J 
>PRl~T<~Hlit) J 
tH I it 

> 

The user may issue commands to the SCOPE operating system by 

prefacing the line with an exclamation point. 
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>PRl~T(-TESTING~>; 
~TF.STING~ 

>~ET~(100) 
► PRl~T<~HEL~O,); 
tHELLUt 

> 

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, 
>8EGIN<l>, 
>wHl~c I LT 10 I=J+1 
*** <l [SNOT AN OPERATOR) ••• 
> ; 
(1 ERRORS) 

> 

There is 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. 

6.3 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 ERROR) 
ASSIGN, 
caused by placing a constant on the left-hand side of 

an equal sign. 
10=A•~ 

<BRACKETS DONT MATCH) 
GtTV, 
A cqnstant vector has a missing right bracket, 
A8C: =llO 20 [1 2]J 

••• CN CCMPlL~ cRRORS JN •-~ ) ••• 
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. 

••• <ERRC~ IN OCTAL NUMBER) ••• 
LXSCAN, 
An octal number with an 8 or 9 appears in the text, 
10198 

••• <EXPECT F.LSE HAVE••-> ••• 
G~LSE 
A conditional statement is illformed. 

••• (FOR ~RROR) ••• 
GFOR 
A FOR loop is ill formed. 
FOR 1=1,10 HEPEAT ,,, 

••• < !MPHOPER USE OF ••l ••• 
ANALYSE~ 
A syntax error has occurred, caused by using a predefined 
infix operator incorrectly. 
A:8+•XJ 

•••<•·• IS NOT AN OPERAT0R) ••• 
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 d PRINT(~A~); 
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*** <INPLT INVALID NO COnE COMPILED)••• 
SlJ8LELS, 

.... 
••• 

••• 

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

(MISSING E:ND AF"TER BEGIN> • •• 
GPROG 

<MISSING ENU AF'TER Do> *** 
GPROGN 

<MISSING ENU AF"TER PROC) • •• 
GLAM6UA 

*** <MISSING OPERAND BEFORE-) ••• 
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. 

* • • < ~I I S S I NG ~ - ) • • * 
ANALYSF., 
The -- in the message is either a ) or a ] . Syntax error 
caused by omitting a closing) or]. 
A[I = 10J 

••• <--- NOT VALID LHS) •*• 
GSETG 
An expression appeared on the left-hand side of 
an equal sign. 
A(I)=lO; 

*** <----- NOT VALID THEN CLAUSE>••• 
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 DUNT MATCH) 
GE::TLIST 1 

A constant list is defined with missing parentheses, 
l-= =<10 AC; 

••• (WAR~ING --~•-•-- GRFATER R CHARACTERS) *** 
LXSCAN, 
This is only a warning and can be ignored. Since BALM only 
accepts 8 character names anything else is truncated. This 
message s~rves to remind the user that BALM is seeing only 
8 characters. 

••• (WHILc ERROR) ••• 
GWHI~t: 
A while loop is ill formed. 
WHILE C LT 10 THEN PRINTCC)J 
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6.4 Run Time Errors and Messages 

ATTEMPT TO APPLY A NO~ PROC IN•-•·•· 
The procedure named in the message contains an expression 
of the form 

APPL.Y<F,L) 
and Fis 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. 

+++ ATTEf'IPT TO GOTO A NON LAAEL IN PROCEDURE -----~ 
The procedure named in the message contains an expression 
of the form 

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

BEGIN<), ' ' . D0 FNDi 

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

+++•----~CALLS A NON PROCEDURE 
The procedure named in the message contains an expression of 
the form 

f ( X) 

where Fis 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 ~XCfEDS GARBAGE CnLL[CTOR SlACK 
The garbage collector is unable to trace a data structure. 
This is mos.t likely the result of trying to use a BALM 
primitive with an item of incorrect type. For example 

HD NIL s 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 CULLECTlON CAN RECOVF.R LESS 1/20 HEAP ~FACE 
EXECUTIO~ TERMJ~ATED 

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 COLLECTOR FOUND AN INVALID TVPE 
SYMBOL TAciLE cN1RY ---
NAMt -----

This is probably the result of attempting 
primitive with an item of incorrect type. 

HC VcCT ~ LIST1CIJ 

GARBAGE COLLECTOR FOUND AN INVALID TYPE 
SYMBOL TYPE STRING ENTRY ---
NAME ---~~ 

to use a BALM 
For example 

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

GARHAGE COLLECTOR roUND AN INVALID TVPE 
STACK ENTHY ---~-

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

GARBAGE COLLECTOR fOUNO AN INVALID POINTER 
SYMBOL TA~~E tNTRY ---
NAME-----

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

GARBAGE COLLECTOR FOUND AN INVALID POI~TER 
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 P.OINTER 
STACK ENTRY~~-• 

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 EXFCUTI0~1 

Increase the field length on the job card. 

INVALID AHGUMcNT TO I/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 FlLE 
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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f . 

+++ ----• IS NOT A PROCEDURE 
One of the user's programs contains an expression of the form 

-~•-----<X> 
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 

++ ♦ I IS NOT A PROCEDURE 

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

F:PROC<X,Y), X1, X2 ENO; 

MORE THA~ •• CALLS TO ERROR• PROGRAM ABORTED 
The current default .. allows for 10 errors. After that 
execution is terminated. 

NOT ENOUGH SPAC~ FOR NE~ Ftlf ··•·• 
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 SPACt NEED•• MORE WORDS 
The garbage collector was able to recover at least 1/20 of the 
total space available for data. However, a request w~s 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 HEluHT MISMATCH 

SUBSTRING ERROR·- RESULT TRlJNCATEn lN PROC ·--­

UNOEFl~ED MSALM •· 
An attempt was made to use an MBALM 
have an instruction associated with 
error, although could be caused by 
created with an old simulator. 

opcode which does not 
it. Probably a system 
using a saved file recently 

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

AUD~ESS OUT OF RANGE OR ARIT~METIC tRRQR 

Thi s :;.s probably the result of using a prirni ti ve operation or 
procedure with a BA.LM i tern of inappropriate type. For example 

C0NCATCPAlR1,PAIR2H OR HO VECTOR1 OR TL N[L=1 
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6.5 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 BS 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. 

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

7.1 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 
STOPC) 

For example 

I 

IF I~U uT LIMIT THEN DO 
PR I NT ( it NU SOLUT I Ot--J i:-our-,n,t). 
STOP() 
E~D, 

There is a facility for making timing studies. 

For example 

returns the time since start of execution in l0ths 

of seconds 

BcGl~(CHK1,CHK2), 
CHK1=TIMEl>, 
F ( X) , 
CHK2=TIME(>, 
PRINT(CHK2-CHKt,=SPENT,:JN,:f) 
ENO; 

will print the time in l0ths of seconds spen.t in procedure F. 

ERROR RECOVERY 

There is a procedure named ERROR in the BALM ~ystem. 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 TYP~ f:Q 3 THEN DO EXECUTE(JNPUT,OlTPUT), STOP() ENr 
c:LSE STOP() 

ENOJ 

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. 

7.2 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 
DE:8UG( )I 

This will affect all procedures compiled from then until an end 

of file or 
NODEBUG()J 

is encountered. For example 
FACTl=PROC(X), IF ZR X THEN 1 ELSE X•fACT1CX•1) f:ND; 

DE:BUG()J 
FACT~=~ROC(X), Ir ZR X THEN 1 ELSE X•FACT2CX-1) ENOJ 

PRINT(F"ACT1(5)); 
120 

FACT2(4)J 
FACT2 ENTERED 
ARG 1 IS 4 
FACT2 ENTERED 
ARG 1 IS J 
FACT2 ENTERED 
ARG 1 IS 2 
FACT2 EN'rERcD 
ARG 1 IS 1 
FACT2 ENH:Rt:D 
ARG 1 IS 0 
f'"ACT2 RETURNED 1 
F"ACT2 RETURNED 1 
FACT2 RETURNED 2 
F"ACT2 RETURNED 6 
FACT2 RETURNED 24 
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An example of goto tracing is as follows. 
DEBUG()J 

EH:Gl~tf"IRST), 
F"lRSl=11 

L. , I F F 1 R ~ T E Q 1 THEN F I RS T :F" 1 RS T • 1 El.. SE R-E T lJ RN T R LI E , 
GOTO~ 
ENDJ 
GOTO L 

There are two switches to allow the user to control 

printouts after the procedures have been compiled with debugging 

prints, 

and 
PRCTRACE 

GOTRACE 
For example 

DEBUG()J 

f"ACTc~ROC(X), IF ZR X THEN 1 ELsF X•FACTCX•1) END; 

PRCTRACE=NTLJ 

PRINl(F"ACT(5))J 
120 

PRCTRACE:=lRUEJ 

FACT<2>1 
FACT ENTEHF.D 
ARG 1 1S 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 recompile. 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=O ENDJ 

This avoids tracing the compiler proceduxes 

TRACE - Default value is 0 

1 - messages areprinted from the garbage collector 

indicating how many words of heap are used for lists, 
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2 

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. 

- 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, and 4. 

There exists a further tracing capability. 

Expression 

STKTRACE(I) 

Value 

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=PROC(ARG), 8EGJN(~), 
N=STKTRACE(2), 
N=T~ N, 
PRINT(HO N, =CALLS,:MESS>, 

• 
~NO ENDJ 

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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7.3 Talkative 

It is possib_le to run the BALM compiler in talkative mode. 

This is useful when studying the compiler. The variable 

TALKATIV is the switch with which to trigger the printouts. 

TALKATIVE - default value is 0 

1 the compiler prints a list of global variables used 

following each compilation 

2 

3 

4 

the same as the above plus a print of the syntax tr~e 

the same as both 1 and 2 plus a print of the syntax 

tree following macro expansion 

the same as 1, 2 and 3 plus a print of the MBALM 

code generated for each statement. 
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CHAPTER 8. SYNTAX 

8.1 Parsing 

The compiler consists of three phases, which are called the 

parser, the macro-expander, and the code generator. The parser 

trans forms an expression in to a form called the syn tax tree which 

shows the syntactic structure of the expression explicitly. 

To illustrate theform of the syntax tree, consider the 

following expression. 
X • X 

The syntax tree of this expression can be represented as 
<•XX) 

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 
X•X+Y•Y 

can be represented as 
(+ (•XX) (• y Y)) 

This shows that the expression is the sum of two 
whose syntax trees are (*XX) and(* Y Y). The 

has the syntax tree 
PRINT(tHESULT~,A•cH~c,, 

subexpressions 
expression 

<PRI~T (, tH~SULT- <• A (+BC)))) 

Syntax trees may be printed by setting the switch 
TALKAlfVc2; 

In this example each line input by the user is prefaced by=>. 

For example 
:> TALKATIV=2l 
:>A: E + Cl 

SYNTAX TfH::E 
(: A (• B C>) 
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• . 

8.2 Precedence and Associativity 

The BALM language is what is sometimes called an opera~or 

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 
X•X+Y•Y 

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

than+. This means that in an expression of the form 
CA+B)•C 

the parer.tl1eses are necessary to associate C with the expression 

A+B. In BALM every operator has two nwnbers associated with it, 

called its left and right precedence. If the right precedence 

is higher than or equal to the left, the operator is right 

associative . 

is equivalent to 

However+ and - which have the same precedence are left 

associative. 

A-B+C~D is equivalent to C(A-8),..C>•P 

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 thi~: 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 prf:~fix 

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 pr.efix operator (unless itis used to terminate thP. 

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 oper~t~~ 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 Built-In Operators 

Unary and Bracket Operators 

Operator 

> 

= 
COMMENT 

NOOP 

HD 

TL 

SIZE 

VALUE 

$ 

ZR 

PL 

NOT 

NULL 
-, 

Definition 

Quotation of constants 

Quotation of constants 

Following operator is 

treated as a variable 

Head of a list 

Tail of a list 

Local variables 

Arithmetic negation 

Zero test 

Positive test 

Logical negation 

Logical negation 

Logical negation 
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Precedence 

9999 

9999 

9999 

9999 

2000· 

2000 

1900 

1900 

1900 

1700 

1200 

1200 

1200 

1200 

1200 



Operator 

GO 

GOTO 

FOR 

WHILE 

RETURN 

IF 

PROC 

BEGIN 

DO 

Definition 

Block exit 

Procedure definition 

Block definition 

Compound statement 

Infix Operators 

Operator Definition 

t Exponentiation 

I Division 

* Multiplication 

+ Addition 

Subtraction 

EQ Equality test 

- Equality test 

NE Not equal 

GE Greater or equal 
GT Greater than 
LT Less than 
LE Less or equal 
SIM Sarne type 

AND Logical and 

OR Logical or 

Pair formation 

= Assignment 

REPEAT 

THEN 

ELSE 
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Precedence 

500 

500 

500 

500 

500 

200 

100 

100 

100 

Associativity 

left 

left 

left 

left 

left 

right 

right 

right 

right 
right 
right 
right 
right 

right 

right 

right 

right 

right 

right 

right 

Precedence 

1800 

1600 

1600 

1500 

1500 

1400 

1400 

1200 

1200 

1200 
1200 
1200 
1200 

1100 

1100 

800 

700 

600 

400 

300 



Operator Definition Associativity Precedence ---
ELSEIF right 300 
, Separator right 100 
MEANS Macro definition right 0 

END Bracket terminator right 0 

; Terminator right -1 

8.4 Examples 

The following is a syntax tree from a complete BALM procedure. 

Lines input by the user are prefaced by=>. 

:> SUBST = PROC<A,X,L), 
= > IF A E Q L THEN A 
=> ELSEif NOT PAIRQ(L> THEN L 
:> ELSc SU~ST<A,X,HD L):SUBST(A,X,TL ~) 
:> ENCJ 

SY~TAX TRE::E C: SUBST (PROC C, (, A (, XL)) 
(IF CELSEir CfHEN (EQ AL) A) 

(ELSE (THfN (NILQ (PAIRO L)) L) 
(: (SlJ8ST <,AC, X (Hr) l.)))) 

CSUBST <, A (, X (fl L))))))))) 
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 8) 

we can select and examine subtrees. The first subtree begins 

with 
CPROC ,,, 

PROC is a bracket operator and it forms a tree like the following. 

C PROC C, ARG EXPR) ENO> 

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 ELSEY 
parses as 

<IF CcLSE <THEN CQNO 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 

programp 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 safeguards 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. 

9.1 Defining New Operators 

The following expressions, when evaluated, will define new 

operators. U~ARY(=OP,LPR,:pR) 
ARACK~T(=UP,LPR,=pR) 
INFIX(=OP,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, 
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SEARCt-t<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 X Of L 

The following expression will define the operator 

INFIX<=UF,1451,1450,=SEARCM)J 
The expression 

X OF L 

will now parse as 

The precedence selected is be~ween the arithmetic and the logical 

operators. Thus the user may write 

rF X•N or Ll Ea V•NN OF L2 
which is equivalent to 

IF ((X•N> 0~ L1) EO C(V•NN> OF L2) 

Tl IF.N t t t I I I 

.. ' 
The operHtcr is left associative because its left precedence is 

greater than its right precedence. Thus 

is equivalent to 
X OF L1 or L.2 

ex OF ll) OF L2 

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

has written a matrix multiply procedure, 
MMPY= PROCCX,Y), 
8EGlt\() 1 

IF JNTQCX) AND INTO(Y) THEN RETURN X•V 
ELSEIF INTQCX) ANn VECT~CV) THEN ••• 
t~~Elf fNTQCY) ANO VECTQCX) THEN•••• 
EL~EJF V~CTO(X) AND VF.CTQCY) THEN ••••• 
~LSE.00 PRINTC,MVLTIPLY ERROR,>, RETLRN ~IL END 

END ENDI 
he may now change the meaning of* so that 

parses as 

by writing 

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 
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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 definition of an operator. 

REMl~FIX<=OP>; 
R~MU~ARYC•OP)J 

He may therefore execute 

and 

will again parse as 

REMI~~ IX<~•)I 

X * y 

Now he is ready to redefine MMPY. 

USE OF NOOP 

Suppose a user defines a new operator 
<=IN,1451,1450,=IN)l 

and then wishes to associate a procedure with it. 

IN=PROCCA,~), ••••• ENOJ 
He will receive the following diaqnostic from the parser. 

••• CIMPROP~R USE Of l~) ••• 

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,8), , ,. ENDJ 

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 XV) 

Suppose the user writes a procedure which can be used to construct 

these lists, so L=DEFtX,Y,L) 

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

to be able to write 
X OF L: Y 

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 
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exprl MEANS expr2 

Macro expansic~ 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 expr-~ssion 
x1 OF X2: x3 MEANS x2 = DEt(X1,X3,X2); 

defines the transformation and the user may now write 

A+10 OF LlSTl =~ALPHAt1 
and it will be transformed to 

(: Ll~T1 (D~~(,C+A 10) C,LtST1 ~ALPHA;))) 

The variables Xl,X2, ... Xl0 play a special part in MEANS. 

Occurrences of these variables in exprl match any subexpression 

in a parsed tree. These subexpressions are·then 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 ~ Xi MEANS Y: nEF(X,Y,X1)i 

only expressions containing those variables, such as 

X OF Y: 10, 
X OF Ya A+B+CJ 

will be trans formed. Expression with other variables 

A or L ~ 10, 
C + D 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 

substituted. 

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

was dealing with two-dimensional arrays implemented as vectors 

of vectors, and wanted to refer to the (I,J)th element of 

an array Mas M(I,J). Instead of M(I] [J], he would do this 

by first specifying 

X1CX2,XJJ MEANS Xl(X2J(X3]J 

In subsequent code expressions matching Xl[X2,X3] would be changed 

to the form Xl[X2] [X3], so that, for example, ABC[2*K,L+l] would 

be changed to ABC[2*K] [L+l]. 
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The transformations specified by MEANS definitions can be 

considered 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 firs.t 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>, , .•. , ENDJ 
INFIX(=OF1t451,1450,=SF.ARC~}I 
DEF~P~OC(A,~,C>, ••• •• ENDJ 
Xl or X2: X3 MEANS X2 = DEF(X1,X2,X3); 

If the following statement is encountered 

A or LISTJ ~ A+10J 
it will parse as 

<= (ScARCH A LtST3> ( ♦ A 10)) 
The macro expander will check to see if it has patterns starting 

with=, and will find 
(: (ScARCH X1 X2) X3> 

which does match and the syntax tree will be transformed into 
<~LIST2 CUFF< , A <, (+A 10) LIST3)}) > 

If another MEANS expression is added 
X1CX2) : X3 MEANS SETLJST(X1,X2,X3)i 

Then when the expression 
A OF~: CJ 

is encountered, it parses as 
(: (ScARCH A 8 ) C) 

• The macro expander first tries to mat_ch it against 
(: (Xl (X2)) X3) 

and fails. Then it tries to match it against 
(: (ScARCH X1 X2) X3) 

finds a match and makes the transformation. Thus the MEANS 

definitions are applied in the ·-reverse order of definition; 
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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 
Xl = X2 MEANS PRINT(:Xt,==,X1=X2); 

is not allowed for if expanded it would result in 

<PRI~T<, A (, (QUOTE =l <, PRINT<, A(, CQUCTE :) C,PRJNT 

Both the syntax tree and the expanded tree can be printed 

by setting TALKAr!V=3J 

-. . ' 

There is a predefined procedure which enables a user to remove 

the most recent macro associated with an operator. 

REMMACRO<•OP)J 
In order to remove 

X1<X2) 1 X3 MEANS SETLtST(Xl~X2,X3); 

the following expression must be executed. 
RtMMACRQ(::)J 

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

not appear in exprl; for example: 

INFIX(=T0,1550,1550,=T0)J 
FOR Xl a X~ TO X3 REPEAT X4 MEANS DO Gi=IF X2 LE X3 TH~N 1 ELSE •1~ 

roR X1=(X2,X3,G1) REPEAT X4 
ENO; 

For this purpose generated names are provided. Occurrences of 

Gl, ... ,G9 in Bxpr2 will be replaced by identifiers which are 

unique for the program in which the expansion occurs. 

FOR I= 10 TO 1 REpEAT J:J+I; 
translates into 

DO ••U01= IF 10 LE 1 TµEN 1 FLSf -1, 
FCR l=(10,1,••001> REPEAT J=J•l 

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

expansion. 
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Examples 

ALTERNATIVE FORMS 

The following extensions permit alternative forms for procedure 

definition and conditionals. 
Xl=PRUC(X2)~X3,X4 END MEANS XlsPROCCX2>,DO X3,X4 E~D END; 
UNARV(mOEFINE,J00Q,:OEFINE); 
DEFI~E X1(X2) = XJ MEANS X1=PROCCX2),X3 ENDJ 
INFIX<=•,l00,200,:,)J 
x1,X24XJ MEANS Ir ~1 THEN X2 ELSE x~; 

The following extension will permit the use of an arbitrary 

identifier as an operator of high precedence. 

INFIX(=~,J00D,3000,:,)J 
x1,x2 ~EA~S x1cx2>1 
UNARV<=,,3000,:,)1 
,X1 MEA~S X1J 

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 

Xl=X2 
GO X1 

X1:PRINTC:X1,==,X2)l 
Go Do PRtNTC=Go,~x1>, Xi ENDj 

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. 

UNARV(=TRACE,3000,=TRACE>J 
TRACE X1=PRQC(X2),X3 END MF.ANS 

X1=PRQC(X2), On PRJNTC=X1,=ARGS,X2), 
PR.lNT<=X1,=VALUF,X3) [t·ID E~'DJ 

The following extension will generate traceable versions of all 

subsequently defined procedures. 

TRACE(THU~) MEANS 
X1=PROCCX2),X3 END MEANS 

X1=PRQC(X2), IF MEMBERC=X1,TRACFLIST) THEN r ENO 
DO PRINTC=X1,=ARGS,)(2),P~INT(=X1,=VALl;E,X:'i) 
ELSF X3 F.NDJ 

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 fonns of loops, 

with the loop variable modification not restricted to integer 

steps. 
I~FIX(=WHll~,500,500,=wHlLE)J 
F O A X l = X 2 THE: N X 3 W H l LE X 4 RF.PF AT X 5 ~IE ANS 

DC Xl=X2 1 WMILE X4 QEPEAT DO X5, X1=X3 F~n E~D; 

This permits expressions such as 
rOR L=LL THEN TL L ,IHlLE L NE NIJLL REPE,AT PRINT(~D L)J 

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,J000,:pRF); 
PRF=Xl MEANS pROC(X),X1CX)END; 
UNARY(=JNF,J000,:JNF)i 
INF:Xl MFANS pR0C(~,Y),X1(X,V)ENDJ 

STRUCTURES 

The followin~ extensions permit the definition of structures, 

implemented as vectors with named components. 

UNARY<=STHUCTURE,3000,=STRUCTURE>I 
STRUCTUHE Xl(X2) MEANS 

DO (X1(X4) MEANS VfCTOR(X4)), COHPONFNT~(C1,2,3,4;5),X2l E~O; 
COMPO~ENTS<X1,X2) ~EANS 

DO (X2(X4) MEANS X4[X1l), CX2(X4)=X3 t-'EA~.;S X ◄ [Xil=XJ) FNf); 
COMPCNENTSC(Xl,X5),X2) MEANS 

DO (X2CX4) MEANS X4[X1l), (X2(X4):X3 ~EA~S X4[X1l=X3) ~ND; 
COMPONF.NTS C ( x1, X2), ( x3·, X4)) Mf:ANS 

DO ~0MPONENTSCX1,X3)~ COMPONE~TS(X2,X4) F~n; 
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 x1<x2, MFAMS 

DO (X1<X4) MEANS VECTOR(X4)), COMPS(X2) fNDJ 
COMPS(X1) MEANS CO~PS2(:X1>1 
COMPSlCX1,X2) MEANS CO~PS2(sX1,X2)1 
R~CURSIVE(Xl) MEANS X11 
COMPSl((X1,X2),X3) MEANS RECURSIVE(COMPS1<X2,<=X1,X3)))J 
COMPS(X1,X2) MEANS COMPS1(X2,=X1)J 
COMPSG s PRUCC>, 9EGINCI>, F"OR I:1(1,NU~ARG5()) REPEA~ CO 

TRANSLATE(LIST(ARGUMENT<l),:(X1>,=~EANS,:X1,VECTOR(I)>), 
TRANSLATE<LIST(ARGUMENT(l),=(X1),::,:X2,=MEANS, 

=Xt,VECTnR(l),::,=X2)) 
E:ND END END: 
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CASE EXPRESSIONS 

The following extensions permit a form of conditional expression 

called a CASE expression. 

BRACK~T(=CASE,100,=CASt)J 
1NFIX(=ESAC1 99,99,:ESAC)J 
CASE Xl tN X2 ESAC MEANS VECTOR(PROCSCX2)) CX1l C) I 
P R O C S l X 1 ) ~ E A N S P R O C C ) , X 1 E ,. ID ; 
PROCS(X1,X2) MEANS (PROC()~X1 ENO, PROCS(X2)): 

This will permit expressions such as 

CASE MONTH IN (31,28,31,30,31,30,31,~1,30,31,30,31) 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. 
=Xt:Xl MEANS BREAKUPC:X1~X2)J 

Thispermits expressions such as 
WHJL~ =(H,L)=L REPEAT PRlNT(H) 

which will print the elements of the list L. 

OPERATOR DEFINITION 

A convenient form for defining operators of high precedence 

can be defined 
IN~IX(=.,Jooo,3000,=.>J 
UNARY(=OPERATOR,=t00,=nP~RATQR)J 
OPERATOR x1,x2: X3 ~EANS 

CO X1=PHOC(X2),X3 END, UNARV(:Xl,3000,=X1) fMDJ 
OPERATOR x1,x2.x3 = X4 MEANS 

DO X2=PHOC(X1,X3),X4 E~D. 11-:r1x<=X2,3000,30QO,=X2) E\JDI 

This will permit operators to be defined in the following ways. 
OPERATOR X.SUMSQ,y: X•X•Y•YI 
OPERATOR ~luN,X = If X GE O THE:~I 1 ELSE •11 

ALGEBRAIC MANIPULATION 

The following definitions will permit the user to do algebraic 

manipulation. 
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UNARY(=LET,JOOO,=LET); 
~ET Xl=X2 MEANS X1=SYMR(X2)J 
SYM8(X1) MEANS XlJ 
UNARY(=i,JOOO,a$)J 
SYM8<~X1) MEANS CQNSTSVMB(mX1)J 
SYM~(X1+X2> MEANS ADOSYMH(SYMB(X1),SYHB(X2))J 
SYM8(X1•X2) MEANS MPYSYMB(SYMR<X1),SYMB(X2))J 

This will translate, for example, the expression 
LET X=2•Y+4•$AJ 

into the same code as 
X=AUDSYM8(MPYSVM8(2,Y),MPYSYM8(4,CONSTSVM8(:A)))J 

9.3 Lexical Changes 

The lexical scanner is that part of the BALM system which 

determines that 

123A8C 

is two items, the integer 123 and the name ABC, whereas 
A8Cl2J 

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 

Numbers 

Special 

A - Z 

0 - 9 

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. 

Thus 
CHGCHAR(=CHAH,CLASSNO)I 

CHGC~AR(=~,10)J 
adds - to the letters and removes it from· the special characters. 

Names like 

are now acceptable. 
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BALM 

( 1) 

scanning rules are as follows. 

An integer is begun by a digit and terminated by a 

letter or special (the letter Bis considered part 

of the number and denotes octal) 

(2) A name begins with a letter and is terminatej 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 

HO,TL,V 

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 * is given a value of 13 then the operator ** can 

be defined 
CHGC~AR(=•,13)J 
lNrlX(••,1601,1600,:t) I 

permits a user to write 
A:A••~J 

as an alternative way o.f 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 is 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 operatir.n. 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 co9e 

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. 

9.5 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 Code Generated Compiler Procedures 

PROc<1n1,, .• ,1nN>,x END (GLAMBD•,corEG[N) 
(STAHT NEW RLOCK ~F cnoE) 
ARG 1 
GLQ8 IU1 
ASTORF 1 
POP 1 
liSTORF. I D1 
µoi;., 1 
I I I 

AHG r,. 

GLOB tDN 
ASTOHF. N 
POP 1 
GSTOt'(E ION 
POP 1 
(COMPILE COOE Tn STACK VALU~ OF X) 
ARu 1 
Gl.08 101 
ASTO~E 1 
POP l 
liSTOHE l 01 
POP 1 
I t I 

AHG N 
liLOR ll)N 
ASTORE N 
POP 1 
l.iSTORE ION 
POP 1 
(TERMINATE THIS 8LOCK or r,ooE, ASSF.MBLF IT, INVENT hN 

IDENTIFIER NA~ T~ REFER TO IT BV, ASSIGN THE BLOCK or 
con~ AS THE VALU~ OF NAM, ANO RET~RN TO CCMPIL!NG ~OnE [NTO 
THE PRtVIOUS BLOCK> 

liLOB NAM 
BEGIN(I01,,,,, IDN),.,,,X,,,,,L,,,,ENO (GPROG) 

ijLOC~ST N • 
liLOB I iJl 
VSTOHF 1 
t I I 

uLOR r l)N 

VSTO~E N 
POP N 
. ' . 
(COMPILE CODE To STACK VALUE or X) 
t I I 

L SETSTK 
' • t 

RE:T VAR l 
liSTORF. 1D1 
f I I 

VARN 
uSTOHE ION 
POP N 
dLQCKFND 
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EXPR Code Generated Compiler Procedures 

F" 0 R I=CJ,r<,L>, REPEAT X (GFOR) 
(COMPILE COOE Tn STACK VALUF. OF K > 
(COHPTL,E C:ODE To STACK VALUF. OF L > 
(COMPILE CODE Tl') STACK VALIJF. OF J) 

STACK NIL 
lj5TORF I 
JMP LAST 

LOOP POP l 
uSTORE I 
(COMPILE CODE To STACK VALIJE OF X> 
ST!::PLOOP 

LAST fLOOP LOOP 
POP J 

WHILE Xl HEPEAT x2 (GWHILEJ 
STAC:K ;\/IL 

MORE (COMl-'JLE CODE To STACK VALUF. OF X1) 
JMPF Nl'RUE 
POP l 
(COMPILE CODE Tn STACK VAL IJF. Of X2) 
JMP MORE 

NTRUE I I I 

RE TuRr~ X (GRETURN) 
(COMPILE COOE To STACK VALIJF. OF X ) 
JMP RET 

GOTO X (GGO) 
I IF X I s AN IrJENTTFTER IJSED AS A LABEL 

JMP X 
GOTO X 

I OTHER~/ I SE 
( COMP I L..I:: CODE To STACK VALL'F. OF X) 

JMPJ 
IF X 1 THf:N X? fl.SE X3 (GcnND,ETC,) 

(COMPILE CODE To STACK VALUF. OF X1) 
JMPF NO 
(COMPILE CODE To STACK VALUF. OF X2) 
JMP YES 

NO (COMPILE CODE To <;TACK VALUF. OF X3) 
y F: s 

DO Xl,, .. ,XN E: N ll (GPnQGN) 

(COMPILE CODE r () STACK VALl!F: OF X1) 
POP 1 
I t I 

(COMPILE CODE Tn <;TACK VALUE OF XN) 
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EXPR Code Generated Compiler Procedures 

Xl: X2 (GSETQ) 
(COMPIL~ CODE To'sTACK VALUE OF X2) 
liSTOHE Xl 

HD X1: Xl 
(COMPILE conE To STACK VAL~E Of X1) 
(COMPILE CODE Tn STACK VALUF. OF X2) 
HPLACA 

x1rx21 = xJ 
(COMPILE CODE To 5TACK VALUF. OF X1) 
(COMPILE CODE To STACK VALUF. OF X2) 
(COMPILE CODE To STACK VALUF. OF X3) 
SETINIH:X 

: X (GQUOTEl 

X1(X2] 

X1 + X2 

(CRF.ATE A NEW lDE~TlFIER NAM, ASSIGN X AS THE VALUE 0~ NAM) 
LiLOR NAM 

(COMPILE CODE To STACK VALUF. OF X1) 
(COMPILE r.oDE To STACK VALUE OF X2) 
INUEX 

(COMPILE CODE Tn STACK VALUF OF X1) 
(COMPILE CODE To ~TAC~ VALUf OF X2) 
+ 

(CALLS> 

x1<x2,,,,,XN> 
,IF X1 IS A BUILT•IN OPERATOR 

<COMPILE CODE TO STACK VALUF. OF X2) 
(COMPILE CODE To 5TACK VALUF. OF XN) 
X1 

X1(X2,,,,~XN> 

ID 

ID 

I 

I 

, O T HE A\.! I S E 
(COMPILE CODE To STACK VALUE OF X2) 
(COMPILE CODE Tn STACK VALUE OF XN) 
(COMPILE CODE Tn STACK VALUF. OF X1) 
CALL N"!1 

(GVAR> 

LBL JD 
,IF IO IS AN lCENTIFIER USED AS A LABEL 

GLOR ru 

NUM3 

NUM3 -I 
NEG 

,OTHER\.JISE 

(GCON> 
, I F' I I·! OT NEG AT I VE 
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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 prior 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 is 

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 ITEM(T,I). 
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10.1 Definition of Operations 

In the definition of MBALM instructions given below, the 

following representations are used. 

s 
HEAP 
SY"lTA~ 

a vector represeting the stack 
a vector representing the heap 
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 
PA 
ST 
AB 
NA 
VB 
NV 
NS 

the index in the heap of the current procedure 
the relative address of tb~ current instruction 
the index of the top element of the stack 
the index in the stack of the zeroth argument 
the number of arguments 
the index in the stack of the zeroth variable 
the number of variables 
the number of symbol-table entries. 

The following expressions are used in defining the instructions. 

PUSH(X) 
POP(X) 
POP () 
CHECK(T1,,.,,TN) 

add X to the top of the stack 
remove the top of the stack and assign it to X 
removes the top of the stack and returns its value 

check that the items at the top of the stack are 
of types Tl, ... ,TN with TN being the top 

CHECKcJTHcR(T1, .•. ,TN) 
check that the item on the top of the stack has 
one of types Tl, ... ,TN 

INT, LOG, ID, STR, PAIR, VEC'T, r.ooE, LBL 

ANY 
LSBYTc<N> 
P A~Af-1 (I) 

GETHEAP(N) 

GETIC<STRJNu> 

mutually distinct integers used to distinguish 
types 

value assumed to specify arbitrary type 
returns I modulo 128 
the integer value of the I bytes following 
the current instruction 
returns the index in HEAP of a block of N 
consecutive unused locations 
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< 1 >, , , ~ , , • ; 

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 

it. 
AlNF=MAKFlLEC9,72)J 
SETUP(10000,100Q,500>; 
LOADER(); 
MBALt-iSIM<); 

COMME~T 
t••••••••••••••••••••••••••• CONSTANTS 
INFIX(:,,,001~,50008,: 1 )1 

REMuNA~Y<=VALUE)J 
BITAND=LANDJ 8TTOR=L0Rl 8lTXOR=XORJ 
LPREN=tUFHOMS(t(t)J RpREN=!DFROMS(l)t)I 
ASTERISK==•J 

COMMENT 

t••········•·*••······················································· AUXILIA~Y OEFJNlTlnNS 

······································································-LLENGTH = PRO~<L), 
8EGlf\CI), 

1 = U, 
WHILE L HEPEAT DO I:1+1, L=TL LEND, 
RETURN I 

END ENEJJ 
PARAM: FHOC(l>~ 

Ar.Glf\CJ,K), 
J=U, 
FCH K=C1, l) REPEAT J:J•128+NXTCODBYT(), 
RETURN J 

Er-.o ENDJ 
LSBYTE = PRocc~,, X-(X/128>•128 ENDJ 
NXTC0D8YT = PROC(),HEAPlP0~1+(PA=PA•t)l ENDJ 
REPLACE = PROC < LST, X), HO !_ST:X END; 
GETHEAP = PROC(N), 

BEG If\ C I), 
IF HT GT MAXH-N TMEN 

DO PRINT(t NO MORE HF.AP~). STOPC) E~C 
ELSE DU !=HT+1, HT:I.IT+N, RETUHN I E"-C 

ENO ENOJ 
EXIT: PROCC>, 

D O P H l N T C .,_ t\J O , O F I N S T R U C T I ON S r. XE r, U T E D -t , I ~;ST C T ) , 

PHlNTC ), PRJNT(-t NO, OF SYMAOL TABLE ENTRIES ~,NS), P~I~T(), 
PRINT<- SIZE OF ~FAP -t,MT~- SIZE OF STACK ~,ST), 
PR I NT ( .,_ E: N l) MA AL M MA CH l NE S P' UL AT ION t ) , PR I NT ( ) , STOP ( > 

END ENDJ 
SETUP: PROCCA,~,C>, 

DO MAXH:A,. MAXST=B, ~AXSVMzC, 
HEAP.:MAKVECTOCMAXH), S:MAKVECTO(~AX5T>, 
SVMTAB•MAKVECTQ(MAXSYM) 

END ENDJ 
INOUT = PROC C), 
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BEGlt\t, 1 

PRINT<>, PRINT(~ PO: ,,PO,_ PA: t,PA), 
PRINT<~ HEAP 'f.), PRtNT(SUBV(HF.AP,1,HT>), 
PRINT(), PRINT('f. STACK 'f.)~ PPtNT(SU8V<S,1,ST)), P~l~T(); 
PnlNT(- S't'MROL TARLf ii!), PRlt!T(SUBVCSYMTAR,1,rJs)) 

END ENDJ 
COMHENl 

'f.••···································································· THE FOLLOWING cOnE MAKES UP A Vl:CTOR XEQ WHOSE 
ELEMENTS ARE pROCEOUQES WHICH EX~CUTE T~E VAn1ous 
l~STRUCTlOMS 

······································································-xEO = MAl<VECTOR(l778)J 
roH 1=<1,177B) REPEAT XED[t)=PROC(),PRJNT(Op,,1s NOT AN OP'f.) E~n: 
NOTI~PL() MEANS DO pRlNTCOP,tNOT IMPLEMENTEDt), STOPSI~:TRUE [NCI 
OP(X1),X2 MEANS XEQ[X1J=PROCC),OO X2 END ENCi 
PQP(X1) MEANS x1:sC1•(ST:ST-1)1: 
PQP() MEANS St1+(ST:ST-l))I 
PUSH(X1) MEANS DO r,1=x1,s[ST=ST+1]:n1 END; 
MREAD(X1,X2) ~EANS X2=READ(X1)J 
MREAD(Xl,X2,XJ) MEANS 00 X2=~EADCX1), MREAO(X1,X3) ENDI 
MWRITECXl1X2) MEANS WR[TE(X2,X1)J 
MWRITE(Xl,X2,X3) MEANS DO WRJTE(X2~X1), MWRITE(X1,X3) ENrJ 
Xl,TYPE MEANS X1[1lJ 
X1,TYPE:Xl MEANS X1:VEcTnR(X2,X1[2l )I 
Xl,INF ~cANS Xl[2]J 
X1,INF:X2 MEANS X1=VECTORCX1{1J,X2); 
X1,~AME MEANS Xlt11; 
X1,NAME:Xl McANS X1:VECTOR(X2,X1t21,X1[3l )J 
X1,VALUE MEANS X1(2)J 
X1,VALUE=X2 MEANS X1=V~CTOR(X1[1l,X2~X1(3l )J 

X1,PROPL MEANS X1C3J; 
X1,PROPL=X2 MEANS X1=VECTOR(X1[1J,X1[2),X2)i 
ITEM(X1,Xl) MEANS VECTOR<X1,X2); 
MBALMSIH: PROC(>, 

BEGlt\( > 1 
lt\T=1, LOG=2, 10:3, STR•4, PA1Ra5, V[:CT=6, CODE=7~ L8L=8, 
lTMNIL:JTEMCLOG,0>, ITMTRUE:ITEHCLOG,1), ANY=~, 
PO;SYMTAt:Hll ,VALV~, JNF, PA=3, STOPSl!J=NIL, 
l t..~ TCT:0 1 
W~lLE ~sTOPSIM REPEAT 00 OP:NXTCODBYi<>, 

lNSTCT=lNSTCT+l, XEQ(Clf'] () END, 
RETURN NlL 

END ENDI 
ST=OJ 
IOENT = P~occs1,s2,, 

8cGit..(l,rP111P2>, 
I F H E A P [ ( 1 P 1 : S 1 , I N F > l N E M E A J:' [ ( I P 2 : S 2 , I "-' r ) ] T 11 E N R E T U 9 N N I L 
E~~E FOR I=<1,MEAP(IP1J) REPfAT 

If HEAP C I P 1 + 1 J NF HEAP [ l P 2 • I l TH f h RP 'TURN 1,J I L , 
Rt:TURN TRU6 

ENO ENDI 
GETID • PROCCw>, 
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AEGil\(1), 
I = 1, 
W~lLE I LE NS AND NOT IDENTCSVHTAB[l],NAMF,W) REPF.AT T:!+1, 
IF I L~ NS THEN RETURN I, 
NS=NS+1, 
IF NS GT MAXSYM THEN ao PRINT(- NO MORE SVHBCL TA~Lft), 

STOP<> ENO, 
SVMTABlN~l=VECTOR<W,NIL,ITHNll), RETUR~ ~S 

END ENDJ 
CHECK = Pf1OC (), 

8EGJl\(N,t), 
N=NUMARGS (), 
FOR 1=(1 1 N) REPEAT 

If ARGUMENT (I) NE S [ ST•N• I 1, TYPE AND 
ARGUM~NT(I) NE A~Y TMEN DO PRINTCCP,i ARGS IN ~R~Oq f), 
PRINT(SUBV(HEAP,PO,PA+10)),P~INTCSUBVCS,1,~T>>~EXIT() F.~D 

F.NO Ei~DJ 
CHECKf:ITf-<i::R = PROC(), 

8EGlt\(N,1), 
N=1\JUMARGS (), 
FCR I=<1,N) RFpEAT IF AAGUHE!lT(l) EQ S[STl,TVrE T~EI\ 0 EfUA~ I, 
PRINTCOP,t OP INVALID APGIJMENT 1t>, PfdNT(SUBVCHEM',PO,PA+10>>, 
PRINT(SUdV(S,1,Sf)), EXIT() 

ENO ENDJ 
COMMENT 

t••*·······**••~······················································· ~tFINlTIONS OF INSTRUCTIONS 
♦♦ * ♦ *••·•·•~*O•·•··••···•·•·•···•·•·•···············•·······•·········~ 

••••••••• 
••••••••• 
**JMPT L2(X) 

THREE BYTE nPF.RATTONS 
OPCODE pARAHRYTE1 PARAHEBYTE2 

OP(18>, IF i::OUAL(POPC).ITMNIL) 'T'HEN PA=fA+2 ELSE PA:l=IAf~A'-'(2): 
•JMPF L2CX) 

OP(2B>, IF F.QUALCPQP(),ITMNIL> THE:N PA:P,4RA~(2) fl.SE PA:PA+2J 

•JMP L2 
OPC38), PA:PARAM(2)i 

•NUM2 I 2 
0 P ( 4 8 ) f ·PU SH < I T E M ( I N T , PA RA M ( 2 ) ) ) J 

•GL08 I D2 
OP(5B>, I=PAHAM(2), PU5H(SVMTAR(l],VALUf); 

•GS TORE I U2 ( X) 
QP(68)t I=PARAMC2), SY~TABfil ,VALUE:S[STlJ 

•LIST(Xl,X2,, ! .,XI, I) 
UPCi0B>, PUSH(NIL), FnR I=(1,PARAM(2)) RfPfAT DO 

NEW:GETHEAP(2). POP(HEAPtl•NFW)), PCP(HEAPCN~Wl), 
PUSriCITEM(PAtR,NEW)) ENnJ 

•LAL L2 
OPC11e), PUSH<ITEM(LBL,PARA~(2)))J 

•VECTOR(X1,X2,. ,,,XI,I) 
OP(128), K:PARAM(2), NEw:riETHEAP(K+1), H[AP(f\FWJ:K, 

FOR I=CK,1,•1) REPF.AT H[AP[NEW•IJ=PCP(X), 
PUSH<ITEM(VECT,NF.W))J 
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•SlRING(ll,12,.,,,tJ,J) 
QP(138), N=PARAt'1C2), ~Ew:r.ETHEAP(N+1), H[AP(I\F.:W]:il, 

FOR I=(N,1,•1> REPEAT no CHECK(!NT), HEAr[NEW+I]:Pf)P(),INF' 
f:Nn, PUSH( I ff:M<STR,NF:W>) J 

•TLOOP L2(1 1 I,t) 

OP(t48), POP(X),CHECi(( I~T. INT, INT>,PUSHCX), J:S[ST-1l, lNr:", 
J:S[ST-21,INF, K=StST•J),INF, 
IF J GT 0 ANO I LEK OR J LT 0 AND I GE K THEN PA=PARA~(~) 
fLSt;: DO PA=PA+2,S[ST-3]:S[ST} Ero; 

• 
•••••••••• 
•••••••••• 
•Nllt11 11 

T~O AYTE OPERATIONS 
UPCOOE PARA~ETER 

OP(26E>, PUS~(lTEM(lNT,PARAM(1)))J 
•CALL 11<x1,x~ •••. ,x11,C> 

0 PC 2 7 e ) , CH F CK (CODE ) , POP C C) , PUSH ( ITEM CC O t E, r, 0 ) ) , PUSH C PA+ 1 ) , PUS 1--1 < A 8) ~ 
PUSHCNA), 

•VA~ 11 
NA:PARAMC1>,PO:C1 1NF,PA:3,AB=ST-4-~AJ 

OP(31A>, PUSH(S[V8+PARAM(1)])J 
•VSTORE ll<X> 

OP(328>, s,v~•PARAM(1)):S[ST]J 
•ARG 11 

OP(33B>, PUSH(S(AB+PARA~(1)] )J 

•ASTORE ll<X> 
QP(34E>, S[Ad+PARAM(1)]:S[ST]J 

•POP 11 
QP(35B>, ST:ST•PAPAM(l)J 

•Bl,.OCKST 11 
OP(36E), PUSH(V~), PUSH<NV), VA=ST, NV=PARAM(1), ST=VP+"-V, 

FOR 1=<1,NV) RFPEAT S[Vf+IJ:ITM~ILJ 
• 
•••••••••• 
•••••••••• FOUR BVTE OPERATIONS 

OPCODE PARAHAYTE1 PARAHBYTE2 PARAMBVTE3 
•NUH3 13 

• 
OP(J78>, PUSH(lTEM(INT,PARAM(J)))J 

•••••••••• ONE BYTE OPERATIONS 
•••••••••• OPCODE 
•lUCI> 

OP(41B>, CHECK( INT), PUSH< l TEM( ID.POP<), INF)) I 
•ARG(I) 

0P(428), CHECK(JNT), PUSHCS[AB+POP()~INF]>; 
•IDFROMC<C> 

OP(43E>, CHECK(CODE>, C:sPOP(),INr. 

•SF"ROMV(V) 
PUSH<ITEM(ID.HEAP[C+1l•128•HEAP[C+?] ))J 

UP(458>, C~ECK(VECT), V:POP(),H,ff·, L=MEAP(V], NEW=GETHEAP(L,..1>, 
F"OR I=<l,L> REPEAT HEAP[NEW+Il=LSBVT~<HEAPCVttl, tNr>, 
HcAP[NEWl:L, PlJSHCtTEM(STR,NEW))J 

•VF"ROMS(S) 
OP(468), CHF.CK(STR), SU=POP<>,INf, L=HEAP[SU], NE~=GETHEAP(L+1), 

FOR l=Cl,L> REPEAT HEAP[NEW+Il=ITEM(INT,MEAPfSL+TJ), 
HEAP[NEwJ:L, PllSH(tTEM(VF.CT,NEW)); 
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•NARGS 
OP(47B), PUSH<ITEM(INT,~A))S 

•VALUECIC) 
OPC5QB), CHECK(ID>, l=POPC),lNF, PUSH(SY~TAA[l],VALUEtJ 

•VALUl:C IC) : X 
OP(511:3), POP(X), CHECK(tD>, SVMTAB[POP(),INF"].VALUE=X~ PUSHfX)J 

•JMPl(l) 
QPC521:3>, CHfCK(LBL>, PA=S(STl,INfl 

•STEPLOOP < l• I, 1> 
o P < s 3 6 > , c HE c K < 1 N r , 1 N r, AN v > , s c s r -1 1 , 1 NF= s ( s r '!' 11 • 1 ti F + s rs r., J ; 1 NF' J 

•IDFROMS(S) 
OP(6QB>, CHECK(STR), POP(NAM), ?USH<ITEM(JD,GETICCNAM))); 

•PAJR(X,X) 
OP(611:3), Nf:w:GETHF.AP(?), PQP(HEAF'[NEW•1l), POP(HEAPCNEWJ), 

PUSri( ITEM(PAIR,NE\ol) )J 

•XORCI,J> 
OP(67B>, CHECK(INT,INT), J=POP(),JNF", I=POP<),INF", 

PUS~( ITEM(INT,RITXOR(l,J))); 
•SHIFTCI,J) 

OP(70B), CHECK(INT,INT), J:PQP(),JNF", I=F'OP<),INf", 
PUSH< ITEM( JNT,5HJFTCl,J)))J 

•l+J 
OP(718), CHECK(JNT,JNT), POPCJ)·, POP(l), 

PUSH( ITMCINT, I,INF+J,INr>>J 
•I•J 

OP(72B), CHECK(INT,INT), POP(J), POP(I), 
PUSH( ITEM( INT, I I INF-J, IrlF))J 

. * 1. j 
OP(738), CHECK(INT,INT), POP(J), POP(l), 

PUSH< ITEM( INT, I, INF•J, Il'iF) H 
•IIJ 

OP(748>, CHF:CK(INT,JNT), POPCJ)~ POP(!), 
PUSH<ITEM(JNT,I,INF/J,INF))J 

•I' J 
OP(75E), CHECK(JNT,INT), POPCJ), POP(I), 

PUSH(lTEM(INT,J,INFJ,INr>>I 
• • I 

OP(768) 1 CHECK(JNT), PUSH<ITEMCINT,•POPC),I~F))J 
•INTQ(X) 

OP<778>, J F POP(),TYPE FQ INT Tl-l[N PUSH< ITMTRIJE) 
•STRO(X) 

OP(1018>,lF FJOPC),TYPi= ~Q STR THfN PUSHCITMTRUE) 
•VECTC.l<X> 

OP(102tl>, IF POP(),TYPJ: ~Q VECT THEN PUSH ( I T"-TRUE) 
•PAIRQCX) 

OP(1Q3t0,IF POP(),TYPF FQ PAIA THEN PUSH(ITMTRUE) 
•CODECJ<X> 

OP(104t:3>,IF POPC),TYPE E'.Q CODE TIIEN PUSH(ITMTAUE) 
•IDQCX) 

OP(1Q58),IF POP<>,TYPF FQ In H~EN PUSHCITt-lTRUE> 
•LBL(~CX) 

QP(107~),IF PDPC),TYPE= FQ LBL THrN PUSHCJT~TRlJE) 
•PROP( ID) = X 
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ELSE 

ELSE 

ELSE 

ELSt 

ELSE 

ELSE 

ELSE 

PL;S~(ITM~IL>J 

P~Sl.l(lTM~IL>J 

PUSH(IT~NIL)I 

S::U~~H ITp,iNIL.) J 

~USH(JTt,,NJL)J 

PL:S~C ITMNIL>; 

PUS~CfTM~IL>J 



OP(110~>,POP(X),CHECK<l~), t:POP() !NF, ~YMTAR[Il ,PROPL=X,PUSH(X)J •PL<l> ' ... 
• 0 P ( 111 ~ ) t C HE CK ( t N T ) , P U S H < l r p O p ( ) , I N F G F. 0 T ~~ E N I T M T P U E 

ELSt:: lTMNIL)J 
•ZR(I) 

OP(112~>,CHECK(tNT), PUSH<IF' POP(),JNf EQ 0 THEN ITMT~UE 
ELSE lTMNJL)J 

•IDENTQ(X,X) 
OP(113~>,P~PlX), PQP(Y), IF X,TVPE EO Y,TYPF AND X,INF EQ v:INF 

THEN PUSH(ITHTRUE) ELSE PUSH<IT~NIL)J 
•SIZE(X) 

OP(114d>,CHF.~KEtT~ER(VECT,STR,CCr.E), PQP(X), 
PUSH CI TEt-1 <INT, 1-'EAP ( X • I Nr l)) J 

•RETURN(X) 
OP(115d>,POP(R), ST=AA•NA+4, NEWST=AB, 

POP ( NA) , p OP< A p > , POP (PA ) , PO= PO F < > 1 I t.J F , ST= ~IE W ST, PUSH ( R) I 
•STOP 

QP(116i;>,STOP51M=TRUE; 
• V r I l 

OP(117f;>,C>ffCK(VECT,lNT>, POP<I>, POPCV), PUSH(HEAPCV;It\T..-I7INF'l)J 
•V[Il s X 

QP(120f;),POP(X), CHECK(VECT,INT>, POPCt), POPCV), 
HcAP[V,INF+l,INFl:X, PUS~(X)J 

•HD P s X 
OP(121i;>,POPCX), CHECt<(PAIR>, POF'CP), HEAP[P,INF"l=X, PUSHCX); 

•TL P = X 
0 P C 12 2 l:n , POP ( X ) , CHECK C PA I R ) , POP C P > , HEAP [ j. + P , I NF l = X ~ PU~ H ( X > ; 

•HD P 
OP(123~>,CHECK(PAIR>, POP(P), PUSH(MEAP[F,INF1 ); 

•TL P 

QP(12 ◄ d),CHF.CK(PAIR>, POP<P>, PUSH(~EAP[1+P,INFl)J 
•LANO(l,J) 

OP(t25~),CHECK(INT,INT)~ J:PQP(),INr, I=POP(),INF, 
PUSH< I TE~< I NT, 8 I TAND < L J))); 

•LOFHI,J> 
OP(126~),CHFCK(INT,INT), J:POP(),INf, l=POP(),INr, 

PUS~(ITEH(INT,RITOR(l,J)))J 
•COMPL<I> 

OP(127d>,C~ECK(INT), PUSH<ITEM(INT,COMPL(POP(),l~F)))J 
•SF"ROMIDC1D) 

0 P ( 13 0 ~ ) , C HE C I< ( I D ) , N = S Y M TA 8 [ POP ( ) , I NF" l 1 ~ A t-1 E , I NF" , L = H E A P ( I\: J ~-
NEW~ GET HEAP ( L + i), F'OR 1=<1,L> REPEiT HEAP(NEW+JJ2HEAP[N+t]; 
HtAP[NEW]:L,PUSH(ITEM(STR,NF.W)); 

•BLOCKENC(X) 
OP(1J1~>,POP(R), ST=VB, POPCNV), POP(VB>~ PUSM(R)J 

•NOTCQ) 
OP(132~>,IF ~QUAL(POP<), IT~NJL> THEN PUSH(1TMTRUF) 

ELSc PUSH(ITMNTL>J 
•E0STRCS1cS2> 

OP(1JJ~>, ~EGIN(>, POPCX), PQP(V), IF X,TYPt NE Y,TVPE CR 
X1 TYPE NE STR THEN RETURN PUSH<ITl'INIL>, 
X•X,INF, LX=HEAPfXJ, Y11V,tNF", LY=He:AP[Vl, 
H LX NE LY TH~N RETllRN PUSH<tT~NIL) 
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ELSE FOR I=<1,LX> REPEAT 
IF riEAP[X+Il NE HEAP[Y•I, THEN RETURN PUSH<I'H~IL); 
PUSrl CI TMTRUE > 
F. ND I 

•SETSX(X> 
OP(t34~>, S[v8+NV•1l=S[STl, ST=VP.+NV+jJ 

•TRUE 
OP(135~),PUSHCITMTRUEli 

•NIL 
OP(136U>,PUSM<ITMNJL); 

•SETSTK 
OP(1378>iST=V8+NVi 

•HAKVECTCf-<C I> 
OP(140o),CHFCK(INT), L=POP(~).INr, NEW=GETH~AP(L+1>, ~EAPrNEWJ:L, 

PUSH(ITEM(VECT,NEW)>, FOP. 1•<1,L) RE:PEAT HEAPINEW•I!=IT"4f\JLf 
•RDLINE(I) 

OP(141~>,CHECK( INT), LlN=VfROHSC~OLINE(PCP(),INF)), L~StZ~(LI~), 
NE W : GE THE AP ( L + 1 ) , HEAP t 'IE W l = L , SU 8 C 14 EA P , ~JEW• 1 , L ) c L I N , 
PUSH( ITEM(STR,NEW))J 

•Wl:?LINE(S~ I) 
OP(142~>,CHF.CK(tNT), N=POP(>,INF, CHECK<STR>, Ll~=S[ST],I~F~ 

WHLlNECSFROMV(SU8(HEAP~LIN•1,HEAP[LIN])),N); 
•RF.WIND( I) 

OP(1438),CHE~K(INT), r=s[STl,INF, REWIND(l)J 
•BACKSPACE Cl> 

OP(14~8),CHECK(!NT), I=S[ST],INF,RACKSPACE(!)J 
•SAVEALL< l > 

OP(145d>~CHf::Cl<(!NT), N=S(STJ,INF, 
MWRITE(N,pO,PA,ST,AB~NA,VB,NV,HEAP,SVHTAn,s,, 

•RESUMEAL.L<l> 
OPC146~),CHECKCJNT), N=POP(),INr, 

MREAD CN,PO,PA,ST,AB~NA,VB,NV,HEAP,SVHTA □ ,S); 
PUSrl( ITMTRUE> J 

•ENDFILE<l> 
OP(147d>,CHECKCJNT), N=S[STl,tNr, ENOFILE(N)J 

•CF"ROMV(V) 
OP(150~>,CHFCK(VECT>, V:POPC),INr, L=HEAP(Vl, NEW=GETREAPCLtl>, 

FOR 1=<1,L) REPEAT HEAP[NEW•Il=LSBVTE(HEAP[V•Il,·INF), 
Hl::AP[NEWl:L, PUSH( ITEM(CODE,NEW) )J 

•MODE(X) 
OP(t518>fNOTl~PLC)J 

•SETMOOECX, I) 
OP(152b),NOTJMPLC)J 

•GARBAGE COLLECT 
OPC153~),PUSH<ITMNIL)J 

•TIME 
QP(1548),PUSHCJTEM(INT,TIMEC)))J 

•PROTE:CT <ID) 
OP(155d>,CHF.CK(JD>, J:S[ST].INF, 

NAM~SYMTAB(JJ,~AME,INF, L=HEAP[~AMl, NEW=GETMEA?tL•2>, 
HEAP[NEW]:L+i, HEAP[NEW+t]sASTERISK, 
fOR 1=<1,L) REPEAT HEAP[NEW+1+I]=HEAP(NAH+l]i 
SYMTAB[J],~A~E:ITE~(STR,NEW)J 
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•PROP(lD> 
OP(160~>,CHFCK<tD) ?USM(SYMTA8(POP(),INFJ,PROPL)J 

*LOGO(X) ' 
OP(161~>,IF ~OP(),TYPF ~Q LOG THCN PUSH(ITMTRUE> ELSE PUS~(fTM~IL>J 

•SIMTYPEC<X,X) 
OP(162ti>,PUSH<Ir PQP(),TYPE EQ POP()~TYPf THF.N JjMTRUF. ELSE IT~NIL)a 

•SUEdV, t,J) OR SUB CS, 1,J> 
OP(163d>,CHECK(JNT,INT>, L:PQP(),INF, I=POP(),INF, 

CHECKEITHER<STR,VECT>, POP(X), I=X,[NF+I-1, 
NEW=GETHEAP(L•t>, HEAPCNEWJ=L, 
FOR J:(1,L> REPEAT HEAP[NEW+Jl:HEAP[I•Jl, 
PUSH(ITEH(X,TYPE,NEW))J 

•SUb(V,I,J) = X OR SUBCS, I,J> = X 
0 P ( 16 4 ij > • CME C KE t T HE R ( 5 T Q , VE C T ) , POP ( X ) , C H [: C K ( I N T , I ~I T > , L = P O P ( , • I N r , 

l=PUP().INF,CHFCK(X,TYPF.>,POP(Y),l=Y,INF•I·1~XX=X,INF, 
FOR J=<l,L) REPEAT HEAP(l+J]=HEAPC~X•JJ,PUSHfX); 

••CONCAT<~,V> OR CONCAT<s,q) 
OP(165d),CHFC~EITHER(STR,VEGT>, POPCX>, CHECKCT=X,TYPE), PQP(Y), 

x:x,INF', LX=HEAP[Xl, Y=V.INF, LY=HEAP[YJ, L=LX•LV, 

•STKTR4CE<I) 

N ~ W i::= G E TH E A P C L + 1 ) , 4 E A P C ~IF W l = L , 
FOR 1=<1,LY) RF.PEAT HEArrNEW•tl= HEAr[Y+Il, 
roR 1=(1,LX) R~PEAT HEAP[NEW+LY•Il=HEAP(X+I]; 
PUSM(JTEH(T,NE~))J 

QP(170t:j),CHECK(JNT), IST:ST,PQP(J1),N=0, tP0=tTF:M(C0DE,P0>, tA~G=NA, 

APPLY(C,X) 

l4H~AB, WHILE NOT ZR 140 AND N LT J1 REPEAT DO 
~=GETHEAPCIARG+5), J:K+4, L=S[ST],INf, 
PUSHCITEMCPAJR,K)), tr ST GT IST THE~ HEAP[L+t]:S(ST], 
HEAP[JJ=IARG , 
FOR I=ct,IAQG> QEPEAT HEAP[J+IJ=S[IAB+ll, 
HEAP[KJ=ITEM(PAIR,K+2), HEAP[K+~]:IPO, 
~EAP[K+3l=ITEM(VECT,J), 1PO=SCIA8•IARG+1l, 
T=IARG, 
IARG=S[JAq+tARG•4J, IA8~SC1Af+T•3l, N=N+1 
l: ND, 

HEAPtK+1l:ITM~ll, ~T=lSTJ 

QP(t71~),CHECK(COOE,A~Y), L=S(ST], J:PQP(), r~r. 
C=S[STJ,INF, I~A=0, 
8EGlN(), 
LOOP, JNA:INA+1, 1r L,TYPE EQ PAIR THEN no 

PUSM(HEAP(J,>, L=HEAF'[J+ll, J=L,INF, 
IF L,TyPE NI;: NIL THEI~ GOTO LOOP f=ND 
cLSE PUS~<L> ENO, 

PUSH<ITEM(COOE,PO)l, PUSH(PA•l>, PUS~(AS>, 
PUSH<NA), PO:C~ PA:3, NA=INA, A6:ST•4•NAJ 
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To illustrate the sort of code used in the MBALM, 

consider the following BALM procedure. 
SUMV:PRUC(V), BEGJN(S,I,~), 

N2SJZE(V>, S=0, 1=1, 
~XT, IF t GT~ TMEN RETU~N S, 

S=~•V[Il, l:J+1, r,oro NXT. 
Et\" 0 ENU J 

This procedure computes the sum of the elements of a vector V, 

assumed to be integer.s. The MBALM code produced for this 

procedure is as follows. 

'I- RYTE QP, T NST, OPF:PAND ~ 

~ -----------------~----------·---------·---------- ~ 
38 
58 

108 
12 13 
148 
17~ 
218 
239 
268 
308 
338 
358 
408 
42R 
438 
4 613 
478 
528 
538 
55R 
6013 
618 
639 
66:3 
678 
7 2 F3 
75B 
768 
7711 

1008 
1018 
1048 
107B 
1128 
113B 
1148 
1178 
1228 
1258 

3JB 
:, R 

34R 
35H 

6R 
35R 
36R 
:> 8 

32A 
5R 

32R 
~R 

32R 
1378 

58 
114R 

6R 
137R 

26R 
68 

137~ 
268 

6R 
13/R 

~R 
5R 

72R 
76R 

1118 
13t!8 

2R 
5R 
JR 

136R 
13 71~ 

~R 
5R 
~R 

117B 

t- ARG 11 
;. GLOq ID2 
;. ASTOR~ T1CX) 
'I- pOP 11 
'I- GSTnRi: ID:?.<X> 
;. pOP 11 
;. BLOCK5T 11 
'I- GLOR 1112 
;. vsTnRi:: l1(X) 
;. GLOR ID2 
-;. vsToRi: 11.cx> 
1- GLOn 102 
1- vsTnRi: ll(X) 
1- 5ETST1< -/. 
t- GLOR ID2 
t- LENGTM ex, t-
t- GST()R~ IO:::><X) 
t- sETSTK t-

;. NU1'1t 11 
t- GSTOR!=: I02<X) 
1- SETST'< t 
t- NUM1 11 
;. GSTORF ID?.<X) 
;. 5ETST1< t-

t- GI..Ofl Ill2 
t- GLOR 102 
t- SUBTRACT I•J t 
-/-. NEGATi: -I -/-
;. JP0S0CI> t 
'I- NOT<Q) t-

t- JMPF L2(X) 
-/- GLO~ 102 
-/- JMP L2 
1- NIL -,. 
-/- 5ETSTK t 
-;. GLOR 102 
-/- GLOR 102 
t- GLOR 102 
1- v[IJ t 
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1P 
6 n 1 R 

1n 
1A 

601H 
1r. 
3~ 

61:>2R 
18 

510P 
2f3 

6128 
3R 

601A 

612n 

OR 
662A 

18 
530R 

5308 
612R. 

112R 
6fi2r 
150R 

6628 
601P 
530rl 

V 

V 

s 

N 

V 

N 

s 

I 

I 
N 

s 

s 
V 
I 



126q 71R ,. ADD l+J ,. 
1279 6R ,. GSToRi= ID2(X) ,. 662 □ 

1328 1378 ,. 5ETST1< t 
1338 ~R ,. GLOQ 102 .,. 5308 
1368 26R ,. NUMt I 1 '!- 1n 
140i3 71R ,. ADD I+J ,. 
141R 6R .,. GSTnRF tO~(X) "/. 53CH 
14413 l37R ,. 5ETST1< t 
145B J8 .,. JMP L2 

,. 668 
1508 31R ,. VAR 11 

,. 1n 
1528 68 .,. GSTORI= ID2(X) ,. 6628 
1558 3~8 ,. pQ? [ 1 t 1n 
1578 31A .,. VAR 11 ,. 28 
1611i 68 , GSToRi: ID2(X) ,. 5308 
1648 3~R 1- po.> [ 1 t- 1R 
166'3 318 ,. VAR 11 ,. 3n 
170R 6A ,. GSTnRi= I 0?. ( X) t- 6128 
173A 3~8 , pOP 11 ;. 18 
1758 131A ,. BLDCK~N11 ( X > ,. 
17bA 3.SB .,. ARG Il ,. 1P 
200~ 5R .,. GLOR 1112 t 601P 
2038 34R , ASTORF I 1 ( X) 1- 1A 
205A 358 ,. pOP I 1 ,. 1 r; 
2078 68 t GSTnRf: ID?.<X) t. 6Cl1P. 
21213 3::, R ,. pQP I 1 ,;. 1n 
2149 115~ ,. RETlJR\J(X) .,. 

10.2 MBALM Software -- Loader, Garbage Collector 

LOADER: PHOC(>, 
BE~t~tPROK,LLlST,LST,l,lEN,RS,ISAV,lP,N1,P>~ 

NS=HT=0, PROK=Nll, 
CCUl:=7, STR:4, LOG=?, 
ITMNIL=lTEMCLOG,0l, 

STRT, LllST=LST=NtL:NIL, 
NXT, RS:RUTOKE:N(BINF), JI'." EOF="CRS> THEN RETURN till, 

IF R~ ~Q LPREN THEN on PHOK:TAUE, GOTO ~XT END, 
IF RS EO RPREN THFN GOTO ENTER, 
IF' IOQ(RS) THEN on L=VFAOMS(SFHOMID(RS)), 

P:GET~EAP(1+(J:S[ZE l)l, HFAP[P)=J, 
F"QR 1=<1,J) REPEAT HFAPCP•lJ:L(l), 
RS=uF.TIO<ITEMtSTQ,P)>, 
Ir PRuK THF.N Do PROK:NIL, ISAV=RS ENn END, 

IF ~s GT 128 THE~ on Nl=AS/128, RS=AS-N1•128, 
LST=REPLACE(LST,~1> END, 

LST=AOUO~(LST,RS>, ~OTO NXT, 

s 

I 

s 

M 

V 

V 

F NT E ~, 1:. EN= L. Lt: N 1.i TH C LL I ST= TL LL I ST ) , l P =GET HEAP ( LE I~+ 1 ) , 
FCH 1=<1,LEN) REPEAT no HEAP[JP+Il=HD LLIST,LLIST=TL LLIST E~n, 
HEAP( lfJJ:LE~, SY:-1TA~[ ISAV1 ,VAL.UE=ITE~(C'll'}E=, IP>, 
GOTO STRT 

ENO ENOJ 
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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 

or in octal 
28 OH 

For example, loading a constant 256 requires the following 

3 byte MBALM instruction 
48 28 OB 

The input to the loader for the example from the end of the 

previous section is as follows. 

08 SUMV 3JH 18 58 08 V 348 1R 68 OB V 359 18 368 38 
58 08 S 31.8 18 58 OB I 3~8 2B 58 OB N 32q 338 1378 
58 U8 V 1148 68 oa N 1~7R ?.6R OB 6A ODS 1378 268 18 
68 UB I 1J78 58 08 I 5A 08 N 7?8 768 1118 1328 28 r,9 
112H 5A 0~ S 38 08 l~OR 1368 1~78 58 OB~ 58 oa V 58 
08 I 1178 71A 68 ORS 1378 58 08 I 268 1q 718 69· 0~ I 
1378 38 OH 668 318 1R 68 QA S J58 1A 318 2R 6R 08 I 
358 18 J1~ 3A 68 ORN 35R 18 1318 338 18 58 08 V 
348 18 J5B 18 68 ORV 35g 18 1158) 

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, lexi·cal 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. This module is different for e~ch 

target machine. There are MBALM simulators available for the 

CDC 6600, the IBM 360, the UNIVAC 1108, XDS SIGMA 5, and the 

DEC PDPl0. An execution module which translates the MBALM code 

into 111achine code is also available for the CDC 6 60 0. 

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) 

( 3) 

(4) 

writing a loader program to read MBALM instructions 

and create code blocks and symbol table entries. 

writing a garbage collector 

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 . 

. •-it)tl~i1=:•:/~J• 
01234,6789 
AE:iCOEF GH I JKLMNOPQRS TUV1..JX YZ 

The special characters appear 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 kno·.vledge of the sy_stem 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. In order to compile the BALM compiler must be 

treated as a letter, as described in Section 9.3. The way to 

du this is CHGCl-<AR(:, ,lO) I 

Thus a user is protected from inadvertent modification of.the 

compiler since before he can form names with he must change. 

to a letter. 

11.1 Very Local Variables 

Name scoping is described in Chapter 3. Let us review for 

a moment what happens when a procedure 

SUMSQ:PRQC<X,Y>, x•X+Y•Y ENDJ 
is called, as fol1ows; 

A=SU~SQ(3 1 4JI 

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. 
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Entering a block of code with local variables is quite similar. 

Execution of 

• 
ENOJ 

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)J 
fer very local variables. 

MAKALOCAL(NlL)J MAKVLOCAL<NIL)J 
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,iC,0) 

A and C will be treated as local and Band Dare very local. 

TEST:PRQC(iA,B,C) 
A will be treated normally, Band Care very local -- i.e. 

known only within procedure TEST. 

MAKVLOCAL(TRUE); 
A=10J 
8EGll\(A), A:1, 
BEGII\(), PRINT(A) ENO, 
PRINl(A) 
ENDJ 

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 ,:,uter block will 

result in 1. 

11.2 Flow Chart 

BALM 

...._ ___ -')" INITIATE 

EXECUTE 

The flow diagram of the main compiler procedure, EXECUTE, 

is 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 ar.e 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 nark as is usual. 

Main definitions are given starting in column 1, while 

subsidiary definitions are inset. 

<PROGRAM> : : = 

<EXPR> .. -.. -
<ELSEXPR> I t -.. ~ 
<THENF.XPR> : ! :: 

<EXPR2> I::: 

<WHILEXPR> :1= 

<FOREXPR> 1:: 

<F'CJRAS!:>> : I= 

<F"OqLJST> 1:= 

<EXPR> J <PqOGRAII> 
<F.xPR> J 

<EXPR2> 
IF' <ELSl:XPR> 

<THENEXPR> F.LSE?f <ELSEX,R> 
<THEN~XPR> ~LSE <F.XPR> 

<EXP~3> 
WHILE <WH[Ll=XPR> 
FOR <r:-OREXPq> 
GO <EXPRJ> 
GOTO <E)(PR3> 
RETU~N <EXP~3> 

<FXPRJ> REPF.AT <[XPR2> 

<FQRASS> REPEAT <F.XPR2> 

<NAME>= <fORLIST> 

( <FORPARAMS> ) 
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<F.XPRS> I • -. -
<EXPR3> ,:= 

<LHS> Ile 

<EXPR4> s:: 

<EXPR5> 1:: 

<EXPR6> 1:s 

.. -.. -

<EXPR8> s:: 

<EXPR10> ::s 

<EXPR11> II~ 

<EXPR> , <EXPRS> 

<EXPR> , <EXPR> 

<EXPR4> 
<LHS ► = <EXPR4> 

<NAME> 
HO <EXPR13> 
TL <EXPJH3> 
VALUE <~XPR13> 
<EXPR14> C <EXPR> ) 

<EXPR5> 
<EXPR,> : <EXPR4> 

<EXPR6> 
<F.XPR~> QR <EXPR~> 

<EXPR7> 
<EXPR7> AND <EXPR6> 

<EXP~8> 
<F.XPRR>: <F.XPR8> 
<EXPRR> EQ <EXPR8> 
<EXPR8> NE <EXPR8> 
<EXPRR> GT <EXPR8> 
<EXPR~> GF. <EXPR8> 
<EXPRA> LT <EXPR8> 
<EXPRR> L~ <EXPRe> 
<EXPR~> SIM <EXPr.A> 

<EXPRQ> 
<EXPR~> • <F.XPR9> 
<EXPR~> • <EXPR9> 

<EXPRt0> 
<EXPR9> • <EXPRt0> 
<EXPRQ> / <EXPH10> 

<EXPRtl> 
- <EXPRt1> 

<EXPR12> 
<EXPR12> t <EXP~11> 

<ExPRt:h 
SIZE <EXPR13> 

<F.xPRt4> 
HD <EXPR13> 
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<EXPA14> .... . . .. 

<EXPRLlST> :1= 

<8LOCKti00Y> : I: 

<LOCALVARS> jl: 

<VARLIST> I:; 

<PROCHODY> :1= 

< A f~ G L I S T > I : :: 

<NAME> : I: 

<LETTE~OROlr,IT> 

<CONST> .. -• ! -

<INTEGER> 11: 

.. -.. -
<Ll1GICAL> I:= 

<STRING> : I: 

TL <EXPQ13> 
VALUE <F.XPR13> 

<CoNST> 
<NAME> 
<NQOP> <OP> 
( <EXPR> ) 
<ExPR14> < <EXPRLIST> 
<EXPR14> [ <EXPR> l 
DO <EXPRLlST> END 
BF.GIN <9LOCKBOOY> END 
PROC <PROCBODV> END 

<EXPR> 
<EXPR> , <EXPRLJST> 

<LQCALVARS> , <~XPRLIST> 

( ) 

( <VARLJST> 

<NAME> 
<NAME> , <V4RL1ST> 

) 

<VARLJST> 

<LETTFR> <LF.TTERORD!GIT> .... . . -
<EMPTY> 
<LETTER> <LETTERORDJGI~> 
<DJGIT> <LETTERORDIGIT> 

<INTEGER> 
<LOGICAL> 
<STRING> 
= <ITl::M> 

<nJGIT> <DIGITS> 

<EMPTY> 
<DIGIT> <OIGITS> 
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<CHARACTE;RS> 1:s 

<ITEM> :1: 

<VECTOR> :is 

<LIST> ::: 

<ITEMS> I • -. -

<EMPTY> 
<C~ARACTER> <CHARACTERS> 

<INTEGEQ> 
<LOGICAL> 
<STRING> 
<NAME> 
<SPECIAL CHARACTER> 
<VECTOR> 
<LIST> 

<ITEMS> 

<EMPTY> 
<ITEM> <ITEMS> 

The above definition makes no reference to blanks. A blank 

terminates a <NA.ME>, an <INTEGER>, a <LOGICAL>, or a <NAME> used 

as an operator (such as GT). Otherwise, blanks are ignored 

except in <STRING>s. Note that <OP> is not defined above, but 

is intended to refer to any operator. Thus the NOOP operator 

permits operators to be used also as <NA.ME>s if necessary. 

<NAME>s and <SPECIAL CHARACTER>s occurring in <CONST>s are 

used to represent identifiers of the same name. 
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APPENDIX B. OTHER VERSIONS 

360 Operation 

The following control cards are necessary to run BALM programs 

on the 360 at the School of Commerce (NYU). 

//NAME JOB 
// EXEC 8ALM4 
//BALM4 1 SYSIN OD * 

HALM PAQGHAM 

If a user wishes to create a saved file he needs to include 

a DD card for that file. If his BALM program has a SAVEALL(N) 

then //BALH4.FTONF001 DO ETC, 

must be included. A SAVEALL file requires about 20 tracks and 

RECFM=VS. 
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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: 

MtMO: PROC(FN,FNL,X>, 
~EulNCF"NLPR,SAVE,FNLB,FNLPR2), 

F NL B ~ F NL, F NL = TL F" NL, F ~IL PR= F NL , 
NEXT, IF HU HD F"NL EQ X TMEN GOTO FOUND, 

FNLPR2=F"NLpR, 
FNLPR = FNL, FNL= TL FNL, 
IF" NULL<FNL) THF.N GOTO NOTF ELSF GOTC NEXT, 

FOUND, lF FN~PR Ea FNL THEN RETURN TL HC FNL, 
SAVE= ~D FNL, HO FNL = Hn FNLPR, 
HD FN~PR: SAVE~ RETURN TL SAVE, 

NOTF, TL F~~PR2: NIL, SAVE: rN(X), 
TL FN~B: cx:sAVE):TL FNL8, RETURN SAVE 

ENO ENOJ 

It is assumed that FNL has been initialized to a list of the form: 
CZ (X1,Y1)(X2,Y2) , , , , (XN,YN)) 

where Yl=FN(Xl) , 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 the~ist 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: 
[(X1!V1)_ (X2,)2) ••~ (XN,VN)] 

The function can then be written as follows. 
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MEMO= PROC(FN,FNL,X), 
BEGIN<L, I), • 

L=LFNGT~(FNL>, t=1, 
NEXT, Ir I GT L THEN GOTO NOTF 

ELSEIF X EQ ~O FNLCil THEN GOTO POUND, 
1=1+1, GOTO NEXT, 

fOUND, ir I EQ 1 THEN RETURN TL FNL[I], 
L=FNL( Il, FNL(Il = FNL[I•11, 
FNL[l•1] = L, Rf:TIIRN TL L., 

NOTF, FOR I=(L-1,1,~1> REPEAT fNLC1•1l = F~L[IJ, 
L: FN(X), FNL(ll : X:L, RETURN L 

END E~DI, 

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 vector 

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 Vc}.lue 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. 
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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: 

ehe 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,CM60OOO1 HARRISON 
CIMGETCBA~M4,~LM4SVD) 
8ALM4. 

-- GKEEN END OF RECoRn CARD .. 
COMMENT <TEST PHOGRAM • TIC-TAC•TOE PLAYtR) 

BEST=PROG(POSN,DEPTH,HISB,MYB>, 
8EGIN<ML,DH1,RESTSC,BESTM,TRV>, 
IF llEPTH:0 THEN R~TLJRN(-SCORE<f'OSN):f\ILII\IL>, 
ML=POSSMOVES(PQSN), 
D~l=DEPTH•l,BESTSC=MV8,RESTM:NIL, 

NXT, IF ~ML THEN RETURN(-BESTSr.:e~STM:NIL), 
TRY=BEST(NEWPOSN(POSN,HD HL>,OH1,•BESTSC,•HISO), 
lF HD TRY GT AESTSC THEN 

DO ~ESTSC:HD TRY,BESTM:HD ML END, 
IF~ BES1'SC LT HISB THEN RETIJRN(-8ESTSC1Ersn11NIL), 
ML:;TL ML, GO NXT 
E~U ENO: 

SCORE:PROG(P>t 
8EGINCR0WSC,M,H,I,J>, 

~O~SC=PROCCINIT,STEP), 
BEGINCNM,NH,IJ,S), 
1NIT() 1 NM:0, NH=0, 
FOR IJ~(l,3) REPEAT 

DO If" (S=p[JJ[Jl> EQ M THEN NH=~M•1 
. ELSEJr SEQ H THE~ NH=N~+1, 

STF.PC) END, 
HETURN(lFCNM•NH> ~Q 0 T~EN NM•NM•N~•NM ELSE o> 
t:ND END, 

M=P[4JeH;If M:~X THFN ?O ELS( ~X, 
RETURN 
(ROWSCCPROC(), JcJ:1 E~D, PR0C(),J:J+1 E~D) • 

ROWSC(PROC<>,I=l+(J:1) ENO, PROC(), J:J+1 EN!"l) • 
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RUWSC(PR0C(),I=2+(J:1) F.ND, PR0CC),J:J+1 END) • 
RU1,,1SC(PR0CC>,I=J=1 ENO, PROCO, I=I+1 Et~D) ·• 

Rl)W~C(PR0CC),J=1+(J:t) END, PR0C(),J=I•1 END) + 
RUWSC(PR0CC>,J=2+(t:1) END, PR0CC>,I=I•l END)+ 
RUWSC(PR0CC),I=J:1 END, PRor:c),I=J=J+l ENO)• 
R0WSC(PR0C(),I=2+(J:1) END, PR0CO,C0 t:r .. 1,.J:J+1 FNr EtJI')) > 

EI\-U ENDJ 

P0SSM0VES=PRUC(P), 
1:3EtiIN<l,.,J,H), 
M=NIL, 
FOR l=(t,3) REpEAT 

FOR J:<t,3) REPEAT 
lV P[J] [J)~~~ THE~ H=CI1J1NIL)iM, 

RETURN(M) 
END ENDI 

NEwPOSN=PRQC(P 1 M), 
1:3ElilN<N>, 
N=C0PY(P), 
N( (~0 M)) [(HD TL H)]:Pt4l, 
Nl4l=IF µ(4]:~X THE~ ~o ELSF. ~x. 
RETURN(N) 

END Ei\lnJ 

PL.AY=PRCC(), 
8EtiIN<P0SN,8H), 
POSN=~( c~ - -] r- - -) [- - -l X], 

~EXT,PRlNTCPOSN), 
8~=HD TL HEST(pOSN,t,9999,•9999), 
IF 8M:NI~ THEN RETURNCPOSN), 
POSN:NEWPOSN(PQSN,8~), 
GC N!::X T 

ENO Ei'-40J 

PLAY<); 
srop; 

-- PI~K END OF FILE CARO •-

This uses a look-ahead of only one level, prints out each 

position, and terminates when all squares are occupied. 
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APPENDIX D. SOLUTIONS TO THE EXERCISES 

1.1 F"OR l=<1,1ou> ,REPEAT Dr, 
R=l•(N=I/A)•8, 
PRlNT(lO•N+R) 

END: 

1.2 FQ~ Z=<l,100) REPEAT on ZZ=Z•Z, 
FOR Y=<1iZ•1) REPEAT no YY=Y•Y, 

FOR X:(Z-Y,Y) REPEAT 
lF X•X•VY EQ ZZ THEflJ PRll·lT(X,Y,Z) 

ENU 
ENOJ 

2,1 8EGI~<V,L,t,N,RLANK), 
BLANl<=VFROMS(~ _, [1), 
V:VF"HOMS<S>, L=SIZE V, 
1=1, NsL/21 
hHILE I LEN REPEAT 

IF VtJl EQ V[L-I+tl THEN t=I•1 
ELSElF V(I] EQ BLANK THEN no t=I•1, L=L•1 END 
ELSElF VtL-1+1] E~ qLANK THEIJ L:sL•1 
ELSE RETURN PRINfcs,,1s NOT A PALINORO~Ft>, 

PRINT<s,,1s A PALINDROME,) 
ENDJ' 

3,1 COUNT=PROC<L>, 
IF" PAJRQCL> THEN cOUNTCHD L>•COIJNT(TI,. L) 
~LSEIF lNT~C~) THEN t 
ELSE 0 
END; 

3,2 ECLVC=PHOC<L,V>, 
BE:GI~< 1), 
FOR 1=(1,StlE V) REPEAT 

lF NOT PAIRQCL) THE~ QETURN NtL 
ELSElF ~D L NE Vl I l THE'IJ RF.nlRN NIL 
ELSE L=TL L, 

RETURN TRUE 
ENO ENDJ 

3~J EQSETO=PROC(X,Y), 
Rl:Glt\(I), 
IF NOT PAIRQ(X> AND NOT PAtRQ(Y) THEN RETUqt: X e:r. Y 
1:LSEIF NOT PAIRO(X> r,R NOT PAIAO<Y> T~E~; R!:Tl.JRN NIL, 
ELSEIF l.ENGTH(X) NE LEI\IGTH<V> T! 1f'.N RETURt-.i NIL, 
roq I=<i,l.ENGTH(X)) QEPEAT 

IF NOT ELEM(HD X,Y) THEI\I RETURN NlL 
ELSE X~TL X, 

RETUNN TRUF 
END ENDJ 

ELEH=J-'ROC(X,lr), 
8E:GIN(>, 
WHILE L REP~,\T 

IF EQSETQ(X,HD L) T~EN RETURfl TRUF 

ELSF. L•TL. L, 
RETURN NIL 
END ENDI -116-



APPENDIX E. UTILITY PROCEDURES 

The predefined procedures in the current system, in 

alphabetical order, arP. as follows. 

ADDON (LST, X) 

Sis 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 (AB) and LAST is =B:NIL 

BRACKET(OP,PREC,PrtOCNAM) 

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(~(A [BC (D)l),~C<STR> [57 (X) (V)l) 

will cause the same assignments as A=<STq>J8=57;C=~(~)JD:~YJ 
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(~(A ca C)),~(X (3 4))) 
will return TRUE and result in the following assignments. 

A=~XJl:3=3JC=4J 

BREAKUP(~(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(~(A 8 C <STR> 7),~Cl 2 3 <STR> 7)) will return TRUE while 

BREAKUP(~(A BC <STR> 7),~t4 ~ 6 <STR> 8)) will return NIL. 

A constant name or structure can be represented by PATRN by 

preceding it with a~. 
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Example: 

BREAKUP(~(A ~8 8 ?(C 0l),~<l A 5 CC 0])) 

will return TRUE and will perform the assignments 

8REAKUP(~(A ~8 C>,~<t <B) <XYZ>>> 

will return NIL and will perform the assignment A=11 

CHGCHAR(CHAR,N) 

CHAR is a vector each i tern of which represents a character. 

It is used by procedure LXSCAN to determine BALM items. If 

the value of an item of CHAR is Oto 9 the character is 

than number; 10 the character is a letter; 11 a special 

character. CHGCHAR changes the value of the CHAR i tern 

representing CHR to N. For example, 

CHGCHAq(=,,10)1 
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: 
8REA~UP(~((A Bl C 53),~((CX V) Zl R 53>)J 
PRINT(CONSTRUCT(~(<A A> C 651)); 

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. 

1 - no more 
2 - invalid 
3 - attempt 
4 - attempt 
5 - invalid 

6 - attempt 

space 
type or pointer found by garbage collector 
to execute something which is not a procedure 
to execute an undefined op code 
argument to I/O instruction, i.e., not a string 

or integer. 
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 ( INF ILE, OUTF C",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) 

re~urns 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 tHL is 

returned. If it is then the second top level element of 

the member is returned. 
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LOOKUP (IDl, ID2) 

If the property field of IDl 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 if ID2 is its first top level element. If so then the 

second top level element of the member is returned, otherwise 

NIL. 

MACRO (HAM, PROCED) 

defines NAM as a macro with associated procedure PROCED. 

MA.~PROPS(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 IDl and the second element of the member. When the entire 

list has been searched the value of ID2 is set to IDl . 

(Refer to procedure LOOKUP and also t.o the supplementary listing) . 

MAKALOCAL ( CON D) 

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 witpin 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} 

MA.PX 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·mernber 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. 

REMINFI X (OP) 

rewoves 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 list. 

RESTAT (V) 

vis 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. The name is returned. 

SUBST(NEW,OLD,LST) 

returns the list LST with all occurrences of OLD replaced 

by NEW. For example 
X=SUBST(~CX Vl,~tACB C>),~CX y ((A (A a))) Z))i 
PRINT(X); 

will print 
(X Y ([XV]) Z) 

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. 

-122-



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 > J 
MAKALOCA(THUc)J MAKVLOCA(TRUE); 
BOOTSTRAP: PHOCC), 8EGl~(LS,NAM,PR), 
HOR, PRINT,(), 

EKCQU~r.=o, TERMVLA.=NIL, 
LS=ANALYSE,(IEOS,>, 
I~ ~zR tRCOUNT. TH~N GnTO ErR, 
I ~ LS F: J =ST Op THEN RETURN '.·I J L , 
L,S=EXPA,\JLJ, CLS), 
IF ~ZR ~RCOUNT, TH~N GOTO E~R, 
~AM:HD TL LS, PR=~D TL TL LS, 
8SCODEGEN(NAH,PR), 
Gl.lTO MOR, 

ERR, EHMSG 1 CL I ST C ERCOUNT,, :SYNTAX, =ERRORS)), 
GOTO MOR 
EN{) F.ND; 

BSCOD~GEN=PROC(NAH,X), 
6tGlN(ir.RRCNT,$LIST2,$END2,LIST3, 

iGLOBL,$L~LVALS,iNHYTf,$LB~NO, 
$ARGs,ivARs,iEXPX,SARGS,iLALIST, 
1,r:ooEV>, 

EHRCNT=O, GLOsL=NlL, NAYTE:3, L8~N0:1, 
Ll:3LVALS:NIL, 
VARS=NIL, LBLtST:NJL, 
I~ GGCHf.CK, (:pROr.: CCOMl-iA, ::ARGS:=EXPX:MIL) l[NO?.:t\!IL,~) 

ANU cND2 Eo =EN~ THF.N NJL 
E L S E D O !: R M S G • ( = P R n C : : ER R O R : N I L ) , P [ T UP ~: N I L E ND ~ 
LIST2=E~D2=(0:NIL), ENn2=AnDON,(END2,GRErS,(NAH),, 
ARGS=HEMCOM,(ARGS), 
Ir HD ARGS EO DOLLAR, THF.N _ARGS=ARGS:NIL, 
SARGS=ARGS, ARGS:EXCHANG,CSARGS,1), 
COMP, (EXPX), 
EXCHANG,CSARGS,1>, 
ASS, CKRfPRoc. ,, 
~IST3=LIST2, 
WHILE LIST2 REPEAT DO 

Hn LIST2=SUAL8L~,CHO LIST2), LIST2=TL LIST2 E~o, 
PHINT!C=uLOBAL,=VAqS,GLOBL>, 
Ir ZR ERRCNT THEN WRITF.CLIST3,BINFJLE) 

ELSE ERMSG,(LISTCERRCNT,:COMP,=E~RO~Sl), 
1-H: TURN r~ IL 
END F.Nns 
BlNFILE~MAKFILECtPUNCH~,72); REWIND(BI~rILEt1])J 

BOOTSTRA~COHPJLE(); 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

1_ 0 
11 
12 
13 
14 
15 
16 
17 
18 

~a 
?.1 
22 
,3 
24 
?5 
26 
'-.7 
28 
29 
:,o 
31 
32 
33 
~4 
~5 
~6 
~7 
38 
~9 
40 
•1 
42 
◄ 3 
44 



COMM~NT ◄ 5 
~\$$$$Si\$$$~i$$$$$$$$$i$i$i$i$$$$$i$$$$$i$i$iJ$$$$%$$$i$t$~$t$~$$$$$t$ 

PROGRAM To RE BOOTSTRAPPED rOLLOWS 47 
UP TO STOPJ ◄ 8 

Sl$$$$$$$$$$$i$$$$$i$$$$ii$i$$$$$~%$$$$$$l$t$i$$$$$~$$$$$1.$~$l$l$$$$$~, 

'0 
COMMENT 151 

<••···································································· MAIN PROGRAM 53 

BALM= PROC(), 55 
56 
•P 
c; 8 
~9 
~o 
~1 
62 
63 
64 
65 
66 
,, 7 

BEulNC), 
l N l T I A T , C > , 
EXECUTE(INPUT,OUTPUT>, 
STOP<) 

E~D 
E~DJ 

EXECUTE= PROC(:iil~PUT,£OUTPlJT), 
8 Eu t ~ < ST I LS, $CUR C n 1-1 , , $ P ~EV CC ~I, , SER CO l.' NT , , $TE A t1 FL A; ) , 

MOR, PRINT,(), 

ERR, 

ERCOU~T.=o, TEqMrLA,=NIL, 
ST=ANAI..YSE,cIEnS,), 
If TALKATIV GE 2 THEN DO 

PRINT,c=sYNTA~,=TREE), PRINT,(ST) 
END, 
IF ~z~ ERCOuNT, THEN GOTO ~RR, 
rr ST Ea =RESUME THE~ RETURN NIL, 
IF' ST EQ =STOP T~EN RETURH NtL, 
MA cs v H B • = v E c To R < s r AR • , s TAR • , o Nu M • t 11 , D rm M , t 1 l , n Nu M • r 1 l , , 
LS=l:XPAND,(ST), 
IF TALKATIV GE 3 THEN DO 

PRINT, (:EXPANDED,=TREE), PRINT,(LS> 
END, 
IF ~zH ERCOUNT, THEN GOTO ~RR, 
If PAJRQ(LS) AND HO LS EO EQSIGN, AND PAIRO(HD TL TL LS) 
MO HD TL TL LS E~ =PROC ANn 

IOQ (~D TL LS> THEN DO 
COOEGEN,(HO TL LS,HD TL TL LS>, 
GOTO MOR 

cND, 
LS= LISTC=PROC,LIST(COMHA,,MTY,,LS>,=END>, 

ANO 

68 
69 
?0 
71 
72 
73 
7 4 
75 
76 
77 
78 

BO 
,u 
,. 2 

"3 
84 
~5 
~6 

COl)EGEN • ( sClJRCOM,, LS)·, ~7 
Ir ~coOEQ(CURCOM!) THEN GOTO MCR, ~8 
CUHCOM,(), 89 
GOTO MOR, t0 
PRJNT,(LJSTCERCOUNT,, ■ERRORS)), ~1 
PREVCOM,:ST, GO MOR 92 

END t3 
ENDJ t ◄ 

COMMENT t5 

~····························································~········· UTILITY ROUTINES 97 
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······································································-VF~OML,= PRUC(L), 99 
8EGJN<N,V,I>, 110 

N=O, V=L, 1~1 
WHILE V REPEAT DO 102 

N=~•l, V:TL V 103 
END, V=MAKVECTO(~), 10 ◄ 
F"QR I=<1,N) REPEAT 00 lt,5 

V[ll=l-lO L, L=TL L 1r,6 
END, 107 
RcTUR~ V 108 

END 109 
ENDJ 1{0 

ADUON,= PROC(X,V), 111 
T~ X~VIN!L 112 

ENDJ 1i3 
LOOKUP,= PROCCX,L), 114 

BEGIN<P>1 1i5 

MOR, IF IDQ(L) A~D IOQ(X) THEN DO 

Et>. U 
END; 

P=L, L=PROPL(X), X:P 
ENO, 
IF ~PAIRQ(L) THEN RETURN NIL, 
IF X 60 ~D HD L THEN RETURN ~D 
1-~TL L, GOTO MOR 

ORDINAL,= PROC(A,L), 
ORD1,CA,L.,1) 

ENDJ • 
ORD1.= ~ROC(A,L,I), 

Tl HD L, 

IF ~PAIRQ(L) THEN NIL ELSEIF 
ELSE ORD1.CA,TL L, 1+1> 

A EQ HD L THEN I 

END; 
LENGTH,: PROC(X), 

IF PAIHQ(X).THEN 1+LENGTH,(TL 
ELSEIF VcCTQ(X) OR STRQCX) or. 
ELSE O 

ENDJ 
IFROMJD,= PROC(X), 

x ... 0 
EtliD; 

GENSYM, = PROC (), 
BEliIN<I,J>, 

FOR f:(5,2,-1) RfPEAT 

X> 
CODEQ(X> TH.EN SIZE~ 

IF (J:CHAR.[GENSVH8,[l]J) LT 9 
THEN DO 

. GENSYMB,[IJ=D~UM,[J+2J, 
HE1URN IoFROMS(Sr~OMVCnENSYMB,)) 

END 
ELSE GENSVMB, I J ):DNUM, f1J 

El\ lJ 
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116 
117 
1 !. 8 
119 
120 
121 
122 
113 
1~• 
125 
1~6 
1~7 
1?8 
119 
130 
131 
132 
133 
1~ ◄ 
135 
136 
187 
1J8 
139 
140 
141 
142 
1•3 
144 
1•5 
146 
147 
148 
1,9 
150 



ENOJ 
MAPX,: PROC(X,P), 

IF PAJRQ(X) T~EN MAPL,(X,P) 
ELSElF VECTQ(X) THEN MAPV,(X,P) 
El.SEX 

ENDJ 
MAP~,= PROC(~,P), 

BEGlN<H,c), 
B=E=NIL&NlL, 

MOR, If ~PAIRO(L) THEN RETURN TL R, 
E=ADDON,CE,PCHO L)>, L:sTL L, GOTO MOR 

END 
ENDJ 

HAPV,: PROC(V,P), 
BElilN<N,VV,J>, 

N=SIZ~ v, vv=MAKVECTO(N), 
F'QR r~<1,N) REPEAT VV(I]:f'(V[ll), RETUnN vv 

Ef\lJ 
ENDJ 

MEMBER,z PROC(X,L), 
BEGIN<), 

MOR, IF PAIRQ(L) THEN 
(IF' X EQ HD L TH~N RETURN TRUE 
ELSE DO 

L=lL l, GOTO MOR 
END> 
ELSc HETURN NIL 

E~IJ 
ENO; 

LfROMV,= PROC(V), 
dEGIN<L,N,I>, 

E~D 
END; 

COMMENT 

N=SIZE V, L:NIL, 
FOR t~(N,1,-1) RFPEAT L=V[t]&L, 
RETURN L 

1~1 
1, 2 
153 
154 
155 
116 
1 r; 7 
118 
1~9 
160 
161 
1 t, 2 
1t,3 
1~4 
1(\5 
166 
1~7 
1~8 
1,. 9 
170 
171 
172 
173 
1?4 
175 
176 
177 
17 8 
179 
1~0 
1R1 
1A2 
1~3 
1A4 
1 "5 
11'6 
1 f' 7 

, ••••••••••••• ~························································ INITIATION ROUTINES 1~9 

··············,·······················································~ JNITJAT,= PROC(), 
BEGIN(), 

INITIO,C>, 
INITUNA,C), 
INITJNf, C >, 
lNITEXP,(), 
INITCOD,C), 
JNJTOPL.,<>, 
INJTMIS.C>, 
RETURN NIL 

E~U 
ENO; 

INITIO,= PROCC), 
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191 
1 Q2 
1Q3 
1Q4 
195 
196 
1t17 
1f18 
199 
200 
2 n 1 
2 fl 2 
203 



••••• FOH MACHINE INDEPENDENCF. 
***** FROM C4RDS AND CO~STA~TS 

THE CHARACTER SET IS REAC 
ARI: SET TO TIJE CHARACTERS IJSEO ev 

***** COMPILER PROCEDURES 
***** C~ARACTERS START TN COLUHN 2 OF THE ciRnS 
***** THE FOLLOWING 3 CARDS ARE READ BV JNITin 
* ·•-~()[J~$,;i*=/•~J~> 
•01234567d9 
•ABCOEFGHIJKLMNQPQRSTUVWXYZ, 

2n4 
205 
2n6 
2n1 
2 n a 
2tJ9 
2t0 
211 
2i2 

BEGIN<~l~,L,I>, 213 
LIN•SUBVCVFROMS(~DllNE<1>),2,22), 2t 4 

8LANK,=LIN[1l, PERIOD,=LINt2J, STAR,=LINt3], 215 
MSIGN,=LIN(4l, STRQU,=LIN[5l, LPAR,=LIN[6J, 216 
RPAR.!L1N[7], LBR,=LINt8l, RBR,=~IN[9], 217 
SLASHX,=LIN[17l, 2~8 
SEMIC.=LIN[20l, 2!9 
PROMPT,=LIN[22l, 220 
LPVAR,=InFRoMS(SFROMV(VECTOR(LPAR,))), 2?.1 
RPVAR,=IDFRQMS(SFROMV(VECTOR(RPAR,))) 1 2,2 
l8VAR,=IOFRQMS(SFROMV(VECTOR<L8R,)>), 2,3 
RBVAR!=IDFRQMS{SFROMV(VEr,roR(RBR,))), 2,• 
PERVAR,=JDFROMSCSFRO~V<VFCTQR(PERJOO,))), 2,5 
STARX, =IDFROMS(SFROMV<VECTOR(STAR,)l), 2,6 
NOTSJQN,=IDFR0MS(SFRO~V(VECTOR<Lt~C10]))) 1 227 
MINUS, =IOFROMS(SFROMV(VECTORCMSIGN,))l, 228 
DOLLAR, =IDFR0MSCSFROMV(VfCTOR(Ll~C11l>)>, 219 
COM~A, =IDFROMS<SFROMV(VECTORCLINt12l)>), 2~0 
EQSJGN, =IDFR0MSCSFROMV(VECTOR(Lltft13]))) 1 231 
COLON, =IDFROMS(SFROMV(VECTOR(l,.IN[14l))), 2~2 
PLUS. =IDFRQMSCSFROMV(VECTORCLlNC151>)>, 2,3 
EQU1V1 =JDFROMS(SFRO~VCVECTOR(LlN[16l))), 2~4 
SLASH, =IOFROMS(5FROMV(VECTOR(LIN[17)))), 2~5 
EXPON1 =IDFROM5(5FROMVtVECTOR<LIN[18l)>), 2~6 
OSIGN, =IDFROMSCSFROMV(VECTOR(LIN[19,))), 2~7 
IEOS. =IDFRQMSCSFROHV(VECTOR<LINC~0]l)>, 238 
r.QMC~AR,:JDFR0MSCSFROMV(VECTOR<Ll~t21]))), 2~9 
CHAR.;MAKVECT0(1~8), 2•0 
FQR ?~<1,128) REPEAT CI-IAR,[IJ=11, 241 
LIN=SU8VCVFROMS(RDLINE(1))~2,10), 2•2 
DNUM.~MAKVECT0C10), 2•3 
FOR t;(l,10) RF.:PFAT DO 2•4 

CHAH,(LINtIJl=I"'l, ONUM,[Il=Llf\[11 2•5 
END, 2•6 
Sl:VEN,=DNUM,[BJ, 247 
LlN=VPROMSCRDLtNEC1)>, LIM=SUBV(LIN,2,SIZECLIN)•1), 2•8 
LETT8 1 =LtNC2l« 2•9 
IDTHU~,=IDFROMS(SFRO~V(VECTOR(LlNt201,LIN[18l,Ll~t211,LlN(5] 
>) > • 2,1 
IDNIL 1 =IDFRQMSCSFROMV(VECTORCLIN(14l, LIN[9], L1~[121 ))), 
L=SIZE LIN, 
POR 1~(1,Ll REPEAT IF LIN[t) NE BLANK, TI-IEN 
INPUT,MAKFILE<t,72>, 
0UTPUT=MAKFJLEC2~72), 
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2,J 
CHAR, tLIN[ I J Jz10~ 

295 
2,6 



E~D 
ENDJ 

BLANK~l,=MAKVECT0(72>, 
FOR t~<l,72> REPEAT RLANKLI,tll=BLANK,, 
RETURN NIL 

INITUNA,= PROC(>, 
BEG!N<), 

lJNA~Yl. I, =LI ST ( 
LJST(:DO,LJST<=BRCKT,•D0,100,100)), 
LIST(:BEGIN,LtSTC•BRCKT,:BEGIN,100,100)), 
LIST(2PRQC1LIST<=BRCKT,~PROC,1QO,t00)), 
~IST(!lF,LIST(~UNARY,~IP,200,200))~ 
LIST(~RETURN,LIST(~UNARY,~RETURN,,oo,500)), 
~IST(~WMILE,LtST(!UNARY~~WHILE~500~500)), 
~tST(:FOR, LlST<=UNARj,=FOR,500,500)), 
LtST(~GOTO,LIST<~UNARY,~G0,500~50n)), 
LtST(~GO,LlST<?:lJNARY,~G0,'300,5QO)), 
~JST(NOTSIGN,,LtST(:UNARY,=NILQ,1200,1200)); 
LtST(sNOT,~tSTC=UNARY~:NJLQ,1200,1200)), 
~tST(~NULL•LISTC?UNARV,~NILQ,1200,1?00)), 
~tST(:PL,L{ST(:UNARV,aPL,1200,1200)), 
LtST(:ZR,L{ST(:UNARY,:ZR,1200,1200)), 
LtST(MINUS,,LtST(:UNA~Y,INF.G,1700,1700)), 
LlST(=SIZE,Ll~T<=UNARV,•StZE,1900,1900)), 
LtST(:VALUE,LtSTC•UNARY~:VALUE,1900,1900)), 
LtST(OOLLAR,,t.ISTC=UNARY,DOlLAR,,t900,19QO)), 
LIST(~TL,LIST(~UNARV,~TL ,2000,2000)), 
~tST(~HD,LlST(~UNARV,~HD ,2000,2000>) 
) ' 
HETURN NIL 

END 
ENDJ 

JNITINf,~ PROC(>, 
BEGIN<>, 

INtlXL.I ,~LIST< 
LIST<lEOS,,LlST(:INFIX~I~OS,,0,~1)>, 
LIST<~END,LISfC~JNFlX,~END,O,O>), 
LISTCCOMMA,,LIST<=INfIX,CQMMA,,100,100)), 
LISTt~ELSEIF,~tST(~INF!X,~FLSEfr,300,300>), 
LISTC~ELSE,LIST(~INflXi~ELSE,300,300)), 
LISTt~THEN,LIST(~INFIX,~THEN,400,400>), 
LISTC?REPEAT,~IST<~INFIX,~REPEATr600,600>), 
LIST(~OSIGN,,~tST(=INrtx,EQSIGN,,700,,01)), 
~IST(COLON,,LlST(:tNr1x,coLON,,80Q,80Q)), 
LIST<?OR,LIST<~INFIX,~OR~1000,1001)), 
LJST<~AND,l.JSTC?tNF'lX,~AN!),1100,1101)), 
LISTC~NE,LISTC2INFIX,:NE,1200,1200>>, 
LIST<•LT,LISTC:INFIX,:LT,1200,1200>), 
LIST<!GE,L!ST(:INFIX,:GE~1200,1200>), 
LIST<~GT,LIST<=INFIX,•OT~1200,1200>), 
LIST<~LE,LIST(:INFIX,~LE,1?.00,1200>), 
LISTC~SIM,LISf<=tNFIX,=SIM~1200,1200)), 
LIST<~INUS,,LIST(:INFIX,MINUS,,1501,1500>), 
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257 
2•a 
2~9 
2A0 
2~1 
2~2 
2A3 
2A4 
2~5 
2,6 
2,7 
2~8 
2"9 
270 
2,1 
2,2 
213 
274 
215 
216 
2 '17 
218 
219 
280 
2•1 
2~2 
2~3 
284 
2A5 
2~6 
2~7 
2~8 
2~9 
2,0 
201 
2Q2 
2'13 
2Q4 
2•5 
296 
2tJ7 
2Q8 
2Q9 
300 
3~1 
3n2 
3n3 
304 
305 
3~6 
Jr,7 
3~8 
309 



~JSTCPLUS,,LIST(:INFTX~PLUS,,1501,1500>), 
LJST(STAAX,,LlST(:INFIX,STARX,,1601,1600)), 
LIST<EQUJV.,LIST<=INrix,aEQ,1400,1400)), 
LIST<SLASH,,LlSTt:JNr1x,SLASH,,16Q1,1600)), 
LISTCEXPON,,LlST(:INrix,exPON,,1A0n,180Q)), 
LlST<~EQ,LlsT<=INFIX,=EQ,1400,1400>) ), 

RETURN NlL 
ENU 

ENDJ 
l~ITEXP,= PROC(), 

B6Gl"4C), 
MACRO~l,=LIST(LlST(:QUOTE,DUMHY,)), 
RETURN NIL 

ENU 
ENOJ 

INITCOD,= P.ROC(), 
BEGI"IC), 

ENU 
ENO; 

CQDGENL, = LIST( 
LlST(:PROC,GLAHBnA>,LIST(:AEOIN,GPROri), 
LIST(~RETURN,GRETURN>,LISTt=DO,GPAOGN), 
LIST(~GO,GGQ), LIST(=Ir,ocoND), 
LlST(;AND,GAND>, LIST(~OR,GOR>, 
~ISTC~STRING,GSTRING), 
LlSTC=OUOTE,GOUOTE>, LIST(EQSIGN,,GSET~), 
LIST<=WHILE,GW~ILE>, LIST(~FoR,GrcR>, 
LIST<=LIST,GLIST>, LtST(:VBCTOR,GVECTCR) 
, ' 
KCALL,=278, KRTPROC,=1158, 
KNVARS,=368, KRETPR0,=1318, KSETSTK,=137B~ KP0~,:3,a; 
KARG.~338, KVAR,:318, KGLOR,a5B, 
KASTORE,:348, KVSTORE,=32A, KGSTORE,=68, 
KNUM1i=268, KNUM~,=4R, KNUHJ,:378, 
KNJL.=1368, KTRUF,=135R, 
KJMP.=3B, KJMPT,:18, KJMPf,:28, 
KLRL.:11A, KJMPI,=52A, 
K~JST,=108, KVECTOR,a12B, 
KTLOOP,=148, KSTF.PLO,=53R, 
KIN~G,=768, KMAKVAR,=418, 
KSTRING,=138, 
KSETSX,=1348, 
RETURN NIL 

JNJTOPL,• PROC(), 
8E(jlN(), 

OPLIS1', = LIST< 
LISTCC □LnN,,~18), LIST<=M0~123B), LIST<=TL,1248), 
~ISTc:RPLACA,1218), LIST(aRPLACD,122?), llST<=lIST,108>, 
LISTC=MAKVEcTO,1408). LIST<=VECTOR,128), 
LtST<!INOEX,1178), LIST(:SETINDEX,1208), 
LISTC~SUBV,163A), Ll~Tt=Sf:TSUBV,1648), 
LISTC~CONCATV,165B>, 
LISTC;SUB,1638>, LJST<=SETSUR,164P.>,LIST(aCQNC4T,165B), 
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310 
311 
312 
Ji3 
3i4 
3t5 
316 
317 
318 
319 
3'-0 
3,1 
3,2 
3'-3 
3'-4 
3,5 
3,6 
3~7 
318 
319 
JJO 
331 
332 
3~3 
JJ4 
3:15 
3~6 
3,1 
3:,8 
339 
3• 0 
3•1 
342 
J•3 
344 
345 
J•6 
JA7 
3•8 
3•9 
3':'0 
3,1 
3•2 
31J3 
354 
3,5 
3.,6 
3,1 
3-.a 
31J9 
31..0 
JA1 
3112 



LlST<~SHlfT,70R), LlST<=LAND,1258), 3~3 
LlST<~LOR,1268>,LISTt:COMPL,1278), 3~4 
L1ST<~SIZE,114R), LIST<=STRING,138), LIST(=XnR;678>, 3~5 
LlST<!APPLY,1718>, LlST(sIOfROMC,438>, 3A6 
LIST<~lNTQ,778>, LISTC=STRQ,1018>, LISTC=CODE0,1049); 3~7 
~lST<=IDQ,1Q58>, LIST<•LRLQ,1078>, LIST(:VECTQ~1~2R)~ 3~8 
LlST<~PAtR0,1038>, LlST(sLOG0,161[!>, 3~9 
L!ST<~EQ,113B>,LJST(=SIH,162B>, 3?0 
LlST<~PL,111B>, LIST<=ZR,1128), 371 
LJST<•NILQ,1328)~ 372 
LIST<~VFROMS,468>, LISTC•SFROHV,4~8), 373 
LIST<~IOFROMSa60R), LIST(:SfROMID,1308>, 314 
LlST(:CfROMV,150q), 375 
LIST(PLUS,,718>, LIST<MINUS.,728>~ LIST(~INEG,76e)~ 316 
LIST(STARX,,738)~ LIST(SLASH,,748), LJST(EXPnN;,75s); 377 
~lST<!PROPL,1608>, LISTC=SETPROPL,1108), 3'8 
LIST<~VALUE,50A), LlST<=SETVALUE,518)~ 379 
LJST<~MOOE,1528)~ LIST<=SETHODE,1518>~ 3A0 
LIST<~RDLINE,141A), LIST(cWRLINE,1428), 3~1 
LIST<~REWJN0,143ij), LISTt:RACKSPAC,1448), 3~2 
LlST<~GARBCOLL,1538), 3A3 
LIST<=SAVEALL,1458>, LIST(cRBSU~EAL,1468), 3~4 
LISTC~tNDFILE,l4?Rl,LIST(mPRnTECT,1558>, 3~5 
LIST<~TIME,1548)~ 3A6 
LlSTt~NUMARGS,47~), LIST<•ARGUMENT,428), 3~7 
LIST<~NE,LIST(t13B,132B)>, 388 
LIST<~LT,LisTC72R,111B,132B)), 3~9 
LJST<,GE,LIST(72~,111B>), 3~0 
LIST<~GT,LISTC72~,76B,1118~1328)>, 391 
L1ST<~LE,LIST(72q,76~,1118>), 3•2 
LIST<~STOP,116R) >, 3~3 
RETURN NIL 3~4 

ENU 3~5 
E~o; 316 

INITMIS,= PROC(), 3q7 
HEGJN<), 318 

~ALSE=NIL, 399 
SYSLJST=NIL, 400 
TTYfLAGaNIL, 4"1 
TALKATIV:0, 402 
OCTMOUE=NIL, 4~3 
GENSYMB,=VEcTOR(STAR,,ONUH, [1] ,DNUM. [1] ,Dt-.JUH, [1] .o~,u~. [11 ), 
MTY,=SFRnMio<=EMPTY), 4n5 
NDr,=JDfROMSCSFROMV(VECTOR<SLASHX,,SLASHX,,SLASHX,,SLASHX,))), 
MAKVLOCA(TRuE>, 4n7 
MAKALOCA(TRUE), 408 
RETUR~ NIL 4~9 

E~U 4t0 
ENDJ 411 

COMM~NT 4i2 

-······································································ 1/0 ROUTJN~S 414 

······································································-
-130-



MAKFILE= PROC(FN,LLEN), 
BEulN<LtN,l), 

Et\-D 
ENO; 

~IN=MAKVF.CTO<~LEN), FOR 1~<1,LLEN) REPFAT LJN(fJ=OLANK,, 
RETURN VECToR<FN~LlN,LLEN,2,LIN,LLEN,2) 

READ,= PROC(FIL>, 
BEGIN<JTM,$FN,$LlN,iLLEN,$NEXT,STERMLINF.), 

FN~FI~(1l, LIN=FtL[2l, LL[N:rIL[3], NEXT=FIL[41, T~RHLl~E= 
READ IN., 
ITM=RUITEM,()1 
F1Lt2,=LIN, FJL(4]:NF.XT, rILt3l=LLEN, RETUP.N IfM 

E:ND 
ENDJ 

RDTOKEN,= PROC(FIL), 
8EGINCITM,$FN,$Ll~,$LLEN,$NEXT,STERMLtNF), 

Et-..U 
ENO; 

FN=FIL[1l, LIN:FtLC2l, LL[ll=rIL(3], NEXT=F"lLC41, TF.RMLlf\E: 
RE AD 1 ~~ , , 
lTM~LXSCAN,C>, FIL[2l=LIN, FtLf4l:NEXT, FIL[31=LLEN, 
IF 1 r 1 En I orRuE. THEN RFTLJRN TRUE, 
IF IHI EQ IDNlL, THEN RETIIRN NIL, 
RE TUR•~ ITH 

RDIH::M,= PROC(>, 
8ElitN<lTM), 

ITM=LXSCAN,(), 
IF ITM E=Q LpVAR, THEN ITH=GETLIST,C) 
F.~S~Ir lTM EO LHVAR, THEN ITH=GETVECT,(), 
IF ITM EO IOTRtH:, THEN RETURN TRUE, 
IF lT~ Ea IoNIL, THEN RETURN NIL, 

E~U 
ENDJ 

RETURN ITH 

GETL,IST,= PROCC), 
BEGIN( lT-'1,X,Y), 

X:::v:~J 1 L: NIL, 
HOR, ITM=RUITEM,(), 

IF' !TM E11 RpVAR, THEN RETURN TL. Y 
F.LScif !TM EO PERVAR, THPJ TL X:(JTH:Rl)JTEH,(>t 
ELSc!F ITM EO IE~S. THEN no 

1\j E X T = ~! E X T .. 1 I 
PR[NT,<LJSTC=PARENS~=OONT,=MATCH,>), RETURN TL V 

ENU 
F. ND; 

F. ND 
1:1.sc X=AODON,(X,JTM), 
GOTO MOR 

GETVECT,= PROC(>, 
Vf~OML,<GE:TV,()) 

ENO; 
GETV,: PROC(), 
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4i6 
4t7 
4i8 
41. 9 
4'-0 
4,1 
4,2 
4'-3 
414 

◄ :!6 
4')7 
4?8 
429 
4~0 
4~1 
4:52 

◄ ~4 
4~5 
436 
4~7 
4:58 
4~9 
440 
441 
442 
443 
444 

4•5 
4•6 
447 
448 
449 
4'50 
411il 
4,2 
41}3 
4-.4 
4~5 
4~6 
4"7 
4118 
4'19 
4A0 
4111 
4~2 
4A3 
4A4 
4,.5 
41\6 
4~7 
4t.8 



* 
* 
* 
* 
* 
* 

MOR, 

8Eli1NC1TM,X,Y), 
X•Y=Ntl.1NIL, 
lTM~RUlTEH,C>, 
IF lTM EO RBVAR, THEN RETURN Th Y 
ELSEIF ITM EQ lE~S, THF.N DO 

NEXT=NEXT ... 1, 
PRlNT,(lJSl<=RRACKETS,•noNT,=MATCµ,)), RETURN TL V 

END 
ELSE: X=ADDON I ( X' t TM)' 
GQ'l'O Mt:iR 

E~ I) 
ENOJ 

LXSCAN,c PROC(>, 
BEGIN<C,J,E), 

LXSCA~ IS TA~LE DRIVEN ~y VALUES nF CHAR, 
o~9 t-.:UMBER 
10 LETTER 
11 SPl:CJA~ 
12 TERMl~ATING SPECIAL• CAN ENO 
13 C0M81NlN~ SPECIAL• COM~INES 

NXT, IF' NEXT GT LLEN THEN 
TF.RMLtNEc>, Ir LLF.N EQ 
RETURN NOF'1 

END, 
C•LlNtNEXT.], NEXT=NEXT•l, 

A. NAHE 
WITH nT~ER 
no 
0 THEN 

J F' C t:O ALANK, T~EN C,OTO ~!XT, 
,Ja:NEXT• 1, 
1 f ( E~CHAR, [ C]) EQ 10 THEf~ GC SYME 
ELSEtf E LE 9 THEN GO NUMn 
ELSEIF CEO STRQU, T~EN GO STR 
ELSEIF E EQ 13 T~EN no 

WHIL.E NEXT LE LLEN AND CHAR.tLIN[NEXT]] ED 13 
HEPEAT NEXT=NF.XT+1, 
RETURN<IoF'RnMS(SF'ROMV(SUBV<LIN,J,NEXT-J)))) 

END, 
RETURN IDF'RQMSCSF'ROMVCVECTOR(C))), 

SYMB, WHILE NEXT LE LLEN A~D C~AR,tLlNC~EXT]l LE 10 REPEAT 
NEXT=NEXT+1, 

4~9 
470 
4?1 
472 
473 
474 
4,5 
416 
477 
4 '18 
4,9 
4~0 
4A1 
4A?. 
4,-3 
4~4 
4A5 
4A6 
4~7 
4~8 
4~9 
4QO 
491 
4,2 
403 
4,4 
4Q5 
4~6 
497 
4Q8 
499 
500 
501 
502 
503 
504 
505 
506 

I f NE X T L E L L E N 4 N D CH A R , [ L I N [ NE X T l ] E n 1 2 T H E ~, 
E,rorHOMS(SrROMV(SUBV(LlN,J,NEXT-J))), 

t\'EXT=NF.XT+1, 

rr (NEXT-J) GT 8 TMEN 
ERMSG,<=WARNING:~:=GREATERi:a:~CHARSl~IL>, 
RETURN E, 

NUHR, WMILE NEXT LE LL~N AND(C:CHAR,tLlNCNEXT]l) LE 9 REPEAT 
no 

STR, 
MSTR, 

Ecc•lO•C, NEXT:NE~T•l 
END, 
tr NEXT GT LLEN MR LIN(NF.XT] NE LETT8, 
C~NcXf•l, NEXT=J, J::C, GoTn MAKO, 
E ■ MAKVECTO(Q), 
IF NF.XT GT LLEN THEN DO 

E=CONCA TV CE, SlJAV (LIN, J•1, LLEN.-J >), J=O, TERML I ~E <) ~ 
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508 
5 t,9 
510 
511 
512 
5i3 
5~4 
515 
516 
517 
518 
51 Q 

5?0 
5~1 



Ir l.LF.N EO o THF.N RETUflN ~wr, 522 
END

1 
5,3 

Ir ~IN[NEXT] NE STRQU, THFN DO 5? 4 

NEXT=NEXT+l, r,QTO MSTR 5'-5 
END, 5'-6 
E z C O N C A T V ( E , S U 8 V C L I N , J • 1 , r.1 E X T • J • 1 ) > , 5 ' 7 

NEXT=NEXT+1, . 5,a 
IP NFXT LE LLEN AND LIN[N[XT, EQ STRQU, THEN 5,9 

UO J=NEXT~1, ~EXT:NEXT•1, GOTO MSTR ENC, 5~0 
RETURN SF"ROMV(E), 5~1 

MAKO, E:::0, ~HILE NF.XT LE LLEN A!'IO (C::CHAR,[LIN[NEXT]I) L.F. 7 5~2 
REP~AT DO 533 

E=LORCSHtFT<E,3>,C>, NEXT2NEXT+1 5~4 
END, 5~5 
Ir LIN[NFXT] EQ LETTA, THEN no 5~6 

NEXT=NEXT•l, RETURN E 5~7 
END, 5~8 
ERMS~,<=ERRQRJ=I~i=OCTAL::NUMBER:~IL>, NEXT:J, RFTUR~ NIL 5J9 

ENU 5AO 
ENO; 5"'1 

READIN,= PROC(), 5AI? 
BEGIN<), 5A3 

START, If FN NE 1 THEN LIN=VFROHSCRDLJNE(F"N)) 5•4 
ELSEtf TTYF"LAG TMEN DO 5•5 

WRL I NE ( STR l NG< BLANK,, PROHPT,), CUTPl:1' [ 1 l), 5A6 
L I 1~ = v r R o M s < R n L I N E c r N > > 5 "' 7 

END 548 
E~S~ DD 5"'9 

WR L I NE ( CONCA T C STRING ( 8 LANK , > , CL IN= R P.L I H: ( F N) ) > , 0 U 1' P IJ T [ 11 ) -, 
~IN=VF"ROMS(LlN) s,1 

END, 5,2 
IF" (LLEN=SIZE Llt--t) GT O MIO LIN[1l EO STAR, THEN GCTn START, 
NEXT=l 554 

E~U 5~5 
END; s,6 

WRITE= PROC<L,FIL>, 5~7 
8EuIN<~FN,$LIN,$LLE~,$NEXT,$APCNT,$T(R~LlNE), 558 

FN=FTL[1l, LIN=FTL[5l, LL[N:F"IL(6], NEXT=FILt7J, 5'9 
TERML.INE=WRJTOllT,, 5/\0 
8PCNT~O, PUTIT~M.<L), TERMLINE<), 5#11 
F1Lt5J=LtN, FIL(7l=NEXT, RETURN L 51i2 

ENO 563 
ENO; 5fl4 

PRINT,= PROC(>, 5~5 
8Eu!~C$FN,$LIN,$LLf.N,$NEXT,$8PCNT,$T[R~LtNE,I,N,FlL,TR); 5~6 

TR=TRACE, TRACE=O, 567 
NzNLJMARGS(), FJL=OUTPUT, Tf:RMLINE:WRITOUT,, 568 
FN=F?Ltll, LIN=F1L[5l, LLEN=FIL[6l, ~EXT=rlL(71, 5~9 
8PCNT=O, FOR 1=(1,N) REPEAT PUTITfH,(AQGUMENT(J)), TERMLINFC,, 
FJLt5J=LIN, FlL[7]=NF.XT, 5'1 
T~ACE=TR, 572 
RETURN ARGUMENT(~) 5,3 

E~D 574 
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ENn; 
WRITOUT,= PROC(), 

~EGIN<l,J>, 
WHLlN~(SfROMV(Ll~),fN), N[XTaBPCNT•CRPCNT/20>•20•2, 
J:O, 
W~l~F. <I•LLEN~J) GT 72 
REPEAT on 

SE'?SU8V <LIN, J•l 1 72, ALA!~KL I,>, J=J•7? 
END, 
SETSUijV(LIN,J•1,J,BLANKLI,> 

E~D 
ENDJ 

PUTBLAN,= PROC(>, 
IF NEXT GT LLEN 

ENO; 
PUTITF.H,= PROC(L), 

IF VECTO(L) THEN PUTVECT,CL> 
EL~EJF PAlR~(L) TMEN no 

E~D 

tr NEXT GT LLEN~10 THEN T[RHLINEC) ELSE NIL, 
PUTCM1 CLPAR,), PlJTLlST I CL) 

ELSEIF STRQ(L) THEN PUTSTR,<L> 
ELSEIF IOQCL) THEN PUTC~V.(VfROMSCSFROHICCL))) 
ELSEJF JNTQ(L) THEN PUTINT,<L> 

BPCt-.T:BPCNT+1, 

EL~Eir L EQ TRUE THFN PUTCHV,<VfROHS(SFROMID(lDTRUE, ))) 
EL~ElF L EQ NIL THEN PUTCHV,(VfROMSCSFRC~IDCtDNIL~))) 
EL~EIF L~LQCL) THEN PUTLBL,CL> 
EL~ElF CODEO(l) fMEN PUTCODE(l.) 
EL~E PUTCHV,(VECTQRCSTAR,,STAR,,STAR,)) 

ENDJ 
PUTVECT,= PROC(L), 

BEliIN<N, P, 

E~U 
ENDJ 

Ir NEXT GT LLEN•10 THEN TF.RMLINE<), PUTCH,CLBR~), 
IF (N~SIZE L) EO 0 T~EN NEXT ■ NEXT+l, EPCNT=APCNT+1, 
r o R 1 • < 1, N, REPEAT Pu Tr TE~,, c L t I l , , 
NEXTcl\lEXT•1, PtJTl".'.H, (RBR, >, 8PCNTcEPC~1T•1, 
PUT~LAN,() 

PUTLIST,• PROC(L), 

IF NULL L TMEN no 
NEXT=NEXT•1, PuTr.H,(RPAR,), BPCNT:BPr.NT~l, 
PUT~LAN,t) 

E~D 
E~SElr PAIRO(l) TMEN no 

PUTITcM,tHD L), PUTLIST,C,L L) 
E~D 
ELSE DO 

E~O 

PUTCHK,(PERJOD,), PUTCHK,(BLANK,), PUTITEH,<L>, 
N~XT=NEXT•1, PUTCH,(RPAR,)~ APCNT:RPCNT~1, PUTCHK,<B~ANK,) 
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5,5 
516 
577 
5,e 
519 
5AO 
5 ,-1 
5 ,-2 
5~3 
5A4 
51'5 
5A6 
5A7 
5AA 
5A9 
51.)Q 

5'>1 
592 
5 i, 3 

595 
596 
5,7 
598 
5Q9 
6n0 
601 
6 1'.1 2 
603 
6 r:, 4 
6n5 
606 
61'.17 
60~ 
609 
610 
611 
612 
613 
614 
615 
61.6 
617 
618 
619 
6i'O 
M,1 
6?2 
6,.3 
6'-4 
6,5 

6')7 



ENO; 
PUTSTR,= PRUC(S), 

BEti!NCN,I>, 

Et\ D 
END; 

S~VFROHS(S), N:SJZE S, 
PUTCHK,(STRQU,>, F"OR 1=(1,N) HEPF.AT PUTCHt(,CS(!]), 
PU TC Hi<, ( STRQU, >, P!JTCHK, C PLANK,} 

PUTL8L,= PROC(~), 
BEC.il•\J<), 

Et\ D 
ENOJ 

IF N~XT GT LLEN-10 T~EN T[RHLINEC), PUTCH,CSLA~Hx,,, 
PUTlNT.CL), NEXT:NEXTiei, PllTCH,(SLASHX,}, PUTCl,.j,(BLA'IK,) 

PUTCOOE= PROC(L), 
BEGIN<>, 

IF NEXT r,r LLEN•15 T~EN Tf:RMLINEC), 
PUTCH, (SLASHX1 >, PUTCHV, cvrROMS(SfROMIO<=PROC},), 

PUTCHV, <vFROMS(~F'ROMID( rorROMC(L} >) ), ~[XT=~EXT•1; 
PUTCH,(SLAS14X,), PUTC~l,CBLANK,) 

END 
Et\ U l 

PUTC~V,= PROC(S}, 
8E(jJN<N, I>, 

N;SIZE S, IF N GF LLEN•NEXT THEN TER~LlNE(), 
SE TSU fl V ( L I N, NEXT~ N, S ) , NE).' T: ~EXT+ I\ , P 1J T 8 LA~! 1 C ) 

Et\ lJ 
ENO; 

PUTCH,: PROC(C), 
DO 

LlNtN~XT]:C, NF.XT=NEXT•l 
ENU 

ENDJ 
PUTCHK,= PROC(C), 

Dr. 

Ef\U 
EN lJ J 

IF NEXT GT LLEN THEN TERMLINE<> ELSE ~IL, 
~JN[N~XTl:C, NEXT:NEXT•1 

PUTJNT,= PRUC(N), 
BEtilNC~,NN,Q), 

S=Nll, 
IF NEXT GT LLEN•10 T~EN TERMLINEC), 
IF OCTMOOE THEN r,QTO MAKO, 
If PL N THEN NN=~ EL~E DO 

PLJTCH,(MSIGN,), NN=•N 
END, 

MOR, Q:NN/10, s=oNUM,[NN•Q•10•1l:S, NMs:Q, 
IF ~zR NN THEN GOTO MOR, 
r,oro PUTN, 

MAKO, Q:O, S=LETTB,1~, NN=~, 
MORO, S=DNl.lM, [LA~•ncN,7)+1] 1S, N=S~IF'T(IJ, .. 3), 
I~ PL NN THEN (Ir ZR N TH[N GOTO rUTN FLSE GOTO ~ORO) 
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628 
6'9 
6~0 
6~1 
632 
6~3 
6~4 
6~5 
6J6 
6':'.7 
6~8 
6:,9 
6'0 
641 
6•2 
643 
644 
645 
646 
647 
648 
649 
6'5 0 
6"il 
6"2 
6"i3 
6"i4 

6 Iii 5 
6"ii 
61:i7 
6C:,8 
6'9 
6AO 
661 
662 
6113 
6~4 
6,i5 
666 
6A7 
6A8 
6ti9 
610 
671 
672 
673 
674 
6115 
676 
677 
678 
679 
61\0 



F.LSclF (0=~•1> G~ 6 THEN GOTO PUT~ 
F.LS~1F ZR N THEN DO 

END 

W~l~E (Q:Q•1> LE 6 REPr:AT S=SEVEN,sS, 
tiOTO PUTN 

ELSt: (.;OTO MQRO, 
PUT~, W~lLE S REPEAT Do 

PUTCH,(~O S>, S=TL S 
END, PUTCH,CBLANK,) 

6R1 
6"2 
6A3 
6A4 
6A5 
6A6 
6R7 
6A8 
6R9 
6QO 
6,1 
602 
6C,3 
6Q4 
695 
6 c, 6 
6Q7 
6Q8 

E~D 
END; 

ERMSG,= PROC(L), 
PRl~T,<STARX,,STARX,,STARX,,L,STARX,,STARX,,STARX~) 

ENO; 
eor= PROC:(X), 

IF X EQ ;~Of, 
END; 

T1-1EN TRUE ELSE !UL 

COMMENT 

-···························································~·········· TRANSLATOR ROUTINES 700 

·····························································•·*•·····;. TRANSLA,= PROr.(H1>, 702 
BEGINCX>, 703 

ERCOUNT,aO, 704 
X:FNOTN,(81), 7n5 
MA cs v Ms! = v E c r o R < s r AR, , s r AR. , D Nu 1-1 , t 1 l , c r.1 u M , r 1 l , D Nu M • r t l > , 7 o 6 
I f. l R E R C O U N T I T ~ E N R E T U R r,, E X P A N D , < X > , 7 n 7 
RcTURN(X) 7n8 

E~D 7n9 
END; 710 

HACOEr,~ PROC(Bl,82>, 7!1 
MACROLI.~LISTCB1,R2>:MACROLI, 7t2 

END; 713 
INFIX= PROCC81,82,83,84), 714 

I~YJXLI.~LIST(B1,Ll~T<~rNrix,R◄ ,B2,83))tINFIXLI, 715 
ENO; 716 

UNARY= PROC(Bl,82,83>, 7i7 
U~ARYLJ.•LIST(811Ll~T<~UNARY,A3,B2,e2>)1~NARYLI, 71A 

ENDJ 719 
BRACKET= PRUC(Bl,82,83>, 720 

U~ARYLI.~LIST<B1,LIST<~ARCKT,A3,B2,B2>>:UNARVlI, 1,1 
END J 7'-2 

COMMENT 1,3 

-·············-····································~··················· PARSER ROUTINES 725 

······································································, PNOTN, : PROC(L), 7~7 
IF ~PAIRw<L> THEN L ELSE 7~8 
BEGINCiLST,IROT0~EN,,iRF.AO,,$ENDFLAG,$TERMFLA,), 1,9 

LST•L, RDTOKEN,=READ,=GETNFXT,, 7~0 
TERMrLA,=NIL, ENnFLAG=SFROMIO(~ENt>, 7~1 
RETURN ANALYSE,(~NDFLAG) 7~2 

EN O E N I) I 7 ~ 3 
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GETNEXT, = PROC ( >, 
IF ,PAIRQCLST) THEN ENDrLAG ELSE 
BEGJN(NXT>, 

NXT=HU LST, LST=TL LST~ RETURN NXT 
E~U 

ENDJ 
ANALYSE,= PRQr,(TERM), 

8EGJN<P,l1,J2,U>, 
P=NlL, l1=ROT0KEN,(1NPUT>, 
IF EOrC11) T~EN GOTO ENDFIL, 
IF 11 EQ TERM TH~N RETURN MTY, 
ELS~JF 11 EQ lEOS, TMEN DO 

TERMFLA,:TRUE, RETURN MTY, 
ENO 
ELSI:: GOTO noF'1, 

onr, Il=HDTOKEN,(INPUT), 
If EOFC 11> T~EN t.OTO ENDFIL, 

D0F1, (JF PAlRQ(l1) THF.N on 
l1=FN(')TN.<I1), GOTO NOilJ 

END> , 
Ir 11 EQ =COMMENT OR 11 F.~ COHCHAR, 
THEJ\I 1)0 

t-<EAD,(JNpur,, GOTO DOF 
END 
ELSElf 11 EQ =NOQP TMEN on 

{1:::RDTOKEN,CINPUT>, GOTO NOTU 
END 
E~SEJF 11 Ea EnSJGN, OR 11 EQ QSIGN, TMEN DO 

11 = :QUQTE1RF.AO,CINPUT>:NIL, GOTO MOTU 
END 
E~SEJF 11 EQ LPVAR, THEN ro 

l1=ANALYSE 1 CRPVAR,>, OQTO NOTU 
END 
E'"l_SEJf U=LOQK\JP,(11,UNARYLI,> THE!\ DO 

P=UIP, GQTO O()F 
6NO, 
IF' L,OOKUP, < 11, INF'IXLI,) THEN 
no 

ERM5G,(=JMPROPERl=USEJ:OFII1:NIL), 
ER co u N r , =ER r, o 11 N r , • 1 • r r 11 Ea 1 1:: o s • r Hr. ~J r ER Hr LA , ;a r ~ u E 

ENO , 
E~SEJf 11 Ea TFRM TH~N nn 

~RMSG,C=MISSINGl~OPERANn::BEFORE:TEPMINIL>, 
ERCOUNT,:ERCOUNT,+1~ RETURN MTV, 

ENDA 
NOTU, IF TERHFLA, THFN I2=JEOS, ~LSE 12;RDTO~EN,(INPUT), 

IF' 12 EQ LB VAR, THEN 
DO 

l1=LIST<~INDEX,11,ANALYSE.<RRVA~,>>, GOTO NOT~ 
END 
ELSEIF I~ Ea ~PVAR, T~EN DO 

11~LISTCJ1,ANALYSE,(RPVAR,)), GOTO NOTU 
END, 
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7~4 
7~5 
7~6 
7"J.7 
7 :,8 
7:,9 
740 
7.il1 
742 
743 
744 
7,45 
?•6 
747 
748 
7.i19 
7'5 0 
71i1 
7"2 
7s;3 
754 
755 
7!16 
7Jri7 
7'i8 
79'9 
7110 
7lll 
7#12 
7~3 
7A4 

71t5 
766 
7117 
768 
7t,Q 

770 
771 
772 
773 
774 
775 
776 
777 
778 
779 
,~o 
7"1 
71'2 
7A3 
7A4 
7~5 
7"6 



<1r PA1RQ(l2) TH~N on 
l1=L1ST(t1,FNOTN,<I2)>, GOTO NCTU 

F.NO 
E~SEtf VECTQ(l?.) THEN no 

11~LIST(:1NDEY,11,rNOTN,(LFROMV,(I2>>>, GOTO ~OTU 
END 
ELSEtf NULL(I2> THEN DO 

l1~LIST(Il,t--1TV, >, GOTO NOTU 
END > • 

TEST4, If 12 EQ IEos, T"'EN DO 
TERMF"LA,:TRUE, U:NIL, GOTO PLL 

END 
F.LSE:IV EOf( 12) T1-4EN GOTO PIDF"IL 
~LSElr 12 EQ TF.RM THFN no 

u=NIL, (';QTO PLL 
END, 
If' NULl.(U:LQOKUP,(12,INFIXLI,)) Tf-'EN 
[)Q 
OPERROR,(12), 12:RDTOl<EN,(INPUT), GOTO TEST4 
ENO, 

TEST3, If NULL(P) QR HD TL TL HOP LE HD TL TL TL U T~E~ no 
P=UlllZP, GOTO nor 

END, 
PLL, t, NULL p THEN on 

END 

Jr TERMF"LA, AND TERM N[ IEOS, 
Hll:N DO 

ERMSG, C=Ml5SING:TEFHliNtL>, F-'RCOUMT,:ERCOUNT ,•1 
E: ND, 
~ETURN 11 

ELSElr HD HD p En =BRCKT THEN no 
l11!1l.IST(HD TL HD P,11·.12,. P:TL P, r.oro NOTU 

END 
ELSE:If HD HD P EQ =UNARY THEN DO 

J1;LIST<HD TL HO P,11>, P=TL P 
~ND 
ELSE no 

J1a;LIST(HD TL HD P,HD TL P,11>, P=Tl. TL P 
END, 
If U T~EN GQTO TFST3 ELSE noTU PLL, 

ENOFIL,ERMSG,<=ENDt=Or::FILE::ON::INPUT:~IL>, STOP() 
E~U 

ENDJ 
REMCOM,= PROC(B1), 

BEGIN<>, 
rr NULL(Rl) THEN RETURN(NIL), 
IF 81 EQ MTV, TH~N RETURN NIL, 
RETUR~CREMSEP,<81,CO~MA,)) 

E~D 
ENDJ 

REMSEP,= PROCCB1,B2>, 
BECilN<>, 
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7 P.7 
7A8 
7 p,Q 
7c,o 
7 Q 1 
7q2 
7q3 
7 <, 4 
7~5 
7'16 
7Q7 
7()8 
7()9 
800 
801 
802 
803 
8 r, 4 
805 
806 
807 
ans 
809 
810 
811 
812 
813 
814 
815 
816 
817 
81~ 
8j9 
8:, 0 
a,1 
8?2 
a,3 
8?4 
8?.5 
a, 6 
a, 1 
8 ?.8 
a,9 
8~0 
8~1 
8~2 
8~3 
8~4 
8~5 
8~6 
8~7 
838 
6~9 



Et\µ 
END; 

IF ~PAIRO<B1> THFN RFTUPN 81:NIL, 
J r;- ~ n 8 1 E Q 8 2 T ~4 E N R E T lJ R r ) 
HU TL Bl1REMSEP,(HD TL TL H1,82), 
RcTVRN 81:NJL 

QPERROR,= PROC<B1), 
BEGIN<>, 

Er-.D 
END; 

COMMENT 

ERCOUNT,:ERCOJNT, • 1, 
EHMSG,<B1:LJSTc=rs,=NOT,=AN,=OPERATOR)), 
R E:: T U R ~~ C N I L ) 

8 ◄ 0 
841 
8"42 
843 
844 
845 
846 
8.t7 
848 
849 
as;o 
8~1 
81152 
9ar;3 

~·····*································································ SYNTAX TRE~ PRnCF.SSORS 811i5 
••••••••~v••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••t 
EXPAND,= PROC(81), 

8EGINCOP1 M,L,E), 
L.,:;f::NJLINIL, 
Ir ~PAIRQ(81) THeN RETURN Al, 
Ir PAlRQCQP:HD 81) THEN GOTO NOTM, 
M=LUOKUP.<OP,MACROLl,), 
IF NUL~(M) THEN GOTO NOTM, 
f~ETl.JRf\J (t-1(81>>, 

NOT~, E:T~ E=EXPAND,<Hn Bl>INJL, 
8l=TL 81, 
IF PAIRQ(81) THEN GOTO NOTM ELSE RETURIJ TL L 

E~D 
END; 

EXLTS,= PROC(81), 
BEGIN<L,E), 

L=E=NIL:NIL, 
MOR, IF I\JULl,(ljl) THF.N RETURN TL L, 

E=TL E=EXPAND,CH~ Al>:NIL, 
81=TL 81, GoTO MnR 

E f'.. LJ 
END; 

DUMMY,= PROC(X), 
X 

ENOJ 
COMMENT 

81§7 
8'58 
8'19 
8AO 
81\1 
8A2 
8113 
8A4 
8l,5 
8116 
8117 
8/18 
8A9 
810 
a,1 
a,2 
873 
874 
875 
876 
877 
a,a 
819 
SAO 
881 
8~2 

-······································································ MAIN CODE GENERATOR A~4 

····································································•·t CODEGEN1 ; PROr.(NAM,X), 8R6 
00 VALUF. NAM: 8•7 
8EGIN(jERRCNT,$LIST2,$END2,LIST3, 8A8 

$GL08~1$LBLVA~S,$NRYTE,SL8LNO, 8A9 
1,coo~v, aqo 
$ARuS,$VARS,$EXPX,SARGS,SLRLIST), aq1 
EHRCNT:Q, GLOaL=NIL, N8YTEs3, LRL~0=1~ LBLVALSDNlL~ 8~2 

-139-



ERR, 

VARS=NlL, ~BLlST:NIL, 
IF' CGCHECK, (=PROCI (COHMA, : ■ ARGS:=EXPX:MI~) 1:END21NJL~X> 
AND END2 EQ =END THEN NIL 
ELSc DO 

ER~SG,(=MtSSl~G::ENn::AFTF.R:=PROCINJL>, 
ERRCNT=ERRCNT•1, 
GOTO ERR 
ENO, 
~tST2sEN02=<01NIL>, 
ARGS=REMCOM,(4RGS>, 

END2=ADDON,(E~t2,CNAH=GREFS,(NAM))), 

IF ~D ARGS EQ DOLLAR, THEN ARGS=ARGS:NlL, 
SA~GS=ARGS, ARGS=EXCHANG,(SARGS,1>, 
COMP,(EXpX), 
~XC~ANG,(SARGS,1), 
ASS,(KRTPROC,>, · 
lr TALKATIV G~ t THEN rRINT,(=GLORAL,=VARS,~LCOL); 
JF TALKATIV Ea 4 THEN ~n 

PRINT,C=RINARY,=CODE>, 
l=OCTMODF, OCT~onE=TRUE, PRINT,(LIST2), 0CTM0DF=I 

END, 
lF TALKATIV G~ 2 THEN PRI~T,(=L~BEL,=LIST,L~LVALS), 
LtST3=LIST2, WHILE LIST2 REPEAT on 

HD LIST2:SIJ8l.BLS,C~D LtST2>, LtST2=Tl., LIST2 
l::ND, 
lP ZR ERRCNT THEN DO 

NBVTE:NBYTE~t, CODEV=HAKVECTO(N6VTE), 
FOR la(l,NAYTE> REPF.AT DO 

cooEVC11=IFROMID,(HO LIST3), LIST3:TL LIST3 
END, • 
FQR l:(NRVTE,2,~1) RF.PF.AT 
IF cnoEVcI, GT 177B THEN on 

cooEvr1.11=conEvtt112008, 
C0DEV(I1=COOF.V[tl•2008+CQDEV[l~1] 

END 
ELSE NIL., 
RETURN CFROMV(CODEV) 

f:NO, 
cRMSG,CERRCNTi:CO~PILE,1:ERRORSi=l~:NA~INIL), 
REl'URN NIL 

EP..O, NAM 
ENO 

ENUJ 
SUBLBLS,= PROC(X), 

IF •PAlRQ(X) THEN X ELSE 
8ElilNCY) 1 

Et-.U 
ENO; 

COMP,: 

Y•LOOKUP,(HD X,LqLVALS>, 
ff Y fHE~ RETU~N Y, 
EHRCNf=ERRCNT+1, 

ERMSG,CXrsINVhLIDl:TR~[i:NOl•CCDES:COMPILEDINIL,, 
RETURN NIL 

PROC(X), 
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893 
8 f>4 
805 
816 
8Q7 
8Q8 
899 
900 

9n2 
9 0 3 
9 t, 4 
905 
9n6 
9o7 
908 
9 i, 9 
9t0 
911 
912 
913 
914 
9t5 
91. 6 
917 
9,_a 
91 9 
9,0 
9~1 
9:>2 
9,3 
9~4 
9 :?5 
9'6 
9'-7 
9:.,8 
9,Q 
910 
9~1 
9:, 2 
9~3 
9~4 
9~5 
9~6 
937 
9~A 
919 
940 
941 
942 
943 
9A ◄ 
9A5 



BEG!N<FN,ARGL,GENR), 
IF' IDQ(X) THEN RFTURN GVAfLCX), 
I~ ~PAIRQ(X) THEN RETURN 0CON,CX>, 
FN=HQ X, ARGL=TL X, 
IF lDQ<FN) THEI\J 00 

GfNR=LOOKUP,(rN,COOGENL,), 
1 r G E N R T H E ~J R E T U RN GE I l R ( )( ) E l. S E • ~ I L 

END, 
RETUR~ CALLS,(X) 

E "-U 
ENO; 

GVAR,: PROr.(ATH), 

~EutN<Y> 1 

Et\ D 
ENO; 

IF Y:QRDINAL,CATM,ARGS) THF.N ASS,(KAAG,,Y) 
ELSEJP Y=oRot~AL,(ATM,VARS) THEN ASS,(KVAR,,Y) 
ELSElf HEMRER,<ATH,LALIST) THEN ASS,<KLBL,,O,LlST(AT~)> 
ELSE ASS,(KGLDA.,0,GAEFS,(ATM)), 
RETUR"J NIL 

GCQN,: PROC(X), 
BEGINCN>, 

ENLJ 
END; 

Ir NULl..(X) THEN ASS,(KNIL,> 
ELSE!~ X EQ TRUE THEN ASS,(KTRUE,) 
EL,SEir' X EQ HTY, THEN NIL 
ELSl:!F' INTt1(X) T1➔ EN 

C lF X ~TO THEN no 
GCON,(-X), ASS,(K!NF.G,) 

END 
E~Scif X LE 1778 THEN ASS,<KNUH1,,X) 
ELSEIF X Lf 377778 THEN ASS,(KNUH2,,0,X) 
ELSE ASS,CKNUM3,,0,0,X)) 
ELScIF IOQ(X) TH~N DO 

ASS, ( KNUM2,, U, GREFS, ()() >, ASS, ( KMAl<VAR,) 
ENO 
f:LS!:: {JO 

N=uENSYM,(), VALU~ N=X, ASS,(KGLCq,,o,N> 
ENO 

CALLS,= PROC(X), 
BEGINCARG,FN,ARGL,SARGL,OP), 

FN=HD X, ARGL=SARGL=ARGLIST,<T~ X), 
WHIL~ ARGL REPEAT no 

COMP, ( HD ARr,L >, ARGL=TL ARGL 
f: N n, 
tF QP:LOOKUP,CFN,OPLtST,) THEN 
< IF I~TQ(QP) T~EN RETURN A~S,COP) 
E~SE HETURN HAPX,COP,ASS,) ), 
CQMP.(FN), 
ASS,(~CALL,,LENGTH,(SARGL)> 
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946 
947 
94A 
949 
910 
9'11 
9~2 
91113 
9'14 
9'i5 
9q6 
9.;7 
9"8 
9119 
9110 
9A1 
9t.2 
983 
964 
9t,5 
9116 
91,7 
9t,8 
91,9 
970 
971 
912 
913 
974 
975 
916 
97l 
97£ 
979 
9AO 
9A1 
982 
9A3 
9114 
9~5 
986 
9117 
9"8 
9119 
990 
9•1 
992 
993 
994 
9•5 
996 
917 
9t8 



Et\ U 
ENDJ 

ARGLIST, ~ PHOC(L), 
IF NULL L THEN NIL 
ELSEJF MOL EQ MTV, THEN NIL 
ELSEIF .~AIRQ(MD L) THEN L 
E~SEIF HD HD L EQ cnHMA, THEN REHSEP,(HD L,cOMMA,) 
ELSE L 

ENOJ 
GREFS,= PROC(A), 

oc 

E~U 
ENDJ 

IF' MEMHER,<A,SYSLIST> THEN 
no 

A=VFROMS(SFROMIO(A)), 
A:CONCATV(VECTOR(STAR,),A), A=IDFROHSCSFROMV(A), 

ENO 
F.I.Sc ~IL, 
!F' MEMBER,<A,GL0AL> 1'~EN IHL ELSE GLCf:L=A&GL08L, 
A 

ASS,= PROC(), 
BEliIN<&>, 

NBYTE~NBYTE+NVMARGS(), 
FOR t~<l,NUMARGS()> REPEAT END2=TL E~D2=ARGUMENT<I>i~IL 

Et-.iD 
ENDJ 

LBL, = PROCCX), 
LBLVALS=(XINBYTE;NIL)ZLBLVALS 

ENOJ 
GENLBL,= PROC(>, 

LBLN0=LRl,.N0+1 
END.I 

COMMENT 

999 
1000 
1001 
1 o n2 
10 0 3 
10 !'.14 
1005 
10 ft 6 
1007 
10 ft 8 
1009 
1010 
101.1 
1012 
1013 
1014 
1015 
10,6 
1 0 1 7 
1018 
1019 
10~0 
10,1 
10, 2 
10 ,3 
10 ,4 
10?5 
10,6 
10,1 
10,a 
1Q:;t9 
10~0 
10~1 
10~2 

-······································································ COOE GF.NF.RATORS 10~4 

······································································~ GLAMHOA= PROC(X), 
8EGIN<N>, 

"'l11GENSYM, (), 
CODEGEN,(N,X), 

ENU 
ENOJ 

If VA~UE N ea NIL THEN ERrcNT=ERRCNT•1, 
ASS,<~GLOB,,O,GREFS,(N)), RETURN ~IL 

EXCH1,• PROC(L,I>, 
IF NULL<L> THEN NIL 
ELSEJr ~PAJRQ(~O L) THEN HO L: EXCHANG.(TL L,I•1) 
ELSE DO 

ASS1 (KARG,,J>, ASS,(KGLOA,,0,HD TL HD L), 
ASS 1 <KASTORE,, I), ASS, CKPOP, ,1), 
ASS1 tKGSTQRE,,0,~0 TL HD L>, ASS.(KPOP.,1), 
I z EXCHANG,(TL L,1+1) 
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1036 
10~7 
101'8 
10~9 
10•0 
10•1 
10,2 
10,3 
10,4 
10•5 
10A6 
1 Q II 7 
1048 
1019 
10 IJO 
1011 



ENO 
ENO; 

EXCH2,= PROC(l.,I), 

10~2 
10153 
10IJ4 
10!15 
10'J6 
1 OIIJ7 
10~8 
10~9 
10,0 
10,1 
10~2 
10~3 
10,4 

BEGIN<X>, 

END 
END; 

IF NUL.LCL> THEN qETURN NIL 
El.SEIF ~PAIRO(HD L> THEN X=HO L 
El.Sc X=HD TL Mn L, 
ASS, (KARr,,, J), ASS,(KGLOB,,O,X>, 
ASS1 <KASTORE,,l), ASS,(KPOP,,1>, ASS,(KGSTORE,,O,X>, 
ASS1 (KPOP,,1>, I:EXC~AMG,(TL L,1•1) 

MAKALOCA; PROC(COND), 
10~5 
1086 
10,1 

IF COND THEN ExCHANG,=EXCHl, 
EL~E F.XCHANG,=EXCH2. 

ENO; 
GPROG= PROC(X), 10~8 

BEGIN($VARS,$PROGRA~,T1,$LBLIST,$RET,SVARS), 10~9 
IF CGCHECK, (=BEG!Nl(COHMA,i:VARSl:PROGRAMINIL)f:RETJNIL,X) 
AND RET F.Q :ENO THEN NIL 1011 
ELSE DO 1072 

~RMSG,(=MISSI~G1:ENO::ArTERl=BF.GI~:NIL), 1073 
HEfURN ERRCNT:ERRCNT+1 1074 

END, 10'5 
LBLIST•NIL, 1016 
VARS= REM COM • ( VARS ) , PRO GR ,AM: REM CO I" , ( PR() GR A ti) , 10 Y 7 
IF HD VARS EO DOLLAR, THEN VARS:V,ARSlflL, 1078 
ASS 1 (KNVARS,,LFNc;TH,CVARS)l, 1079 
SVARS~VARS, VARS:SAVLOCS,(~VARS,1), 10AO 
RET=GcNL8L,()1 101'1 
X=PRnGRAM, 10~2 
WHILE PROGRAM REPEAT DO 10"3 

Tt;~O PROGRAM~ PROGRAM=TL PROGRAM, 10A4 
JF ~PAIAQ(Tt) T~EN LBL!~TsT1:L~LIST ELSE NIL 1QA5 

END, 10A6 
PROGRA.M:X, 101'7 
W~ILE PROGRAM REPEAT DO 10~8 

Ti=~D PAQGRAH, PROGRAMsTL PROGRAM, 10~9 
lF "'PAJRQ(T1) THEN LBL,<T1) 1000 
cLSE DO 10~1 

ASS,< KSETSTK,), COMP, (Tl> 1012 
ENO 1003 

END, 10•4 
ASS I C KSETSX •), 1005 
LBL 1 <RET>, 1096 
RSTl,OCS,CSVARS,U, 1007 
ASS,(KRETPRQ,) 1098 

ENU 1019 
ENDj 11i,0 

SAVL1,= PROC(L,t>, 11ft1 
IF NULL<~) THEN NIL 11ft2 
E~SElr ~PAIRQ (HD L) THF.N HO L I SAVLOCS,<TL L,1+1) 11nJ 
ELSF. DO 11ft ◄ 
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ASS,<~GLOB,,0,HD TL MOL>, ASS,(KVSTOR~,,I>, 
tlSAVLOCS,(TL L,t+1) 

E~D 
ENOJ 

SAVL2,= PROC(L,t), 
BElilNC), 

END 
ENDJ 

tr NUL~(L) THEN RETURN (NIL) 
E~SEtf ~PAIRO(HD L> THEN ASS,(KGLCB,,0,HD L) 
E~SEtF HO HD L Eo DOLLAR, THEN ASS,CKGLOB,,0,H~ TL HD L) 
E~SE HETURN(HD TL HD L J SAVLOCS,CTL L,1•1>>, 
ASS 1 <~VSTORE,,I>, IISAVLOC~.<TL L,t+1) 

RESTL1,= PROC(L,t>, 
IF NUL~<~> THEN NIL 
ELSElF ftPAIRQCMD L> THEN RSTLOCS,<TL L,l+1> 
E\.SE DO 

Et\D 
ENOJ 

ASS1 <r<VAR,,I), A~S,P<GSTORF.,,0,HD TL hn L),. 
ASS,c,<PQP,,1>, R~TLOCS,CTL L,!+1) 

RESTL2,z PROCCL,t>, 
BElilN<), 

END 
ENDJ 

tr NULLCL) THEN RETURN NIL 
ELSEtr ~PAIRO(HD L) T~EN 00 

ASS.CKVAR,,1), ASS,CKGSTORE,,0,HD L> 
END 
ELSEir HO Ho~ En DOLLAR, THEN DO 

ASS, (KVAR,, 1), 
A s s , < 1< G s r o R F. , , o • H o r L ~, n L > 

END 
6LSE R~TURN RSTLOCS,CTL L,I+1), 
ASS,<KPQP,,1>, RSTLOCS,(TL L,I+1) 

MAKVLOCA; PROC(CONO), 
IP. CONO THEN DO 

SAVLOCS,•SAVL1,, RSTLOCS.~REST~l, 
e~u 
ELSE DO 

SAVLOCS,=SAVL2,, RSTLOCS,z~ESTL2, 
E~U 

ENDJ 
GRETURN• PROC(X), 

DO 
COMP.(MD TL X),ASS,(KSETSX,), ASS,(KJ~P,,0,LIST(AET)) 

Et\'U 
ENDJ 

GPROGN• PROCCSL), 
8Elil~C5F.J, 

Ir CGC~ECK,c~oo::Ll=E:NIL,L) AND [ Ea 2END 
THEN •~IL ELSE DO 

ERMSG,<=MJSSJ~G1•END:•ArTERl=D01NtL), 
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111'5 
11n6 
11~7 
11ne 
1109 
1110 
1111 
11{2 
11i3 
11'. 4 
1115 
111.6 
1U.7 
1118 
1119 
11~0 
1HH 
11:,2 
11,3 
11,4 
1125 
11,6 
11, 7 
11,a 
11,9 
11~0 
11~1 
11~2 

, 11~3 
11~4 
11~5 
11~6 
11~7 
11~A 
11~9 
11~0 
11,1 
11•2 
11~3 
11•4 
11,s 
11,6 
1147 
1118 
11•9 
11, 0 
11~1 
11,2 
11153 
11~• 
11'l5 
11,6 
11 Ii 7 



~RHCNT=ERRC~T•1, RETUR~ NIL 
END, 
l.=REMCOM,CL), COt.1P,C~D L>, LsTL L, 
WHILE L REPEAT Dn 

END 

IF <E=HD L) N~ MTV, THEM oo 
ASS,(KPOP.,1), COMP,(E) 

ENI.), 
L=TL. L 

Er--.u 

11,a 
11"9 
11~0 
11,1 
11•2 
11,3 
11, ◄ 

11•5 
11•6 
11,1 
11~8 ENO; 

GGO= PRUC(X), 11~9 
BEulNCARG), 1170 

ARG=H0 TL X, 11'1 
IF MEM8ER.<ARG,LBLIST) T~[N ASS,<KJMP,,O,LISTCARG)) 1172 
EL.Sc UO 1173 

COMP,(ARG), ASS,(KJMPI,l 1174 
ENO 11,5 

E~D 11,6 
ENDJ 1117 

GCUND= PRO~cx>, 1178 
8EGIN($~AST), 1179 

l,.AST;G~NLBL,C>, XsHD TL X, 11110 
lF HD X EO=THEN TMEN no 11R1 

GTHEN,(HD TL X,HD TL TL X), 11J2 
ASS 1 CKNIL,) 11113 

t:ND 11~4 
t:l.SE Gl::LSE.CHD X,40 TL X,HD TL TL)(), 11115 
LAL, (LAST) ·11116 

END 11~7 
ENOJ 11RA 

GELSE,= PROC<UP,TH,REM>, 11119 
8EGIN() 1 1100 

IF OP EQ •THEN THEN on 11~1 
GT~t:N,(TH,REM), 1112 
RETuRN ASs,(KNtL,) 1103 

cNO 11~4 
ELSElF ~PAIRQCTH) OR ~(HD TH EQ :THEN> THE~ DO 11•5 

EHMSG,(TM:=NoT:=VALID:aTHEN:=CLAUSEZNIL), ERRC~T•ERP~~T+1, 
R~TURN NIL 1197 

cNO 1198 
cLSE GTHEN.(HD TL TH,HO TL TL TH), 1199 
IV OP EQ =ELSEI~ THEN 1200 
liEl,.SE. (HD REM,HI) TL REM,H!) TL TL REM> 12n1 
tLSElf OP EQ =ELSE= THF:N CO~IP,(REl-1) 1202 
cLSE n0 12ft3 

F.~MSG,(=ExPECTz=ELSEi=HAVEsOPSNIL), ERRCNT=ERRCNT•t 12ft4 
ENU 12ft5 

ENC 1206 
ENDJ 12n7 

GTHEN,= PROC<P,E>, 12ftA 
BElilN<NTHUF.), 12n9 

If HOE EQ sGO AND M~MBER,CHD TL E,LBLIST) THE~ 1210 
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DO 1211 
1~12 
t213 
1214 
1215 
1216 
1217 
121A 
1219 
1210 
12,1 
12,2 
12,3 
12,4 
1275 
12,6 
12,1 
1228 
12,9 
12~0 
1231 
1232 
12~3 
12~4 
12~5 
12~6 
12~7 
12J8 
12~9 
12,0 
1241 
12,2 

COMP,(p), ASS,(KJMPT,,C~LISTCHC TL E)) 
END 
E~SE DO 

COMP,(p), NTRUE=GENLBL,<), 
ASS,(KJMpr,,O,LlST(NTRUE>), CO~P,<F.>, 
IV MD ENE =G~ ANO HD ENE =RETUR~ THEN 
ASS,CKJMP,,O,LISTCLAST)> ~LSE ~IL, 
~8~1(NTRUE) 

END, 
RETURN NIL 

E~D 
ENDJ 

GANO: PROC(X), 
BEUIN<L>, 

E~D 
END; 

GOR= 

l•GENL8L,<>, ASS,(KNIL,), 
COMP.(HD TL X) ,hSS,(KJMPr,,o,~IST(L)), 
ASS,<KPQP,,1>, CnMP,<HD TL TL X), 
LBL1 <L> 

PROC(X), 
BEuIN<~>, 

E~U 
END; 

~•GENLBL,(), ASS,(KTRUE,) 1 
COMP.CHO TL X) ,ASS,<KJMPT,,O,LIST<L>), 
ASS1 <KPOP,,1>, COMP,(HD TL TL X), 
LBL1 <L> 

GOUOTE= PROC(X), 
BEuIN<ARG), 

ARG~Hu TL X, 12•3 
GCON,(ARG) 1244 

E~U 1245 
ENOJ 1246 

GSETQ~ PROC(X), 1<.47 
BEulNC~H$,L~S0P,LHSARGS,RHS), 12A8 

lMS=HD TL X, RHS2HD TL TL X, 12,9 
If ~PAlRCCLHS) T~EN DO 12,0 

CO~P,CRHS), A~SIGN,(LHS), R~TURN NIL 12~1 
ENO, 12~2 
LHSOPaHO LHS, LH~ARGS~ARGLIST,<TL L~S), 12~3 
If LHSOP EQ =HD THEN COHP,<L!ST(:RPLACA,HD LHSARGS,R~S>) 12,4 
ELSEIP L~SOp EQ :TL THEN COMP,<LIST(:APLACO,HD L~SARGS,~HS)) 
F.LSEJP L~snp En cINDEX THFN 1256 
COMP,(LIST(sSETI~DEX,HD LHSARGS,Hr, TL LHSAr.GS,RHS)l 12~7 
ELSEtr L~SOP EQ :VALUE T~EN 1218 
COMP.CLIST(mSETVALUE,HD LHSA~GS,R~S)) 12~9 
ELSEJF LHSOP EQ =SUBV OR LHSOP EQ =SUR THEN 12AO 
COMP,CLIST(aSETSUBV,MD LMSARGS,HD TL L~SARGS, 12A1 
MD TL TL LHSARGS,RHS)) 12~2 
ELSE uo 12~3 
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E~U 
ENO; 

cRHSG, CLHSt=NOTl=VALIDl=LHSJ~IL>, EPRCNT=ERRC~T•1 
END 

•~ssrGN,= PROC(ATH), 
BElitN<X>, 

Et\ U 
ENO; 

IF ~IOG(ATM) THE~ no 
E R f ~ C N T = E R R C N T • 1 , 
PRINT,CATM;FQSJGN,:VAL:NIL), 
PR l NT , ( =ASS J G ".I , I : I: RR OR : ~I I L) , 
RETURN NIL 

F.ND, 
IF" X=ORDINAL,<AT~,ARGS) Tl!FN ASS,(KASTORE,,X) 
F. L S E I ~- X = 0 R D I N A L , ( A T M , V A R S ) THE N A S S , ( KV ST f') RE 1 ', X ) 
ELSt: ASS,(KGSTORe,,O,GAEF"$,(ATH)) 

mWHILE= PROC(X), 
BEGIN(MORE,NTRUE,~P,$E), 

IF ~cGCHECK,(=WHfLE:t=HEP[AT:=P:=[:NJL):NIL,X) T~E~ 

Et-.:U 
Et✓ O; 

Gr:"oR = 

no 
PRINT,C=WHlLEi=F.RRQR:Nll), 

END, 
ASS, <KNIL,), 
MQRE::GF.:NLBL,(), 
LBL1 (M0RE), 
COMP.(P), 
NTRUE~GENLBL,<>, 
ASS, <K..JMPF",,01Ll~TCNTRUE)), 
ASS 1 CKPOP,,1>, 
CQMP.(E:), 
ASS, Ci<.JMP,,0d.ISTCMORE>), 
LBL!CNTRLJE) 

PROC(X), 
8EGIN(iF. 1 $l,$J,$K,L,LAST,rORL), 

l. = = F' 0 R I ( =REPEAT I ( E f'l S I G N , I : I : ( CO~· MA , ·: = J I : K : N l L ) I N ! L ) 

l;EINIL)INIL, 
J f .. C l1 CHECK , ( ~ , X > THEN 
no 

PRINT,<=FOR:=ERROq:NIL), RETUR~ EQRr.NTzERRC~T•1 

END, 
!r ftPAIRO(K) OR 40 K NE C0MMA, THEN L=1 
El,.SE DO 

L=HU TL TL K, K=HD TL~ 
END, 
LAST:GENLBL,C), 
COMP.(K), CQMP,(L), COMP,(J), 
ASS 1 CKNIL,), 
ASSIGN.CJ>, 
ASS, <KJMP, ,o,I.ISTCLAST> ), 
FOR~=GENLBL,C), LBL,<FORL), 
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1264 
12115 
12,6 
12,1 
12,e 
12~9 
1210 
1271 
12'12 
12,3 
1274 
1215 
12'16 
12?7 
12,e 
1279 
12,-0 
12~1 
12A2 
12A3 
1284 
121'5 
12~6 
12~7 
12A8 
121'9 
1290 
12•1 

•• 1202 
12•3 
1294 
12Q5 
1296 
12,1 
129A 
12oq 
1300 
131'1 
13b2 
t3n3 
1Jn4 
1305 
13h6 
1307 
131)8 
1Jf\9 
1310 
1311 
1312 
13!3 
1Ji4 
13i5 
1316 



ASS,(KPOP,,1>, 13i7 
ASSlr,N,(I>, 1318 
COMP.(E), 1319 
ASS 1 <KSTEPLQ,), 13,0 
L~L 1 < l.AST >, 13~1 
ASS,<KTLOOP,,0,LJST(F"ORL)), 13~2 
ASS 1 < KPQp,, 3) 13'-3 

ENU 13'-4 
ENDJ 13,5 

CGCH~CK,= PROC(FORM,TREF.), 1326 
IF" IO<HFURM) THEN Do 13,7 

VALUE fORM=TREE,TRUE 13,a 
END 13?.9 
ELSEIF ~~AlRQ<FORM) THE~ rORM EQ TREE 13~0 
El,.SEir ~PAIRQCTREE) THEN NIL 13~1 
ELSEIF ~D FORM NE Ho TR;E THF.N NIL 13~2 
ELSE CGCrlKL1 (TL FOR~,TL TREF.) 13~3 

ENDJ 13~4 
CGCHKL,= PROC(FL,TR), 13~5 

IF NULL F~ THEN NULL TR 13~6 
ELSEIF ~PAIRQ(FL) OR ,PAIRQ(TR) THEN NIL 13~7 
ELSEir CGCH~CK 1 (HD ► L,~D TR) THEN CGCHKL,CTL FL,TL TR) 13~A 
ELSE NJL 13~9 

ENDJ 13f0 
GLIST= PROC(X), 1341 

BEulN<), 13i2 
X•ARGl.,JST,(TL )(), MA?X,(X,COMP.), 1343 
ASS,<Kl.IST,,O,LEI\IGTH 1 (X)) 13'44 

ENU 1345 
eNOJ 13'6 

GVECTOR~ P.ROC(X), 1347 
BECi!N<), 13~A 

X~ARGL.lST,(TL X>, MAPX,()( 1 COMP.), 1349 
ASS 1 <KVECTOR,,O,LENGTH.(X)) 13,0 

E~O 13~1 
ENDJ 1382 

GSTRING= PRUC(X), 13~3 
BElifN<), 131J4 

X~AHGL.IST,(TL )(), MAPX.CX,CCH1P.), 13"5 
ASS 1 (i<STRING,,O,LENGTH,<X)) 1311;6 

E~U 1357 
ENOJ 13~8 

STQPJ 13119 
STOPJ 13~0 
COMMENT~ 13~1 
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SUPPLEMENT -, 
88REAKUP,: PROC(P,X), 

BEGlN<l>, 
If IDU(P> THEN D~ 

VALUE P=X, TRUE 
END 
ELSEtF PAIRQ(P) THEN 
(IF ~PAIRQ(X) THEN NIL 
ELSEtF HD P EQ ~~ ANO EQUAL.CHO TL P,HO X) THE~ 
BREAK~P,(TL TL P~TL X) • 
EL,.SEJV BREAKUP,(1-lD P,HO X) TMEN BREAKUP,(TL P,TL X) 
ELSE NIL) 
E~ScJF VECTQ(P> THEN 
( IF ~VECTQ(X) T~EN NIL 
EL.St: UO 

l=1, WHILE BREAKUP,(Pfll,X[I]) REPEAT 
IF t LT SIZE P AND l LT StZF. X T~~~ I~J+l 
ELSE RETUR~ StZE P F.Q SIZF. X, 
N I l. 

END) 
F.1,.SI:: P EQ X 

ENU 
ENDJ 

tOP L IS T • = L I ST ( = f. Q ST R , 13 3 B ) 1 0 PL t ST . J 
tOPLtST, = LIST(=RF.MARK,172B>IOPLIST.J 
IEQLJAL,= PROC(X,Y), 

BEGJNCI>, 
MOR, IF X t:O V THEN RETURN TRU[ 

EL.SEIF X SIM Y Tl-lEN 
(JF PI\IRQ(X) THEN <IF' EQUAL,(HD X,HD Y) THEN 

E"1LJ 
ENOJ 

DO 
X=TL X, y=TL v, GOTO HOR 

END 
FLSE: RETURN NlL> 
ELSEtf VECTQ(X) THEN(Ir SIZE X ~E SIZE Y TMEN RETU~N NIL 
ELSE 1)0 

rnR 1=(1,SIZE X) REPEAT IF' .. EQl,;AL,(X[IJ,Y[I!) 
THt::N RETURN NJL, 
RE?TURN TRUE 

END) 
F.LSE ~ETURN EQSTR(X,Y) 
FL.SE ~ETURN NIL 

HACRO=MACDE:F' 1 J 
OPLIST,=L,IST(=STKTRAcE,17nB>IOPLIST.; 
QPLIST,~~TST(:UPEN,1668>:LtST(:CLnSE,167B>iOPLIST,J 
MAKPROPS= PRQr,(P 1 JD), 

BEtiIN<L,,Z>, 
l.=VALUE:( ID), 
ScTPROPL(ID,LlSTC:PREVAL,L>:PROPL(ID>>, 
l=L, L.=NIL, 
WHILE PAtRQ(Z) RF.PEAT DO 
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1363 
1J64 
1355 
1366 
13"7 
131-A 
1369 
1310 
1311 
1312 
13Y3 
1374 
1315 
1316 
13'17 
13,a 
1379 
13,- 0 
13111 
13A2 
131'3 
13114 
1Jll5 
131'6 

13~ 13~1 
13~ 
13~ 
130.1. 
1302 
131J3 
1304 
1305 
13tt6 
13,7 
1308 
13f)9 
1-40 0 
14f'l1 
14n2 
14ft3 
1"404 
14ft5 
1406 
141'.17 
1"4nB 
1409 
1410 
1411 
14!.2 
1413 
14!4 
14!.5 



'1t,=HO Z:L, Z=TL Z 
END, 
WMI~E PAIRO(L) R~PEAT no 

SF~PROPY(PeHD Hn L,HD TL ~D L>~ 
L=l'L. L 

ENn, 
SETVAL.UECIO,P) 

Et-.D 
ENOJ 

SETPROPY= PROC(P,ID,V), 
If PAIRQCPROPLC ID>) THEN SETPROPL< 10,LISTCP,V) :PROPL( to,) 
ELSE SETPROPL(ID,LIST<P,V>:Nll) 

ENDJ 
COPYs PROC(X), 

IP VECTQ(X) THEN REGIN(V,L,!), 
L•SIZE X, VsMAKV~CTOCL>, 

Et\'U 

f'OR I= Cl, L) RFPF.AT V[t]: COPY(X[IJ>, 
RcTIJRN(V) 

ELSEJr STRQ(X) THEN SUBCX,1,SIZE X) 
ELSF.Ir CODEQCX) THEN DO 

PRJNT,<X,=CANNnT,:AE,:COPIED>,X 
Et-.-0 
E~SEir PAlRQ(X) THEN COPY(HD X)iCOPY(TL X) 
ELS~ X 

ENO; 
PRTA,=TAANSLA. < :( 

PROC(>,BEGINCN,I,R>, N=NUHAROS(), 
PRINT,(:ARGUMENT,=Of,:PNAME~=A~E>, 
roR I:(1,N) REPEAT PRINT,(AR~U~FNT(I)), ~RINT,f ), 
Ir N EO O THEN R:OLDPR() 
ELSEir N En 1 THEN RcOLDPR<AAGU~ENT(1)) 
ELSEir N Ea 2 T~FN R=OLDPRCARGU~~NT(1),AQG~MEN'(~)) 
ELSEir N EQ 3 THEN P.=OLDPR(ARGUMeNT(1),ARGuH~Nf(~), 
ARGUMENTC3)) 
ELSE D0 

PRJNT,(iTOO MANV ARGS fOR TRACER-), RET~R~ NIL 

14!6 
141.7 
1418 
141. 9 
1420 
14'-1 
14:, 2 
14,3 
14,4 
14'-5 
14 i> 6 
1427 
14,e 
14'-9 
14~0 
14~1 
14~2 
1 ◄ ~3 
14~4 
14~5 
14~6 
14~7 
14~8 
14~9 
1440 
1 4 it 1 
1442 
14-43 
14,14 
1445 
14 ◄ 6 
14i7 
144'8 
1449 
14 s; 0 
14~1 
14"2 
14,3 ENO, 

PRINT.C=VALUE,•Or,.rNAME,=IS>, 
RETURN R 

PRINT.CR); PRINT.<), 14154 

ENU 
E~O )>I 

PTRACE:PHOC<ID), 
BElilN<G,NEWP>, 

G~GENSVM,(), SETVALUE(G,VALUE ro ), 
NEWP=SUBST,(10,=PNAME,PRTR,), 
NEWP=SUBST,cG,=OLDPR,NEWP), 
COOEnEN,(JO,NEWP> 

ENU 
ENOJ 

pRQCTRAC~ PROCCL), 
8EGINfV,N,1), 

P~INT 1 (~BALM4 TRACE~ PROCS IN REVERSF CALLING 
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14§5 
1416 
14157 
149'8 
1419 
14 ~ 0 
14,1 
1462 
141,3 
14~4 
14~5 
14~6 
14- 7 

SEQUENCE,!), 



Et-.lJ 
ENDJ 

WHILE L. REPEAT 
DO 

END 

PRINT,(IoFRo~r,(HD HO L)), V=TL HD L, N:SIZE V, 
fOR I=<1,N) RFPEAT PRft!T,(:AAG,J,•=,Vtrl), 
L=l'L L 

CONSTRUC; PROC(P), 
Ir IDQ(P) THEN VALUF P 
ELS~IF PAlRQ(P) THEN 
(IF HD P EQ ~~ THEN HD P:CONSTRUCCTL P) 
ELSE CONSTRUCCHD P)1CONSTRUC(TL P) ) 
ELSE P 

END; 
GETPROP= PROC:(ID,P), 

LOOKUP I C P, PROPL (ID)) 

E f\J D; 
VBLANK,=VEC'TOR(BLANK. )J 

HAKFILE = PROC(NAM,LLEN>, 
BElilNCL!N, I>, 

LlN=MAKVECTO<~LEN>, FOR 1=<1,LLEN) REPFAT LIN(IJsBLANK,, 
RE:: TUR f\l VECTOR C OP I=: N < NA H ·, LL f M ) , L l N, LL E ~:, 2 , L I N, LL r N, 2 ) 

Er-.. D 
F. ND; 

SU8ST,= PROC(A,X,l), 
I F X E Q l. T 1-1 E N A 
ELSEIF ~~A!ROCL) THF.N L 
EL.SE SUAST,(A,x,Hn L.):SLJBST,(A,X,TL L) 

ENO; 
MMEANS: PRUC(L), 

8ElilN(LS 1 RS,M,OP,R0D,PREVM)~ 
LS=HD TL L, RS:Hn TL TL L, 
IF ~PA!RO(LS> TH~N 

on ERMSG.(~Sl:NOTl=VALtn:=LHSl:FOR::HEANS:NtL>, 
RETURN NIL 

END, 
OP=HD L,S, 
~QPa;NIL, 
IF PAIRQ(RS) THEN no 

ROP=HD RS, 
IF RQP EQ =x1 OR ROP EQ =X2 OP ROP F.O :X3 OP ROP ~a 
OR RQP F.Q =x5 OR ROP ~~ :X6 OP RQP FQ :X7 OR ROP ~Q 
OR RQP ~a =x9 QR ROP FQ :XlD T~E~ ROP ~ NIL 

sX4 
:X8 

EL~EIJ:" MMATCH,(LS,TL RS> THEN tO 
ERMSG,(LIST(=USE,=or,oP,•IN,=M~ANS,=WILL~=RECU~SE,= 
FOREVER)>, 
RETURN NIL 

I: N Ll 
END, 
M,SURST,(LS,=~,TMAC,>, 
M~SURST,(RS,=R,,M), 
PREVM = LOnKUP,(~P,HACROLI,), 
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14'9 
1470 
14Y1 
1472 
14,3 
14,4 
14'15 
14'6 
14,7 
1478 
1479 
14-0 
14111 
14~2 
14•3 
14~4 
14-5 
14-6 
1487 
14~A 
14~9 
1490 
1401 
1402 
14•3 
14.4 
14t5 
1496 
14~7 
1498 
14t9 
1500 
1501 
15n2 
15n3 
15n4 
151\5 
1506 
1507 
150A 
1509 

151.2 
1513 
1514 
1515 
1516 
1517 
1518 
1519 
15~0 
15~1 



IF PR~VH EQ NIL THEN 
M;SURST,(:ExLIS,,=F,,H) 
EL.Sc M=SUBST,(PR~VM~=E,,M), 
lr NULL(ROP) THEN M:SURST,(zEXPANC,,=FX,,~) 
ELSE IF ( PREVM=I..OOKUP, ( ROP, MACROl., l,)) 

TH~N M:SuRST,(PREVM,=EX,,M) 
ELS~ M=sussr,<=EXLIS,,=EX,,M), 
MACOEF',(OP,VA~UE CODl:Gi:-:N,(GENSYM,(>,M)), 
RE T U R ,IJ N I L 

Et-. U 
ENDJ 

MMATCH,= PROC(~S,RS), 
8EufN(X,iXl,$X2,$x3,$X4,$X5,T;X6,$X7,!-X8,$X9,JXl0)~ 

Xl=X2•X3~X4:X5=X~=X7zX8=X9=X10=GE~SY~E., 
W l•O ~ E R S R E p E A T t F .. P A I R Q ( R S ) T H E ~. R P. T lJ R N N I L 
E~SEtF PAIRQCX:Hn RS) THE!~ 
<tF MMATCH,CLS,X> THEN RFTURN TRUE ELSE RS=TL AS) 
ELSEtF X EQ HO LS THFN RFTLJRN MATCH,CLS,RS) 
F.L,SE RS=TL RS 

E~U 
END; 

TMAC.:TRANSLA.(~(PROC(S>, 
BEGIN ($X1,$X2,$X3,~X4,iX5,$X6,$X7,$X8,lX9,$X10, 

$G1,iG2,~G~,iG4,~G5,~G6,~G7,iG8,iG9,ir:10>, 
G1cG2~G3:G4:G5:G6:G7:G8:n9:G10=0, 
Xl=X?~X3:X4:X5:X~:X7:X8=X9=X10=GE~SY~8,, 
ff" MATCH,C=L,5> THEN 
RETURN EX,<BUlLD,(=R,)) 

Ef\U 
END)>J 

ELSE ~ETURN E,cs, 

HATC~,= PROCC~,S), 
IF PAIRO(L) THEN 
(lf PAlRy(S) THEN 
(IF HATCH,(HD L, 4u S> THEN 
MAfCM,(TL. L,TL S) 
EL~E F"ALSE) 
ELSE F"ALSE) 
ELSEIF L ~Q =X1 OR L FQ =X2 OR L EQ :X3 
OR L EQ ~X ◄ OR L EQ =X5 OR L F.Q :X6 
QN L EQ ~X7 QR L FQ =X8 OR L FQ ~x9 CR L EQ sX10 
T~cN <IF" VALUE Lea GEN~YMB, THEN no 

VALUF L=S,TRUE 
E~D 
ELSEtr EQUAL,<VALUE L,S> THF.!'! TRUF. ELSE tdL) 
ELSEJF" L EQ S THEN TRUE 
El.SE F"•LSE 

E"'DJ 
BUILD,• PROC(R), 

IF PAIRQ(R) THEN 
B~ILD,CHu R>:8UILD,<TL ~> 
ELSEIF" R EQ =X1 QQ Q ~Q =X2 ORR EQ sX3 
ORR EQ •X ◄ QR R EO :X5 QR R EQ •X6 
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1522 
15, 3 
15,4 
15,5 
1526 
15~7 
15?A 
15::>9 
15~0 
15J1 
15~2 
15~3 
15~4 
1535 
15~6 
15~7 
15~8 
15!119 
15~0 
15•l. 
1542 
1'54 3 
1514 
1545 
1546 
1547 
154A 
1549 
1550 
15151 
15'12 
15" 3 
15 '5 4 
15,5 
15~6 
15,; 7 
15s:;A 
15 r; 9 
t5~0 
15fll1 
15" 2 
15f.3 
15~4 
15t.5 
15~6 
15~7 
15AB 
15t'9 
1570 
15,1 
15'12 
1573 
1514 



ORR EQ =X7 ORR F.0 :X8 ORR F.Q :X9 
T~cN ( JF VALUER F-0 GENSYHB, THEN R 
ELS~JF R EQ =G1 ORR ~Q =G2 ORR EC 
OR R EQ ~r.5 ORR ~Q :r,6 ORR FQ :G7 
QR R ~Q ~GlO THEN 

CR R EQ :X10 
ELSE VALUF. R) 
:G3 en R FQ =Ci4 
CR~ [Q :r.a OR P 

1515 
15,6 
15,7 

EQ :G9 1518 
1579 

( 1r VALUER EQ O T~EN VALUE R:GENNA~1 () ~LSE VALUER> 15AO 
15~1 
15.-2 
15113 
15114 

ELSF R 
END; 

tGENNAM,= PROC(>, 
BEliIN<t,J>, 

RF.PEAT IF" (J:CHAR.[MACSVMB,[Il)) LT 9 15115 
15A6 

FOR t~<5,3,.1) 
THEN !JO 

MACSVMB.tll=ONUM,[J•2l, RETURN 
END 

IDrROMS(SfROHV(HACSYMB,>> 

ELSE 1'1ACSYMB, [ I ]:DNUl-1, [1] 
ENU 

ENOJ 
INFIX(~~~ANS,o,o,3MEANS); 
MACDEF,(~MEANS,MM~ANS)i 
MAKPROPS(=lNFJX,=INF!X~I,>J 
HAKPROPS (=UNARY, =UNARYL l, > i 
HAKPROPS ( =MACRO, =~ACROI.. I,) J 
MAKPROPS(=COUEG,=CODGF.NL,>J 
MAKP~OPS(=INSTR,=nPLtST 1 )1 
COMPILE,~ PROC(X), 

VALUE COUEGEN I ( GENSVM I ()'TRANSL A I ( X)) 
ENOJ 

SAVSTAT= PROC(), 
VECTQR(U~ARYLI,,INFtXLl,,MACROLl,,CODGENL,,OPLIST;) 

EN[) J 
RESTAT= PROC(X), 

Jr VcCiQ(X) THEN 00 
UNAHVLI,=xr1J, INFIXLI.=X[2], MACROLI.=X(3l, 
C () D GE f\/ I, , :: X r 4 l , OP L I S T , = X r 5 l 

E f\' lJ 
EL~E PHJNT,<LIST(:RFSTAT,3ARG~=IS,=I~VALID)) 

END; 
REMOVEX,= PROC(LISTJO,OP), 

MOR, 

BEGINCP,!,.,10), 

END 

P:NlL, L=VALUE LISTIO, 
fD=OP 1 
WHJ~E PAIRO(L) RFPEAT DO 

Ir IO EQ HO Hn L THEN RETURN 
(Tf PAJRQCP> THEN TL P:TL L 
cLS~lf IOQ(p) THEN SETPROPL(OP,TL L> 
cLSE VALUE LISTID=TL L), 
f'=L• L=TL L 

END, 
IF JOQCL) THEN Dn 

P=L., L=PROPL(JD>, ID=P, GOTO MCR 
f: N n 
ELSE PRINT,CLlSTCOP,sNOT,:ON,LISTID)) 
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15~8 
15~9 
1590 
15Ql 
1,;,2 
15"3 
15q4 
1595 
1506 
1597 
1598 
1r;99 
16(10 
161'11 
1602 
1603 
16n4 
16,,5 
1606 
1607 
1608 
1609 
1610 
1611 
16{2 
1613 
1614 
1615 
1616 
1617 
1618 
1619 
1620 
1621 
16'-2 
16'-3 
16'- ◄ 
16:t5 
16'-6 
16,, 



ENO; 
REMMACRO= PROCCID), 

R~MOVEX.C=~ACRQLI,,TD) 
END; 

REt1JNF" IX= PROC( ID>, 
REMOVEX.(=INFIXLJ,,TD> 

ENO; 
REMUNARV= PROCCID), 

REMOVf:X. ( =UNARYL I I, ID) 
END; 

ERROR= PROC(TYPE), 
It TYPE En 3 T~EN on 

EXECU1E(?NPUT,OUTPUT>, 
EtvD 
El.SE STOP() 

ENOJ 
SAVf8AL~= PROC(S), 

DO 

Ef-.:U 

REW!N □ (S), GARRCnLL(>, 
CLOSE<~BLM45VD;t) 

END; 
SUB= PROCCI,J,K), 

SlJt:Hl.J,10 

STOP() 

SAVF.ALL<S>, 

16~8 
16~9 
16~0 
16:,1 
16~2 
16~3 
16:,4 
16~5 
16~6 
16~7 
16~R 
16~9 
16 4 0 
16•1 
l. 6 4 2 
1643 
1644 
1645 
1646 
1647 
164A 
1649 
1650 
1651 
16"!2 ENDJ 

SUBV: PROC(I,J,K), 16,3 
su~V(I,J,K) 16~4 

ENO; 16~5 
GENP(X1> MEANS X1:PRQC(X,V), 16~6 

X1(X,Y) 16~7 
ENO; 16~8 

GENP(WRLlNc>I 16,9 
GF.NP(SHIFT)J GENP(CONCATV>: GENP(CONCAT>; 161.0 
GENP(LA~u>J uFNP(LQR)J GENP<XOR)J ()ENP-(EQSTR)J 1661 
REMMACRC<=GENP); 16~2 
GFNP(X1) McANS Xl=PRQC(X), 16~3 

X1(X) 16~4 
ENDJ 16,5 

GENP(RO~INE>J 1666 
GENP<MAKVECTO>J GENPcCO~PL)J GENPCINTO)J G(NP<STRQ)J GENP<CODEO>J 16~7 
GENP<IOO)J GENP<LBLO)J r,E~1P<Vl:CTO)J GENP(PAJRc:l)J OF,;NP(LnGC:)1 1668 
G~NP(~ILY>I GENP(VFRQMS); GENP(SFROHV)J GE~P<IDFROMS)J GE~PtS~RO~ID)J 
GENP(torHOMC)J GENP(REwJNn)J r,ENP(SAVEALL)J GF.~P(RESUHEAL)J 1610 
GENP(F.Nr.Ft~F): GENP(PROTEr.T>J GF.NP(STKTRACE>; 1611 
GENP(RE~AR~)J 16,2 
REMMACRC(zGENP)J 1673 
TIME= PHOC<), TIME() EN01 16?4 
STOP 2 PHOCC), STOP() ENDJ 1675 
CHGCHAR: PROC(CHR,NUM), 16'6 

C~AR1 PIF"R0MS(SF'R0Mll')(CHR))[1]l = NUH 1617 
END; 167R 

ADDON • ADOON.J BREAKUP= B~EAKUP,J CODEGE~ = CODEGEN,J 16Y9 
COMPI~E = COMPl~E.J DU~MY = OUMHY,J EQUAL= EGUAL,J 16AO 
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EXPAND = EXPAND,; GENSVM = GENSVt-1, J rrROMIC = JF"RO~ID,; 
LENGTH = LENGTrl,; LFROMV = LFROMV,J LOOKUP= LOOKUP,; 
MACDEF = MACUEF,; MAPX = MAPX,; MEHRER= ME~8~R,; 
QRDINlL ; ORD!NAL,J pRINT: PRJNT,J RDTOKE~ = ~nTOKEN,; 
READ = Rl::AO' J SUB ST = suasr I J TRANSLAT = TFANSLA' J 
VFROML = VFROML,; 

u•••• OE:BUGG I NG PROCFDURF.S ••• 
GDFLAG.=NIL; 
PRCFLAG,=NILJ 
PRCTRACE=NILJ 
G0TRACE=N1LJ 

16Al 
16112 
16~3 
16'14 
16A5 
16A6 
16A7 
16~8 
161'9 
1690 
1691 

GOSLJB, = THANSLA,(=<oo IF GOTRACf THEN PRI~T,(:GOTO,=Xl),~1 E~D))J 
1692 
1693 
16q4 G0SUA2,= TRANSLA,C:<oO tF GOTRACE iHF.N 

PRINT,(:GnTn,RH) FLSE RH END)); 
PRSUl-3, = THANSL.A,(:(oO IF Pf"~CTRACF. THEN 00 PRT~'T,(aflAME,=ENTEQEO), 

ARGPR, (ARGS) ENn, VAL=80C, tr PRCTRAC:E THEN 

1695 
16•6 
16q7 
1698 
1699 
1700 
1701 

PRINT I (:NAME, 
::iRETURNED,VAL), VAL ENn»; 

••• THIS IS A FtX FOR PROALEM ors IN ARGLIST --- ,SA,$8,r.) 
NOOP <J; :: nuMMY', 
ARGPR,=PROCC ),dEGIN({), 

POR I;:(1,NlJMARGS()) REPEAT PRINT,(=A'1G,I,=IS,ARGl.iHENT(I)> 
1702 
17n3 
171'1 ◄ END Ef'\:OJ 

OEBUG=PROC (), 
DO GO~LAG 1 =TRUE,PRCFLAG,=TRUF., 

GUTHACE;TRUE, PRr,TRACE=TRUF 
ENO Et\UJ 
NOOEHlJG=PRQC ( >, 

no GOFLAG,=NIL, P~CFLAG,=N!L, noTRACE:NIL, PRCTRACE=~IL ;Nn 
HGO,= PROC(L), 8Er.IN(RHS,8D>, 

IF -.GQFLAli, THEN RETURN EXLIS,(L), 
RHS = Hl) TL L, 
IF PAIRQ(RHS> T1-,EN 8D = SUBST,CR~S,=R~1 ,G0S1182,) 

EL,SE ~D = SURST 1 (RMS,=X1,GOSUB,>, 
HD TL L = 80, 
RETURN 1::XL,IS,(L), 

() END ENOJ 
HF.QUAL,= PROG(h),8EGJN(RHS,LP,AR,BOnY,BD,G1>, 

( ) 

RHS = HU Tb TL l• 
IF ~PAIRQ(RHS) TMEN RETURN EXLIS,(L), 
I r P A 1 R (,I( R ~ S > AND HD RH S NF. = r RO C THE~! RE T lJ RN f.: XL I 5 , < L > , 
TF ~PRCFLAG, Tl-lEN RETURN EXLfS,(L), 
C',1 = GENSVM(), 
LP = HD TL, RHS, 
i\R = HD T~ LP, 
8QDV : HD TL TL LP, 
AD - SU~Sf.(1-iO TL L,:NAME,PRSlln,), 
8D = SU~ST,<G1,:VAL,RD>, 
AD= SUdST,(AR,:ARGS,BD), 
HD TL TL LP: SuBST,<AODV,=BOD,BD), 
RETURN EXLIS,(l), 
END F.NOI 
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1705 
17n6 
17n7 
170 Ej 
17n9 

Er--r- I 
1711 
1712 
1713 
1714 
1715 
1716 
1717 
1718 
1719 
1,,0 
17?1 
17?.2 
11,3 
17~4 
11,s 
11,6 
11,1 
11,e 
11,9 
17~0 
11:.1 
17~2 
17~3 



MACOEr,<==,MEQUAL,)J 
MACOEr,<=GO,HGU,)J 
MAKPROPSt=MACRO,=MACRO~J,)J 

COMME~T ~ CHANG~ PERIODS~ THAT IT JS NO LONGER ACCEPTABLE !N 

CHGCHI\RC=,,11>1 
MAKVLOCA(Nll)J 
MAKALOCA(NIL): 
DO 

ENDJ 
STOP; 

AN IDENTlFtER t 
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1734 
17~5 
17~6 
17~7 
17~8 
17~9 
1740 
1 7 • 1 
17•2 
17•3 
1744 
1745 
17•6 
17•7 



CROSS REFl:RENCE 

A 

AODON 
AODON. 
AF' TE R 
AN 
ANALYSE, 
APPLY 
AR 
ARE 
ARG 
ARGL 
ARC, L I ST • 
ARGPR. 
ARGS 
ARGUMENT 
ASSIGN, 
ASS, 

ATM 
A 
BACKSPAC 
BALM 
AD 
BE 
BEF'ORE 
AJNARY 
RINFlLE 
ALANKLI, 
BLANK. 

BOD 
BODY 
8QOTSTRA 
RPCNT 
ARACKET 
ARACKETS 
BRCKT 
BREAKUP 
BREAKUP, 
ASCODEGE 
BUILD, 
81 

82 

125 126 128 130 t31 1008 1010 1012 1013 1016 1017 1494 
1495 1497 
1679 
28 111 161 461 477 901 1679 
897 1073 1157 
849 
6 66 732 740 765 782 785 
366 
j]19 1726 1730 
1444 
989 1170 1171 1172 1174 1241 1243 1244 1472 1610 1703 
946 949 989 990 991 99?. 
990 1001 1253 t343 1J49 13;5 
1697 1702 
20 25 ?.9 30 31 8Q1 894 90? 903 904 960 1276 1697 173~ 
387 ~70 573 1023 1444 1445 1447 144A 1449 1450 1701 
1~51 1268 1273 1114 1318 
34 9o7 960 9~1 9~2 963 969 910 97~ 976 977 918 9e1 984 
995 9Y6 998 10~0 1041 104Pi 1049 1050 1059 1060 1061 
1079 109~ 1095 1098 1105 1112 111~ 1115 1122 1123 1130 
11~3 1134 1137 1t5n 1163 1172 1174 11a~ 1193 121'- 12t6 
1218 1226 1227 1?28 1234 1?35 1216 1276 1277 1?7! 1287 
1292 1293 1295 1113 1315 1317 13~0 13?~ 13(3 1344 13~0 
1356 
957 960 961 96~ Q63 1268 1270 1272 1276 1277 1218 
1~8 159 160 
382 
55 
1711 1714 1715 1716 t719 1728 1729 1730 1731 
1 ◄ 37 
776 
910 
39 43 
2!,7 ?.~8 582 584 
215 254 258 419 494 546 550 588 625 ~26 633 639 647 
689 1487 1490 
1697 J.731 
171Y 1727 1731 
3 44 
558 561 566 570 ~78 ~94 609 611 618 626 
720 
475 
265 266 267 721 ~17 
1679 
1364 1372 1373 1~7A 1679 
12 17 
1549 1570 1572 
702 705 711 712 714 715 717 718 720 721 830 832 ~3~ 
834 AJ7 A40 A4t R42 A43 84h A ◄ 9 A~7 ~60 A61 864 A6~ 
866 A67 870 A74 ~75 A76 
711 712 714 715 717 718 720 721 837 ~41 842 
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B3 
R ◄ 
C 

CAI.LS, 
CANNOT 
CF"RQMV 
CGCHECK, 
CGCHKL, 
CHARS 
CHAR, 
CHGCHAR 
CHR 
CLAUSE 
CLOSE 
CODE 
CODEG 
CODEGEN 
CQDEGEN, 
r.QDEO 
r.onEv 
COOGENL., 
COLON. 
COMCHAR, 
COMMA. 
COMP 
COMPILE 
COMPILED 
COMPILE, 
COMPl. 
COMP, 

CONCAT 
CONCATV 
COND 
CONSTRUC 
COPIED 
COPY 
CURCOM, 
DEBUG 
ONUM, 
nor 
DOF"1 
DOLLAR, 
noNT 
DUMMY 
DUMMY, 
E 

714 715 717 718 720 721 
714 715 
482 493 494 496 498 504 51?. 514 517 5~2 534 656 65A 
661 6t,4 
954 988 
1437 
375 928 
25 894 1070 1155 128~ 1303 1326 1318 
1333 1335 1338 
510 
144 240 ?.41 245 ~54 496 500 505 5Q7 ,1~ 532 1585 1~77 
1 1676 1740 
1676 l,677 
1196 
1409 1647 
910 Q41 
1!597 
1619 
8~ 87 88~ 1039 1463 1529 1~00 1679 
A8 1~5 367 603 1436 1667 
21 890 918 920 9?3 924 9?.~ 928 
327 9~1 1597 16u~ 1608 
232 300 356 
2J9 7~4 
25 85 230 294 ~34 894 1005 1070 1~01 1307 
40 
1680 
941 
9JO 1!:>99 1680 
364 1667 
32 90, 945 992 9Q7 1092 1150 1160 1163 1174 1202 1~12 
1215 1216 1227 1??.8 t235 1'36 1251 1254 1255 1257 12,9 
1261 1290 1294 131~ 1319 1343 1349 13~5 
362 5!,0 1660 
361 521 527 1013 1660 
106~ 1065 11 ◄ 0 1141 
1477 1480 1481 
1437 
1429 1432 1439 
63 87 68 89 
170:i 
73 146 149 243 245 247 404 675 679 706 1587 1589 
749 756 769 80~ 
7 ◄ A 7~1 
30 229 282 903 107A 1113 1132 
459 ◄75 

1680 
321 879 1680 1701 
158 1~9 161 48? 496 497 499 908 510 511 514 516 ,18 
521 5~7 531 53? ~34 537 8;lA 859 A65 A71 873 875 11~4 
1155 1162 1163 1,oA 1210 1?.12 1216 1211 12a2 1'-83 ,294 
1JOO 1302 1319 
◄ 05 
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ENDFIL 
ENOFILE 
ENDFl.,AG 
END2 
ENTERED 
EOP 
EQSJGI\I, 
FQSTR 
F.QUAt.. 
EQUAL, 
F.QUJV. 
ERCOUNT, 
ERMSG. 

ERR 
F.RRCNT 

ERROR 
F.RRORS 
EXCHANG, 
EXCH1. 
EXCH2, 
tXECUTE 
EXLIS. 
EXPAND 
F.XPANDEO 
FXPAND, 
EXPECT 
EXPQN, 
EXPX 
fX, 
F. t 
FALSE 
F' I L 
FILE 
FL 
FN 

FNOTN, 
FOREVER 
F"QRL 
FORM 
G 
GANO 
GARBCOLL 
GCOND 
GCON, 
GELSE. 
GEt\JL8L, 
GENNAM, 
GENP 

GENR 

7 ◄ 3 7~0 799 827 
~85 1671 
729 731 732 735 
18 i5 26 28 88R ~94 895 901 1023 
1696 
695 743 750 799 
79 231 299 333 761 1272 1301 
1386 1403 1661 
16AO 
1371 1388 1392 1399 1566 1680 
234 317. 
5 7 10 14 63 6~ 70 78 91 704 707 773 777 813 848 
14 27 40 510 539 692 772 776 813 827 A49 P.97 9JO 9'1 
1073 1157 1196 1~04 1264 1503 1514 
7 10 14 70 78 91 899 930 
18 22 39 40 88~ A92 R98 917 930 940 1040 1074 11~8 1196 
1204 1264 1271 1,a5 1305 
27 539 1273 1285 1~05 163~ 
14 40 91 9~0 
31 J3 904 906 1046 1051 1061 1065 1066 
1044 1065 
1054 1066 
58 62 1640 
870 1,23 1528 1712 1717 1721 1722 1723 1732 
1681 
76 
9 74 707 857 865 875 1525 1681 
1204 
2J6 314 377 
20 25 32 891 894 905 
1525 1527 1528 1549 
15?.J 1524 1550 
599 1~58 1559 t568 
423 425 428 431 433 435 5~7 559 562 566 568 569 571 
827 
1335 1336 1337 1338 
416 420 424 425 432 433 544 547 550 558 559 566 ~69 
578 946 949 95n Q51 989 990 994 997 
705 727 752 788 791 
1515 
1300 1316 1322 
1326 1327 1328 1~30 1332 1333 
1459 1460 1462 
331 1i24 
383 1C>46 
JJn 1178 
948 9b7 974 1244 
11A5 11.89 1201 
102Y 1oa1 11so 1215 1226 1234 12aa 1291 1311 1316 
1580 1583 
1656 1659 1660 1661 1662 1663 1666 1667 1668 1669 1670 
1671 1672 1673 
946 9,1 952 
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GENSYH 
GENSYHB, 
GENSYM, 
GF.TLIST, 
GETNF.XT, 
GETPROP 
GETVECT, 
GETV, 
GF"OR 
GGO 
GLAMBUA 
Gl,.lST 
GLOBAL 
GLOBL, 
GQF'LAG, 
GQR 
GQSU82, 
GOSUB, 
GOTRACE 
GPROG 
GPqOGN 
GQUOTE: 
GREATER 
GREFS. 
GRETURN 
GSETQ 
GSTRING 
GTHEN, 
GVAR, 
GVECTOR 
GWI-IIl.E 
Gl 
G10 
r;2 
GJ 
G4 
G5 
G6 
G7 
G8 
G9 
HAVE 
I 

ID 

1681 1724 
144 146 147 14Q 404 1535 1547 1563 1~?6 
141 QQ4 1038 1460 1529 16CO 1681 
444 4~1 
730 734 
1484 
445 465 
466 468 
334 1299 
3JO 1169 
328 11.)36 
335 1J41 
38 908 
19 i2 38 889 892 908 1016 
1689 1706 1710 1-712 
331 1232 
t694 1714 
169J 1715 
169~ 169~ 1694 1707 1710 
J28 1068 
329 1153 
333 1240 
510 
28 901 963 981 1008 10 ◄ 1 1278 
329 1148 
3J3 1~47 
33?. 1.S53 

.1182 1192 1199 120~ 
947 957 
335 1J4? 
334 1281 
1545 1546 1577 1719 1124 1729 
1545 1546 1579 
1545 1546 1577 
l,54!; 1546 1577 
1545 1546 1577 
154S 1546 1578 
1545 1546 1578 
1545 1546 1578 
1545 1546 1578 
154!; 1546 1578 
1204 
21 100 105 106 1~8 130 131 142 143 144 146 149 165 1&7 
181 183 213 24t ,44 '-45 ~54 258 417 419 566 570 577 
580 584 607 610 630 632 651 890 911 91Q 920 922 92~ 
924 925 1021 1023 1044 10~6 10 ◄ 8 1049 1051 1054 1059 
1060 1061 1101 1t03 1105 1106 1109 1114 1115 111A f120 
1122 1123 1126 1130 1133 1136 1131 1300 1301 1314 i3t6 
1365 137A 1J79 1389 1399 1430 1432 1443 1445 1'67 14?2 
1489 1490 1584 1~85 1587 1589 1650 1651 1653 165• 170?. 
1703 
141U 1412 1413 1422 1425 1426 142? 14~8 1 ◄ 60 1461 1463 
1484 1485 1613 1615 1617 1624 162~ 1630 1632 1633 16~5 
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IDNIL. 
roa 

IDTRUE, 
JEOS, 
JfROMID 
IF'ROMID, 
IMPROPER 
IN 
INDEX 
INEG 
I NF" IX 

INF"IXLI, 
IN1TCO!1, 
INITEXP, 
INITIAT, 
INITINr, 
INlTlO, 
INIT~-1IS, 
INITOPLd 
INITUNA, 
INPUT 
INSTR 
INT fJ 
INVAL.ID 
IS 
ITM 

I 1 

12 

J 

K 
KARG, 
KASTORE, 
KCALL. 
KGL08. 
KGSTORE, 
Kl NEG, 
KJMPF', 
KJMPI, 
KJMPT. 

1636 
366 ~46 1471 1670 
147 221 222 223 ~24 225 226 227 228 /.29 230 231 232 
23~ 2J4 235 236 ?37 238 239 250 252 ~74 406 502 504 
508 1013 1587 1669 
25?. 437 447 601 
81 117 368 598 947 9~0 97Q 1270 1327 1366 1478 1619 
1623 1668 
250 436 446 600 
6 66 238 292 457 473 745 773 779 796 811 
1681 
13A 920 1681 
772 
539 9JO 1514 
359 782 791 1256 
279 376 
292 ?93 294 295 ?96 297 298 299 300 301 302 303 JO ◄ 
3Q5 306 307 30A 309 310 311 312 313 314 315 714 71, 
1592 1594 
291 715 770 803 t594 1603 1607 1633 
197 325 
196 319 
57 191 
t95 209 
193 203 
199 397 
19A 353 
194 262 
~8 62 255 742 749 756 759 762 779 805 827 1640 
159ij 
367 599 972 995 1667 
941 161,0 

436 437 
456 4~7 
749 7'.10 
772 773 

438 442 
461 469 
751 752 
775 782 

~43 444 
471 4i2 
754 758 
785 18A 

◄ 46 
47? 
761 
794 

849 1454 1610 17n3 
424 427 428 432 435 
447 448 452 454 455 
741 742 743 744 745 
762 764 765 767 770 
A08 R15 81A A21 A24 
741 7/9 780 784 787 788 790 ?91 793 796 799 800 @03 
805 818 
142 144 146 ◄ B2 495 502 soa so9 517 521 521 530 539 
577 579 580 58?. 584 1300 1301 1312 1~A4 15A5 1'87 16,o 
1651 1653 1654 
1300 1301 1307 1~09 1312 1650 1651 1653 1654 
339 9oO 1048 1059 
340 1~49 1060 1276 
3J7 998 
JJ9 963 984 1041 1048 1059 1105 1112 1113 
340 1050 1060 11,2 1130 1134 1278 
347 974 
343 1216 1227 1292 
344 1174 
343 1212 1235 
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KJMP, 
KL8L, 
KLlST. 
KMAKVAR, 
KNlL, 
KNUM1. 
KNUM2. 
KNUM3. 
KNVARS, 
KPOP, 

KRETPRO, 
KRTPROC, 
KSETSTK, 
KSETSX, 
KSTEPLO, 
KSTRING, 
KTl,OOP, 
l<TRUE. 
KVAR, 
KVECTOR, 
KVSTORE, 
L 

LA8EL 
LAND 
LAST 
l..BL I ST 
LBLNO 
LBl.a 
LBLVALS 
LBL, 
l.BR, 
LBVAR, 
LENGTH 
LENGTH, 
LETTS, 
t.F"ROMV 
1.F"ROMV, 

343 1150 1172 1218 1295 1315 
344 9t)2 
345 1J44 
347 9ij1 
342 9~9 1183 1193 1226 1287 1313 
34j_ 976 
341 977 981 
341 978 
3J8 1079 
JJR 10•9 1050 1060 1061 11?.3 1137 1163 1228 1?.36 1293 
1317 1323 
338 1098 
34 J37 907 
3JA 1092 
349 1U95 1150 
346 1.520 
348 1356 
346 1322 
34?. 9'/0 1234 
339 9ol 1122 11JO 1133 
345 1350 
340 1105 1115 1277 
9~ 101 106 114 117 118 12C 121 122 125 126 128 130 131 
157 1.60 161 170 1.72 173 175 t81 182 l83 1A4 213 ?5~ 
254 5~7 561 562 590 59?. 5Q~ 595 597 598 599 600 601 
602 603 606 609 ~10 615 617 621 622 625 636 639 64' 
646 69~ 693 121 72R 730 e~a e59 e61 ~,1 873 874 1on1 
1002 1003 1004 1n05 1006 1044 104~ 1046 1048 1~50 1051 
1054 1056 1057 1058 1061 1101 1102 1103 1105 1106 1109 
1111 1112 1113 1114 1115 1118 1119 1120 1122 1123 1126 
112ij 1129 1130 1132 1134 1136 113? 1153 1155 1160 1161 
1162 1165 1225 1226 1227 1?.29 1233 1234 12~5 1237 t300 
1301 1303 1307 1~09 1312 1411 1412 1413 1414 1416 1418 
1419 142n 1430 1431 1432 1466 1469 1471 1473 1494 i495 
1496 1497 1499 1501 1519 1548 1553 15~4 15S6 1557 1560 
1561 1562 1563 1~64 1566 1567 1613 1614 1616 1A17 1618 
1619 1620 1621 1623 1624 1711 1712 1713 1?16 1111 1719 
1720 1121 1722 1?23 1728 1732 
913 
363 679 1661 
1179 1180 1186 1218 1300 1311 1315 1321 
20 24 691 893 96? 1069 1076 1085 117? 1210 
19 22 889 A92 10~0 
368 6U2 1668 
19 23 889 892 91~ 938 1027 
1026 1090 1096 1186 1219 1229 1237 1289 12?6 1l16 1321 
217 223 608 
223 445 780 
16A2 
133 1J4 998 1079 1344 1350 1356 1682 
249 516 536 678 
1682 
180 791 1682 
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L. HS 
LHSARGS 
l.HSOP 
LIN 

LIST 

LlSTlD 
LIST2 
LIST3 
LLEN 

LQGCJ 
LOOKUP 
LOOKUP, 
L. OR 
LP 
L,PA RI 

LPVAR. 
l.S 

LST 
L,XSC AN, 
M 

MACDEF 
MACDEF, 
MACRO 
MACROLJ, 
MACSVMB, 
MAKALOCA 
MAKFJLE 
MAKO 
MAKPROPS 
MAKVl::CTO 
MAKVLOCA 
MAPL, 
MAPV, 

1248 124Q 1250 1~51 1253 1?64 15~3 
1246 1253 1254 1?55 1297 1259 1261 1?.62 
1246 1253 1254 1?55 1256 1258 1260 
213 214 2i5 216 ?17 218 219 220 ?27 229 230 231 232 
233 ?.J4 235 236 ~37 238 239 242 245 24A 2,9 250 25' 
253 ?54 417 419 ◄ 20 4? ◄ 425 428 ◄ 32 433 4~5 49J ,on 
502 505 507 SOR 512 516 5~1 524 ,21 529 532 536 ~44 
547 550 551 553 558 ~59 562 566 569 571 ~78 582 ~84 
653 658 664 14~9 1490 1491 
14 40 85 91 264 ~65 266 267 268 269 770 2?1 272 27~ 
274 ?.75 276 277 ,1a ?.79 280 2e1 2a2 2eJ 2a4 291 292 
293 294 295 296 ~97 29A 299 300 301 30~ 303 304 305 
306 307 308 30Q ~10 311 31? 313 314 315 321 327 32~ 
329 330 331 332 333 334 335 355 356 ~~, 358 359 ~60 
361 362 363 364 365 366 367 368 369 370 3?1 372 373 
374 315 376 377 ~7A 379 J80 381 382 3A3 384 38, ~8~ 
387 ~aa 389 390 ~91 392 393 459 475 11? 115 11e 121 
76? 785 788 791 794 A18 82t 824 849 91~ 96? 1150 1172 
1212 1216 1218 1,21 1235 1254 125~ 1257 1259 1'61 1292 
1295 1315 1322 1~86 1387 1408 1409 1413 1426 1421 15t4 
1610 1626 
1612 1614 1620 1626 
18 2A 35 36 37 888 901 911 914 915 
18 J5 39 888 914 920 
416 419 420 424 425 42A 43? ◄ 33 435 4f9 490 500 ,os 
507 512 516 519 521 ~22 5?9 532 5:3 5~8 559 566 ~69 
580 588 594 60A A38 644 65~ 663 6?0 14A8 1490 1491 
369 1668 
16A2 
114 767 770 803 ~62 938 951 994 1~85 1521 1526 1682 
364 5J4 1661 
1719 1725 1726 1727 1731 
216 2i1 595 
221 444 764 784 
3 6 8 9 11 63 74 76 79 80 61 82 8~ 87 1500 1501 15~2 
1503 1506 1513 1~1Q 1533 1538 1539 
729 7JO 735 737 
4J5 443 481 
858 862 A63 864 1500 1919 1520 1523 1524 1525 1527 152A 
1529 
1683 
711 1407 1529 1593 1683 1134.1735 
1407 1:,96 1736 
321 712 A62 1521 1526 1596 1603 1607 1630 1736 
73 706 1585 1587 1589 
2 408 l.064 1742 
4J 255 256 416 148A 
517 5J2 671 67A 
1410 1594 1595 1,96 1597 1~98 1736 
104 166 240 243 ,51 35A 419 518 918 1431 1490 1667 
2 407 1140 174t 
153 157 
1,4 164 
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~APX 
MAPX, 
MATCH, 
MEMBER 
MEMBER, 
HEQUAL, 
MGO, 
MINUS, 
MISSING 
HMATCH, 
HHEANS 
MODE 
HQR 

MORE 
MORO 
MSIGN, 
MSTR 
MTV, 
N 

NAM 
NAME 
NBYTE 
NDF" I 
NEWP 
NEXT 

NIL. Q 

NN 
NO 
NODEBUG 
NOOP 
NOTH 
NOTSIG~, 
NOTU 
NTRUE 
NUM 
NUMARGS 
NUMB 
NUMBER 
NXT 
OCTAL 
OCTMODE 
or 
OLDPR 
ON 
OP 

1~8J 
152 996 1343 134Q 1355 1683 
459 475 1539 154A 1553 1556 1557 
1683 
170 962 1010 101~ 1172 1210 1683 
1719 1734 
1711 1735 
228 279 ~09 376 
776 813 R97 1073 1157 
1513 1533 1538 
1 ◄ 99 1593 
380 
4 13 15 64 83 88 90 92 117 122 160 161 172 175 4~4 462 
471 478 675 676 A74 ~76 1390 1394 1616 1624 
1282 1288 1289 1295 
679 680 f,86 
216 228 673 
519 525 530 
85 405 744 746 777 794 833 971 1003 1162 
100 101 103 104 ,o5 t65 166 167 1a1 1e2 1aJ 566 ~6° 
570 573 607 60Q 610 630 631 632 6~1 65?. 653 66Y 67, 
613 678 679 680 68?. 968 984 1037 1038 jQ39 104n 1041 
1443 1445 1446 1447 1448 1449 1467 1471 1472 
3 11 12 17 28 886 887 901 930 932 148A 1491 
1696 1698 1728 
19 22 889 892 Q1~ 919 922 1022 1027 
406 491 522 696 
1459 1461 1462 1463 
424 425 42A 432 433 435 4SA 474 489 493 495 500 501 
502 505 506 507 ~08 509 ,12 514 516 517 519 524 525 
527 528 ~29 530 ~32 534 536 537 539 554 55R 559 56? 
~66 ~09 571 578 ~88 594 608 609 611 61A 626 63A ~39 
644 646 652 653 ~58 663 664 670 
274 ')75 ?.76 37') 1669 
668 612 673 675 ~76 678 680 
94' 1 
1109 
758 1701 
861 863 865 867 
227 ')14 
752 759 762 765 779 1a2 785 ,ea 191 794 a1a 
1209 1215 1216 1,19 1282 1291 1292 1,96 
1676 1677 
387 568 1022 1023 1443 1703 
497 512 
5J9 
489 494 736 737 
5J9 
◄ 03 671 911 
772 827 1444 1454 1514 
14'46 1447 1448 1449 1462 
827 1626 
858 861 862 989 994 995 996 11~9 1191 1200 120l 12n4 
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OPEN 
OPERAND 
OPERATOR 
OPERROR, 
OPL.IST, 
ORDINAL 
ORl)JNAL, 
ORD1, 
OUTPUT 
p 

PAIRQ 

PAREr--..JS 
PERIOD, 
PERVAR, 
PLL 
PLUS, 
PNAME 
PR 
PRCFLAG, 
PRCTRACE 
PREVAL 
PREVCOM, 
PREVM 
PRINT 
PRINT, 

PROCTRAC 
PROGRAM 
PROMPT, 
PROPI,. 
PROTECT 
PRSUH, 
PRTR, 
PTRACE 
PUTBLAN, 
PUTCHK, 
PUTCHV, 
PUTCH, 

PUTCODE 
PUTJNT, 
PUT ITEM, 
PUTLBL, 

1500 1506 1514 1521 1529 1612 1615 1619 1626 
1409 1491 
776 
849 
805 846 
3;5 994 1386 1387 1408 1409 1598 1603 1608 
1684 
125 9o0 961 1276 1277 1684 
126 128 131 
58 62 ?56 546 550 568 16 ◄ 0 
115 110 1s2 15J 154 15, 161 164 161 141 742 ?6~ ~o, 
808 810 ~17 818 R2Q 821 824 1208 1212 1215 1281 12~3 
1290 1364 1366 1167 1369 1J71 137~ 1J7J 1375 137~ t319 
1380 1383 1410 1419 1422 142' 14~6 1427 1477 14?@ 1479 
1480 1481 1482 1484 1485 161~ 1614 161A 1619 1621 16'-4 
79 120 130 13* 153 160 172 369 593 6?1 728 735 751 7~7 
a40 800 861 a67 936 948 1004 1046 1057 1oas 1090 1103 
1112 1120 1129 1195 1250 1307 1330 13~1 13~7 1~69 1370 
1392 1415 1418 1426 1439 1479 1496 1so2 1,n8 1,36 15~7 
1554 1555 1571 1616 161A 1668 171~ 1721 1722 
459 
215 225 625 
225 4':)6 
797 A01 "10 826 
2J3 310 376 
1444 1454 1461 
3 11 12 
1690 1706 1710 1723 
1691 1696 1697 1707 1710 
1413 
63 <;2 
1500 1521 1522 1~24 1526 1527 
1684 1744 
4 38 64 68 76 91 459 475 565 693 908 910 911 913 127~ 
1273 1285 1305 1437 1444 1445 1452 1454 1468 1471 1472 
1610 1626 1664 1~93 1695 1696 1698 1703 
1466 
1069 1070 1077 1082 10A3 1084 108? 1088 1089 
220 546 
118 378 1413 142~ 14A5 1624 
385 1671 
1696 1728 
1442 1461 
1458 
587 612 619 653 
625 6i6 632 633 661 
598 600 601 604 645 646 650 
588 595 608 611 618 626 6~A 639 6~5 64? 656 673 68, 
689 
603 642 
599 6J9 667 
561 570 590 610 622 625 
602 6J6 
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PUTLIST, 
PUT~ 
PUTSTR, 
PUTVECT, 
a 
QSlGN, 
QUOTE 
R 

RBR, 
RBVAR. 
RDITEM, 
RDL.INE 
RDTOKEN 
RDTOKEN, 
READ 
READ IN, 
READ, 
RECURSE 
REM 
REMARK 
REMCOH, 
REMINFIX 
REMMACRO 
REMOVEX. 
REMSEP, 
REMUNARY 
RESTAT 
RESTl.1, 
REST\..2, 
RESUME 
RESUMEAL 
RET 
RETURNED 
REWIND 
RH 
RMS 

ROP 
RPAR, 
RPLACA 
RPl..ACD 
RPVAR. 
RS 

SARGL 
SARGS 
SAVEALL 

595 615 622 
677 6d0 681 684 ~87 
597 629 
592 606 
668 675 678 6B1 ~83 
237 761 
321 3J3 762 
144J 1446 1447 1448 1449 1454 1455 1~70 1571 157~ j573 
1574 1575 1576 1577 1578 1579 1580 15P.1 
217 224 611 
224 472 782 
427 441 454 456 471 
214 242 248 381 544 54? 550 1666 
168~ 
431 1i9 730 742 149 759 779 605 1684 
16A5 
426 4J4 542 
423 729 130 756 762 t685 
151~ 
1189 1192 1201 1'-02 
1387 l,672 
29 830 902 1011 1160 
1632 
1629 1662 1673 
1612 1630 1633 1636 
834 837 842 1005 
1635 
160~ 1610 
1118 1142 
1126 1145 
71 
384 1070 
1069 1070 1071 1081 1096 1150 
1699 
43 382 1646 1670 
1695 1714 
1248 1249 1251 1i54 1255 1257 1259 1262 1711 1'13 1714 
171~ 1719 1720 1721 1722 1725 
1500 1507 1509 1~10 1511 1512 152~ 1526 
217 222 618 626 
357 1254 
357 1i55 
222 4!:>5 765 78r; 
1500 1501 1508 1509 1513 1520 1533 1536 1537 1~38 1539 
1S40 
1097 1120 1123 1136 1137 1142 1145 
1520 1!:S49 
629 631 632 650 ~52 653 668 669 675 ~7A 679 683 687 
68A 1543 1548 1550 1553 1555 1556 1557 156' 1566 1~67 
1644 1646 
989 990 998 
20 31 JJ 891 9Q4 906 
384 1646 1670 
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SAVEAALH 
SAVLOCS, 
SAVL1, 
SAVL2, 
SAVSTAT 
SEMIC, 
SET INDEX 
SETMODE 
SETPROPL 
SETPROPY 
SETSUB 
SETSU8V 
SETVALUE 
SEVEN, 
SFROMID 
SFROMV 

SHIFT 
SLASHX, 
SLASH, 
Si 
START 
STARX, 
STAR, 
STKTRACE 
STOP 
STR 
STRINti 
STRQ 
STRQU, 
SUB 
SUBLBLS, 
SUBST 
SUHST, 

SUBV 
SVARS 
SYMB 
SYNTAX 
SYSLIST 
TAI..KATIV 
TERM 
TERMFLA, 
TERM~INE 

TEST3 
TEST4 
TH 
Tl ME 
TMAC, 
TR 
TRACE 

1644 1744 
1080 1103 1106 1114 1115 1142 114~ 
1101 114? 
1109 1145 
1602 
219 
359 1257 
380 
378 1413 1426 14?7 1~19 
1419 1425 
362 
360 582 584 653 1261 
379 12~9 1422 1460 
247 683 
374 4U5 598 600 601 645 646 731 1012 1669 1677 
147 22i ?22 223 224 225 226 227 228 229 230 231 232 
233 ?.34 235 236 ,37 238 239 ?.50 252 3?~ 406 502 504 
508 531 57A 1013 1587 1669 
J63 534 679 1660 
218 406 638 639 645 647 
2J5 313 377 
6J b6 68 71 72 74 92 
544 553 
?.26 311 377 693 
7J 21~ 226 404 5~3 604 706 1013 
1408 1671 
8 59 72 393 827 1359 1360 16 ◄ 0 16 ◄ 2 1675 1746 
498 518 
332 365 546 550 
135 3o7 ,97 14~5 1667 
216 498 524 529 ~32 633 
362 1260 1435 t6~0 1651 
37 915 935 
1685 
1461 1462 1494 1497 1519 1520 1523 1524 1525 1527 1528 
1685 1714 1715 1728 1729 1730 1731 
214 ?.42 248 360 502 508 521 527 1260 1653 1654 
1069 1080 1097 
496 505 
14 68 
400 1010 
67 75 402 9Q8 90Q 913 
740 744 775 776 AQO 811 813 
5 6J 65 729 731 746 773 7?9 797 811 
424 425 432 433 490 521 5S8 560 561 566 568 570 58P 
594 608 638 644 652 663 670 
807 Ae6 
796 805 
1189 1192 1195 1196 1199 
386 1674 
1519 1543 
566 5~7 572 1335 1336 133? 1338 
'567 5'12 
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TRANSLAT 
TRANSLA. 
TREE 
TTYFLAG 
TYPE 
Tl 
u 
UNARY 

UNARYLI, 
USE 
V 

VAL 
VALID 
VARS 

VBLANK, 
VECTOR 

vecra 
Vf'ROML 
VfROML, 
VF"ROMS 

vv 
WARNING 
WILL 
WRITE 
WRITOUT, 
WRLINE 
X 

XOR 
X1 

x10 
X2 
XJ 
X4 

1685 
7U~ 1442 1543 1600 1685 1693 1694 1696 
n8 76 941 1326 112A 1330 1~31 1332 1333 
401 545 
1638 1639 
1069 1084 1085 1089 1090 1092 
741 767 768 797 R01 ~03 807 80A 826 
?68 ?.~9 ?70 ?.71 '-72 ~73 ~74 275 ?76 277 278 27Q 2an 
281 282 ~83 284 717 718 820 1595 
264 718 721 767 1595 1603 1607 1636 
772 1514 
100 101 102 103 104 106 10s 164 166 167 1ao 182 1a~ 
1425 1426 1427 1430 1431 1~32 1433 1467 1471 1472 
1272 1697 1699 1729 
1196 1264 1503 
20 24 38 891 893 908 961 1069 1070 1~77 1078 1079 10~0 
1277 
1487 . 
73 2?.1 222 223 224 225 226 227 228 229 230 231 232 2~3 
?34 2J5 236 237 ?38 239 250 252 335 35A 404 406 420 
504 604 706 1013 1487 1491 1603 
135 1~4 368 59~ 790 1375 1~76 139? 1430 1606 1668 
1686 
99 466 1686 
214 242 248 373 ~44 547 551 598 6QO ~01 631 645 646 
1012 1669 1677 
165 166 167 
510 
1514 
39 557 
560 568 576 
381 546 550 57A 1659 
1? 25 111 112 114 117 118 121 133 134 135 138 139 15? 
153 154 155 170 173 452 453 456 461 469 470 477 ~95 
696 7Q3 705 707 708 879 8AO 886 894 93S 936 938 941 
945 947 948 949 q52 954 967 969 9,o 971 972 973 ~7~ 
976 977 978 979 Q81 984 9~8 990 1026 1027 1036 1~~9 
1055 1057 1058 1n59 1060 1n68 1070 1082 1007 114~ 1150 
1169 1171 1178 11ao 1101 11a2 1105 1~24 12'-7 1,2e 1232 
1235 1236 1240 1~43 1247 1~49 1269 1~76 1277 1~81 \283 
1299 1303 1341 1343 1344 1347 1349 1350 1353 1355 t356 
1364 1367 1370 1~71 1372 1373 1376 1J78 1379 1380 1383 
1388 1390 1391 1392 1394 1397 1399 1403 14~9 1430 1431 
1432 1435 1436 1437 1439 1440 1494 1495 1497 1534 1537 
1538 1539 1599 1~00 1605 1606 160? 1608 1656 1~57 1663 
1664 
365 1661 
151U 1534 1535 1544 1547 1560 l57J 1656 1657 1663 1664 
1693 1715 
1512 1534 1535 1544 1547 1562 1575 
1510 1534 1535 1544 t547 1~60 1573 
1510 1534 1535 1544 1547 1560 157~ 
1510 1~34 1535 1544 1547 1561 1574 
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X5 
X6 
X7 
xa 
X9 
y 

z 

1~11 1534 1535 1544 1547 1561 157 ◄ 
1511 1534 1535 1544 1547 1~61 1574 
1511 1534 1535 1?44 1547 1~62 157~ 
1511 1534 1535 1544 1547 1562 157; 
151G 1534 1535 1?44 1547 1562 157? 
111 112 452 453 455 459 469 ,70 472 475 9J7 938 9JQ 
959 9b0 961 13A8 1390 1391 1392 1J94 1~97 1399 140~ 
1656 1657 
1411 1414 1415 1416 
1 1740 
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INDEX 

AODON 
ANO 
APPLY 

•• • • 
• l t I•!• 1,• • ... 
I ! I t • 

I I t t I .. I t I I I I I I I t I I I I t t t f 

1 I I I I I I I I I I t I t I I I t I I I I I t I 

ARGUME!IJT , ••• •••••••••••••••••••••••••••••••• BACKSPACE •!•t•••••••••••• 

• I I t t t I t I I I I t t I I t t I I t I t I t I I • I t I t 

REG IN • ! ••• I • I ••••••••• I 
• • 
• • 

• • • • • • • • 
•••••••••••••••••• 

•• ' .. ' ' ... 
BRACKET •t••·~································ BREAKUP,, ••• ,., ••••••• I I I I I I I t I t I I t I I I I I I I I I 

Cf"RQMV 
CHGCHA~ 
CLOSE 

• I I • • • ' •••• I •• I •••• I I ••••••••• I I I I ••• 

., .. ,., ............................. . 
···••!••·········· .. I I I • e t t I • t • • I I t • I I 

CODEC ••••• ·•••••••••••••••••••t••••••••••• 
COMMENT •t•••!••••••••••• 
COMPILE 
COMPL 
CONCAT 

• I • I • • I • I I •• t I I t t I t I 

lfl!•t•t•••••••·•••••••••••••••••••••• 
t I • I • ! • I • • •• • • • • t I • t I t I t I I p I • • I • I • I I t • 

t I I . ' ..... . . . •••••••••••••••••••••••• 
CONCATV .,•••!• ••••••••••••••••••!_••••••••••• 
CONSTRUCT•~••·••••••••••••••••••••••••••••••• 
COPY ••t•••,•~••• • • .. ,, .................... . 
DEl3uG ••• ' ' . ' ........ . • t • • I I I I t • I I t I t t I I I I • • 

00 
DUMMY 
ELSE 
ELSE IF 
ENO 

t I t , • ........... ' •• I f I I • t I t t • I I I I t • I • 

t I t I • ! • I • t • t • I t I • I • t I • I I I t I I • I • I I I I I I 

···••!••······························ .,.,.!•,················••1••········· 
• • .. , ..................... . 

ENDFILE •r•••!•••••••••••• •• I I I t • • t • • • I I I I I t I I 

EQ 
EQUAL 
EQSTR 

• I • ~ • ! • I • • • • • • ' • ' ! I t • t t t I t I t t t t I • I t t t . ' . . . . ........ ~ . ' •• • I • • I I I I I I I • • I t I I I . ' . • ! • • • • • • • • • I I • t t I • • I I • I t • t I • I I I I t 

ERROR ,,, •••••••••••••••••••••••••••••••••• 
EXECUTE•••••!••••••• • I t • e t t I I I t • I t I t • t t I I I t t I 

EXPANl) 
FALSE 
roR 

.. , ... , ............................ , .. . 
t ' I ~ I ! • I I • t t t t • t t I • t I I • • t I t I t • t I I I • I t t 

I P t • • • I • t t • • t • • t I • t I t t t I t t t • • t • I t I • • t 

GARB COLL•,• • I • ' • • • • • •• t t I t • t t I t I t t t t e I e t t t t t t 

GE 
GENSYM . ' . • • • I • • t • • e • t t t t I t t t t • I , I I • t • I • I I t • 

••••••• • • • • 
GETPROP ••••• 

I I I • t • ! • I • I t I • t I I I 

• I I • t e I I I • t I I • I I I • t I • I I • I t I I I I I I 

GO 
GOTO 
GT 
HD 
IDfROMC 
IOF'ROMS 
1D0 
IF' 
IF"ROMIO 
INDEX 
INEG 

• r • • • 1 • , • • , • , • , , , , ~ , , , , , , , , • , • , • , • , , , , 

• I • ~ • ! • , • • • • • • • t • • • • • • • • • • I • • • • • I • • • • 

I t I I • t I e e I I t f I I t I t I t I I I ! I I I I ' • t I I I I 

• ' • , • 9 • • • • • • • • • ' • • • • • • • • • • • • • • • • • • • • • • 

I t I t 9 t • I I • t o • 1 • I • I • • • • t • o o o t • o t • I t • • • • 

t t t I t ! • t I t t • t o I I • • • • t t • • o t t t • • t t I t t • t • 

I ' I I • I • I I • • • • • • • • • • • • • • • • • • • • • • • I • • • • • 

t I • t t f • I • t t t • o • t • t • • I t • • t t • t • t t • I t t • • I 

• I • • • ! • • • • • • • • • • • • • • • • I • • • ! • • • • • • • • • • • 
I I t I I ! • • • • • • • • • • • • • • • • • • • • ! • • • • • • • • • • • 

I I I I • f • I I t • • t • t t t t • • t • • • • t t • • • • t I t I o • • 
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117,125 
7,72,19 
21,36,98 
35 
50,97 
11,37,72,86,104 
74,117,136 
117,149 
2 7, 9 7 
83,103,118,154 
46 
15,95 
52 
118 ,_is 3 
19,96 
23,27,98 
( SAME AS CON CAT) 
118,151 
23,27,29,118,150 
65,155 
10,72,87 
118,139 
5,72,87 
5,73 
10,34,73 
50 I 9 7 
19,23,27,29,72 
28,29,119,149 
23,96 
64,118,154 
105,119,124 
106,119,139 
19 
8,72 
63,97,100 
19,72 
119,125 
119,151 
11,21,72,87 
(same as GO) 
19,72 
29,71,96 
21,94 
22,95 
15,95 
5, 72,87 
119,125 
( INDEX (V, I) same 
(unary minus) 

as V [I] 



INFIX 
INTCJ 
LANO 
Lf3LQ 
LE 
LENGTH 
LFROMV­
L I ST 
LOGO 
LOOKUP 
LOR 
LT 

• • • • • t • , ............................ . . ' . . ' ··················••!••········· .,., ................................. . 
., ..... , ............................. . 
• I • , • ......... , ..................... . 

•• t ' • ' • • I t I • • • ! I • • t • I • I I I • 

• I I I • • I I I I I t I I • I I •• t I • • t • t I • • t • I • I • • t 

I f I I I ···················•!••········· . ' I I o ••••••••• ' . • • t I I •••• I • • I t I • t • • • 

t I t I • ! • I I f t .. • • f • t • • t t I t • •• t I I I t •• t • I I 

I t t I • p • t I t t , . . •••••••••••••••••••••••• . ' . ., ............................... . 
I I • I • MACRO 

MAKALOCAL 
MAKPROPS 
MAK VECTOR 
MA KV LOCAL 

! • I o • .. . ' •••••••••••••••••••••• ,,., ........... , ................... . 
I I • t • I I I . . . • t t •• •• • t • • I • I • t • I • I I • I I • 

fJt!••······························ 
·••t••·······'·'········~··········· 

MAPX ••t•••!•,·········· •• I I I • I • • t • t • • I I • I t I 

"1EMBER ····••!·•······························ MODE 
t\JE 
NIL 
NILQ 
NQOP 
NOT 
NULL 

,,,,.,., ............................. . 
1 l t I • I • I 1 • t •• ••••••••••••••••••••••••• ,,, .. ,., ............................. . 
.,,,.,., .............................. , 
, ' I I I ! • ················••!,••········· ., ................................... . 
.. , .. ,. ················••!••········· NUHARGS ' ' ' ' • ' • ' •••••.• ' • ' •• ' • ' • ' • '' •••• I ••••• 

OCTMODE 
OPEN 
OR 

,,, •• ,.,, ••••••••••••••••• ! ••••••• , •• , 

•• • t t t t t I I • t I • I I • I I • 

•t•••!·•······························ 
ORIJ I NAL , , , , , ~.,,,.,,,, I • • • ••• I • • .~ I I I I I t • I • I • 

PA I RC) 

PL 
• • • t t • • • • t • I t • • • • • • • t t I • • I t I I • • • 

.,,,., ............................... . 
PROC '''''!•~••••••• t • • • I I I • • I t t t t t • t I I I t t 

PROCTRACE .,., ....................... . • • t ' t t t I I 

t t I • • • I • • . ' •• I •• • I I t I • • t I I • I t t t 

••r•~•!•••••••••••• 
PR □ PL 
PTRACE 
QUOTE 
RDLINE 
REMINFIX 
REMHACqQ 

.. I I t • • I • I t I t • I I I • I I 

t t I I t I • t I • t • ••• • I t I ••• I I • I I I t I I I I t t t I 

I l I . . I I t I I t t I I I • I I • I I I I 

t I t .. ••••••••••••••••••••••••••••• 
I I I t t I • t t I • t I t f t t I • t t I t I I t • I • I I • • I I 

REMUNARY ••~•!••••••••• t t I t I I • • I I t I • I I I I •• I • • 

REPEAT ' I • I.' • '' •••••• I • ' •• I • ' •• I.'. ••• ,.,,,, 
• t t ~ • I I t • t I t I t t I • t t • t I t t • I • I I t t I I • • I RESTAT ,, 

RESUHEALL •!•t• ················••!•·········· RETURN ..... ,.,, ...... , ..................... . 
REWIND ,,,,,,.,,, 1 ,,,, 1 ,, •• I • t • t • I t • • I ' I I I I • t 

SA VE ALL • I I ! • • I I ••• I •• I I '. I I •••••• I •••• '.' ••• 
SAVEBALM ,,,,,.,,.,,,,.,, • I • I •• I t t I I t I t t ' I I I I 

SAVS TAT • ' I • ' • '' •••••• ' • ' •••• ' ••• ~I ••• 'I.'' '' 

SET MODE • ' ' ' • ! • '' ••••• ' • ' ••• '' ••••••••• I''. I. 

SE TpRQPL. ' • '.' • I ' •••••• '.I •• '.' •• '.I •••• I'.''. 
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74,119,136 
15,95 
19,96 
15., 95 
19,72 
32,119,125 
32,119,126 
29,93 
15,98 
119,120,125 
19,96 
19,72 
76,120,149 
104,120,143 
120,149 
26,97 
104,120,144 
120,126 
32,121,126 
18,97 
19,72 
19,29,30,97 
{same as NOT) 
71,76 
19,71,96 
{ same as NOT) 
35,95 
43,45 
49 
7,19,72 
121,125 
15,95 
19,71,96 
35,72,86 
121,150 
20,98 
121,150 
20 
49,97 
76,121,154 
79,121,154 
76,121,154 
8,9,72 
121,153 
49, 97 
14,72 
50,97 
50,97 
48,121,154 
122,153 
18,97 
95 



' .. t t I I I t I t I I I I t I 1 f I I I I I I t I I I I I t I I • 
SETPROPY 
SE rs lH3 •t••·~········· I t I I I I I t t I t I t t t I I t I I I t 

SETSUbV • ' • I • ' ••••••••••••••••••••••••••••••• ' 

SETVALUE, ' . ' . 
SF'ROMID ,, 
Sf'RQMV 
SHIFT . ' 
SIM t I 

' • 
• 
' 

, • 
• I 
• I 
• • 

~ 

! 

! 

•••••••••••••••••••••••••••••••• 

. I • • • • • • • • I I • • • I • • • !. • • • • • • • • • • • . • • • • . • • • • • • ~ . I • • • • ' • ' • . • • • • • • • • . ' • • • • • • • • • • • • • • ' • • • • • • • • • • • I • • ' . ! I • • . • • • ' • • ! • • • • • • • • • • • • • • • • • • • 
t I I SIZE 

STKTRACE, 
t t • I I t t t t I t I t t t t t t I t I t I I I I I I t I I t t 

STOP 
STRING 
sue 
SU8ST 

. ' 
t I 

t I . ' suev ,. 

• 
• 
• 
' • 
• 

' • 
' • 
~ ' 
I • 
• • 
' • 

! . • • 
' . I • 
' . • • 
' . • • I . • • 
! . ~ • 

• • . • . • • • • 
• • • • . • • ' 
• • . • • • I • 
• • . • • • I • • 
• • . • • • ' • • • • • • • • ' • • 

• • • • • • • • !. • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • . • • ' • • • • • • • • • • • • • • • • TALKATIVE , P ., ....... , ..................... . 

THEN 
TIME 

t I t I t I • I I t . . ••• I t t t I t I t I I I I I I I I I I t I I t 

., ... ,. ............................... . 
TL ,,., •. , •......•.•..••..........•.•.. , 
TRACE •••••!•••••••••••• . . •••••••••••••••••• TRANSLATE . .,.,., ............................. . 
TRUE I f I ~ I f t I I I t t I t I I t I t I I I t • I I I t e • I I I I t ' t I . ' ' ' . . . . . ' . ' •• t I t I • I t • I t I t I I I t • 111 TTYFLAG , • •,. 
UNARY,,,,,,,!•,••••••• I I e t I I I I t t I I e e I • I I I I I • 

VALlJE 
VECTOR 

• ' • , • p • • • • • • .. , ... I t t I I I t I I I I • t I I I I 

• t I I I I t t I I t I t I t 

VfROML •••••••••••••••• 
., ........ ~ .. •· .... ,, I I t t I t I I t I I I • 

VfRQMS 
WHILE 
WRLINE: 

. ' ... 
• I • 

I I • 

t I • --

, • t t t • t I I I t I I 

..... ' .. •• t I I I • 

.. ••• t •••••• . \ t t t I t I 

I I • 1 • t • t f , t • • I t t t t t ! t t t I I I I t t t I XOR 
ZR ..... , ... , ............................... . 
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122,150 
23,98 
( same as 
(same as 
20,95 

SUB ( S , I , J) = S 1) 
SETSUB) 

(same as VALUE(ID)=Y) 
20,96 
27,94 
19,95 
15,98 
22,27,71,96 
67,98 
64,96 
2 2, 94 
23,98 
122,151 
( same as SUB ) 
68 
5,72,87 
64,97 
29,71,96 
66 
122,136 
19,97 
56 
74,122,136 
20,71,95 
24,26,93 
32,122,125 
23,94 
8,72 
49,97 
19,95 
19,71,96 
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