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Abstract

SPEAKEASY is a computer -language designed for
séientist‘s. This document is primarily an introduction to that lénguage,
but it also serves as a reference manual for the version currently
available for IB_M-36O series computers, The specific control cards
needed to run jobs at the Argonne installation are described, |

The report contains two major sections. The first is a
detailed description"of the basic language. The last section of the repor.t.
is an illustration of the use of the language in the form of an actual

computer run.

vii
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I. INTRODUCTION -

SPEAKEASY is a user-oriented language. It is intended...
to provide scientists with the means of quickly fofmula.ting a problem for
compﬁter processing and for obtaining answers to their problems in a
minimum of time. The language is easily learned since its form is
similar to that of scientific mathematics. Furthermore it has built into
its basic structure the commonly used operations of most scientific
disciplines. The user may freely draw on a vefy large library of such
operations and may thus formulate his problem with a very concise.
directive program.

In designing SPEAKEASY, every effort has been rﬁ;de to
kéep the language natural as viewed by the scientist. A scientist using
SPEAKEASY need know little about a digital computer and,in particular,
need never concern himself with the actual structure of the pfogra.m as
run by the computer. In a sense, SPEAKEASY is to be viewed as a -
‘Humanized interface between a scientist and a co’mp‘utér; occurences that
force the user to think about a digital computer rather than about his.
scientific problem are to be viewed as failures in the language.

Because of the 'concise and natural form of the language, .it
is very likely that a new program will give correct answers on the first
trial, If this is not the case, extensive error-detection aids will provide
enough information to make the second attempt almost certain to succeed.
The user will therefore obtain an answer to his problem in a very short
time.

This document is a description of the SPEAKEASY
programing language. The description is not intended to be exact in every
detail. To attempt an exact description would so burden the reader with
details that he would lose sight of the basic sirriplicity of the language.

Neither is any attempt made to describe the entire-language.
The language is still being developed and new features are added as ﬁeeds
arise, The description here should be viewed as an introduction to the

basic language.
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Detailed descriptions of parts of the language are gi\.ren in
the sections that follow. The second chapter describes the basic language
and shows how this subset of the language can be used in the so-called
manual mode., The third chapter describes the use of stored programs.
The last chapters describe the diagnostic features of the language. Each
chapter contains numerous examples of the features being described, It
is felt that examples provide the best means of demonstrating the capability
of the language. "It is hoped that the new user will look carefully at a few
of the major examples and attempt to understand the rather fundamental
differences between this language and other computer languages. ‘

Appendix I is a summary of all of the keywords used in the
language. Several alternative ari‘angements are given,

Appendix II contains a description of the conventions used
in the card-input version of this language. It also contains samples of the
Job Control Language cards necessary to execute a SPEAKEASY program.
Several alternative sets are described. .

Appendix III is the collection of the schedules of this report.
Since this writeup is intended to serve as a reference manual, it was felt
that the schedules should be arranged for quick access. A list of the titles

of schedules is given at the beginning of this appendix.
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II. BASIC SPEAKEASY (The Manual Mode) .

In this chapter we describe the basic notation and

conventions of the SPEAKEASY language. The concepfs of structured

‘ ohjects and the algcbra for Lhiese objects is discussed in detail. The

built-in functions of the language are then enumerated. In the final
section of this chapter, examples of the use of this part of the languagde

for realistic calculation are given,
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A. BASIC NOTIONS

) Data |

All numeric data are specified in decimal form. The lack of a
decimal point in a numeric specification implies that it belongs just to the
right of the number. ANumbers can be real, imagibnary, or complex. A
terminal letter I implies that the preceding number was imaginary.

Examples of numeric information are;

Real Data: 2.14, 27, -.0025

Imaginary Data: 2,141, 271, -11
Complex Data: 6 +2I, 4-6I, 2.7+ 31

Very large and ve'ry small numbers can be expressed by terminating
the numeric field by the letter E followed by the power of 10 associated
with that number., (No spaces should be inserted anywhere in the numeric

specification,)

1,057E-5 means 1.057 X 10'5
236E+26 means 2.36 X 1028
5

611E05 means 61i X 10
Literal data are defined by enclosing the data in apostrophes, e.g.,’

"BOOKS' '"1{5EB7'

! Pk

2) Names of ijects

An object can be given a name consisting of up to eight characters.
The name must begin with an alphabetic character and must have no
imbedded special characters or blank spaces. Any additional characters

beyond the first eight are ignored. Examples o.f allowed names are:

VALUE BOOKMARK 12 12K7
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The examples given below are not allowed names.

1H27 (not allowed) non-alpha‘betié léading character
B*A9 (not allowed) imbedded special character
A.27 o (not allbwed) . imbedded épecial charé.ctef'

A 15 ' (not allowed) imbedded space

3) Classes

The objects used in statementé may belong to any of sev-er'al classes,
Although most computer languages provide for conéfrﬁction of multi -
dimensional arrays, SPEAKEASY also provides the mathematical tools for:
manipulating the arrays as single entities. |

Two families of objects are available in this rlanguage: the matrix-.
vector family (MFAM) or (VFAM) and the array family (AFAM). ' In
addition, scalar quantities can be defined. Scalars are implicitly members

of both of the families. The classes of objects that can be defined and

used in SPEAKEASY are

a) Scalars - Class [S]
Single numbers

Matrix/vector family

b) Vectors Class [V]

| One-dimensional arrays of numbers that behave like fow, column,
or diagonal matrices according to context.

c) Matrices _ Class [M]
Two;dimen-s-_ional arrays of -ﬁumbers that obey the rules of
matrix algebra.

Array family

"d) Arrays (1 dim.) _ Class [A1]
One-dimensional arrays in which operations take place element-
by-element.

e) Arrays (2 dim.) Class [A2]
Two-dimensional array in which operations take place element-

by-element.
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An object of any class having only é single element is treated as a
scalar in all algebraic ope:a.tions.

4) Eiements of an Object

Individﬁal elements of a structured object are referred to by index

parameters and the name of the variable is attached to that object. Thus

M(1, 3) is the element in row {1 column 3 of M

V(3) is the third element in V
Similarly if K is a scalar variable
F(K) is the Kth element in F.

Each element of any object is a number and is therefore of Class [5].

[
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B. MEANS OF DEFINING OBJECTS

In SPEAKEASY, each named entity has certain attributes that describe
the class to which it belongs and other information relating to its size and
structure. In all operations that use this names quantity, these attributes '
are examined and are used to decide the contextually-implied operation.

The attributes for a given names variable are not fixed quantities and
may vary dynamically during a calculation.

Each names item appearing on the right-hand side of é.n equation must
have bcen assigned attributes— i.e., it must have béen defined. Such
definitions can be made by use of explicity detining statements. If the
item appears on the left side of a previously executed equation, it has an
implied structure and is therefore defined. In most cases it is therefore not
necessary to specify the clasé to wﬁich, a variable belongs; this definition
will h;ve been made from the logic of the ;;reced'mg statements.

In this section the explicit defining statements are described. Little
is said about the implicit definitions. It should be understood, however,
that definition by the implicit form is far more common than by the more
cumbersome explicit forms.,

1) Explicit Definitions

This section gives all of the explicit defining statements. In each
case they appeaf as equétions in which the names object on the left is
being defined. The right-hand side of the equation is an expression that
specifies the class and often the numerical values of elements of the
object. This form of expression defines a temporary objgct that can be
used directly in more complicated expressions, They can be considered
as defining functions.

In every case, a constant appearing on the right can be replaced by
an expression or named quantity. It is essential, however, that structure-
determining quantities be positive integer scalars. If an object appears
in the definition of the elements of a new object, then the elements of the

old object are inserted into the new object.
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a) Scalars
Scalars are qxplicitly defined by statements in which the named

variable is equated to a constant, e. g.,

X =1.57
or

X=2.36+4.T1

b) Vectors

A vector is defined by use of the special word VECTOR.
SPEAKEASY vectors are objects that behave like row, column, or
diagénal matrices —depending on their use. They are particularly useful
in operations involving square matrices,where they perform operations
commonly involving tranépositions and the like. X is defined as a vector

of 12 components (all of which are set to zero) By tﬁe statement
X = VECTOR (12:)

A vector may be defined with its component values set by the
statement

X = VECTOR(:5.3, 2 + 3.51, 7, 26.3 + 21)

If the defining- statement has only one argument and if this
argument is réal, then the statement defines the number of components .
of the vector. In contrast, the second form defines both the number of
components and values of the components.

A third form of definition combines the two forms already

described., It is of the form
X = VECTOR (4: 1, 2, 2)

The number preceding the colon defines the number of
components of the vector and sets all components equal to zero. .The
list of arguments following the colon sets successive components

starting with the first; any unset components are therefore zero.
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c) Matrices
Matrices can be defined in a variety of ways to make use of

symmetries. The general nonsquare matrix is defined by the statement
M = MATRIX (3, 4:)

This defines M as a matrix with 3 rows and 4 columns. (All elements
are set to zero.)
Values of components can be set at the time of definition by

placing a colon after the argument and adding values. The equation

M

i}

MATRIX (3, 3: 1, 2, 5, 7, 3, 8, 9)

defines

ale

Symmetric matrices are defined by the expressions"\

M = SYMMAT (3, 3:) or M = SYMMAT (3:)

for a rank=3 symmetric matrix. Components supplied with the defining
statement give successive elements in the lower diagonal form of the
matrix. Thus

M

SYMMAT (3: 1, 2, 3, 4, 5)

defines

* :
Note that symmetric matrices etc. are not classes of objects. The
functions given here are just convenient ways of defining square matrices

and setting selected components.
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Similar definitions exist for diagonal and antisymmetric matrices.

M = DIAGMAT{:1, 2, 3) | 1\ 0 0
or ' defines 0 2\\0
M = DIAGMAT (3: 1, 2, 3) . E 0 0 3
S
N0 Vg2 -t
| , S, 0 N3 0
M = ASYMMAT (4: -1, -2, -3, 1) defines / A

-2 -3 0 N,
ﬁ oN o
: N

d) Arrays (1 dimension)

Arrays of one dimension are defined by expressions similar to

those for vectors.

V = ARRAY (57) A 5-component array all zero.
V = ARRAY (:2.7, 3, SQRT(8)) A 3-component array.
V = ARRAY (6: 1, 2, 3) A 6 -component 1-dimensional

array with the first 3 components
set. The last 3 are zero.

In addition, a one-dimensional array can be defined as an equally-spaced

grid of points between specified limits by the special defining statement
X = GRID (0, 10)
i.e., Xis

(0, A: ZA: e 10 - A, 10)

>

where A is chosen by the computer to give a preselected number of grid

points (normally 101).

Specific grid spacing can be obtained by use of a third argument
X = GRID (0, 10, .05)
i.e., X is defined as

(0, .05,°.10, .15, + + =, 9.95, '10.00)
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Note that a complex set of grid points can be constructed by a statement
such as -

X = GRID (0, 10 + 10 1)

e) Arré.ys (2 dimensions)

A two-dimensional array has a defining statement of the form
V = ARRAY (5, 2: 1,2, 3)

and its components are set as in the definition of the nonsquare matrix. A
resumé of the explicit defining expressions is given in Schedules- 1, 2.

2) Implicit Definitions

" The appearance of an object on the left-hand side of an equafion is an

implicit definition of the class of the object. Thus
X = M1 + M2,

where M1 and M2 are matrices, implicitly defines X as a matrix:. No
 explicit definition of X need precede such a statement. Indéed if X were
préviously defined it would be redefined by this statement.

The appearance of a previously undefined indexed variable on the left

of an equation also implicitly defines it as an array. Thus
V(3) = 27.5

implies that V is a one-dirnerisional afray of 3 corhponents if it is not
previously defined. The third component is set equal to 27. 5.
Similarly,

M(2, 1) =5

implies that M is a two-dimensional array with at least 2 rows and 1 column.
If the quantity is not previously defined,it is defined by this statement with
the minimum required number of components. The nondefined components

"are zero, the element in the second row and first column is 5.

11
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C. MAT HEMATICAL OPE RATIONS

The notation described in th1s sect1on will appear at first glance to be
1dent1ca1 to that of FORTRAN, The appearance is deceptive. FORTRAN
is oriented towards.operations on scalar quantities only,and the meaning
of statements is rlestx"icted to operations that produce a sihgle numerical
result., In SPEAKEASY the operations are dependent on the class of
objects involved,and the class of the results will be determined by the
classes of the objects in the statement.

1) Operators _

The following are the aliowed operators for arithmetic operations in

SPEAKEASY. 'The symbols are those available on input devices to the

IBM 360.
+ plus
- minus
¥ times
/ divided by
**% or @ raise to a power

The operation implied by these symbols depends on the class of the
elements that appear to the left and right of the operator. In general the
operation is the natural one for the class. For example, the meaning of
A* B depend‘s' on the classes to which A and B belong. If A and B are
matrices, the operation implied is that of matrix multiplication. If A and
B are scalars, ,it‘is a scalar multiplication.

Schedules 3 —6 contain a condensed description of the arithmetic
operations in SPEAKEASY. In these schedules the class and also the form
of each element of the resultant is indicated. Those involving mixed

operations between arrays of 1 and 2 dimensions should be noted. They'

"have been included to provide needed features for a compact -directive |

program.,
In the schedules-the structure of objects (i.e., the number of elements,

rows, or columns) is indicated by the parenthetic values. It should be
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understood that operators must not connect objects with incompatible

structures, For example, it is impossible to add a four-component array

to a seven-component array. Similar restrictions exist in almost all cases,

2) Mathematié_a‘l Expressions

A mathematical expression is constructed by connecting operators
and operands. Redundant blank spaces have no significance, these and
parentheses ca.nAbe' freely used to make the expression easy to read.
Expressions are evaluated beginning with the innermost parenth_es_es' and
)working up through the entire expression. Within a p;rtiéular parenthesis,
the evaluation is first carried out for exponentiation, then-for multiplication
and division, and finally for addition a_nd subtraction. The evalué.éibn takes

place from left to right; For example:

3%A+ B/C*E
is equivalent to

(3 % A) + (B/C) * E

As has been stated, the class of operands determines the ac;fua-l_

operations. The expression
A+ B*G

can-have a varjety of meanings depending on the classes-of A, B, and C,

Some examples are:

Class A Class B - Class C Resultarit"Class

M M M | M-

s s s s
A\ M M M
\'% M \s \%
At Al s Al
\s S M M
S \' \% S
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3) Mathematical Statements

a) Replacement Statement
Mathematical statements follow the usual computer notation.
This means that an equal sign is best translated as the expression ''is

replaced by.'" Thus the statement
X=X+A

menas that X is now defined as the former X plus the quantity A.
| In SPEAKEASY it should be noted that the class and structure

of the object on the left is defined by the classes of £he objects on the right
by implication. As an example, in the above statement the class of X on
the left and right need not be the same., If X was originally a scalar and A
a square matrix, then the statement above would have redefined X to be a
square matrix, This is an important property of SPEAKEASY and should
be understood clearly. ’ |

Any expression can appear to the right of the equal sign., The left-
hand side of the statement must, however, contain a single object name or
an indexed reference to an element of an object. All objects appearing on
the right-hand side must have been defined by appearing on the left-hand
side of a previous statement. The object on the left need not have a
previous definition and usually such previous definitions are irrelevant.

SPEAKEASY mathematical statements therefore can all be viewed
as defining statements—-defining the class, structure, and values for
elements of the object on the left-hand side.

Some examples of SPEAKEASY mathematical-replacement

statements are

2.57 * SIN (X) / (3 * ALPHA)

X =
Y = (MAX(X) + MIN(X))/(MAX(X) - MIN(X))
A =

2 % PI * R %% 2
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b) Operations on.‘El_emen'ts of an Object

The orientation of SPEAKEASY is towards operations on arrays of
numbers treated as single entities. Whenever poss’ible; this is not only
the most convenient way to direct execution of a problem, it is also the
most efficient. It is, however, sometimes necessary to use or set values
for particular elemepts. AThi‘s can be done by use of index values enclgs,e'd
in parentheses following the name of‘ the object. These indices may be
expressions; in such cases they are aleays truncated to the next lower

integer to obtain the true index value. Thus statements. of the form

A(3,5) =2%S5 (9.7 *SIN(X), 2*1+7)
or -

A(2 *1 + 1) = SIN (X)

are allowed.

~-In the case of objects with a two-dimensional structure, a,ddrgssix;-g
the array with a single index is equivalent to addressing the whole row or
column. A comma may be used to indicate the missing index but is not

necessary in addressing rows.

M (1)
) is row 1of matrix M.
M (1,)
M (,'1) A is column 1 of matrix M.
Examples:
M({)=1 - The entire row is set equal to 1 .
M(@3)=M (, 4) The fourth column replaces the third row.

c) Structured Indices

Operations on selected parts of structured objects are also possible.
The indices describéd in the previous section were scalar quantities. In
this section we shall describe the use of.indiceé that are' _o_nee.d-imensiona.l
arrays. This natural extension of the notation provides the means of
avoiding most of the logical branching common to operations on elements

of an array in usual computer languages,
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1fI is a one-dimensional array and A is a structured object, then

A(l) .i‘s a structured resulté.nt of the same class as A but with the Ith

elements selected as described in the previous section. Thus, if

1 = ARRAY (4,3)
V = VECTOR (1,2, 3, 4)
M = MATRIX (3,3: 1,2, 3,4,5,6,7,8,9)
A = ARRAY (3,2: 1, 2,3, 4, 5, 6)
then
V() is a vector (1, 3)

. . 3 3
M(I) is a 2 by 3 matrix (7’ 8, 9)

4 2
A(I) is a 2 by 2 array - <5’ 6)
i.e., M(I) and A(I) are rows 1 and 3 of M and A, respectively. Similarly
1, 3
M(,I) is a 3 by 2 matrix 4, 6

7, 9

i.e., M(,I) consists of columns 1 and 3 of M.

If I and J are one-dimensional arrays and A is an object of a two-

dimensional class as are the selected rows and columns, then in the

above examples,

- 1 3
M(1, I) is the matrix (7 9>

An example of the use of structured indices is

A = ARRAY (1, 2, 3, 4, 5)
I = ARRAY (2, 3, 4)
B=A(I) *I1+A(-1)"

The result will be the array

(5, 11, 19).
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'd) Automatic Extension of Defined Objects

If a defined‘struqtured object is referenced on the left-hand side of
an equation and the indices refer to elements outside the range defined for
that object, then the size of the object is increased to allow room for the
newly defined elements. All extra elements created in this way but not
explicitly setl are put equal to zero. For example, if A is a defined three-

component vector and a statement of the form
A(T) =9
is encountered, then A will be extended to become a seven-component vector
with elements 4, 5 and 6 set equal to zero. The newly created element 7
will be set equal to 9.
Similarly if A can now be extended to a 12-component vector

by the staterﬁents

B = VECTOR (:10, 11, 12)

1"

A(10)

B
The newly created elements 8 and 9 are set equal to zero and '
elements 10, 11 and 12 are set equal to the values 10 11 and 12,

respectively.
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4) Built-in Functions

In designing SPEAKEASY an attempt has been made to provide the
most. commonly used operations as an integral part of the language itself.
In order to do this a very large number of special functions have been
i'ncluded. ..Many of these are natural extensions of the algebraic operations
described already. Others are the sfraightfo»rward extension of FORT RAN-
like functions to structured objects., In addition, SPEAKEASY provides a
large number of functions that lend themselves naturally to problems
formulated in terms of structured variables. All of the functions described
here can be used anywhefe in any SPEAKEASY statement. The result is

available for use within that statement. For example, the statement

Y = (MAX(X) - MIN(X))*SUM(SIN(X))

- makes use of several built-in functions,

a) Element-by Element Functions
This set of functions operates on objects of any class and produces
an object of the same class. Each element of the answer'is the result of
applying the function to the corresponding element of the original object.
These functions are shown in Schedule 7. The allowed ranges of values are
also indicated in that schedule,
b) Sums and Products of Elements
-Since SPEAKEASY is oriented towards operations on structured
objects as a whole, special functions must be provided to efficiently carry
out the common operations such as obtaining the sums and products of
elements of objects, The functions available are shown in Schedule 8.
c) Strgctufe Functions
In order to obtain information about the structure of defined objects
and specifics about its contents, a few special functions are provided.
These are shown in.Schedule 9. The answers in all cases are séalar

objects.
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d) Functions for One-Dimensional Arrays (Functions of 1 varia.fale)

“Although one.-dimensionai"arra;ys~ can be used for many purposes,
one rather common use is for deﬁning functions of a single independent
vé.r:ia.bll'e'. For these applicat'i;)ns a set of special SPEAKEASY functions
are p‘rovided: In éa;:h ca‘ts"e' the orientation is toward two arrays, one-the
fu,nc"cion and the other f;he ai'ray‘fOr the independent variable. A typical use

might be the following sequence of statements.

. X =
. SO
Y = SIN(X)*EXP(-X)*X*X Evaluates the function Y = SIN(X)e XX
T = DERIV(Y:X) Differentiates Y with respect to X

The functions of this type are described in Schedule 10,

e) Functions for Matrices

In order to carry out operations of matrix algebra, it is necessary
to provide the standard functions of that field. * These forms are given in
Schedule 11, Note that all operations except transposition are restricted
to square matrices,

f) Ranking Functions

Two SPEAKEASY functions are provided to help order (i.e., rank)
the elements of an object according to algebraic size, These functions are
described in Schedule 12,

g‘) Transfamily functions

In order to make the full power of the operations of SPEAKEASY
available to all problems, it is necessary to provide means of effectively
altering the class of objects. This is done in SPEAKEASY by use of the
special function shown in Schedule 13. These functions can be applied
to any object; the resultant object is identical in structure bu’c‘ belongs to

the specified family.

*®
The initial release of SPEAKEASY allows only real matrices in these

functions.

GRID (0, 10, 0.1) -  Defines a grid 0, 0.1, 0.2+ - « , 9.9,

19
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h) Logical Functions
- In keeping with the SPEAKEASY approach of dealing with objects
as a whole, it.is necessary to provide means of selectingrgroups of

elements on a logical basis. A built-in SPEAKEASY function has been

-included to provide the indices corresponding' to nonzero (i.e., '"true')

elements of one-dimensional structures. This function.is called LOC or
LOCS. | | | -

LOCS(A) gives the locations (indices) of nonz'ero elen'ller}ts. of a
ohe-diménsional object A.- The answer is normally used as a structured

index (as explained in Sec., II.C3c). For example,
GOODVALS = A(LOCS(A GT 5))

will producé a new array containing only those values of A that are greater

than 5,
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D. LOGICAL AND RELATIONAL OPERATIONS

In addition to thev common arithmetic operations described in the
previous section, SPEAKEASY allows for relational and logical opera.ti-.ons.
These operations can be applied to variables of any of the cla'sses and
operate on an element-by-element basis. AResults'of applying these
operators are either { (TRUE) or 0 (FALSE). For logical operations
" the operands are either TRUE (nonzero) or FALSE (zero). These
operations provide the means for carrying out rather elaborate masking

operations on arrays.

1) Operators

The logical and relational operators are expressed by special keywords.

a) Logical Operators

NOT Logical not
OR Inclusive or
AND Logical sum

b) Relational Operators

EQ C Equal to

NE Not equal to

GT Greatér than

LT. ~ Less than ]

GE . Greater than or'eciuall to
LE . | Léss than or equallto

" 2) Logical and Relational Expressions

These expressions can be used to form special-purpose objects. The
logical and relational operé.tors can connect either two objects of the same.
class or an object of'any class with a scalar. The result of such operations
is an entity of the same class as that of the object and has elements that
are either 0 (False) or 1 (True). Nonzero input values for logical
expressions are true, zero input values are false. fhus, A AND B will

produce an object of the same class as A and B but its elements will be 1

21
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‘wherever the corresponding element of A and B are both nonzero and 0

wherever either or both have a zero element. Similarly, A-GT 7 will
give a resultant of the same class as A but will have a 1 everywhere that
the corresponding element of A is greater than 7., Similarly A OR B
gives a resultant of the same class as A and B but its element will be 1
wherever the corresponding element of either A or B is nonzer‘o.
Finally, NOT A is an object with the same structure as A but with a zero
everywhere that A is nonzero. Itis | elsewhere. |

Mixed logical, relational, and arithmetic expressions are allowed. In
such cases the order of evaluatiop is 1) arithmetic _operé.tions, 2) relational
operations, 3) logical NOT operations, and finally 4) logical OR and
logical AND operations. Within each hierarchy, evaluation is from left to
right. ‘ |

An expression of the form
A GE B+C AND E NE F*G+H
is equivalent to
(A GE (B+C)) AND (E NE (F*G+H))

3) Logical and Relational Statements

Any expression of the form described in the previous section can be

used to define a new object whose elements will have the value 0 or 1 at

each prescribed location. In addition, by proper use of logical expressions
the newly defined variable can be cast into special forms.

Suppose one is dealing with a function of one vafiable and one wishes to
place an upper and lower bound on the elements. For example, if the
element exceeds 10 or is less than 5 it is to be replaced by 0. This could

be done by the statement

F = (F LT 10) AND (F GT 5)) * F
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E. CONDITIONAL STATEMENTS

Two forms of conditional statements-are provided within.the language.

The first is of the .form
-1F (Expression) Statement

The expression must be a scalar. If the numerical value of this
expression is novnz.ero,‘ then the associated statement is carried out;
otherwise it is ignored.

Example:

IF(A GT B) B=9

The second form of conditional statement is designed for array

operations. It is of the form
WHERE (Expression) Statement

In this stét‘e'rr‘lent, the as‘sociated stafément must be an equation and the

class and étructure of the resultant rhusi: be the same as that of the test

ekpres sion. - An element in the as‘soci.ated equation will be replaced only

where the corresponding element in the test exp‘ression is true (nonzero).
Example:

WHERE (A GT. 3) A=A+ 4

‘This operation provides essential masking operations within the

SPEAKEASY language.
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F. COMPUTATIONAL CONTROL STATEMENTS

~This section is a description of several control statements that
specify the mode of the calculation.. Control statements remain in
force until explicitly canceled or overridden by other control statements.

1) Domain _

SPEAKEASY is designed to operate either in the domain of real or
complex numbers. When operating in the real domain, any calculation
that leads to imaginary or complex results is ti‘eated as an error. The
user may alter the domain of the computation at will by inserting a

statement of the form
DOMAIN (REAL) or DOMAIN (COMPLEX)

In defaﬁlt of an expliéit statement, the domain is real.

2) Accuracy

During the execution of a SPEAKEASY program, whenever two numbers
are compared for equality any number less than a small number (called the
accuracy) is regarded as zero. The value of this number can be set by

means of a statement of the form
ACCURACY (VAL)

which sets the accuracy equal to VAL. In default of such a statement, the
value for accuracy is 10 .

3) Freeing Defined Objects

At any time during a calculation it is possible to free the definitions of

objects. This can be done for selected variables by the statement
FREE (N1, N2, - - . , NN)

where Ni, N2, ... , NN are the names of defined objects. All defined

numerical data can be freed at once by the statement

CLEARDATA
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G. INPUT AND OUTPUT

The design of formats for output often reduces the computer user to
counting on his fingers., This indeed seems odd in the context of the
application. '

SPEAKEASY automatically provides a set of output formats that will
be more than satisfactory for most applicationé., These automatic formats
enable users to forget about this phase of the computer run; he can be
assured that he will obtain legible results without direct intervention,

The reason this section says sb little about the standard input/output
facilit'ies is that the user neea not concern himself directly with their
operations. Disproportionately large subsections describe alternative:
ways of reading data or producing output; but for the most pa.ft these are
specialized features that do not concern most users,

1) Input

.a) Standard input

Intro&uction of small arrays of data or individual numbers is part
of thé structure of the language as described in Sec. 1I. B. Any variable
may be defined or redefined at any time in order to give it specific values
or étructure;for this reason, most applicatioris of SPEAKEASY do not
have the prografns separated from input data. Instead, all of the input
data in a normal run will be imbedded directly in the SPEAKEASY
statements. The rest of this section can therefore be disregarded for
most applications.
| b) The READ statement '

.- A READ statement has been provided in the language to enable
users to read information that has been punched in some specialized format.
Data produced by other compu’cef programs, or experimental data, normally
will-have a specialized format that would conflict with the standard
SPEAKEASY forms. A format for input must be provided for reading: these
cards, This format is in fact a standard 360-FORTRAN 1V format with the
single restricvtion that no numerical information can be entered into arrays

in fixed-point form. F, D, or E formats are equally acceptable. The
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format is defined by defining a literal constant; e.g.,
FMT = "(3X, 5F12, 3)'

The input array must exist. The number of components to be read is

determined by its size; e.g.,
A ="ARRAY(15)

The input data are then read in response to a statement
READ (FMT: A)

Cards will be read until the number of elements required to fill the array
havé been loaded,

c) The Data File

An intermediate form of input exists for blocks of data that are
too large to fit on a single card. The numbers can be written in any
SPEAKEASY form, separated by commasA or spaces. The approach taken
is to define a special area, called a data file, containing the input data.

This file can be loaded into specific defined structures at any later time,.

"The data file is defined by placing it between two cards. The header card

contains the word DATA followed by a space and then the name to be
assigned to this data file. The last card contains the single word END.
Once defined, the information in a data block is retrieved by a

LOADDATA statement; e;'g.,
LOADDATA (A, NAME)

will load the object A with the first N values from the data file NAME. N
is the number of elements of A or the number of numbers in NAME,

whichever is smaller,
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2)‘ Output
.In this section we will define ‘the various facilities available to
produce oufput, In each case, a simple direct statement will produce
output in an acceptable format. Useré may, however, exercise control
over the output by special-purpose statements. In the fcl>110wing statements
the word namelist is used to refer to a list of names of defined objects,
each separé.ted from the others by commas,
a) Printed output
i. Standard .priﬂt statements
Two standard print options are available in SPEAKEASY. The
first results in the printing of the selected objects. The printed form
reflects both the numerical contents of an object and its structure. This

statement is of the form

PRINT (namelist)

The second form of standard output provides a tabular form for
printing one-dimensional objects. The columns are headed by thé names
of the objects and correlated elements of members of the name list are

printed side by side. This statement is of the form

TABULATE (namelist)

Lo VT W7, Vle V1o ST V)

The objects whose names appear in namelist should all have the same
number of elements,
' ii. Formatted print statement
A WRITE statement, identical in form to that of the READ
statement described in the previous subsection, is provided for special

applications. The printed output can have all of the carriagewc'onfrol

characters of FORTRAN. The statement is of the form
WRITE (FMT: A)

where FMT is the format defined as for READ and A is the defined object.
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iii. Print-control statements .

The stan'dard.px;int statements described above produce highly
legible output.. In designing the format for output, the SPEAKEASY
processor examines the information to be printed and makes a series of
decisions on how best to display it. The user is able to control thése
decisions to some extent by the special control statements described here.

The first set of control statements relate to vertical spacing on

the page. The user may reposition the paper by the statements

SPACE(N)
or

NEWPAGE

SPACE(N) causes N lines to be skipped. NEWPAGE causes the
next information printed to appear at the top of the next page.
If he so desires, the user may cause a title line to appear at the

top of each new page obtained by this means. He does so by defining an

- object called PAGETITLE by the statement

PAGETITLE = 'any desired title'

In printihg numerical data, it is possible to specify the number
of significant figures desired. Five significant figures are printed out in
default of explicit specification. The number of significant figures to be

printed is set by the statement
- SIGNIFICANCE(N)

where N is the number of figures desired. In addition one can specify the
range of sizes within which numerical data must fall if they are to be

printed. For this purpose,
SETNULL(VAL)

reqtiests that any number whose absolute value is less than VAL be printed

as 0; and

SETINFINITY(VAL)
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‘requests that any number -whose -absolute value is .greater than VAL be
printed as INF. '
Note that the above apply-only to the printing -of numerical data.
The actual computed values are unaffect.ed::‘r:)y-the-se control statements.
- The default options are

_3
SETNULL(10™>%.

.and

SETINFINITY ( 1'0+30)

In‘ using the standard PRINT statement, each:object is printed
1n en'e."vas‘il;-r read~for;n '.but ‘no-attempt is-made to correldte the printing.of
several objects. A compa-ct"form of output is ~produce-d'b‘y-using a
minimum number of extra spaces ‘to prov1de a un1form column ‘width for
each obJect The user ma.y eqrrela-te the pr1nt1ng of several!o.b_]ects by
_ specifying a minimum column width to be u‘eed in printing. The staternent
CO‘LWIDT.H(N)

prevents the print routine from using a column width of less than N char-
acters. : If Nis 10 larger than the number of significant - figures desired,
the print width will be uniform for all objects composed of real numbers.

This value of N can be obtained automatically by the control statement
AUTOTAB |

iv. I'mpllie;ifp'rint statements

For ease of printing individual iject'_s, a 'special /implied print
convent1on is adopted in SPEAKEASY. If a statement without an equal sign
is processed and that statement ¢annot be classified as correspond1ng to
any SPEAKEASY command, the word PRINT is assumed to be implied
before that statement. In addition, the original statement itself is printed.
Examples of implied print staterments are shown in Schedule 14, .

b) Punched output

Punched cards can be obtained from SPEAKEASY by a format
statement similar to the READ and WRITE statements described before.
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This option is prévided primarily to offer the user a means of transmitting
information to other non-SPEAKEASY programs. The form of the
statement is

PUNCH(FMT: A)

Here FMT is the predeﬁnéd FORTRAN format (as in the READ statement)
and A is the array to be punched.

c) Graphical output ‘ _

'Output in graphical form is a built-in feature of the SPEAKEASY
processor. Initially only a paper form of output (CALCOMP) is available
and only a limited number of options are provided. These limitatipns will
be removed in later versions of the language. |

i, Design statements
Because of the flexibility inherent in this form of output, it is
normally necessary that the user design the form of his gra.phical output.
Default options are provided, but it unlikely that all of those will be proper
for any application. More automatic facilities will be provided in the future.
The size of a graph can be chosen by the user. The default size
is 8 inches tall and 10 inches wide. The user may override these by control
statements
HSIZE (X)
VSIZE(Y) Y < 10

where X and Y are the size (in inches) to be used in graphs drawn after
this statement is encountered. |

One must select the scale to be used in drawing graphs. This is
done by specifying the numerical values corresponding to the limits for the

vertical and horizontal scales.

HSCALESleft, right)
VSCALE:(bottom, top)
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Note that the values along the scales will be labeled at inch marks. The
user should ‘Chc)o'se scales that provide simple valués at such points. The
default valués of the scales are 0—8 for the vertical scale and 0—10 for
the hor1zon’ca1 scale

Séveral add1tiona1 options are availe.ble for designing the
structure of a graph. The user may select these by the Sinéle control
statement . .

. BOX l SCALES l | LINES

SE'I'PLOT.j X or 5 . or , ~ of
o NOBOX J | NOSCALES J POINTS
The options selected are
BOX Draw a frame around graph NOBOX No ffarﬁé
SCALES | Ind1ca.te values at 1" intervals NOSCALES Omit inciication of scales

LINES Jom des1gnated points by lines,| POINTS - Mark points with crosses,
leaving points unmarked without joinirng points

The default options are BOX, SCALES, LINES.
. .- The point-plotting mode can be generalized by the special control

statement

PLOTSYMB(freq, symb)

where symb is an integer from 0 through 12 which designates one of 13 different

..symbols to.be used in plotting data, and freq determines the frequency with

. which the symbol is plotted (1 mea'pe every point, 2 means every other one,

3 every third, etc. ) A negative ‘.V‘al'ue fox_' freq indica-te's_that only the symbol

should appear. A positive value means that a line should join successive points.
Three forms of literal labels are prov1ded The top of the graph may

be titled by defining the variable _
PLOTTITLE = 'any message'
.. The vertical scale can be labeled by

VLABEL = 'any message'



32

1. G2c(i, i)

The horizontal scale can be labeled by
HLABEL = 'any message"

ii. Graphing statements
The overall format having been specified, a new graph is

produced each time the statement

GRAPH (namelist: ho ’Lect)

L T T O Y T a Y

is encountered.

" This graph is a graph of the members of namelist in the vertical

direction against the object hobiect in the horizontal, All objects should be
one-dimensional and real, and have the same number of elements. A two-
dimensional object in namelist is treated as several one-dimensional ob_]ects

each composed of a row of the original object. Therefore if a two-

dimensional object appears in namelist, it must have as many columns as

L T L N ]

.hobLect has elements.

Each time the GRAPH statement is encountered, a graph is drawn
on a new area of paper. All of the design statements accompany GRAPH.

It is possible to add information to a graph that has already been
drawn, e.g., to add points on a gré.ph containing curves, This is done by
the statement

ADDGRAPH (namelist: ho Lect)

This statement has the same meaning as the GRAPH statement except that
a new area of paper is not used. Design statements (except those relating
to BOX, SCALES, and labels) are reexamined pribr to adding to the graph.
The user may therefore freely alter the plotting format for each addition.
If no graph has been drawn, the first ADDGRAPH statement acts

as if it were a GRAPH'stateme_nt. This in conjunction with the statement
NEWGRAPH

which completes references to a previously drawn graph make it possible.

to entirely avoid the use of the GRAPH statement.
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H. THE MANUAL MODE

A major portion of.the SPEAKEASY l'a.ng-ua.ge' has now been described.
No reference has been made to the p;_)s'sibi];ity'o_f conditionally executing
groups of statements, or to the p_éssibility of repeated execution of such a
group a specified number of tires. The subset of SPEAKEASY already
described is nevertheless usable. The ex‘iste‘nc'e, ofStrucéuréd .object‘s and
routines for manipulating fhe;_n as single entities makes it pbssi-ble‘ to carry
out many straightforward computétioné with a series of statements that are
executed only once. , | -

The mode of opération in which each SPEAKEASY statement is proces sed
but not saved is referred to as the MANUAL MODE of operatmn. In the
examples shown in Schedules 14——36 we present a set of SPEAKEASY
calculations that use the facilities described in this chapter. The figures
are reproductions pf output from the card-input version of SPEAKEASY.

Information relating to the conventions for card input is given in Appéridix 1I.
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III. STORED PROGRAMS .

" For all but the most straightforward calculations, it is
necessary to repeatedly execufe groups of statements. The use of
stored pr‘ograxhs for such purposes is. familiar to most computer users,
Thé programs, procedures, and subroutines of languages such as- |
FORTRAN, PLI, and ALGOL constitute stored programs.

_ Stored programs are available in SPEAKEASY but they
differ in(irr..lportant aspects from other languages. .Oné of the most
important differences is that defined objects have global definitions. - This
means that a‘given name refers to the éame object whether the reference
is in the mam;tal mode or in any stored program. Any number of stored
programs fnay simultaneously be defined in SPEAKEASY. Execution of
any one of them can be initiated directly from the manual mode or during
execution of any other stored program. ‘

The purpose of this 'chapter is to describe the construction and
execution of stored programs. Additional statements specific to stored
programs are also described. For reasons of clarity, it is assumed that

the programs are to be input on punched cards.
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A. STRUCTURE OF A STORED PROGRAM

A stored program is defined by supplying cards beginning with a héader
card cont’éininé ‘tihe word PROGRAM followed by a space and then the namie
‘of the program, The program is términated by a card containing the ‘single
word END; All cards between thése two constitite the program. Any card
except thése two ray be labeled. The label, a SPEAKEASY name at the
left on the card, is separated from the actual program statements by a colon.

In SPEAKEASY the name of a program is treated as a défined namé. It
s.h‘oul-‘d thér'efc.ﬁ‘e‘néver‘ be the saié as thé name of an object used in
J computatlons

Multi-statement cirds are constructed of several SPEAKEASY staternents
separated from each othér by semicolons. Multi-card statements can be
constructed.. If & is in the first column of a card, it is taken to bé a

continuation of the preceding card. Continuation cards may hot be labeled.

PROGRAM SAMPLE Header card

X=0Q; Y=3.5 Z=27%X Multi-statement ¢ard

ALPHA T = X+ Y Labeled card
GAMMA W=T+ X+Y; U=W+ '
& Q - 3% X Contifuation of GAMMA
PRINT (X, Y, 2, T, W, U) ‘ )
END End card
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B. SPECIAL STATEMENTS FOR>"1‘HE PROGRAM MODE

The 'statements described in this section aré those whose use is
restricted to the program mode. Two (RETURN and CONTINUE) are.
ignored if encountéred during manual-mode execution. The others cannot
be used in thé manual mode since they refer to labeled statements or to.
groups of .statements.

- 1) RETURN .

The RETURN statement. is used within a SPEAKEASY program to
return the path of execution to the statement after the invoking statement.
The next statement to be processed will be the one followihg the EXECUTE -
statement which invoked' the program. A RETURN statement is always
implied just before the END card of any program. _ |

2) CONTINUE

A CONTINUE statement is a nonoperational statement to which a label
can be attached.

3) GO TO

A GO TO or G.OTO statement is used to altef the sequence of execution
of statements. When a GO TO statement is encountered, the next statement
executed will be the statement with the label indicated by the GO TO
statement; e. g.,

GO TO A3

will transfer the path of execution to the statement with the label A3.
Logical branches are made by combining an IF statement with a GO TO
statement such as

IF (AGT 7) GO TO ALPHA

which may be read as ""If A is greater than 7 go to ALPHA, otherwise

continue the sequential execution of statements. '
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4) FOR -

A FOR loop is a section of a single program, beginning with a FOR
statement ‘ahd terminated by a corresponding ENDLOOP statement. All
v‘s'taternents"betweeri these two are repeatedly éxécuted as specified in the
FOR ‘statement, .

""A FOR statement is of the form :

FOR n = stért, stop

or

FOR n = start, stop, increment

‘Here n is the name of a scalar which may-éppca;' in any context within the

FOR loop that does not alter the value of n; and gtlart, st'op, and increment

are any scalar expressions (not involving n) whose values spegify,
respectively, the initial value of n, its final value, and the increrrient to

be added to n every time the loop is repeated. If jchjgr&nt'_'is not specified,
its value is assumed to be 1.

The ENDLOOP statement is of the form
ENDLOOP n

where n is the name appearing in the corresponding FOR statement.
5) Nested FOR Loops
Up to 10 nested FOR loops are allowed in SPEAKEASY. Any FOR loop

started within a FOR loop must be terminated within that loop.
Caution: The use of FOR loops in SPEAKEASY for operations
available within the language is neither compact nor efficient. For

example, if A and B are 5-component arrays, the statements

VAL = 0
FOR I=1,5

VAL = A(I) * B(I) + VAL
ENDLOOP I

are equivalent to the single statement

VAL = SUM (A * B)
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The latter is much more compact and makes use of the optimized features

of the language.

The use of the built-in functions and structured algebra of SPEAKEASY
is perhaps the most difficult problem facing users who are familiar with
languages such as FORTRAN. It is important to understand that writing
SPEAKEASY programs with FORTRAN cbnventions (such as extehsive loops)
defeats the purpose of the language. | v

The user is advised to begin by expressing a problem either in matrix
notation or in ordinary mathematical subscript notation, the summations
being explicitly _ipdicated. He will then usually find that the problem can
very readily be translated into a compact SPEAKEASY program without use

of explicit subscript . references or FOR loops.
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C. EXECUTING A STORED PROGRAM

Once déefined, any SPEAKEASY program can be ‘executéd by the
statement .

EXECUTE name

where name is the name of the progtam.

The éxecution of a program starts with its first statement and proceeds
sequentially until this path is altered by a branching statement (GO TO).
FOR l6ops result in repeated execution of selected sets of statements. If a
RETURN statement or the END statement is ehcountered, the executioh of
this program is terminated and the statement after the one caliing: for
execution of the program is then executed.

EXECUTE statements may occur in the manual mode or in any stored
program. In the manual mode, the EXECUTE stdtement should occur alone

and not as pairt of a multistatement card;

39
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IV.” AIDS TO ERROR DETECTION

All higher-level computer languages are intended to
provide'" thé means of quickly formulating and carrying out 'computations; »
A large fracfio'n of the programmer's effort must normally be devoted to
the process.‘ of finding"aﬁhd correcting errors in his programs. The extent
to which a language meets its goals is therefore largely determined by
how cornpletel‘y it detects errors and how well it informs the user of the
faulté found, Diagnostic facilities are therefore an essential feature of any
h1gher level language

. | In SPEAKEASY the probability of errors is inherently small -

because of the com’pa.ct and natural form of statements.- In addition, the
us:e'r"can concentrate on the logical formulation of his own particular
p.rc'):blerri; since the built;in facilities of the language relieve him of the task
of programming standard manipulations. It is therefore likely that even
untrained users of SPEAKEASY will be able to write programs that work
properly on the first attempt. '

Correlated with this rather compact and easily used
‘language is an extremely discriminating processor. The presence of
structured objects in rhe language provides the SPEAKEASY processor with
much more information than is available in other languages. Each
algebraic operation, for instance, is preceded by an examination of the
objeéts involved to see if they are compatible. ‘Continuous checking of the
calculation is therefore automatic and relatively complete. Any structural
error is detected before it is able to propagate to later parts of the
calculation. Thus the user is always presented with a detected error
before it has had the chance to confuse the output. For involved computations,
the fact that no error has been detected is some assurance that the structural

aspects of the calculation are correct.
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' For a simple problem, these features combine to p’rovide
answers oﬂ the first try and offer some assurance that the processor
has at least understood and checked the logic of parts of the program.
For any but the most trivial problem, however, othex" facilities must be
provided to enable users to follow the operations. This chapter describes
those facilities and the normal error-detection features of SPEAKEASY.

| Two classes of errors exist in SPEAKEASY. The first
comprises the general syntax errors common to any language. Such
errors include the use of illegal characfers, parenthesis imbé.lances, etc.
The second class of errors is specific to the structure of SPEAKEASY.
Since definitions of objects may vary during a calculation, many errors

can only be detected during execution. Such errors, referred to as

execution errors, involve attempts to use undefined objects, to combine
two objects that have incompatible structures, or to operate illegally with

some structured object.
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A. ERROR MESSAGES

In each case of ambig\iit‘y, the most likely intent of the staternert is
clar'ried but. 1If this is not i)os sible, however, a printed error message
quotes the statement involved dnd describes the difficulty. Schedules 38
and 39 illustrate thé form of error messages generated by SPEAKEASY.

- 1) Compilation Errors

During compilation of any u_s‘é'r’s' SPEAKEASY stored progi‘am, the
syntax of the program is examired. All syntactical errofs are listed at
the end of that program. Such errors do not affect the calculation until
the program is executed. |

2) Manual-Mode Efrors

Each manual-mode statement is scannéd to check the syntax before
processing is attempted. If errors are detected the stateménﬁ is prihte‘d
along with an error message: Similarly execution efrors &¥é printed if
detected during processing.

The next manual-mode s’t’a;'c‘em'e“nt will be procéssed in any event,

3) EX¥fors in Execution of thé Program

Errors of either ¢lass will résult in the abortion of the SPEAKEASY
program being executed. The errotr message will be printed and processing
will normally continue with the hext manual-mode staterment. All currently
defined iﬂformation will be dumped. Commands described in Sec. IV.D

can be used to alter these options.



44

IV.B

‘B. DUMPS
it is frequently desirable for a user to examine all the information

defined at a given point in a calculation. He may do this in SPEAKEASY

with the single statement
DUMP

An easily-read complete printout of all defined objects will result. After

this printout the calculation continues in the normal fashion,




45

C. AUTOPRINT

SPE._A;KEASY provides a partieelarly desirable feature for tracing the
behavior ﬂof selected oAbjevcts This facility called AUTOPRINT enables a
user to request that spec1f1ed ob_)ects be prmted every time they are
evaluated AUTOPRINT may be turned on or off by the use of appropriate
statements. (Schedule 25 is an example of 1ts use.)

The statement

AUTOPRINT (nanlehst)

wHere“xia".wrrle’\l‘iétwis a eet of object names separated by commas, will result
in automatic printing of each of those objects every time they appear on the
left in an equation‘

The statement

AUTOPRINT

gives a complete printout of all objects as they are defined or altered.
The statement

AUTOPRINT (0)

turns off the automatic printing.
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IvV.D

D. ERROR-CONTROL COMMANDS

While automatic dumping of currently defined data and contimllation.
of computation in the manual mode are felt to be the desirable action
after an error in program execution, pfovisions for user—chosen options
are 'included-in the language, The single command word ONERROR is

used to control the options, the ones allowed at present being

DUMP MANUAL
ONERROR ,
NODUMP = CONTINUE

The ‘underlined options are the standard defaults. NODUMP indicates

that no dump of defined data is desired. CONTINUE means that the errors

do not affect the path of execution.




App. 1.1

~ APPENDIX I. KEYWORDS AND SYNONYMS

Several levels of keywords exist in SPEAKEASY. Sorhe ' °
are resfricted words that inay be used only for their intended purpose.
The number of this type is small. 'Ihe majority of the k—éywords of the
‘language are designed so that a user will not be affected by any that are
not known to hirﬁ. In such cases the use of a keyword as the name of an
object automatically eliminates the normal function of that keyword. Its
normal function :will resume if the name is freed. For example, if the i

user's pro;gr‘a'.n';x'has‘ executed a statement of the form
SIN = 2.73
‘thenAthe. sine function is unavaila:ble until the statefnent
. FREE(SIN)
~is‘ éncoﬁntered.

1) Restricted Words

The following is a list of restricted words. Users may not use these as
names in SPEAKEASY. In addition,normal usage of these keywords in the

manual mode requires that they occur in single-statement cards.

CALL FREE PROCEDURE
CONTINUE FUNCTION RETURN
DATA GLOBAL RUN

DO GOTO SPACE

END - IF SUBROUTINE |
ENDLOOP LOADDATA USE
EXECUTE LOCAL WHERE

FIN NEWPAGE WHEREVER
FOR PRINT -

x®
Some of the keywords in this list are included for future additions to the
language. These are not yet restricted words but are included here for
completeness.
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v

2) Logical OEera.tors

All logical operatorsA are restricted keywords and may not be used as

variable names. These are.
NOT OR AND EQ NE GT LT GE LE

3) Nonrestricted Keywords and Synonyms

These keywords may also be used as name"s' of objects. During the time
their definitions as objects remain in force, the normal functions of these
keywords are suppressed.

In designing the keywords, the objective was always to provide the "right"
word, Often the decision narrowed down to alternative words that seemed
e‘qually good. Sometimes it was apparent that very short words would be
desirable because of the frequency of their use within expressions. These
small words, however, often appeared to reflect a bit of '"computerese. '
For this reason a large number of synonyms were included. In the following
list, we present the keywords grouped according to operations. Synonyms

follow defined keywords. Examples of the use of these words are given in the

. schedules, as noted.

a) Defining Functions (Schedules 1 and 2)

VECTOR (VEC), MATRIX (MAT)

SYMMAT (SMAT), ASYMMAT (ASMAT), DIAGMAT (DMAT)
ARRAY, ARRAY2D, INTEGERS _ '
GRID (VARIABLE)

b) Elemental Functions {(Schedule 7)

ABS, SIGN, SQRT, EXP, LOG

SIN, COS, TAN, COT

ASIN, ACOS, ATAN, ACOT

FRACPART, REALPART, IMAGPART, CONJUGATE (CONJ)
SINH, COSH, - GAMMA, LOGGAMMA

c) Sums and Products (Schedule 8)

SUM, SUMSQ, PROD
SUMROWS, SUMSQROWS, PRODROWS
SUMCOLS, SUMSQCOLS, PRODCOLS
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Structure Functions {Schedule 9)

'NOELS (LENGTH), NOROWS, NOCOLS
‘MIN, .LOCMIN, ROWMIN, COLMIN

MAX, LOCMAX, ROWMAX, COLMAX

.Functions of ene variable (Schedule 10)

DERIV, INTEGRAL, TOTALINT

.ROOTS, NOROOTS, INTERP

h)

i)

3

k)

£)

Matrix Operators (Schedule 11}

EIGENVALS, EIGENVECS, DET DIAGELS
INVERSE, TRACE, TRANSPOSE (TRANSP)

~Rank1ng Functions (Schedule 12)

RANKED RANKER
Transfamdy Functions (Schedule 13)

AFAM (ATYP, ATYPE)
VFAM (VIYP, VIYPE)

‘MFAM (MTYP, MTYPE}

Graphics ¢Sec. 1I. G2c)

GRAPH ADDGRAPH, NEWGRAPH
HSCALE, VSCALE, HSIZE, VSIZE
SETPLOT, PLOTSYMB '

Input/Output {Sec. II.G1, 2)‘

PRINT, TABULATE, WRITE PUNCH

NEWPAGE, SPACE

AUTOTAB, COLWIDTH, SIGNIFICANCE, SETNULL, SETINFINITY
LOADDATA, DATA, READ

Commands (Sec. IL. F) .
FREE, DOMAIN ACCURACY CLEARDATA
Program Mode (Sec. 1)

PROGRAM, FOR, ENDLOOP
GOTO, RETURN, CONTINUE
RETURN, END, EXECUTE

m) Others.

AUTOPRINT (Sec. 1V.C)
DUMP (Sec. 1V. B)
ONERROR (Sec. 1IV. D)
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4) Alphabetic Listing of Keywords
' This is an alphabetic listing of the keywords. Nonstandard synonyms
have the standard form given in pérentheses. Restricted keywords are ‘
underscored Note that in very long keywords only the first 8 characters
are meanmfgul all others are ignored.
The numbers beside the keywords refer to the schedule containing a description
a sample of the use of the word. If the word does not occur in a schedule,

the reference is to the section describing the word, this is given by page number
and indicated by.enclosing parentheses.

ABS 7 DATA . 35
ACOS 7 DERIV 10
ACOT 7 DET 11
ACCURACY (24) DIAGELS . 11
ADDGRAPH 36 DIAGMAT |
AFAM 13. DO
AND 24 DOMAIN 14
ARRAY 2 DMAT(DIAGMAT)
ARRAY2D 2 DUMP (44)
ASIN 7
ASMAT(ASYMMAT) EIGENVALS 11
ASYMMAT 1 EIGENVECS 11
.ATAN : 7 EQ 24
ATYPE(AFAM) END - 37
AU TOPRINT 25 ENDLOOP: - . 37
AUTOTAB EXECUTE 37
EXP 7
CALL ,
CLEARDATA (24) FIN(ENDLOOP)
COLMAX 9 FOR 37
COLMIN A 9 FRACPART 7
COLWIDTH (29) FREE (24)
CONJ(CONJUGATE) FUNCTION
CONJUGATE 7 :
CONTINUE (36) GAMMA , 7
coSs 7 GE 24 ]
COSH 7 GLOBAL ,
COT 7 GOTO . 37
GRAPH 36
GRID 2

GT 24




HSCALE
HSIZE

IF |
IMAGPART
INTEGERS
INTEGRAL
INTERP
INTPART
INVERSE

LE
LENGTH
LOADDATA
LOC(LOCS)
LOCAL
LOCMAX
LOGCMIN
LOCS

LOG
LOGGAMMA
LT

MA T{MATRIX)
MATRIX

MAX

MFAM

MIN

. MTYPE(MFAM)]

NE
NEWGRAPH
NEWPAGE
NOCOLS
NOELS
NOROOTS
NOROWS
NOT

ONERROR
OR

36
36

25

10

10

11

24

35
26

—
W O W O = =

—

24
(32)
(28)

32

24

24

- App. 1. 4; p.2

PLOTSYMB
PRINT-
PROCEDURE
PROD
PRODCOLS
PRODROWS
PROGRAM
PUNCH

RANKED
RANKER
READ
REALPART
RETURN
ROOTS
ROWMAX
ROWMIN
RUN .
SETPLOT
SETNULL
SETINFINITY
SIGN
SIGNIFICANCE

SIN

SINH

SMAT{SYMMAT)
SUBROUTINE
SUM

SUMCOLS
SUMROWS
SUMSQ
SUMSQCOLS
SUMSQROWS
SYMMAT

TABULATE
TAN ‘
TOTALINT

TRACE

TRANSP(TRANSPOSE)
TRANSPOSE
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- USE.

VARIABLE(GRID)

. VEC(VECTOR)
“VECTOR

VFAM

VSCALE

VSIZE
VIYPE(VFAM)

WHERE ‘
WHEREVER(WHERE)
WRITE

i |
i3

36
36
13

25
25
- (27)
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APPENDIX I1.. GARD-INPUT SPEAKEASY

1) Card:lnput Conventions

SPEAKEASY jobs can be $ubmitted on standard 80-column tabulat
cards. IBM-029 keypunch should be used in punching the cards. All 80
columns of cards are usable and all input is of a free-format form. Spaces
between térms are usually ignored and the uSer may design input to reflect
his own tastess. ) , _

It ‘has been found that the usual FORTRAN cards provide a highly °
readable input form, i.e., statements normally start in column 7 unless
they are labeled. Labels appear in columns 2-5 and a colon follows in
column 6. It should be noted that these conventions appear desirable but

are not necessary.

A single dollar sign indicates that all the rest of a card is a corhment.

Two dollar sighs on a single card indicate that the part of the card between
the dollar signs is a comment and is to be ignored.

Multistatement cards have semicolons separating the statements.
Multicard statements (i.e., continuation cards) are allowed only in stored
programs and are indicated by an € in cclumn 1 of continued cards.

The processor will accept any number of continuation cards but only
a limited ccmplexity in a statement. For this reason the use of multicard
statements should be avoided when possible and statéments should be kept
as concise as possible.

2) Job-control Cards
In order to run a SPEAKEASY job on the Argonne 360/75 the card

deck should include the following card. This card is inserted between

. *
the accounting information and your SPEAKEASY cards.

Your accounting information

// EXEC SPEAKEZ
Your SPEAKEASY deck

%k .
This form of deck is usable as of April 1971,

53
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1f graphical output is requested, two additional cards are needed to

provide access to the Calcomp tape. The deck would then be of the form

. Your accounting information

/*SETUP DEVICE = 2400-7, ID = (, RING, SAVE, NL), DDNAME = PLOTTAPE
// EXEC SPEAKEZ, VERSION = GRAPHEZ '
//PLOTTAPE DD UNIT = TAPE7TRK, DISP = (, PASS), LABEL = (, NL)

Your SPEAKEASY deck
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APPENDIX III. SCHEDULES

This report is intended both as an introductory writeup and

as a reference manual for users. For the latter role it is useful to have

quick access to the tables and examples of the writeup. For this reason all

schedules of the. report have been collected together in this appendix. The

titles are summarized here.

Schedule

Expliéit defining expressions

. Description of the algebraic operations

Element-by-element functions
Sum and product functions

Structure functions

Operators for functions of one variable

Matrix functions
Ranking functions

Trans family functions

The rest of the schedules in this report are actual reproductions

of part of a run made with the SPEAKEASY processor. They provide

examples of the use of the language.

14
15
16
17
18
19
20
21
22

Operations with scalar objects

Examples of explicit definitions (matrix/vectér family)
Examples of explicit definitions (array fa.rnhy)
Operations on square matrices |
Matrix/vector operations

Operations on 1-dimensional arrays

Operations on 2-dimensional arrays

Operations between 1- and 2-dimensional arrays

Simple-index operations
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Schedule

23
24
25
26
27
28
29
30
31
32

33
34
35
36
37
38
39

App. III; p. 2

Structured-index operations

Logical and relational operations

The WHERE and IF statements

Sample uses of the logical functioh LOCS

Sample operations using element-by-element functions
Samples of sum and product functions

Use of built-in structure functions

Examples of the use of ranking functions

Sample transfamily operations

Samples of the use of special operations for functions of
i variable

Sample of a function of 2 variables .

Sample of a crude contour plot

Sample of the constructi‘on. and use of a data file

Sample of the use of the graphical features of the 1ang_ua.ge
Sample program and its execution

Errors detected during compilation

Execution error messages (manual mode)




' schedule 1.

in the matrix- vector family.
quantities (i.e.,

n and m) must be positive integers,

"Explicit defining expressions for structured objects
Note that all structure-defining

Meaning

Comment

Expression

VECTOR(n)
VECTOR(e ;

VECTOR(n: e _, e

Defines a vector with n components
all of which are zero.

Defines an £- component vector w1th
components set to e

Defines an n-component vector with
the first £ elements set to €. All
others are zero.

£> 1

MA TRIX{n, m)

MATRIX(n, m: e e

SYMMAT(n: e, e

1’2

ASYMMAT (n: e, e

DIAGMAT(n: e, e

1}2:"')

e-Z,...;

))

., €

., €

2:

Definés an n X m matrix, all
components of which are zero.
Defines an h X-m matrix in.which
some elements are preset. They are

-entered row by row. All non-preset

élements are zero.

Defines an n X n symmetric matrix.
Elements are loaded in lower diagonal
form by rows and then the portion above
the diagonal is made symmetric.

Defines an n X n antisymmetric matrix.
Elemeénts are loaded in lower diagonal
form by rows and then the portion above
the diagonal is made antisymmetric.

Defines an n X n matrix with nonzero

elements e 2, S8 along the
diagonal. ) .

n rows, m columns

£ <3n- (n+ 1)

£ <4inc (n-1) -

LS -



Schedule 2. Explicit defining expressions for array objects.

89

Expression Meaning Comment

ARRAY(n) Defines a 1-dimensional array with n
components, all of which are zero.

ARRAY(ei, ez; e, l) Defines a 1—cfimensional array with Note: ARRAY(e , e2) is
components set to ei. a Z2-component, f-dirh. arrayl

ARRAY(ﬁ: e ez, , 1) Defines a 1-dimensional array with the e <n

» first £ elements set to e. The last

(n - £) elements are zero.

ARRAY(n, m:) Defines a 2-dimensional n X m array Note colon. (See note above.)

AROR;.YZD(n, m) with all elements set to zero.

ARRAY(n, m: €€y - v e, el) Defines a 2-dimensional n X m array £ €£n+m

GRID(lim1, 1im?2)

GRID(lim1, 1im2, delta)

INTEGERS(n, m)

INTEGERS(n, m,{)

with preset elements.
row.

Loaded row by
Non-set elements are zero.

Defines a 1-dimensional array with 101

equally spaced elements starting at lim 1

and going to lim 2.

Defines a 1-dimensional array with
elements equally spaced starting at
lim {1 and adding delta until lim 2 is
reached or passed.

Defines a i-dimensional array with

- elements containing the integers from

n to m.

Defines a 1-dimensional array with
elements containing the integers from
n to m in steps of £. ’

lim1i # lim2

limi # lim?2
delta # 0

n and m have integer
values,

Alln, m, and £ are
integers,




Cﬂlasé of Left Operand

Class of Right Operand

Class A2(p,n] ;

Operator M Family A Family
1 s V(n) M(n, m) Al(n) ,A2(n,m)
A=LtR A =L *R A =L§ _ *R A =L tR A, =L#*R_
: i i ij ij ij i i ij ij
'S. b
n=m
Class S Class V{n) Class M(m,m) Class A1(n) Class A2(n,m)
A, =L tR A =1 +R, A =LG§, *R
i i 7 i i ij iij ij
. lv(n) n=m
> , :
'-é‘ ‘ Class V(n) Class V(n) Class M(m,m)
- ] .
1N .
> .=L_ £RS,, A =L _*R6_ | A =L %R .
<1 in ij ij iij§ i) ij ij
“iMin,m) m=n ' m=n
A Class M(n,n) Class M(n,n) Class M(n,m)
-1 A = + = +
. Ai = Li tR i Li R1 AIJ Li R1J
Alf)
= Class Af Class Ai(n) Class A2(n,m)
£
°]
ks A, =L_*R A_=L_*R. | A =L_*R,,
< - i) ij ij ij J ij ij ij
AZp,n'). n' =n ‘p=n,n' zm
Class A2(p,n')

Class A2(n,m)

‘Schedule 3, Description of the operation ibétween objects of various classes.

elements,

*

*

3

+ + - + +

+

+ b

The subscripts refer'to

A is the answer object, L the lefthand object, and R the righthand object.
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Class of Right Operand

Operator

Class of Left Operand

M Family A Family
" - .
S V(n) M(n,m) Al(n) A2(n,m)
A=L*R A, =L *R, A, =L*R_ A,=L*R | A, =L*R_
i i ij ij i i ij ij.
S
Class S Cla.ss V(n) Class M(n,m) Class Fi(n) Class F2(n,m)
= % = L = £ 3
A =L *R A ;Li:‘. R, A, jELJ. Ry
V(n) ‘
>‘ .
o} Class V(n) Class S Class V{m)
g inner product
@ A
[
A.. =L, * .= E3 . = L%
s gLy *R A=) Ly; * R Ay 1; Lo *R,
)
M(p;n)
: Class M(p,n) Class V(p) Class M(p, m)
A =L *R A =L, ¥R, A,.=L *R_.
| i i i i ij i ij
Alf) ,
= Class Al(n) Class Al(n) Class A2(n,m)
2
¢ A. =L %R A.=L., *R, A..=L..*R,,
< 4B 1 ij ij j ij i) ij
A2%p;n') ifn' =n ifp=n,n' =m
Class A2(p,n') Class A2(p,n) | Class A2(n,m)

Schedule 4.

Description of the operation * between objects of various classes. The subscripts refer to

elements. A is the answer object, L the lefthand object, and R the righthand object.

*

% * * *

% * *

%* * ¥

* *

09



Class of Right Operand

Class M(p,n)

Operator | M Family A Family
/ S " V(n) . o M(n,n).* Al(n) "A2(n,m)
A =L/R A, =L*I, A =L/R, A..=L/R,
. 1} 1) 1 i 1 1
S.
Class S Class M(n,n) Class Al(n) Class AZ2(n,m)
. = = %
Ai Li/‘R Ai %: Lk I'ki
| V(n)
) Class V{(n) Class V(n)
Ly
| ; A, =L_/R AL=T L * L
’ o ij - i . ij g ik J
1 | ,
| :

Class M(p,n)

. Class of Left Operand

Class F2(n")

. N
)

A, =L, /R A, =L /R, A..=L./R,.
. 1 1 1 1 1 1) 1 1)
Alf)
. Class A{(n) Class Al(n) Class A2(n,m)
£ A, =L, /R A =L_/R, | A, =L_/R.,
& ij i ij i S S R §
N | .
B ’ ifn' =n i£p=n,n'=m
Class A2(p,n) Class A2f,m)

* Here the right operand must be a square matrix and I is its inverse )
Schedulé 5. Description of the operation / between objects of various classes. The subscripts refer to

elements. A is the answer object, L the lefthand object,and R ‘the righthané object.

/ /

/ / /

/

/ / / /.

b

/)

19



Class of Right Operand

A is the answer-object, L, the lefthand object and R the righthand object. Within the table ** means

exponentiation.

*k *k *ok

Tk

#k ek

29

Operator M Family A Family
. S V(n) M(m,n) Al(n) A2(n,m)
a=L" A, =1R A, =LY
i ij
S
Class S Class Al(n) Class A2(n,m)
A . =L *R,
‘ 1) 1 J
"% V(m)
- o Class M(m,n)
al = outer product
ol g
1 «
‘3 fx
3 = Mm,n} R‘th' power of L
§ Class M(m,n)4
O :
A =L A =L A, =LY
i i i i ij i
Al(n) : ' .
o Class Ai(n) Class Ai(n) Class A2(n,m)
kot
; R R
b A, =L A, =L Rij A, =L Rij
< 3 1} 1) 1 1) 1)
1
AZ@}I? n' =n p=n,n' =m
Class AZ2(p,n"') ' Class A2(p,n) Class A2(n,m)
+ R integer only. L must be square.
Schedule 6. Description of the operation ** between objects of various classes. The subscrifp'ts refer to elements. -
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Schedule 7. Element-by-element functions available in SPEAKEASY.

The resultant object in each case is of the same class as X. Each element of the

answer is the result of operation on the corresponding element of X.

Function Meaning _ Comment
SIGN(X) + 1 where X S 0; 0 where X = 0| Real X only
ABS(X) . - Absolute magnitude
FRACPART(X) ‘Fractional part
INTPAR T(X) Integer part
REALPART(X) Real part
" IMAGPART(X) ‘Imaginary part
CONJUGATE(X) Complex conjugate
SQRT(X) Square root , . 6
EXP(X) - Exponent e Real X £ 170, [imag Xl < 5X10
LOG(X) Natural logarithm X =0 ~
SIN(X) Sine
COS(X) Cosine _ . 15
TAN(X) Tangent x| < 10
COT(X) Cotangent
ASIN(X) Arc gm? |X| < 1 S
ACOS(X) - ‘Arc cosine —_
-
ATAN(X) Arc tangent 6
ACOT(X) Arc cotangent
: ’ »
SINH(X) Hyperbolic sine '
COSH(X) Hyperbolic cosine IXI < 170 ‘
(LI
GAMMA (X) I" function 10-°0 < X < 56 o
LOGGAMMA(X) Natural logarithm of I' function |0 < X < 4 X 1060 4
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Schedule 8. Built-in SPEAKEASY functions for obtaining

sums and products of elements of structured objects.

Function - Meaning Comment
SUM(X) | Sum of all elements Answer is scalar
- SUMSQ(X) Sum of squares of all elements
PROD(X) Product of all elements
SUMROWS(X) ijij | Answer is a 1-dimensional
2 :
SUMSQROWS(X) = Zj(xij) member of the family of X
PRODROWS(X) IIinj
SUMCOLS(X) , Zixij Answer is a 1-dimensional
SUMSQCOLS(X) S Zi(xij) ‘| member of the family of X
PRODCOLS(X) TI"iXiJ.
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Schedule 9. The built-in SPEAKEASY functions for obtaining

information about the structure .of objects.

. Function S . oo Meaning
NOELS(X) 1} ' The number of elements in the object X. If
LENGTH(X) ] U X i's.nundefip,ed; the answer is zero.
NOROWS(X) T "Number: of rows in X
NOCOLS(X) " Number of columns in X .
MIN(X) - - S Minimum element in X
MAX(X) : Maximum element in X
'LOCMIN(X)" - " Location of minimum of- X. X is one-dinyensional.
LOCMAX(X) e Location of maximum of X. X is one-dimensional.
"ROWMIN(X) . LTt ‘Row containing minimum €lement of X
ROWMAX(X) . - e . Row containing maximum elemernt of X
. COLMIN(X) ~ Column containing minimum element of X
COLMAX(X) .. _ __Columis containing maximum element of X
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Séhedule 10. Built-in SPEAKEASY operators for functions

of one variable. In these functions X is a one-dimensional array X = ARRAY

(xi,xz,x3, . e

Comment

Function Meaning
DERIV(F:X) dF/dx (derivative) '~ Numerical differentiation
x. |
INTEGRAL(F:X) ' fx Fdx an integral with a Numerical integration.
' . .. (Answer is an array.)
variable upper limit : ‘ o A
: x
TOTALINT(F:X) fx " Fdx definite integral Numerical integration.
1 ' (Answer is a scalar.)
INTERP(Y,F, X) Numerical fitting, Resultant is an.array with
interpolation values of the function F
evaluated at the points Y.
. F(X) must be given.
ROOTS(F:X) Finds X, of roots of F Trapezoidal interpolation
NOROOTS(F) Number of roots of F Uses sign changes
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Schedule 11. Built-in SPEAKEASY functions for matrices. Note

that aside from TRANSPOSE, these operations can be used only with-

square matrices.

%

Function ' - Meahin’gﬁ
. . : I - ‘ *
EIGENVALS(X) ‘ Eigenvalues in order of descending values:
EIGENVECS(X) : Unitary matrix whose rows are eigénvectors:

. of X, belonging to the corresponding’ eig;envaliies

DET(X)' o .D;'e_,'fef“minanbt of r'n_afxfi'x X

_DIAGELS(X) o -v Diagioﬁé;i elements-inoriginal order
.INVERSE'(;(.) - ' o InverAse matrix o A |

' Note: 1/X is also the inverse
TRACE(X) A ' B Sum of the diag‘ona‘.l“relemeﬁts‘
TRANSPOSE(X) . ‘ Transpose of the object |

* . )
Restricted to real, symmetric matrices.
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Schedule 12. Built-in SPEAKEASY functions for ranking the elements

of a structured object.

Function _ Meaning .

RANKED(X) ".Produces & new object of the same structure
as X but with elements arranged. in increasing
numerical 'order. :

RANKER(X) For a one-dimensional object X. This function
produces tpe indices of the elements of X arranged
in order of increasing numerical order.

. RANKED(X) = X(RANKER(X))
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Schedule 13. The built-in. SPEAKEASY functions for

respecifying the fanﬁly of an 6bjec’t;.'

Function : . Meaning
AFAM(X) | The resultant has the structure .of X but
; is a member -of the array family
VEAM(X) ‘The resultant has the structure of X but
MECX‘.M(X_‘)_ is a member of the matrix/vector -family
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INPUT.ee$

INPUTeee $ SCHEDULE 14 OPERATIONS WITH SCALAR 08JECTS,
INPUT e $ 777" . ’ ’ .
INPUT. 00 X=27 3 Y=16 3 I=X%®Y+8/3 ; PRINT(X,Y,Z)

X= 27 3 Y= 16 9 I = 436,67
INPUTeee 7" "PI=2%ACOS(N) 3 PRINTI(PI)

P1 = 3.1416 -
INPUT s0ee X=SIN(3%PI/8) sPRINT(X)

" X'z 492388 _

INPUTcee$
INPUT 008 THE IMPLIED PRINT FEATURE IS DEMONSTRATED HERE.
INPUT 0 8" .
INPUT, 00 SIN(2*PI/3)

SIN(2%P[/3) = LB6603
INPUT 500 T SIN{3)*#2+4COS(3)**2

SIN(3)*%2+C0S(3)%%2 = |}
INPUT ;00 DOMAIN(COMPLEX}
INPUT ;668
INPUT 008 THE COMPLEX DOMAIN IS NIW ALLOWED
INPUT ,aa$
INPUT , 60 T=3441EXPIT) .

EXP(T) =.-13,125-15,2C11
INPUT e SIN(T)*%24COS(T)*%2

SIN(T)**2+COS(TI*s2 = ]
INPUT 4 e TH%x2 ’

T*%2 = ~74241
INPUT 4o LOG(T)

LOG(T) = 146094¢,52721
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lNPUT...‘ . ’ . . .

INPUT oo $ SCHEDULE 15, EXAMPLES OF EXPLICIT DEFINITIONS (MATRIX/VECTOR FAMILY)
INPUTees$ Co “' : o )

INPUTe oo VECTOR(5);VECTOR(1+243) s VECTOR(62142+344)

=== == ~yECTOR(5) (A VECTOR WITH 5 COMPONENTS)
¢ 0 0 G 9

e o EETORTL 3 293) T (ATVECTOR "WITH 3 COMPONENTS) ~
1 2 3 :

- VECTORT6:1,293,4) (A VECTOR WITH 6‘COHVDNEN*S]
1 2 3 4 G 0

INPUTees  MATRIX(2,2)3MATRIX(2,2:142,3)
MATRIX(2,2) (A 2 BY 2 MATRIX)
00
8.8
MATRIX(24231,2,3) (A 2 BY 2 MATRIX)
L MATRIX(2028102 A
30 ‘ | |
INPUTaes SYMMAT(331,2,3,4) sASYMMAT(33123,) :DIAGHAT (1,243, 4))
‘ SYMMAT(3:1+2,2,4) . (A 3 BY 3 MATRIX) ‘
1 2 4
2 3 0
4 ¢ 0
ASYMMAT(2:1,2,3,) (A 3 B8Y 3 MATRIX)
¢ -1 -2
1 0-3
2 3 9
CIAGMAT(1424294¢) (A 4 BY & MATRIX)
1 ¢ o0 ¢
¢ 2 2 o
¢ ¢ 3 <
G 6N 4
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INPUTeee$

INPUT.ee $ SCHEDULF 16, EXAMPLES OF EXPLICIT DEFINITIONS (ARRAY fAMILY‘
INPUTove §~ " . ST Al e

INPUT oo e ARRAY(5);ARRAY( 142 )3ARRAY{5:1,2+3)

< e e o ARRAYS) T CAT 5 COMPUNENT ARRAYY -7 777
¢ U 0 0 © '

- “ARRAY{ 1yZ ) ~ (A 2 COMPONENT ARRAY}
1 2

ARRAYTS5:1,2+3) (A 5 COMPONENY ARRAY)
1 2.3 o ¢ .
INPUT eq e ARRAY(2'3=):ARRAY(213=1'2'3v4v5’

(2,321} (A 2 BY 2 ARRAY)

(2022142930495) (A 2 BY 2 ARRAY)
-3

‘0
INPUTqee GRID(1e29149901)S$INTEGERS(1,415)

GRID(1e212e9441) (A 8 COMPONENT ARRAY)
le2 l1e2 14 105 1e6 1le7 1le8 1.°

INTEGERS(1,15) (A 15 COHPONENf ARRAY)
1 2 2 4 5 & 7 8 9 17 11 12 2 e 15




INPUT.ee$

INPUT.se $ SCHEDULE 17, OPERATIONS ON SQUARE MATRICES .
S INPUT .o v ! ' . 2 SN SUUARE TAIRELES
INPUTeue X=MATRIX{3,3:19294¢143);PRINTIX)
X (A 3 BY 2 MATRIX)
1 2 4
1 2 ¢
— Cge A N -
INPUT 400 X=X+TRANSPOSE (X) PRINT(X)
T X (A 3 BY 2 MATRTX)
2 3 4
3 6.0
e 00 .
INPUT c o0 X(3,3)=5;PRINT(X)
X (A 3 BY 3 MATRIX)
2 3 &
3 6 G
& ¢ 5
INPUT 40 DET(XY
DET{X) = -81
INPUT e 0o TRACE( X)
TRACE(X) = 13
INPUT e EIGENVALS( X}
EIGENVALS(X) {A VECTOR WITH 3 COMPONENTS)
S Se 6(:56 =146(156
INPUT .. EIGENVECS(X)

EIGENVECS(X) (A 3 8Y 3 MATRIX)
~e57735 =457735 -457735

eti98784 -.T513 «65252
08105 -.31°7 -e%9"8B
T INPUTees $ '
INPUTeee 8 THE EIGENVECTORS ARE THE ROWS OF THIS MATRIX,
INPUTeee $ THE VECTCR CCRRESPONDING TJ THE LARGEST EIGFNVALUE IS FIRST,
“TINPUTees$ :
INPUTeee 1/x

Al

17X (& 2 3Y 2 MATRIX)
~e37037 «185156 «2963
«1851¢° i 74674 414815
mm" «2563 -e14815 -,{37027

INPUT e - X% %2
X#%2 (A 3 BY 3 MATRIX)
29 24 28
24 &5 12

28 12 41




INPUTeee$

INPUTeoe $ SCHEDULE 18« MATRIX/VECTOR OPERATIONS.
INPUTeee$ = """ =7 77 e e — = . »
INPUT oo X=VEC TOR(1,2¢394) 3Y=VECTOR(3,41,2)
INPUT...S )
“ INPUTeee$ ~ " FORM THE OUTER PRODUCT OF X AND Y
INPUTeee $® )
INPUTeoe Z=X*%Y 3 PRINT(X,Y,2)
X {A VECTOR WITH & COMPONENTS)
1 2 3 4 .
Y (A VECTOR WITH 3 COMPONENTS)
3 1 2 ' .
2 (A & BY 3 MATRIX)
3 1 2
[ 2 &
9 3 6
12 4 8
INPUTeee X*7
X*Z (A VECTOR WITH 3 COMPONENTS)
°¢ 30 6C
INPUTeoe ® THE INNER PRODUCT 1S
INPUTsee X# X '
XxxX = 20
INPUT eeo %Y

Z*Y (A VECTOR WITH & COMPONENTS)
14 28 42 56

INPUT oo T=X*k*X ;PRINT(T)
T (A 4 BY & MATRIX)
1 2 3 &
2 4 6 8
3 6 G 12
4 8 12 e’
INPUT oo T+l ’
T+l (A & BY & MATRIX)
2 2 3 4
2 5 6 e
3 6 ) (O W
4 a 12 17
INPUT eee T+ X
T+X (A & BY & MATRIX)
2 2 3 4
2 & 6 8
3 6 12 12
4 8 12 2¢




INPUT.e0$
INPUT.as$
INPUT.qe$
INPUT 4 qe
[NPUT...

b2 3 s s

INPUT e oo

INPUT...

INPUTee s

INPUT...

SCHEDULE 19 OPERATIONS ON 1-DIMENSIONAL ARRAYS

X=ARRAY(5:1,2+3,4,5) : Y=X+3 ; I=X®*Y

PRINT (X,Y ,2)

X (A 5 COMPONENT ARRAY)

Y (A 5 COMPONENT ARRAY)

4 .

6 7 8

L (A 5 COMPONENT ARRAY)

1

4 10 18 28 4o
x/1

X/Z (A S COMPONENT ARRAY)

.25 o2 16667 14286 o125
x/3

X/3 (A 5 COMPONENT ARRAY)

©33333  L66667 1 1.2333  1.6667
X&k X

X*%X (A S5 CUMPONENT ARRAY)

) 27 256 3125
Xhk 2

x*%3 (A 5 CUMPCNENT ARRAY)

8 27 66 125

75
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f
INPUTsee$ .
INPUTeee $ SCHEDULE 2Ce OPERATIONS ON 2~DIMENSIONAL ARRAYS
“INPUTeee$ e Ryttt ) .
INPUT 6o . X=ARRAY (2,231 929394) 3 Y=Xel § I=X*Y
INPUT s PRINT (XoY,2) :
X (A 2 BY 2 ARRAY)
1 2 ]
e S

Y (A 2 BY 2 ARRAY)
g e
4 S

TTTAT27BY 27ARRAY)
2 6

12 20
INPUTG e 7~ T7XJY

X/Y (A 2 BY 2 ARRAY)

- « 66667
: o715 . o8
INPUT e X&'y
XekY (A 2 BY 2 ARRAY)
1 8 o
% 81 1€24
INPUT oo X2

St xs%3 (A 2 BY 2 ARRAY)
1 8
27 64
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INPUT...S X . :
INPUTeee$ . SCHEDULE 21. OPERATIONS BETWEEN 1- AND ‘2-DIMENSTONAL APRAYS
TINPUTG ™77 777 © 777 7 1D ARRAYS QPERATE FROM THE LEFT ON ROWS, FROM THE
INPUTeee$ RIGHT ON COLUMNS, g ’
INPUT.es$
TINPOT SV, X=ARRAY(3:1,2,3);Y=ARRAY (3,2:1+243+4+5+56)325ARRAY(2:1,2) -
INPUT .00 PRINT(X,Y,2)

INPUT o0

INPUTass

INPUT...

X A" 3" COMPONENT "ARRAY) '
1 2 3

Y (A 3 BY 2 ARRAY)
1 2 :

3 4

5 &

Z (A 2 COMPNONENT ARRAY)
1 2

XxY ;Y%2
X*xY (A 3 BY 2 ARRAY)
i 2
6 8
15 18
Yk (A 2 8Y 2 ARRAY)
1 4
3 8
5 12
X+Y Y +7
X+Y (A 3 RY 2 ARRAY)
2 2
€ 6
8 9
Y+4Z (A 2 BY 2 ARRAY)
2 4
T4 6
6 8
XEXY; Y%7
XkkY (A 3 BY .2 ARRAY)
1 1
8 16
243 726
Y*%Z (A 3°BY 2 ARRAY)
1 4
3 16

5 36
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g g T

INPUTeee$

INPUTeee$ SCHEDULE 22. SIMPLE INDEX OPERATIONS.
INPUTS oS i Stk .. g
INPUTcoo X=ARRAY(393:192¢31495+169798¢9)3 PRINT (X}
e —— A3 BY 3 ARRAYY T 7T o T
1 2 3
4 5 6

INPUTeee X{3,313%X02)3%X2)
X{3:3) = 9

X(2) (A 3 COMPONENT ARRAY)

4 5 6
X(,2) (A 3 COMPONENT ARRAY)
2 5 8
 INPUTees  X(3)2X{,2) 3 PRINTIX)
X (A 3 BY 3 ARRAY)
123
4 576
2 5.8
“INPUT oo X(3)=1 3 PRINT(X)
X (A 3 BY 3 ARRAY)
1 2 3 :
4« 5 6
» 1 11
.~ INPUTaee © X{y3¥=1 5 PRINT(X)
X (A3 BY 3 ARRAY)
1 2 1
4 5 1
1 11
INPUTeeo$ : _
INPUT oo $ AUTOMATIC EXTENSION IS ILLUSTRATED RY
INPUT.ee$ . : _
INPUTeee X(4y5)=1 ; PRINTI(X) "
X (A & BY S ARRAY)
1 21 ¢ €
4 5 1 6 0
1 1 1 @«
I S |




‘INPUTesee $

INPUTeee $ SCHECULE 23. EXAMPLES OF STRUCTURED INDEX QPERATICONS
INPUTese o : - ot . ' '
INPUTeee A=ARRAY(3¢3:14293+495¢69798,9) 3 I=ARRAY(1,2) 5 PRINT(A,I)
A (A 3 BY 3 ARRAY) .
1 2 3
4 5 6
98 9

I (A 2 COMPONENT ARRAY)
‘1

INPUTaae ACIY 3 ALoT) 3 ACILI) 5 AUT,Te1)

A(1) (A 2 BY 3 ARRAY)

1 2 3

4 5 6

ALy 1) (A 3.8Y 2 ARRAY)

12

4 5

7 8 & e .

S AL, 1) (A 2 BY 2 ARRAY) . .

it : _ :,
4 5

Al(l,I+1) (A 2 BY 2 ARRAY)
2 3 - :
S 6
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LATATONG PR o

INPUTeee$

INPUT o0 8 SCHEDULE 24« LOGICAL AND RELATIONAL OPERATIONS
INPUTses$— " . e o @ et mm e ‘ .

INPUTeee $ ’ ’

INPUT e A=ARRAY(G’2,091) H B‘ARRAY("Z!”'n.
“INPUTess " "AORB=A OR B ~~ ~ e

INPUT 0o AANDB=A AND B

INPUT 0 NOTA=NOT A
“INPUTeee "~ TABULATE (A,B,ADRB,AANDB,NOTA)’

INPUT.0e
INPUTees
INPUTeee
INPUT oo

>

,"MTNRUTO‘.

INPUTees’

INPUTeeo

T INPUTeee ™

INPUTe0e

INPUTeeo
INPUT oo
INPUT oo
INPUT 0o
INPUTeee

0—T—0"" @~

A B ACRB AANDB NOT&J

¢ 11 0
2 2 1 1

€ veb D e

1 ¢ 1 G

T A=ARRAY(0¢y19293+495) i8=6-A

AGTB=A GT 8
ALTB=A LT B

~"AEQB=A EQ B S » LT
AGEB=A GE B
ALEB=A LE B

"TANER=A NE 8 ' ' : ‘
TABULATE(AsByAGTE, ALTB,AEQB,AGEB,ALEB, ANEB)

“'AT"B AGTB ALTB AEQB AGEB ALEB ANEB "

[ ]

L wnEO

NP WNE=O >
. 1 H

! i

N duo

oW uo
wwcnﬁo
Y Yy e e
AR
——33
oanw;n
—sf|)¥;kf~

AGTC=A GT ©~
ANEY=A NE
AMBNET=A=-B NE 0O
T TABULATECA 9B sAGTE o ANEL JAMBNEC)

. m

AGT ANE1l AMBNE?

e gt b b
o N
ndpfm-upha




SCHEDULE 25. EXAMPLES OF WHERE AND IF STATEMENTS.

3 Y=ARRAY(T) § PRINTUIX,YY

AUTOPRINT IS USED IN HERE FOR AUTOMATICALLY: PRINTING VY,

INPUTeee$
INPUT..'s
INPUTO..s -
INPUT... X=ARRAY(IQZD304'5’617’
XCA 7 COMPONENT ARRAY)
1 2 3 4 5 & 7
YTCA™ 7 COMPONENT ARRAY)
¢ ¢ ¢ G ¢ 0 0
INPUT .o AUTOPRINT(Y)
S INPUT e AR
INPUTeee$
INPUTeee$ ) ‘
TUINPUT eee T T WHERE TIXTGT 3) Y=4
Y (A 7 COMPONENT ARRAY)
07 C 0 4 & 4 &
INPUTsee WHERE (X GT &) Y=Xx-1
e ‘Y (A 7 COMPONENY ARRAY)
6 0 4 & 5 ¢
INPUTse0 WHERE (Y EQ ()VY=-X
Y (A 7 COMPONENT ARRAY)
-1 -2-3 & & 5 &
“INPUT 40 s WHERE (X+Y GT 1 AND X LT 71Y=9
Y (A 7 CUMPONENT ARRAY)
o -1 -2-3 © G 9 6
INPUT... ‘=7
INPUT oo e IF (X LT 5) Y=Y=]
INPUT e e PRINT (Y)
Y (A 7 COMPONENTY ARRAY)
-1 -2-3 ¢ 5 9 &
INPUT oo IF (X GT S) Y=Y=1
Y (A 7 COMPONENT ARRAY)
-2-2-4 8 & 2 5
INPUTa0e AUTOPRINT(C)
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INPUTeee$

INPUTeee$ SCHEDULE 26 SAMPLE USE OF LOCS (THE TRUTH FUNCTION),.
..... TNPUTvoe s > JLE ¢ c . T FUNL IR

INPUTeee X=ARRAY(5+3¢19092+265¢T163,0)

INPUTeq e LOCSIX)3 X(LOCS{X))

LOCS{X) (A 7 COMPONENT ARRAY)
1 2 3 5 6 1 8

X{LOCS{X)) (A 7 COMPONENT ARRAY)
5 3 1 2 2.5 17 6e3

“—TNPUTAIi““”“”"EUCSTFRIC?lRTTXj!
LOCS{FRACPART(X)) (AAZ COMPONENT ARRAY)
. e g g = o X
INPUT 40 X(LOCS{FRACPART{X)))
T X{LOCSUFRACPARTIX)TY ~ (A 2 COMPONENT ARRAY) T
25 6e3 . R
INPUTq a6 LOCS(X GT 29

LOCS{X 'GT 23 (A 5 COMPONENT ARRAY)
1 2 6 1 8
INPUT. 00 X{LOCSTX BT 21)

X(LOCS({X GT 2)) (A 5 COMPONENT ARRAY)
- 3 72951 6e3
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INPUTeee$ - ' cee s R .
INPUTeoe $ SCHEDULE 27. SAMPLE UPERATIONS USING ELEMENT=BY<ELEMENT FINCTYIINS
INPUTo o0 $ ‘ :
INPUTe0e X=ARRAY(=2y=)¢5y~ lvOoZ SeT);ABSX=ABS(X) 3 SIGNX=S IGN{X)
INPUTeee FRAC X=FRACPART (X} ;INTX= INTPAQT(X),TABULATE(X,ABSX.§!GNX.FPA(Y.IVT!)
X ABSX SIGNX FRACX INTX
-2 2 -1 1 =2
-105 1,5 -1 -eS -1
=1 1 -1 ¢ -1
G 3] n ¢ 0
205 2.5 1 5 2
7 7 i ¢ 7
INPUT ¢ X=ARRAY{1iy14]142-31,41)
INPUT4a0 REAL X=REALPART(X) ;IMAGX=IMAGPART (X} ;CONJX= CONJUGAT‘(Y)
INPUT s ee TABULATE(X,REALXy IMAGX ,CONJX) :
X REALX IMAGX CONJX
G ) N - 4]
i+11 1 i 1-11
2-31 2 -2 2+321
+41 L& & =&1
INPUT .00 X=VECTOR(14243,4)
INPUT 0o SQRTX=SORT{X) sSINX=SIN(X)3 SlNHXSSlNH(Xl'GAMNAX PAMMA(X)
INPUTeeo TABULATE(X ¢ SORTX s STNX ¢ STNHX s GAMMAX)
X SQRTX SINX SINHX GAMMAX
11 . 84347 11,1752 1%
2. 14142 ,L,9¢S3 306269 1
3 147321 .14112 1,018 2
4 2 -+7568 . 27.2¢ [




84

INPUT o0 8 '
INPUTeee 8 SCHEDULE 28. SAMPLES OF SUM AND PRODUCT FUNCTIONS.
INPUT o8 = . A vt :

INPUT e X=MATRIX{293:1+2,394+5,6)3PRINT X

g A BY 3 MATRIX) e
1 2 3 ‘ -
4 5 6 .
INPUT<oe ™ —° SUMIX):SUMSQIX)3PRODIX) "7~
SUM(X) = 2) :
SUMSQIX) = 91
- © PROD(X) = 720 S
INPUTees °  SUMROWS(X); PRODROWS(X)
SUMROWS[X) (A VECTOR 'WITH 2 CUMPONENTS)
6 15

PRONDROWS (X} (A VECTOR WITH ‘2 TOMPONENTS)
¢ 120 ’
INPUTe0e SUMCOLS(X) ; SUMSQLOLS(X}

SUMCOLS( X) (A VECTOR WITH 3 COMPONENTS)
5 7 9

SUMSQCOLS(X) (A VECTOR WITH 3 COMPONENTS)
17 29 45

INPUTc0 0 PROD(INTEGERS(1,13))
PROD(INTEGERS(1.,1C)) = 3628800

INPUTese SUM{ INTEGERS{1,20C))
SUM{ INTEGERS(1,20)) = 210




R

INPUT 0o 8

INPUTsee$  SCHEDULE 29+ USE OF BUILT=IN STRUCTURE FUNCTIONS.

INPUTse0e $ :
INPUT oo X=MATRIX(293:=019sT9=2+%y1 13 PRINT(X)

ST X (A 2 BY 3 MATRIX)
-1 7 =2 .
. 4 1 ¢ '
INPUT 00 MINUX) SROWMINIXY sCOLMINIX)
MIN(X) = =2
ROWMIN(X) = 1 T e
: COLMINIX) = 3
INPUT .0 MAX{X)
MAX(X) = 7
INPUT W NOELS{ x)
NOELS{X) = &
INPUT o NOCOL S(X)
' NOCOLS(X) = 3
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" INPUTaae

INPUToee$

SCHEDULE 30. EXAMPLES OF THE USE OF RANKING FUNCTIONS.
INPUTeoe$ A A _ A
INPUT e gmrre = e e 6 - o
INPUTa oo X=ARRAY(1¢29=1y=T24¢~3)3Y=XE82;PRINT(X,Y)

“—X"TA ‘6 CORPONENT “ARRAY)
1 2-1-7 &6-3 .

Y (A 6 COMPONENT ARRAY)
1 &4 1 49 16 9
RANKED(X) N
RANKED(X) (A & COMPUNENT ARRAY)
-7-3-1 1 2 & '

INPUTeee” ~ ~ RANKERIXF ™ e e e e
RANKER(X) (A 6 COMPONENT ARRAY)
. 4-6 3 12 5 " P,
INPUTees X{RANKER(X)} ;

X(RANKER (X))} (A & COMPONENT ARRAYYJ
-7 -3-1 1 2 4
INPUTess Y(RANKER(X))

Y(RANKER{X)) (A 6 COMPONENT ARRAY
49 9 1 1 4 16




INPUT...S . ) ! ’
INPUTeee $ - SCHEDULE 31s SAMPLE TRANSFAMILY OPERATIONS -
INPUTeee ® e : :
INPUTe0e X=ARRAY(1,2,3)
INPUT o0 XsVFAM(X)
X (A 3 COMPUNENT ARRAY)
1 2 3
VEAM(X) (A VECTOR WITH 3 COMPONENTS)
1 2 3 ’ ’
INPUTees . Xk&X
X*kX (A 3 COMPONENT ARRAY)
1 47 27
INPUTeee $ '
INPUTeee AFAMUVFAM( X)%&VFAMIX))
AFAM(VFAMI X)®*VFAM(X)) (A 2 BY 2 ARRAY)
1 2 3 ’
2 4. 6
3 &6 9
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INPUT...
ST NOROOTSTCOS XYY T TE T2 T B

ROOTS(COS(X):X) (A 2 CONPONENT ARRAY)
" 145TC8  4eTI24 R

INPUT 40
INPUT .00

TINPUT 0™ " 7

lNPUT...
INPUTeoe $
INPUTeee
INPUT e
lNPUT.'O
INPUT oo
INPUT .0
INPUTeoe

COSX=CO0S{X)

DCOSX=DERIVICOSX:X}
TCOSX=INTEGRALTCOSX:X) ~ 777
SIGNIF ICANCE(4)

SELECT EVERY 4TH ELEMENT

1= INTEGERS(I'NOELS(X)yk).X-X(T) 3€0Sx=COSX(TI)
DCOSX=DCOSX(I)

ICOSX=1COSX(1)

TANX=TAN(X)

SINX=SIN(X)

TABULATE ( XyCNSX9DCOSXoTCOSXs STNXy TANK,X)

X cosx DCOSX 1C0SX STNX TANX

c 1 -64197E-5 9 n A

02513 49686 -.2%48% «26486 «2687 « 2568
#5027 +8763 -,481¢ o&4E16 «48)8 «549R
¢ 754 e 726 -+ 6861 068437 T, 5845 «9391
1e388 45358 -.8438 » 8441 e 8443 Le576
1e 257 ¢ 309 -e R4 + 9597 «GS11 370278
14508 +L62T5 =eGCT4 « 9977 T e 9€8 15.86%
14759 =41874 -,CP1¢ «982 « 9823 - =5e24?
2401) -o4252 ~e O 42 . 945 _.9?‘8 -2.125
24262 =463T74 =217 « 7703 o 7715 -1.299
205173 =489 =507k 5874 +SBTR =2 7255
2.765 -.9298 -.3679 0363 .368‘ '.3959
3.C16 -49921 '01253 «1253 01253 ‘01263
34267 =-49921 «1253 ~e1253 -e1253 «1263
3519 -.9298 e 3679 -e 268 -+3681 « 2959
3.77 - 8019 " e5874 ~-e587¢ -«5R78 07265
4,021 '.637‘ .77 ‘07703 -.7705 1,2n¢
44273 -e%258 09”‘2 -o ADLS -.9048 24125
44524 -.1574 . 45816 -+G82 -e 9823 Se24?
4. T75 06279 o974 -e G077 -+ 9308 -16,89
5«27 &30S «S50:4 ~e 9507 -e9511 =3.,778
5278 5358 « 8438 - 8441 —e 8243 -1.575
5529 0729 068§1 . '.6853 ‘068‘5 '¢93°’
SeTBl 48763 e4B1le -~ 6816 -e P18 ~s5498
6.032' « 9686 oZ@BS -e 248E -e 2627 - 25697

6.283 1 6019TE=5 =14153F-14 -1,168E-14 -1,168E-14

INPUT4ee$ SCHEDULE 32. SAMPLES OF THE USE OF SPECIAL OPERATIONS FOR
INPUT .00 $ FUNCT LONS OF ONE VARIABLE.
CINPUT saa e e e e it - - S
INPUT 4ee PI=2#ACOS(0); X=GRID(O:2*PI’
NOROOTS(COS(X) )3 ROOTS(COS(X) x)

X

n
02513
« 5027
e 754
" 1.8
1.257

e T R

1.759
2, M1
" 24262
2453
2.765

e o T

3,267
3,519
T 3,77
4o P2V
4,273
4,524
44775
S5.027
5.27%
5,529
G5.781
66332
6e283




INPUTsee$
INPUTse0 8

INPUT o8

INPUTeus
INPUTees$

INPUTeee 8

INPUTs0e ®
INPUTeee$
INPUT oo
INPUT 00 $
INPUT e ue

89

SCHEDULE 33, SAMPLE OF A FUNCTICN OF 2 VAPIABLES.
X=GRID(-1, 1,0250% Y= ckln(..z. LY '

FIRST CONSTRUCT A PAIR OF TWO DINFNS!DNAL "ARRAYS FONTAINING THE | ﬁcﬂl?cﬁ
VALUES OF X AND Y IN THEIR ROWS AND COLU"NSo RESPECTIVELY

NX=NOELS(X)iNY=NOELS(Y);Y=Y+ARRAY (NY,NX:) :X= ARRAY (NY, NX2 )OX
NUTE THE ORDER OF THE AFDITIONS. THE RESULTS ARF‘
PRINT(XyY)

X (A 11 BY ¢ ARRAY)

-1 ~e7% ~&5 -e25 (& «25 o5 «75 b
-1 -.0 75 ~e5 -e25 ¢ 25 5 o715 1
-1 -e7% =45 -.25 f 25 5 « 75 1
-1 —o 75 =5 =425 - C e25 5 e 75 1
-1 -e75 ‘.5 -e25 ¢ «25 5 o 75 b
-1 -o75 -as' ‘9?5 C .ZS 05, C’S 1
-1 ~e75 =45 ~-e25 14 25 5 «75 1
-1 - 75 -_.5, —-e25 r e25 o5 « T8 1
-1 ~e 78 =45 ~e2% ¢ «? 8 5 «75 1
-3 e 78 =45 ~e25 S 25 «5 e 75 h
-1 -975 -e3 Y ( «2% 5 « 15 1
Y (A ‘1 BY 9 ARRAY)
3 L [ o G a o 2] n
o2 o2 o2 2 o o2 o2 «? «2
b % o o 4 b 3 b o4
B Y- Y R S Y - T
3 03 o« B «8 «& P «f o8 P
' i 1 i 1 1 1 1 1
1a2 a2 Y2 147 342 1.2 a2 142 1,2
Lo PR ile4d lo4k 1.‘0 let le 4 1ot le4
le6  Leb o6 leb J4bh o€ Llab lob 1,6
le? 148 1,8 '8 1.8 1.8 Yed 1e8 1,8
< Z Z 2 2 2 2 2 ?

INPUTeee$
INPUT e

NOW ANY FUNCTION 0OF X AND Y CAN EASILY BE CONSTRUCTYEN:
FUNXY=X¥%2 4 3eYxSIN(X42/2); PRINT(FUNXY)

FUNXY (A& 11 BY Q@ ARPAY)

L «H428 2% o'R2% oTE2E 425 « 5526
le2B2 o57LE  o756C 463137 ¢5385 L652¢ LT¢Re .29 1
16375 1436 1.2¢ Te20% 14197 (o262 1,341 1,404 3
1e£62  LaTRY 1765 14771 14795 182 1,837 1,202 2.‘7’
Se151 24198 2,27 234 20384 24¢26 244137 .42 K
20438  FeB'T 24TT4 2,56 2,992 3,.36  2,87¢ 2,847 ?.7'5
20726 34716 3,276 3,479 3,301 3,675 2,572,284 2,166
24714 3.%25 B TEL L T4R 4,180 4,105 4,747 1,373 457
3. 201 0834 44289 4oef)A  L,TRB G,TFh A k1S £4277 ’.R’?
34587 «.24- 407G DBeIET 5438BE K437 FRL,1% LeThe 4272
36BTT 445652 5425F T4T5% 54985 [,GF 8,7k £,221 4 RIY



90

INPUTeeo$

INPUTeee$

INPUToee$ = 7

INPUTeee ®
INPUTeee$

1

”TNPUTU{&"

A SAMPLE OF A CRUDE CONTOUR PEQTA

A STMPLE CONTOUR PLOT OF THE FUNCTION DEFINED IN THF PREVIOUS

WS DWW NN e

SCHEDULE 34
SCHEDULE CA

--——§TEP=13 INTPARTU(FUN
NTPART ( (FUNXY=MIN{FUN
17c 0 ¢ € 298
1 ¢ o a ¢ 4 0

1 1.1 1 1 11
11 1 11 V1

2 2 2 2 2 2 2

2 2 2 2 2 3 2

2 2 3 3 3 3 3
13 3 4 4 4 4

1 03 4 4 & 4 4

3 4 4 5 5 5 5

3 4 5 5 % 5 5

BN NN e e g

N BE PRODUCED THUS:

XY-MIN({FUNXY)}/STEP) ~ Tt

XY))/STEP) (A 11 BY 9 ARRAY)
n L




##**##****ﬁt****tt##t***tt*##tttttnt##

1

11

DATA SHOWOFF

2 3
6
12
END

COMPILATION TIME
*t**t**twitvt#*****&t#v*ttttta.tqt**.ﬁn:at:tg

INPUTeae$
INPUT. oo $
INPUTeoe$
INPUTeaet
INPUT eae
INPUT e 0e
INPUTee'e

INPUTaae$
INPUTeee $
INPUTe s $
INPUT 4 0o
INPUTewe
INPUT oo

INPUTeee$
INPUT aee $
INPUTeee $
INPUT 460
INPUT a0
INPUT o0

INPUTeee$
INPUTeee$
INPUTeee 8
INPUTeee $

A
1

D AN e I

- >

2

(A

IN THE FIRST EXAMPLE ME USE AN NBJECT

A=ARRAY(7)

4

7

v 8 %410 C ' -

o8 SECS,

SMALLER THAN THE NATA FILF,

'
i

LOADDATA (A, SHOWOFF )

PRINT{A)

3 4% 5

&

(A 7 COMPONENT ARRAY) . ;

7

IN THIS EXAMPLE THE NBJECT HASATHE SAME STZE AS THE DATA FILS,

A=MATRIX({3,4)
LOADDATA (A, SHOWOFFY)

PRINT(L)

2 8Y 4 MATRIX)

4 3 &
6 7 8
ST § S ¥4

IN THE LAST EXAMPLE WE USE AN NBJFCT LARGER THAN THE PATA FI(F,

A=ARRAY(27)

LFAFUATA(A.SHONOFF)

PRINT(A)

¥
(A 27 COMPCNFENT ARRAY)

< 3 ¢

5

SCHEDULE 35,

é 7 2 9

SAMPLE OF THE CONSTRUCTION AND 43S= 0OF A DATA FILE,

& .t & x

91

L R N
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INPUT.6e$
INPUTeee$
INPUTeee $
INPUTeee$
INPUT se e

o -x Npm. .W.

INPUT.ee$
INPUTeee$
lNPUT..oS
INPUT e
INPUT...
INPUT 4
INPUTese

SCHEDULE 36 A SAMPLE OF THE USE OF THE GRAPHICAL FEATURES

R ==~~~ OF THE LANGUAGE.

X=GRID(0,10) ; Y= SIN(XD

“ TO=DERTVIYIX)

THE DESIGN FEATURES ARE SETUP HERE.

HSIZE(5) 3 VSCALE(-1,1) 3 HSCALE(MINIX)sMAX(X))
GRAPHI Yz X)

~ SETPLUT(POINTS)
ADDGRAPHID :X)

$ VSIZE(A)
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PROGRAM SAMPLE1 N
s Y — .. -
$ "THIS PROGRAM ILLUSTRATES THE FORM OF A onosaan 2
[3 - o (3
PRINT('EXECUTION OF SAMPLE1l FOR',;N) : - €
FOR I=2,N ’ &
X=VFAMUINTEGERS(1,1))3 Z-xttx S SUMﬂOHS(l) 7
IF (I GT 2) GO TO A 2
PRINT(X+Z,$) s
G0 TO 8 1.
A:TABULATE(X,S) vy
B:ENCLOOP I 13
PRINT('DONE *} V2
;} END - “ e
/ t##tit**#tt#t**t#ttt't*‘tt#ttttttttttttt'a.‘:ttto
b COMPILATION TIME "e27 SECS. . : :
. t‘h#,t_.ttt‘#,#ittt*tn{tttttt#tt:&At--ttt * & kK & & & kX & & & & & & &
INPUT oot
lNPUTOOO N=3 i
INPUTees$ o o _ '
INPUTeee$ THIS SETS THE VALUF OF N, IT IS GLORAL AND THEREFNRF
INPUT.eo 8 AVAILASLE TO THE PROGRAM
INPUToee $ ) '
INPUTeee EXECUTE SAMPLE]

EXECUTION OF SAMPLEY FOR N = 3

(A VECTOR WITH 2 COMPONENTS)
2 :

X

(A 2 RY 2 MATRIX)

2
s

(A VECTOF WITH '2 COMPONENTS)

a .
x ‘NE ® x & % * k & ¥ % % % & % Kk ¥ ¥ % Kk k & % % &k &%k &£ & & &k & & k & * & ¥ F * + ¢
" EXECUTION TI#F «29 SECS. .
* % %k ¥ 3 ¥ ¥ ¥ ¥ ¥ ‘ * % & ¥ % w € % % & k & %k & % » & ¥ & & wW & & * &k &k &« & o k ok ¥ f
INPUTeee$ ) .
INPUTeee $ SCHEDULE 37. A SAMPLE PROGRAM AND ITS EXECHYTON
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PROGRAM MISTAKES

™ NN

THIS PRGGRAM DEMONSTRATES SYNTAX ERROR MESSAGES NURING LOMPLILATINN,
=1 3 LT=5 ;X=2.35.7 -
{ A=-%B ; X="YVES"
=5 ’ T=7

X=Y&%/7 -3
V=A%{3+4 3
T=2(4¢5) 3

X=

X
END : . .
$ K X X K X K ¥ X K K X B K E R XS R EE R E 2R H AT RS S kRS

IN STAT.$ X=Y*%/2 $ OOUBLE 0P,

IN STAT.$ x=Y=1 $ DOUBLE = SIGN.

IN STAT.$ LT=5 $ DOUBLFE OP.

IN STAT % X=2e35.7 $ MI SPLACED DEC PT,

IN STAT.$ V=A%¥(2+4 s PARENTHESTS TMBALANCE. -

IN STAT.$ A=-%B $ DCUBLE OP.
IN STAT,$ X="YES" . $° TLLEGAL CHAR,
IN STAT.$ X=5 , T=7 L3 DOURLE = SIGNe
COMPILATION TIME . R, 16 SECS. . :
“‘#*t**:’-t‘t*#‘#ttttﬁﬁttﬁ*#ttlﬁ"".‘ﬂ'tﬁ‘"
INPUTese$’ N
INPUT aee $ SCHFDULE 3R, ERRNRS DETECTED DURING COMPILATION. THESE rO NOT
INPUTeee$ INHIBIT EXECUTION

> N

*R D JIrN




INPUT o0 $

INPUTsea$ SCHEDULE 39, EXECUTION ERROR MESSAGES (MANUAL MDDE)
INPUTeee$ '
INPUT ¢ o0 X=Wwere o ]
WW IS NOT CEFINEN IN STATs$ X=wi#)f
“INPUT.ee X=4¥342%(14 o

IN STAT.$ X=4%342%(1+ ¢  PARENTHESIS IMBALANCE,
' IN STAT.$ X=4%3(74¢) §  [MPLIED MULT?

INPUTeue X=MATRIX(3,3)

INPUTeone YEX{4,2) ' o B}

; X IN STAT.$ Y=xX(&42) « 8 INDEX OUTSINE ANUNNSS
INPUT e X=ARRAY(3) ;Y=ARKAY(&) 3 XeV¥

IN STAT.$ X+Y ¢ X AND ¥ ARE INCOMPATIELE FOR OPERATION

X (A 3 COMPONENT ARRAY)
¢ ¢ 0. A
Y (A & COMPONENT ARRAV)
C ¢ oo ’

~ INPUTees DOMAINIREAL ) X=§QRT (=2)

INPUToee 8 o e
IN STAT. ¢ X=SQRT(=-2) ¢ ENTEK SO C‘OHPLFX\ HOMAIN,

95





