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Abstract 

SPEAKEASY is a computer language designed for 

scientists. This document is primarily an introduction to that language. 

but it also serves as a reference manual for the version currently 

available for IBM-360 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 report 

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 sdentists with the means of quickly formulating a problem for 

con~puter ·pruce~s1ng 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 

discipiines. The user may freely draw on. a very large library of such 

operations and may thus formulate his problem with a very concise· 

direCtive program. 

In designing SPEAKEASY, every effort has been made to 

keep the language natural as viewed by the scientist. A scientist using 

SPEAKEASY need know little about a digital computer and,in parti.cular, 

n·eed never c·oncern himself with the actual structure of the program as 

run by the computer. In a sense, SPEAKEASY is to be viewed aE? a 

:humanized interface between a scientist and a computer; occurences that 

force the \.lSer to think about a digital computer rather than about his 

scientific problem are to be viewed as failures in the langua·ge. 

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 simplicity 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 needs 

arise. The description here should be viewed as an introduction to the 

basic language. 

1 
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Detailed descriptions of parts of the language are given 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 exam})les provide the best means of demonstrating the capability 

of the lang'uage. ·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 arrangements are given. 

Appendix II contains a description of the conventions used 

in the card-input version o{ this language. It also contains samples of the 

Job Control Language cards necessary to execute a SPEAKEASY program. 

Several alternative sets are described. 

Appendix Ill 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. J3ASIC SPEAKEASY (The Manual Mode) .· 

In this chapter we describe the basic notation and 

conventions of the SPEAKEASY language. The concepts of strutt.ured 

ohjP.r.ts and the algebra for· Lhese 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 language 

for realistic caiculation are given. 

3 
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II. A1-2 

A. BASIC NOTIONS 

1) 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. Numbers can be real, imaginary, or complex. A 

terminal letter I implies that the preceding number was imaginary. 

Examples of numeric information are: 

Real Data: 

Imaginary Data: 

Complex Data: 

2. 14, 27. -. 0025 

2. 141. 271. -11 

6 + 21. 4 - 61, 2. 7 + 31 

Very large and very 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 

236E+26 

61IE05 

means 

means 

means 

1. 057 X 10- 5 

2. 36 X 10
28 

61i X 10
5 

Literal data are defined by enclosing the data in apostrophes, e. g •• 

'BOOKS' 1 15EB7 1 

'***' 

2) Names of Objects 

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 of allowed names are: 

VALUE BOOKMARK 12 12K7 



The examples given below are not allowed names. 

1H27 

B*A9 

A. 27 

A 'ts 

3) Classes 

(not .allowed) 

(not allowed) 

(not allowed) 

(not allowed) 

non-alphabetic leading character 

imbedded special character 

imbedded speci~l character 

imbedded space 

The objects used in statements may belong_ to p.ny of several classes. 

Although most computer languages provide for construction of mu1.ti­

din~ensionp.l arrays, SPEAKEASY also provides· the mathematic-al tools for· 

manipulating the arrays as single entities. 

Two families of objects are available in this language: 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 cl.asses of objects that can be defined and 

used in SPEAKEASY are 

a) Scalars 

Single numbers 

Matrix/vector family 

b) Vectors 

Class [ S] 

Class.[ Y] 

One-dimensional arrays of numbers that behave like row, colurnn, 

or diagonal matrices according to context. 

c) Matrices Class [M] 

Two-dimensional arrays of numbers that obey the rules of 

matrix algebra. 

Array family 

d) Arrays ( 1 dim.) C1.as.s [A 1 ] 

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. 

5 
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An object of any class having only a single element is treated as a 

scalar in all algebraic operations. 

4) Elements of an OJ:>ject 

Individual 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 
Si.milarly 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 [ S]. 



II. B1 

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 s.ide of an equation must 

have been assigned attributes- i.e., it must have been defined. Such 

definitions can be n1ade by use of explic ity defining 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 class to which. a variable belongs; this definition 

will have been made from the logic of the preceding statements. 

In this section the explicit defining statements are described. Little 

is said abou-t the implicit defin\tions. It should be understood, however, 

that definition by the implicitform is far more common than by the more 

cumbersome explicit forms. 

1) Explicit Definiti-ons 

This section gives all of the explicit defining statements. In each 

case they appear as equations 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 object that can be 

used directly in more co.mplicated 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 sea lars. 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. 

7 



B 

II.B1a,b 

a) Scalars 

Scalars are explicitly defined by statements in which the named 

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

X = 1. 57 

or 

X = 2. 36 + 4. 7I 

b) Vectors 

A vector is defined by use of the special word VECTOR. 

SPEAKEASY vectors are objects that behave like row, column, or 

diagonal matrices -depending on their use. They are particularly useful 

in operations involving square matrices,where they perform operations 

commonly involving transpositions and the like~ X is defined as a vector 

of 12 components (all of which are set to zero) by the 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 real, 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. 



II. B 1c 

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 arid 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 = MATRIX ( 3, 3: .1, 2, .S,_ 7, 3, .8. 9) 

defines 

M= 

~::: 

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 = SYMMA T (3: 1, 2, 3~ 4, 5) 

defines 

M ~
' 1.' 2. 4 

?z~,,s 
94. s. &-

* 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. 

9 
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II.B1c,d 

. . 

Similar definitions exist for diagonal and antisymmetric matrices. 

M = DIAGMAT(:i, 2, 3) 

or defines 

M = DIAGMAT (3: 1, Z, 3) 

M = ASYMMAT (4: -1, -2, -3, 1) defines 

d) Arrays ( 1 dimension) 

Arrays of one dimension are defined by expressions similar to 

those for vectors. 

V =ARRAY (5:) 

V =ARRAY (:2. 7, 3, SQRT(8)) 

V =ARRAY (6: 1, 2, 3) 

A 5-component array all zero. 

A 3-component array. 

A 6 -component !-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 staten~en.t 

X = GRID (0, 10) 

i.e., X is 

(0, ~. 2~. • . • • 10 - ~. 10) 

where~ 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, •• 0 
• 9. 95, "10. 00) 



II. Bid, e, 2 

Note that a complex set of grid points can be const:ructed by a statement 

such as 

X = GRID (0, 10 + 10 I) 

e) Arrays (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 

resume 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 equation 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. Indeed if X Were 

previously defined it ~ould be redefined by this statement. 

The appearance of a ~reviously undefined indexed variable on the left 

of an equation also implic;itly defines it as a:n array. Thus 

V(3) = 27. 5 

implies that V is a one-dimensional array of 3 components if it is not 

previously defined. The third component is set equal to 2 7. 5. 

Similarly, 

M(2, 1) = 5 

implies that M is a two-dimensional array with a,t least 2 rows and 1 column. 

If the· quantity is not previou.sly defined, it is defined by this statement with 

the minim~ required number of components. The nondefined components 

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

i i 
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II.C1 

C. MATHEMATICAL OPERATIONS 

The notation described in this section will appear at first glance to be 

identical to that of FORTRAN. The appearance is deceptive. FORTRAN 

is oriented towards operations on scalar quantities only,and the meaning 

of statements is restricted to operations that produce a single 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 allowed operators for arithmetic operations in 

SPEAKEASY. The symboll; are those available on input devices to the 

IBM 360. 

+ plus 

minus 

times 

I divided by 

** OJ'@ 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 depends 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 o·bjects (i.e .• the number of elements, 

rows. or columns) is indicated by the parenthetic values. It should be 
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understopq tha~ op~rators must n,.ot connect obje~t~ with ips;pmpatiblc 

structuref!, For exc;mple, it j.~ imposs~ble t 0 add, a four-compo11ent array 

to a seven,.,~omponent array. $i~ilar restrictions exist in alm0 st all cases~ 

2) M~thematica1 ExRressiO:t:J.S 

A m~t}::i.~rn~tic~l exp:re:S sipn is ~op.structed l;>y <;:onnect~ng .operators 

and oper~ndf?. Redundant blank space:s have no S!igniftcan~;:~. these ~nd 

p?:renth~f?~S can be freely use.d to make the expressi.on easy to read. 

Exp,re~sipns are evaluated begi!}ping with t~e inn~rmost parenthes~s ancf 

working up through the entire ~xpre !:!Stop. Within a particular .Parenthe~is, 

the eva~u;:1.ti0n is first carrted OJ,lt for exponentiaq.on, then·for multipli~c;ttipn 

and divisiqn, and fin,.ally for addition and subtrac,tiop.. The evaluation takes 

place from left to right. For example: 

3 *A + B/f;. * E 

is equiy~lent to 

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

As hC~-S been stat.c;:d, th.e clilS.$ of operands determ!nes the a<;:tual 

operation~?. The expr~ssic;m 

A+B*G 

can· have <!- variety of mec;tning? depending c:m the classes- of A, B, apd C_. 

Sorp.e examples are: 

Clfl.SS A Class B Glass C Resultant" Clas:S 

M 1y1 M M· 

s s s s 
v M M M 

v M v v 

A1 A1 s A1 

v s M M 

~ v v s 

13 



14 

3) Mathematical Statemen~s 

a) Replacement Statement 

II. C3a 

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 ~he classes of the 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 

X = 2. 57 * SIN (X) / (3 * ALPHA) 

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

A = 2 * PI * R ** 2 
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b) Operations onEleme11ts of an Object 

Th~· or'ientation of SPEAKEASY is towards ope·rations on arrays of 

numbers treated as single e11tities. Whenever possible, this is nqt only 

the most convenient way to ~:li:rect execution of a problem, it is also the 

most efficient. It is, however, someti~es nece.ssary to use or set val.ues 

for partic~J,l~r elements •. This c;an be done by_ u~e of index values enclgs.ed 

in parentheses following the name of the qbject. These indices may be 

expre::;sion~; in s~J.ch cases they ~r~ always truncated to the next lower 

integer to obtain the true index value. Thus statements .. of the fo.rm 

A(3, 5) = .2 * S (9. 7 * SIN(X). 2 * I.+ 7) 

or 

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

are alloweq. 

··In the case of objects with a two-dimensional structur·e, a.ddres si~g­

the array with a single index is equivalent to ad4ressing the whole row qr 

column. A comma may be used to indicate the.missing index but is not 

necessary in addressing rows. 

Ex~mples: 

M ( 1) } 

M (1, ) . 

M (, '1) 

M (1) = t 
M (3) = M (. 4) 

c;:) Struc::tured Indices 

is row 1 of matrix M. 

is col~n 1 of matrix M. 

Th~ ep.tir~ row is set equal to 1 . 

The fourth colump. replaces the third row. 

Operations 0.11 sel,.~c;ted parts of structured objects are al~q possible. 

The indices described in the previous section w~re scalar q~J,antities. In 

this section we shall describe the use of .indices that are pne.,..<;iimensional 

arrays. · T}:tis neitu:r;a,l extension of the notation provi<les the means of 

C!-Voiding most of the logic;al, branchi:Qg co:mrn,on to oper~U<ms· qn elements 

of an array in usual computer langu~ges. 

i5 
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II. C3c 

If I is a one-dimensional array and A is a structured object, then 

A(I) is a structured resultant of the same class as A but with the Ith 

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

then 

I. =ARRAY (1,3) 

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) 

V(I) is a vector 

M(I) is a 2 by 3 matrix 

A(I) is a 2 by 2 array 

( 1, 3) 

( 
1, 2, 93) 
7, 8, 

(
1, 2) 
5, 6 J 

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, 

M(I, I) is the matrix 

An example of the use of structured indices is 

A= ARRAY (1, 2, 3; 4, 5) 

I= ARRAY (2, 3, 4) 

B = A(I) * I + A(I - 1) 

The result will be the array 

(5, 11, 19). 



II.C3d 

d) Automatic Extension of Defined Objects 

If a defined.' structured 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 set are put equal to zero. For example, if A is a defined three­

component vector and a statement of the form 

A(7) = 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 statements 

B = VECTOR (: 1 0, 11, 12) 

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. 

17 
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4) Built-in Functions 

In designing SPEAKEASY an attempt h~s been made to provide the 

most commonly used operations as an integral part of the language itself. 

In order to do this a y-ery large number of special functions have been 

included •. Many of these are natural extensions of the algebraic operations 

described already. Others are the straightforward extension of FORTRAN­

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 anywhere 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) Structure 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 scalar 

objects. 



II. C4d-g 

d) Functions for One-Dimensional Arrays (Functions of 1 variable) 

Although one-dimensional arrays· ca·n be useq for many purposes, 

one tat_}ler common use is for defining functions of a single independe'nt 

variable·. For these applications a set of special SPEAKEASY functions 

are provided. In each ca~e the orientation is toward two arrays. one.th.e 

function and the other the array for the· indepen·dent variable. A typical use 

might be the following sequence of statements. 
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·X = GRID (0, 10, . 0. 1) Defines a grid 0, 0. 1, 0. 2 · · · • 9. 9. 10. 

Y = SIN(X)*EXP( -X)*X*X 

T = DERIV(Y:X) 

.. -X 2 
Evaluates the function Y = SIN(X) e 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 o:perations of matri_x 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 ord~r (i.e.. rank) 

the elements of an object according to algebraic size. These functions are 

described in Schedule 12. 

g) T ransfamily 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 but belongs to 

the specified family. 

* The initial release of SPEAKEASY allows only real matrices in thes·e 

functions. 

I 
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h) Logical Functions 

In keeping with the SPEA~EASY approach of dealing with objects 

as a whole, it .is necessary to provide means of selecting groups of 

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

·included to provide the indices corresponding to nonzero (i.e •• 11 true 11
) 

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

LOCS. 

LOCS(A) gives the locations (indices) of nonzero elements of a 

one -dimensional object A.· The answer is normally used as a structured 

index (as explained in Sec. II. C3 c). For example, 

GOODVALS = A(LOCS(A GT 5)) 

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

than 5. 



II. D1, 2 

D. LOGICAL AND RELATIONAL OPERATIONS 

In addition to the common arithmetic. operations described in the 

previous section, SPEAKEASY allows for· relational and logical operations. 

These operations can be applied to variables of any of the classes and 

operate on an e'lernent-by-element basis. Results ·of applying these 

operators are either 1 (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 elal:>9rate masking 

operations on arrays. 

1) Operators 

The logical and relational operators are expressed by special keywords. 

a) ·Logical Ope.r;ators 

b) 

NOT 

OR 

AND 

Relational 

EQ 

NE 

GT 

LT 

GE 

LE 

Operators 

Logical not 

Inclusive or 

Logical sum 

Equal to 

Not equal to 

Greater than 

Less than 

Greater than. or equal to 

Less than or equal to 

2) Logical and Relational Expressions 

These expressions can be used to form special-purpose objects. The 

logical and relational operators 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 c>f the same class as tl?-at 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. Thus, A AND B will 

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

2i 
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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 nonzero. 

Finally, NOT A is an object with the same structure as A but with a zero 

everywhere that A is nonzero. It is 1 elsewhere. 

Mixed logical, relational, and arithmetic expressions are allowed. In 

such cases the order of evaluation is 1) arithmetic operations, 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 variable 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 



II.E 

E. CONDITIONAL STATEMENTS 

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

The first is of the form 

·IF (Expres sio:ri) Statement 

The expression must be a scalar. If the numerical value of this 

expression is nonzero. 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 statement. the associated stateme.nt must be an e·quation and the 

class and· structure of the resultant must be the same as that of the test 

expression. ·An element in the associated equation will be replaced only 

where the cor-responding element in the test expression is true (nonzero). 

Example: 

WHERE (A GT 3) A=A+4 

This operation provides essential masking operations within the 

SPEAKEASY langua·ge. 

23 
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F. COMPUTATIONAL CONTROL STATEMENTS 

This section is a de script~on 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 treated 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 default of an explicit statement, the domain is r"eal. 

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 
-8 

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 N1, 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 oft~n 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 applications.. 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 so little about the standard input/ output 

facilities is that the user need not concern himself directly with their 

operations. Disproportionat'ely large subsections describe alternative 

ways of reading data or producing output; but for the most part these are 

speciali·zed features that do not concern most users. 

1) Input 

. a) Standard input 

Introduction of small arrays of data or individual numbers is part 

of the structure of the language as described in Sec. II. B. Any varia.ble 

ma·y be defined or redefined at any time in order to give it specific values 

or struct'.lre;for this reason, most applications of SPEAKEASY do not 

have the programs 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 fo·rmat. 

Data produced by other computer 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 IV format with the 

single restriction 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 = 1(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 

have 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 commas 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., 

LOADDA T A (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 fac:ilities available to 
.. 

produce output. In each case, a simple direct statement will produce 

output in an acceptable format. Users may, however, exercise control 

over the output by special-purp?se statements. In the following statements 

the word name list is used to refer to a list of names of defined objects, 

each separated from the others by commas. 

a) Pri.nted output 

i. Standard print statements 

Two standard print options are available in SPEAKEASY. The 

first results in the printing of the selected objects. The printed forn1 

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 the 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) 
""""""""'""""" 

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 carriage-control 

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 d'efined object. 

27 
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iii. Print-control statements 

The standard .print 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 these 

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 printing 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) 

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

as 0; and 

SETINFINITY(VAL) 



·requests :that any nurnber'whose :absolute value is .greater than VAL. be 

printed as INF . 

. Note ·.that the above apply-only to the printi11-g ·of numerical. data. 

The a:ct.ual computed values are unaffected by·these control statements • 

. The default opt~ons are 

-30 
SETNUL'L(10 ')· 

.and 

SETINFINITY ( 10 +-30) 

In using the .standard PRINT statement, each·object is printed 

·in ~n ·~'~sily read for~ ·but ·no -attempt .is ·made to correlate the printing ·of 

severa:l objE.:cts. A compa:ct ·form of output is produced·by using .a 

minimum number of extra spaces ·to provide a uniform column ·.width for 

each object. The user may ~or relate the printing of several 'o.bjects by 

specifying a minimum column width to be used in printing. The statement 

COL WIDTH(N) 

prevents ·the print routine from us·ing a column -width of less than N char­

acters. ~ If "N is· 10· larger than the number· of significant figures desi·red, 

the print width will be uniform ·for all objects composed of real numbe.rs. 

This value of N can be obtained automaticallY' by the control statement 

AUTOTAB 

i v. implied p.rint statements 

For ease of printing individual objects, a ·~peciat ·impli'ed print 
1: . 

convention is adopted in SPEAKEASY~ If a statement without an equal sign 

is proces s~d and that statement. cannot be classified as cor'resp~nding to 

any SPEAKEASY command, the word PRINT is as s'limed to be implied 

before that statement. In addition, the original statement itself is printed. 

Examples of implied print statements 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 des:cribed before. 

29 
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This option is provided 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 predefined 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 limitations 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 graphical 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. 

HSCALE=(left, right) 

VSCALE=(bottom, top} 
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Note that the values along the scales will be la.beled at inch marks. The 

user should choose scales that provide simple vahies at such points. The 

default values of the scales are 0:......8 for the vertical scale and 0- io for 

the horizoritai stale. 

Se\i"era.l additional options are available for designing the 

structure of a graph. The user may select these by the single control 

statement 

SET PLOT. l t ' BOX SCALES LINES 

or or 
of l 

NOBOX J NOSCALES I' POINTS. 

The options. selected are 

Draw a frame around graph NOBOX No frame 
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BOX 

SCALES 

LINES 

Iridic ate values at 1" intervals NOSCALES Omit indication of scales 

Join designated points by lines, POINTS 
leaving points unmarked 

The default options are BOX, SCALES, LINES. 

Mark points with crosses, 
without joining pbirits 

~· .. ·The poin~-·plotting mode can be .generalized by the special control 

statement 

PLO'rSYMB(freq, symb) 

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

.,symbols to be usedin plot.ting data, (l.nd ~req determines the frequency with 

which the symbol is plotted ( 1 means every point, 2 means every other one" 

3 every thir<:l •. etc.). A .n~gative .. value for freq indicates that only the symbol 

s}l.o.uld <:tP:P.ear .. A positive va~ue :r:neans that a line should join Sll;Ccessive points. 

T}:lree forms of literal labels are provided. The top of the graph may 

be. titled by deftning the variabi~ . . . ~ . . 

PLOTTITLE = 'any.messag;e' 

The vertical scale can pe labeled by . 
':·:· •;.J .:. 

VLABEL = 'any message' 
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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 

is encountered. 

· This graph is a. graph of the members of name list in the vertical 
"""""'""'"""" ,...... ........ 

direction against the object ~<?E,.l~!_ in the horizontal. All objects should be 

one-dimensional and real, and have the same number of elements. A two­

dimensional object in name list is treated as several one -dimensional objects, 
""""' .......... """"" .......... 

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 
.............................................. "" 

. hobiect 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 graph containing curves. This is done by 

the statement 

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 pri.or 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 statement. This in conjunction with the statement 

NEW GRAPH 

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 MOPE 

A major portion of. the SPEAKEASY language has now been described. 

No referenc~ has been rn.a_deto the possibility ·o£ conditionally executing 

gro'l,lps of statements. or to the possibiiity of repeated execution of such a 
group a specifi~d m1~ber of times. The subset of SPEAKEASY already 

described is nevertheless usable. The existence. of structured objects and 

routines for manipulating them as single entities makes it possible to carry 

out many straightfor'Ward computations with a series of statements that are 

executed only once •.. 

The mode of operation in which each SPEAKEASY statement is processed 

but not saved is referred to as the MANUAL MODE of operation. In the 

examples shown in Schedules 14-36. we present a set of SPEAKEASY 

calculations that 11se the facill.ties described in this chapter. The figures 

are reproductions of output from the card-input version of SPEAKEASY. 

Information relating to the conventions for card input is given in Appendix ii. 
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III. STORED PROGRAMS 

For all but the most straightforward calculations, it is 

necessary to repeatedly execute group-s of statements. The use of 

stored programs for such purposes is. familiar to most computer users. 

The programs, procedures~ and subroutines of languages such as· 

FORTRAN, PLI, and ALGOL constitute stored program·s. 

Stored programs are available in SPEAKEASY b1.1t they 

differ inimportant aspects from other languages. One of the most 

important differences is that defined objects have global definitions. This 

means that a given name refers to the same object whether the reference 

is in the manual mode or in any stored program. Any number of stored 

programs may simultaneously be defined in SPEAKEASY. Execution of 

any one of them can be initiated directly from the manual mode orduring 

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 describ~d. For reasons of clarity, it is assumed that 

the programs are to be input on punched cards. 
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A. STR\tQTURE· 0~ A STORE.D PROGRAM 

A st6i'~d program is ddirteci by supplying cards beginning with a header 

card containing 'the word PROGRAM followed 'by a space and then the name 

o'f the prograri:i. The program is terml.nated by a card containing the single 

word END. Ali cards between these two constitute the program. Any card 

except these. two may be labeled. The labei, a SPEAKEASY name at the 

left on the card, is separated from the actual program statements by a colon. 

in SPEAKEASY the riarrie of a program is treated as ·a ·defined name. It 
" . 

should the:tefo~:e never be the same as the name o:f an object use.d in 

computations. 

Multi -statement c~~ds are constructed of several SPEAKEASY statements 

separated from each other by semicolons. Multi-card statements can be 

constructed.. If & is iii. the first column of a card, it is taken to be a 

co.nti.nuation of the pre~eding card. Continuation cards may hot be labeied. 

PROGRAM SAMPLE 

.x = Q; y = 3. 5; 

ALPHA: 

Z = 27 *X 

T=X+Y 

GAMMA: W = T + X + Y; U = W + 

& Q- 3 *X 

PRINT (X, . Y, Z, T, W, U) 

Header card 

Multi-statement card 

Labeled card 

Continuation of GAMMA 

END End ca:td 

.... 
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B. SPECIAL STATEMENTS FOR THE PROGRAM MODE 

The statements described in this section are those whose use is 

restricted to the program mode. Two (RETURN and CONTINUE) are 

ignored if encountered during manual-mode execution. The others cannot 

be used in the manual mode since they refer to labeled statements or to 

groups of .statements. 

1) RETURN 

The RETURN statementis 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 following 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 GOTO statement is used to alter 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 (A GT 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 FQR loop is a ~ec~iQn of a s~ngle progra..I'l'\, beginning with a FOR 

sta'tern~nt. ·~nd terminated by a.. c9r:responding ENDLOOP statement. AU 

'statern:t;m,ts'between ttlese tw9 are repeatedly executed as specifi~g in the 

FOR ·sta,teroent. 

'··'A FOR fltatement is 0 £ the fqrm 

FOR, n. = start, ~top. 

or 

·Here n is the ~am~ 0 £ a l!!Calar which may -app~a~· in any context within the 

FOR lgqp that do~s nof alter the value of n; ~tnd ~~ar-t, stop, and incr~me.nt 

are any scalar- expressions (11ot involving n) who<e va..l~es spe~ify. 

respectively, the ini.tia~ value of n, it~ f~nal valqe, and the inc:remept tq 

be added to n every time the loop is repeated. Ii i ne rement is not s~ec;:ified, 

its value is ass\lffied to be 1. 

The ENDLQOP statement is of the forrp. 

ENDLOOP n 

where n is the name appearing in the corresponding FOR statement. 

5) ~ested FOR Loops 

Up to 10 nested FOR loops are allowed in ~PEAKE:A$Y. Any FOR loop 

started within a FOR loop rt+USt be terminated wi.thin that lqop. 

Caution: The use of FOR loops tn SI?EAKEASY for operati.ons 

available withi~ the language is neither compact nor efficient. For 

example, if A anq 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 lang.uage. 

The use of the built-in functions and structu.red algebra of SPEAKEASY 

is perhaps the most difficult probl~m facing users who are familiar with 

languages such as FORTRAN. It is important to understandthat writing 

SPEAKEASY programs with FORTRAN conventions (such as extensive loops) 

defeats the purpose of the language. 

The user is advised to begin by expressing a problem either in matrix 

notation or in ordinary mathematical subscript notation, the summations 

being explicitly indicated. 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 P~OGRAM 

Once defined; a:ny SPE·AKEASY ·program· can ·be ·execufed by the 

statement 

EXECUTE name 

where name is the name of the· program. 

The execution of a program starts with its first statement and proceeds 

sequentially until this path is altered by a branching statement (GO TO). 

FOR loops result in repeated execution of selected sets of statements. if a 

RETURN statement or the END statement is encountered, the execution of 

this program is terminated ~nd the ~tatemeht after the one calling 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 statement should occur alone 

and not as part of a multistatement card.; 
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IV.: AIDS TO ERROR DETECTION 

Ali higher-levei computer languages are intended to 

provide the means of quickly formulating and carrying out computations~ 

A large fractio"n of the programmer's effort must norm~lly be devoted to 

the. process. of ~inding a:~d correcting errors in his programs. The extent 

to which a lang·uage meets its goals is therefore largely determined by 

how completely it detect~ errors and how well it informs the user of the 

faults found. Diagnostit facilities are therefore an essential feature of any 

higher-level language. 

In SPEAKEASY the probability of errors is inherently small 

because' ~"f the conipatt and· natural form of statements.· In addition, the 

us.er can concentr.ate on the logical formulation of his own particular 

problerrl~ 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 the 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 

objects 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. 

41 
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. For a simple problem, these features combine to p·rovide 

answers on the first try and offer some assurance that the processor 

has at least understood and checked the logic of parts of the progr~m. 

For any but the most trivial problem, however, other 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 error.s exist in SPEAKEASY. The first 

comprises the general syntax errors common to any language. Such 

errors include the use of illegal characters, parenthesis imbalances, 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 MES~A.C~S 

In each case of ambiguity. the most likely intent of the ·stateinerit is 

carried out. If this is· ·not possible, hoWever, a printed errbr message 

quotes the statement involved and describes the difficulty. Schedules 38 
. . 

and 39 illustrate the form of error nies sages generated by SPEAKEASY • 

. i) CompUation.Errors 

During compilation of ap.y user's SPEAKEASY stdre~ program. the· 

syntax of the program is examined. All syntaCtical errors are listed at 

the end of that program. Such errors do not affect the calculation until 

the p:togtam is executed. 

2) Manual-Mpde E.rtors 

Each manual-mode statement is scanned to check the syntax before 

processing is attempted. If errors are detected the statement is printe·d 

along wl.th an error message; Similarly execution e'rrors afe printed if 

detected during processing. 

The next manual..:.mode statement will be processed in any event. 

3) E:ffqrs in Execution of the Program, 

Errors of either Class will result in the abortion of the SPEAKEASY 

program being executed. The error message will be printed and processing. 

will normally continue with the next rn:ano.al-mode statement. All currently 

defined information will be dumped. Commands described in Sec. IV. D 

can be used to aiter these options. 
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.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. 
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C. AUTOPRINT 

SPE~KEASY provides a p~rticularly desirable feature for tracing the 

behavior of selected objects. This facility called AUTOPRINT enables a 

.user to ~equest that specified objects be printed every time they are 

evaluated. AUTOPRINT may· be turned on or off by the use of a,ppropriate 

statements. (Schedule 25 is an example of its use.) 

The statement 

A UTOPRINT (name list) 
...................................................... 

where ·namelist is a set 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 

AUTO PRINT 

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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D. ERROR-CONTROL COMMANDS 

While automatic dumping of currently defined data and continuation. 

of computation in the manual mode are felt to be the desirable action 

after an error in program execution. provisions 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 

ONERROR ( 
NO DUMP CONTINUE 

DUMP MANUAL ) 
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. 
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APPENDIX I. KEYWORDS AND SYNONYMS 

,Several levels of keywords exist in SPEAKEASY. Some 

are restricted words. that may be used only for.their intended purpose. 

The number of this type is small. The majority of the keywords of the 

language are designed so that a user will not be a,ffected by any that are 

riof:known to him. In such cases the use of a keyword as the name of an 

object automatically eliminates the normal function of that keyword. Its 
. . 

'normal fUiiction will resume if the name is freed. For example, if the 

~ser 1 s pro'grarr;l has executed a statement of the form 

SIN = 2. 73 

then the sine fu.nction is unavailable until the statemep.t 

FREE(SIN) 

is encountered. 

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 

END LOOP LOADDATA USE 

EXECUTE LOCAL WHERE 

FIN NEWPAGE WHEREVER 
., 

FOR PRINT 

* 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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2) Logical Operators 

All logical operators 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 names 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 

equally 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 pre sent 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) Defi11mg Functions (Schedules 1 and 2) 

VECTOR (VEC), MATRIX (MAT) 
SYMMAT (SMAT). ASYMMAT (ASMAT), DIAGMAT (DMAT} 
ARRAY, ARRA Y2D, INTEGERS 
GRID (VARIABLE} 

b) Elemental Functions (Schedule 7} 

ABS, SIGN, SORT. EXP, LOG 
SIN. COS, TAN, COT 
ASIN. ACOS, AT AN, ACOT 
FRACPART, REALPART, IMAGPART, CONJUGATE (CONJ} 
SINH, COSH,· GAMMA, LOGGAMMA 

c) Sums and Products (Schedule 8} 

SUM, SUMSQ,. PROD 
SUMROWS, SUMSQROW~ PRODROWS 
SUMCOLS, SUMSQCOLS, PRODCOLS 
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d) StruCture ·"Functions (Schedule 9) 

.NOELS (LENGTH), "NORQWS, NOC'OLS 
.·MIN_, .LOGMIN, ROWMIN, COLMIN 
MAX; .. LOCMAX, ROWM:AX, COLMAX 

{')·Functions; of one variable (Schedule 10) 

DERIV, INTEGRAL_, TO'TALINT 
. ROOTS, NOROOTS, INTERP 

f) Ma.trix Operators (Schedule 11) 

EIGENVALS, EIGENVEGS, DET, D~AGELS 
INVERSE, TRACE, TRANSPOSE (TRANSP) 

g) ·Ranking Functions (Schedule 12) 

RANKED_, RANKER 

h) Trans family Functions (Schedule .13) 

AFAM (ATYP, ATYPE) 
VF AM (VTYP, VTYPE) 

"MFAM (MTYP, MTYPE) 

i) Graphics (Sec. U. G2c) 

GRAP~ ADDGRAPH, NEWGRAPH 
HSCALE_, VSCALE, HSIZE, . VSIZE 
SETPLOT, PLOTSYMB 

j) .Input/Output (Sec. II. G1, 2)· 

PRINT_, TABULATE, WRITE, PUNCH 
NEWPAGE, SPACE 
AUTOTAB, COL WIDTH, SIGNIFICANCE, SETNULL, SETINFINITY 
LOADDATA, DATA, READ 

k) Commands (Sec. II. F) . 

FREE, DOMAIN, ACCURACY, CLEARDATA 

f.) Program Mode (Sec. III) 

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

m) Other.s. 

AUTQPRINT (Sec. IV. C) 
DUMP (Sec. IV. B) 
ONERROR (Sec. IV. D) 

49 



50 

App. I. 4 

4} Alphabetic Listing of Keywords 

This is an alphabetic listing of the keywords. Nonstandard synonyms 

have the standard form given in parentheses. Restricted keywords are 

underscored. Note that in very long keywords only the first 8 characters 

are meaninfgul; 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 1 
AFAM 13. DO 
AND 24 DOMAIN 14 
ARRAY 2 DMAT(DIAGMAT} 
ARRAY2D 2 DUMP (44) 
ASIN 7 
ASMA T(ASYMMAT} EIGENVALS 11 
ASYMMAT 1 EIGENVECS 11 

.ATAN 7 EQ 24 
ATYPE(AFAM} END 37 
AUTOPRINT 25 ENDLOOP· · 37 
AUTOTAB EXECUTE 37 

EXP 7 
CALL 
CLEARDATA (24) FIN{ENDLOOP} 
COLMAX 9 FOR 37 
COLMIN 9 FRACPART 7 
COL WIDTH (29) FREE (24} 
CON J(CONJUGATE} FUNCTION 
CONJUGATE 7 
CONTINUE (36"} GAMMA 7 
cos 7 GE 24 
COSH 7 GLOBAL 
COT 7 GOTO 37 

GRAPH 36 

GRID 2 
GT 2~ 
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HSCALE 36 PLOTSYMB (31) 
HSIZE 36 PRINT· 14 

PROCEDURE 
IF 25 PROD 8 
IMAGPART 7 PRODCOLS 8 
INTEGERS 2 PRODR.OWS 8 
INTEGRAL 10 PROGRAM 37 
INTERP 10 PUNCH (30) 
INTPART 7 
INVERSE 11 RANKED 12 

RANKER 12 
LE 24 READ (25) .. 
LENGTH 9 REALPART 7 
LOADDATA 35 RETURN (36) 

26 ----· LOC(LOCS} ROOTS 32 
LOCAL ROW MAX 9 
LOCMAX 9 ROWMIN 9 
LO<:;MIN 9 RUN. 
LOCS 26 
LOG '7 SET PLOT 36 
LOGGAMMA 7 SET NULL (28) 
LT 24 SETINFINITY ( 28) 

SIGN 7 
MAT{MATRIX) 1 SIGNIFICANCE 32 
MATRIX 1 SIN 7 
MAX 9 SINH 7 
MFAM 13 SPACE (28) ----· MIN 9 SQRT 7 
MTYPE{MFAM) .13 SMA T{SYMMAT) 1 

SUBROUTINE -
NE 24 SUM 8 
NEW GRAPH (32) SUMCOLS 8 
NEWPAGE (28) SUMROWS 8 
NOCOLS 9 SUMSQ 8 
NOELS 9 SUMSQCOLS 8 
NO ROOTS 32 SUMSQR.OWS 8 
NO ROWS 9 SYMMAT 1 
NOT 24 

TABULATE 32 
ONER.ROR TAN 7 
OR 24 TOTALINT 10 

TRACE 11 
TRANSP(TRANSPOSE) t1 
TRANSPOSE 11 
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·USE 

VARIABLE{GRID) 2 

VEC{VECTOR) 
. 1 

·VECTOR 13 

VFAM 
VSCALE 36 

VSIZE 36 

VTYPE{VFAM) 13 

WHERE 25 

WHEREVER{WHERE) 25 

WRITE (27) 
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A.PPENDIX II.,..<;;:AF,D-INPTJT SPEAKEASY. 

1) Ca:r4"-l.p,gut (;opventic;>~s 

SPEAKEAS·y jobs can be submitted on standard 80-column tabular 

cards. IBM-02'9 keypunch should be used in punching the cards. All 80 

columns of cards are i.i'sabi.e and all inp'iit is of a free-format form. Spaces 

between terms are usually igno.red and the user may design input to reflect 

his own tastes •. 

. : It·has been found that the us4al FORTRAN cards provide a highly 

readable input form, i.e .• statements normally start in column 7 .unless 

they are labeled. Labels appea:.r ·in cohunns 2-5 and a colon follows in 

column 6. It should be noted that these conventions appear desirable but 

a·re not nec·e ssary. 

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

Two dolla·r 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 sepax:atirig the statements. 

Multicard statements (i.e .• continuation cards) are allowed only in stored 

programs and are indicated by an ~ in cclum:h 1 of continued ca:rds. 

The processor '¥ill accept any number of continuation cards but only 

a limited ccrnpiexity in a statement. For tMs 'reason the use of multicard 

statements should be avoided when possible and statE;ments should be kept. 

as concise as possible. 

2) Job-control Cards 

In order to rlin a SPEAKEASY job on the Argonne 360175 the card 

deck should include the following card. Th i.s card i.s inserted between 

the accounting information and your SPEAKEASY cards. * 

Your accounting information 

II EXEC SPEAKEZ 

Your SPEAKEASY deck 

* . This form o'f deck is usabl~ a.'s of Apri.l 1971. 
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If graphical output is requested, two additional cards are needed to 

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

/*SETUP 

II 

I /PLOTTAPE 

Your accounting information 

DEVICE = 2400 ..:.7, ID = (,RING, SAVE, NL), DDNAME = "PLOTT APE 

.EXEC SPEAKEZ, VERSION = GRAPHEZ 

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 if? useful to have 

quick access to the tables_ and examples of the writeup. F.or this reason all 

schedules -~f the: ~.eport have been c'?Uected together in this appendix. The 

titles are summarized.here. 

Schedule 

1, 2 

. 3-6 

7 

8 

9 

10 

11· 

12 

13 

Explicit defining. exp,res sions 

... Description of the. algebraic operations 

Element- by-element functions 

Sum and pro.duct functions 

Structure functions 

.Operat9rsJor functio~s of one variable 

Matrix functions 

Ranking functions 

Transfamily function~ 

55 

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/vector family) 

Examples of explicit definitions (array family) 

Operations on square matrices 

Matrix/vector ope·rations 

Operations on 1-dimens ional 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 
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Structured-index operations 

Logical and relational operations 

The WHERE and IF statements 

Sample uses of the logical function LOGS 

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 tra.nsfamily operations 

Samples of the use of special operations for functions of 

1 variable 

Sample of a function of 2 variables 

Sample of a crude contour plot 

Sample of the construction and use of a data file 

Sample of the use of the graphical features of the language 

Sample program and its execution 

Errors detected during compilation 

Execution error messages (manual mode) 



Expression 

VECTOR(n) 

MA TRIX(n, m) 

·Schedule 1. ·Explicit defining expre~sions for struetured object;:~ 
in the matrix- vector family. Note .that all structure-defining 
quantities (i.e., nand rn) must be positive. integers. 

Meaning 

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

Defines an I. -component" vector with 
components set to e .. 

. . . 1 

£> 

Comment 

Defines an n-component vector with 
the first I. elements set to e.. All I. ~ n 

others are zero. 
1 

Defines an n X m matrix, all 
components of which are zero. 

n :rows, m c·olumns 

MATRIX(n, m: e
1
, e

2
, •.. ; el.) Defines an h X· m matrix in_ which 

some elements are preset. They are 
.entered row by row. All non-preset 
elements are zero, 

DIAGMAT(n: e
1
, e

2
, ... , e~) 

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 antisymffietric matrix. 
Elements 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

1
, e

2
, ... , el. along the 

diagonal. . 

I. ~in:· (n + 1) 

I. =:; in • (n - 1). 



Schedule 2. Explicit defining expressions for array objects. Vl. 

~==================~============================+===================~· Expression Meaning 

ARRAY(n) 

ARRAY(n, m:) 
or 

ARRA Y2D(n, m) 

GRID(lim1, lim2) 

GRID(lim1, lim2, delta) 

INTEGERS(n, m) 

INTEGERS(n, m,£) 

Defines a !-dimensional array with n 
components, all of which are zero. 

Defines a !-dimensional array with 
components set to e .. 

1 

Defines a !-dimensional array with the 
first l elements set to e.. The last 

1 
(n - l) elements are zero. 

Defines a 2-dimensional n X m array 
with all elements set to zero. 

Defines a 2-dimensional n X m array 
with preset elements. Loaded row by 
row. Non-set .elements are zero. 

Defines a !-dimensional array with 101 
equally spaced elements starting at lim 
and going to tim 2. 

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

Defines a !-dimensional array with 
elements containing the integers from 
n to.m. 

Defines a !-dimensional array with 
elements containing the integers from 
n to m in steps of l . 

~I 

Comment 

Note: ARRAY(e , e
2

) is 
a 2-component, f-dim. arraY, 

Note colon. (See note above.) 

lim1 ;z! lim2 

lim1 ;z! lim2 
delta ;z! 0 

nand m have integer 
values. 

All n, m, and l are 
integers. 
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0 
Ill 
Ill 
Ill ...... 
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Class of Right Operand 
~-- .. ---

II Operator 
M Family A Family 

-~ s V(n) M(n,m)_ A1(n) 

I 
.A2(n,m) .. 

-

' A =L±R A = L ± R. A .. = Lc5 .. ±R A. = L ± R. A .. = L ± R .. i 1 1J 1J ij 1 1 1J 1J ·s ' 
n =m 

Class S Class V(n) Class M(m.,m) Class A1(n} Class AZ(n,m) 

I - ; 

.. 
A. = L. ±R A. = L. ± R. A = L.c5 .. ±R I V(n) 

1 1 1 1 1 ij 1 1J ij 
; 

n =m >-· . :;:: I 
Class V(n) Class V(n) Class M(m,m) e I 

Ill ---
~ 

~ A .. ·= L. ± Rc5 .. A .. = L .. ± R.c5 .. A .. = L.: ± R ... I 1J m 1J 1J 1J 1 1J 1J 1J '-J 

l~nl m =n m =n 
Class M(n,n) Class M(n,n) Class M(n,m) 

lTI~ A. = L. ±R A. = L. ± R . A .. = L. ± R .. 1 1 1 1 1 1J 1 1J 

>-I Clas.s A1 .. 
Class A1(n) Class A2(n,m) :;::1 e . 

~~ ·A .. = L .. ± R A .. = L .. ± R. A .. = L .. ± R .. < 1J 1J 1J 1J J 1J 1J 1J A2(p,n I nl · p = n, n 1 :;:m =n 
Class f..Z(p,n 1 ) 

I Class A2(p,n} ! Class A2(n,m) 
' -~w "T • 

Schedule 3, Description of the op~ration ±between objects of various classe·s. The subscripts refer·to 

elements. A is the answ~r object, L the lefthanq ol;>ject, and R the righ.t_hand object .. 

± ± ± ± ± ± ± ± ± ± ± 

' 

' 

.. 
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·nS ... 
Q) 
p.. 
0 
.... .... 
Q) 

~ .... 
0 
(I) 

(I) 

nS ..... 
u 

Class of Right Operand 

Operator M Family A Family 

* s V(n) M(n,m) A 1(n) A2(n,m) 

A =L*R A. = L * R. A .. = L * R .. A. =L*R A .. = L * R .. 
1 1 1J 1J 1 i 1J 1J 

s 
Class S Class V(n) Class M(n,m) Class F1(n) Class F2(n,m) 

A. = L. * R A = L: L .. * R. A. = ~ L. * R .. 
1 1 1 1'·' 1 1 . J J1 

J 
V(n) 

>-
Class V(n) Class S Class V(m) ..... ... s inner product 

nS 
~ 

A. = ~ L .. * R. A .. = ~ L.k * Rk. ~ A .. = L .. * R 
1J 1J 1 ' . 1J J 1J k J, . J 

M(p,n) J 

Class M(p,n) Class V(p) Class M(p,m) 

A. = L. * R A. = L. * R. A .. = L. * R .. 
1 1 1 1 1 1J 1 1J 

At~ 

>- Class Al(n) Class Al(n) Class A2(n,m) ..... ... s 
nS 

A .. = L .. * R .. ~ A .. = L .. * R A .. =L .. *R. 
< 1J 1J 1J 1J J 1J 1J 1J 

~~· if n' =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. 

* * * * * * * * * * * * * 
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Operator 
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: s. 
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I 

I 
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V(n) 

>-....... .... e 
Cll 
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-~ 
!M(p,n) 

I 

A1~ 

.. 
>- ! ..... 

i .... e 
Cll 
~ IA~,n 

·<( 

I. 

.. 
Schedule S, 

Class of Right Operand 

M Family A Family -
s V(n) M(n,n)* Ai(n) A2(n,m) ' ' 

A.= LIR A .. = L *I .. A = LII( A .. = LIR .. 
1J 1J i 1 1J 1J 

Class S Class M(n,n) Class Ai(n) Class A2(n,m) 

. 
A = L.IR A = L: L * \· 1 1' i k k 1 

Class V(n) Class V(n) 

.•' 

= L: L.k * \· A .. = L .. IR A .. 
1J 1J 1J k 1 J 

' 
Class M(p,n) Class M(p,n) 

A. = L.IR A. = L./R. A .. = L./R .. 
1 1 1 1 1 1J 1 1J 

Class A1(n) Class A1(n) Class A2(n,m) 

A .. = L,./R A .. = L . ./R. A .. = L . ./R .. 
1J 1J 1J 1J J 1J 1J .. '1J 

if n' =n if p =n, n' =m 

Class F2(n'·) Class A2(p,n) Class A2~,m) 
i ' ....... ,' .... .. .. 

. * Here the right operand must be a squa.'re matrix and I is its in-verse . 
Desc.riptiori of the operation I between objects of various classes. The subscripts refer to 

elements. A is the answ.er object, L the leithand obj'ect,and R 'the righthan6 object. 

I I I I I I I I I I I I I 



.... 
0 
fll 
fll 
nS ..... 
u 

Cl ass o f R' ht 0 lgl 1peran d 

Operator 
M Family 

~ -

** s V(n) M(m,n) 

A= LR -
s 

Class S 

A .. =L. * R. 
lJ 1 J 

V(m) 

>- Class M(m,n) 
..... outer product .... e 

nS 
t... 

~ M(m,n 
th . 

R power of L 

Class M(m,nh 

A. = L. 
R· 

1 1 

A1(n) 

>-
Class A1(n) 

..... .... e 
nS R 
t... A .. = L .. 
< 1J 1J 

A2(p,n• 

Class A2(p,n 1 ) 

i: R integer only. L must be square. 

A Family 

A1(n) 

A. = LRi 
1 

Class A1(n) 

-

. R· 
A. = L. t 

1 1 

Class A1(n) 

R·· 
A .. = L .. LJ 

1J 1J 

n• =n 

Class A2(p,n) 

. A2(n,m) 

A .. = L Rij 
lJ 

Class A2(n,m) 

A .. 
R·· = L. LJ 

1J 1 

Class A2(n,m) 

Roo 
A .. = L .. LJ 

1J lJ 

p = n, n• =m 

Class A2(n,m) 

0'­
.N 

Schedule 6. Description of the operation **between .. objects of various classes. The subscripts refe·r to elein.ent's. · 
A is the answer .obje.ct, L the lefthand object and R the righthand object. Within the table ** means 
exponentiation. 

** ** ** ** ** ** 



Schedule 7. Element-by-element functions available in SPEAKEASY. 

The re.sultant 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 

AB.S(X) Absolute magnitude 
' 

FRACPAR T(X) F ractioJ1,al part 
INTPART(X) Integer part 
REALPAR T(X) Real part 
IMAGPAR T{X) . Imaginary part 
CONJUGATE{X) Complex conjugate 

63 

SQRT(X) Square root 
5 X 10

6 
EXP(Xj Exponent eX Real X ~ 170, jimag xj < 
LOG(X) Natural logarithm X ;e 0 

SIN(X) Sine 
COS( X) Cosine 

lxl < 1015 
TAN(X) Tang.ent 
COT(X) Cotangent 

A SIN( X) Arc sine 
lxl ~ 1 >-

ACOS(X) -.~ ·Arc cosine ...... 

. . ~ 
ATAN{X) Arc tangent 

0 
ACOT(X) Arc cotangent 

·:X: 
SINH(X) Hyperbolic sine 

lxl < 170 ..... 
COSH{X) Hyperbolic cosine 

"' 
GAMMA(X) r function 10-SO < X < 56 Q) 

LOGGAMMA{X) Natural logarithm of r function .o <X < 4 X 1060 p:; 
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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) L;.x .. 
J 1J 

Answer is a 1-dimensional 

SUMSQROWS(X) L: .(X .. )2 
J 1J 

member of·the family of X 

PRODROWS(X) n.x .. 
. J 1J 

SUMCOLS(X) L;.x .. 
1 1J 

Answer is a 1- dimensional 

SUMSQCOLS(X) L;. (X .. ) 
1 1J 

2 
member of the family of X 

PRODCOLS(X) lT.x .. 
1 1J 



Schedule 9. The built-in SPEAKEASY functior1s for obtaining 

information.about the structure of objects. 

.. : Function 

NOELS( X) 
LENGTH( X) 

NOROWS(X) 
NOCQLS(X) 

·MIN{X) _. •. 
MAX(X) 
LOCMIN(X) 
LOCMAX(X) 
HOWMIN(X) 
ROWMAX(X) 
COLMIN(X) 
COLMAX X 

Meaning 

· The ·number of elements in the object X. Jf 
X is undeflned 7 the answer is zero. 

Number· of rows in X 
· Nurribe r of columns in X . 

Minimum element ·in X 
.Maximum element in X 
Location of minimum of,~X. X is on·e-di:m'ensional. 
Location of maximum of X.· X is one-dimensional. 
Row containing minimum element of X 

. Row containing maximum element of X 
Column containing minimum element bf X 

;Column ~containin maximum. element: of X 
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Schedule iO. Built-in SPEAKEASY operators for functions 

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

(xi ,x2 ,x3' ... ,xn)·. 

Function 

DERIV(F:X) 

INTEGRAL(F:X) 

TOTALINT(F:X) 

INTERP(Y, F, X) 

ROOTS(F:X) 

NOROOTS(F) 

Meaning 

dF I dx (derivative) 

X. 

· l 1
Fdx an integral with a 

X 

i . bl 1" . vana e upper 1m1t 
X 

l n Fdx definite· integral 
xi 

Numerical fitting, 
interpolation 

Finds x. of roots of F 
1 

Number of roots of F 

Comment 

Numerical differentiation 

Numerical integration. 
(Answer is an_ array.) 

Numerical integration. 
(Answer is a scalar.) 

Resultant is an array with 
values of the function F 
evaluated at the points Y. 
F(X) must be given. 

Trapezoidal interpolation 

Uses sign changes 



Schedule 1 i.. Bullt-in SPEAKEASY functions for matrices. Note 

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

square matriCes. 

Function Meaning 

EIGENVALS(X) . .Eigenv~lues in orde·r of desce'nding values.·* 

EIGENVECS(X) Unitary matrix whose rows ar'e eigen'Vector·s * 
• _of X, .. belonging to the corresponding eig:e:nvaJues 

DET(X} Detez":r;ninant of mat~ix X 

.. ,. 

DIAGELS(X) Diag:onal ele·ment·s ·irf. original· order 

· INVERSE(X) Inverse matrix 
Note·: 1 /X is also the inver:se 

TRACE( X) Sum of the diagonal· elements 

TRANSPOSE(X) Transpose of the object 

* . Restricted to real, symmetric matrices. 

61' 
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Schedule 1Z. :aunt-in SPEAKEASY functions for ranking the.elements 

of a structured obj.ect. 

Function 

RANKEP(X) 

RANKER(X) 

Meaning 

· Produces ~f new object of the same strtlcture 
as X but w;~th elements arranged in inq·easing 
numerical 'order. 

For a one-dimensional object X. This function 
produces tile indices of the elements of X arranged 
in order ot" increasing numerical qrder . 

. RANKED(X) = X(RANKER(X)) 



Schedule 13. The 'built-in.SPE.!.\.:KEASY functions for 

r.e specify~ng the family of an obje~t: 

Function 

AFAM(X) 

VFAM(X) 
o.r 

MFAM(X). 

Mea~1ing 

The re.s.ultant has the st.l'!-lCture .of X but 
is a meJ;nper .of the .. a::r:r . .ay ·family 

The .:r:esult~nt has .tr,,e ,st;ructure of X but 
is a mez:pber ofthe '['llatrixlvector·fami'ly 

69 
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INPUT ••• s 
INPUT ••• s 
INPUT.-.·. S ·---··-·-·· 

SCHEDULE 14 OPE~ATIONS WITH SCALAR OBJECTS. 

INPUT... X=27 ; Y=16 ; Z=X*Y+S/3 ; PRINTCX,Y,z)· 
X ~ 27 , Y = 16 , Z = 434.67 

INPUT.... ··pi=2*ACOSCI)I ; PRlNTCPl) 
PI = 3.1416 

INPUT ••• . X=SIN~3*PII81;PRINTCXI -
x·=· .92388 

THe IMPLIED PRINT FEATURE IS DEMONSTRATED HERF.. 
INPUT ••• s 
INPUT ••• s 
INPUT • • • s- -· . -· 
INPUT ••• SI111(2*PII31 

SINCZ*PI/31 • .e6603 
INPUT, • • 

INPUT .• • • 
INPUT, • • S 
INPUT,~ •• S 
INPUT ••• S 
INPUT~ • • 

INPUT~•• 

INPUT • • • 

INPUT.,.-. 

-· STNI31**?.+COSC31**2 
SINC31**2+COSC31**2 = 1 

DOMA I NICOMPLE XI 

THE COMPL~X DOMAIN IS NJW ALLOWF.O 

T=3+4I ;EXP( Tl 
EXPCTI .· = -1'3.129-15.2Ct:I 

SINCTI**2+COSCTI**2 
SINCTI**Z+COSCTI**2 = 1 

T**2 
T••z = -7+241 

LOGCTI 
LOGCTI = ]..6094+.<;2731 



tNPUT ••• s 
INPUT •.• • S 
INPUT ••• s 
INPUT ••• 

SCHEDULE 15. EXAMPLES OF ·EX'PLI CIT Df.F I NIT I_ON_~ __ C_~~!~ IXIVECTO~ FA'4Il V~ .... 

VECTORC5t;VECTORClt?t3l;VECTO~C6:1,2,3,4t 

------- --- ·-vECTORT5l .. TA VECTOR WITH 5 COMPONENTS t 
(! 0 0 c 0 

·-------V'E'CTO'RTl-;-z-,-31 - C ~ ·-vaTOJr· WITH 3 C0)4PONENTS I -
1 2 3 

VECTORT6:1-,2,3,41 CA VECTOR WITH 6 COHPONENTSt 
1 2 3 4 G 0 

INPUT... MATRIXCZ,2tfM~TRIXI2,2:1,2,31 

MATRIXC2,21 
0 0 ... c· ·-·~· 

CA 2 BY 2 MATRIXI 

MATRIXC2,2:1,i,3t CA 2 BY 2 MATRIXt 
· ···----1 · z··- · · 

3 0 
INPUT... SYMMATC3:1,2,3,4t;ASYMMATC3:1,2t3t~;DIAGHATCl,~,~'4'1 

SYMMAT(3:1,2 9 3,41 (~ 3 BY 3 MATRIXI 
1 2 4 
2 3 0 
4 (.. p 

ASYMMATC3:1 9 2,3,1 (A 3 BY 3 MATRIX) 
c -1 -2 
1 0 -3 
2 3 ;) 

DIAGMATC1t2t~t4ti CA. • ~y 4 .ATRIXI 
1 (' Q ~~ 

( 2 ·:'I (l 

(.:. c 3 ·~.'· 

(; (• () 4 

7i 
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INPUT ••• s 
INPUT ••• s 
INPUT.-. • S -···---

SCHEOULF. 16. EXAMPLES OF EXPliCIT OEFINITIONS CA~R AY FAMILVI 

ARRAYI51;ARRAYI 1 9 2 );ARRAY(5:1,2t3t INPUT • • • 

. - - .. A.R1tAY~·t .. - -u S" CO'Ml'ONEWI A"RlrAYl · ··- --·· 
(i (I 0 0 0 

.. ARRAY( 1 ;-z-T (A 2 COM"PON"ENT ARRAYl 
1 2 

ARRAYt5:1,293l lA 5 C0'4PONEN1. ARRAY) 
1 2. 3 (I ( 

INPUT... ARRAYC2,3: J;ARRAYI2t3:1,2t3,4,5) 

INPUT ••• 

APR A Y I 2, 3: I 
0 0 0 
0 0 ('! 

(A 2 BY 3 ARRAYI 

ARRAY(~,3:l,Zt3 1 4,51 lA 2 RY ~ ARRAYI 
1 2. 3 
4 s · ·o 

GRICI1.2,1.9,.\I;TNTFGEQSC1,151 

GRIOC1e2t1e9tell CA 8 COMPONE~T AR~AYI 
1.2 le3 1.4 1e': le6 le7 1.8 le9 

INTEGERS(\,151 lA 15 COMPONENT APRAY) 
1 Z 3 4 5 t. 1 8 9 1:> H 1.7. ':- H ''i 



INPUT ••• $ 
INPUT ••• $ 

·- "l"NP.UT • • .• ·s 
INPUT ••• 

INPUT ••• 

INPUT ••• 

INPUT ••• 

INPUT ••• 

INPUT ••• 

INPUT ••• 

·--IN·p·uT ••• s 
INPUT ••• $ 
INPUT ••• $ 

·--TN PUT ••• $ 

INPUT ••• 

INPUT ••• 

..... · 

SCHEDULE 17. OPER~TIO~~-·g·~··SQ_I!_A.~E MATRICES····--.·. 

X=MAT~JX(3,3:1,2t4t1t~I.~PR~NT(XI 

X (A 3 BY 3 MATRIX} 
1 2 4 
1 3 (J 
0 ..... (\ ,, 

X=X+TRANSPOSE(XI;P~INT(X' 

X ( A 3 BY 3 ~A TR"f)() 
2 3 4 
3 6 0 
~.,- ·o ·-o· · 

X(3,31=5;PRINT(X) 

X lA 3 BY 1 MATRJXI 
2 3 4 
3 6 0 
4 c 5 

DE T( X I 
DET( X) ;:: -Bl 

. . TRACE (XI 
TRACE(XI 13 

EIGENVALS( XI 

EIGENVALSIXI (A VECTOR WITH 3 CbMPONENT~I 
9 5.6~56 -1.6056 

EJ GENVEC Sl XI 

EIGENVECSIXI (A 3 ~y 3 MATRIX) 
-.57735 -.57715 -.57735 

.G987d4 -.7513 .65252 

.Blu5 · -.3197 -.49~"8 

THE El\.ENVECTORS ARE THE ROWS OF THIS ~ATRIX. 
THE VECTOR CC~RESPONDING TJ THE LARGEST ET\.F~VALUE IS FIR5T• 

1/X 

1/l< (A ., 

-.3707 
.18519 
.2963 

X•*2 

;iY :. MATRI XI 
.18519 .2<?63 
• r:74i.• 74 ..... l4·R.l5 

-.14815 -.~37037 

X**2 (A 3 BY 3 lolA HI XI 
29 24 . 28 
24 45 12 
28 12 41 . 
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INPUT ••• s 
INPUT ••• s 

"INPUT·.-.; • s· -·· 
lNPUT ••• 
INPUT ••• s 

SCHEDULE 18. MATP.I lCIVECTOR OPERATIONS. 

X=VECTOR(1,2,3,~1;Y=VECTORC3,1,2t 

IN1'Uio.· •• s --------~·-nte OOIEk -pRlJDUCT Of X AND Y 

INPUT ••• s 
INPUT ••• 

INP.UT ••• 

INPUT ••• s 
INPUT ••• · 

INPUT ••• 

INPUT ••• 

INPUT ••• 

INPUT ••• 

Z=X**Y ; PRINT(X,Y~ZI 
··-. ·----·-----· -··-· 

X (A VECTOR WITH 4 COMPONENTS I 
1 2 3 4 

.. ··-··- .... ----- -·- ... -· .. 

y I A VECTOR WITH 3 COMPONENTSt 
3 1 2 

z lA 4 BY 3 MATRIXt 
3 1 2 
b 2 4 
9 3 6 
l?. 4 8 

X*Z 

X*Z I A VECTOR WITH 3 COMPONENTS) 
90 3•) 61' 

THE 1 NNEP PRODUCT IS 
x•x 

X* X = 30 
Z*Y 

Z*Y (A vee ToP WITH 4 C CMPONENTS t 
14 28 42 56 

T=lC**X:PPJNTIT) 

T I A 4 I!Y 4 MATRIX) 
1 2 3 4 
2 4 6 8 
3 6 9 12 
4 8 H lt 

T+l 

T+l lA I~ BY ~ MATRI )() 
2 2 3 4 
2 5 6 e 
3 6 1f J2 
4 B 12 17 

T+X 

T+X lA 4 BY 4 MATRJXI 
2 2 3 4 
2 6 6 B 
3 6 12 12 
4 8 12 2r: 



INPUT ••• $ 
INPUT • • • $ 
INPUT ••• $ 
INPUT ••• 
INPUT ••• 

SCHEDULE 19. OPERATIONS ON 1-DT~ENSIONAL ARRAYS 

X=ARRAV(5:1,2,3,4,5) ; Y=X+3 ; Z=X•Y 
PRINT (X,Y ,z) 

X (A 5 COMPONENT AR~AYI 

1 2 3 4 5 

Y (A 5 COMPONENT ARRAY) 
4 5 6 1 8 

l (A 5 COMPONENT ARRAY) 
4 10 18 28 40 

INPUT... X/Z 

X/Z (A 5 COMPONENT· APRAYI 
.• 25 .2 .16667 .14286 .\2~ 

INPUT... X/3 

X/3 C A 5 COMPONENT ARRI!YI 
• 33333 • 66667 1 1. :!333 1.6667· 

INPUT... X**X 

X**X (A 5 COMPONENT ARRAY) 
1 4 27 256 3125 

INPUT... X**3 

X**3 (A ~ CUMPQNFNT ARRAY) 
1 8 27 64 125 
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INPUT ••• s 
INPUT • • • S 

"INPUT ••• s 
INPUT••• 
INPUT••• 

SCHEDULE 2t. OPERATIONS ON 2-DIMENSIONAl ARRAYS 

X=ARRAYC2,2:1,2t3t41 ; Y=X+1 ; Z=X*V 
PRINT CX,Y,ZI 

X CA 2 BY 2 ARRAYI 
1 2 

·- "'""")"""-·4--···- ... ····- -·-· ..•. -·-··-··· 

Y CA 2 SY 2 ARRAYI . ··r~-··· ......... - ····-·-·· 
4 5 

-r-n--z-n· z··AQAYI 
2 6 
12 20 

IN Pur.--.- .... -·- ---xn 

X/Y CA 2 8V 2 ARRAYI 
.• ,.... .66667 
.75 . • 8 

INPUT... X**Y 

INPUT ••• 

x••v 
1 
81 

CA 2 BY 2 ARP.AYI 
8 
lt24 

)(··~ 
CA 2 BY 2 ARRAYJ 

8 
64 



JNPUT ••• s 
INPUT ••• s. 

·TN"Pm·.-.-. ·s·--·· ·· ·· 
SCHEDULE: 21. OPEIUTIONS BETWEEN 1- ANO ·2-DllllENSJONA.l APRAYS 

·-· 10 A~RAYS OPERATE FROM THt L!F~ ON ~OWS, .F.OIIl TH~ 
RIGHt ON COLUMNS. INPUT ••• s 

INPUT ••• $ 
... TN"P"OT.-.-. 

fNPUT • • • 

INPUT ••• 

INPUT ••• 

INPUT • • • 

X=ARRAYI3:1,2,3l;Y=ARRAYI3,2:1,2,3,4,5,6l;Z=APRAYI?.:l,21 
PRINTIX,Y,ZI . 

X fA 3 COMPONENT ARirAYI. 
1 2 3 

Y lA 3 BY 2 ARRA~I 
1 2 
3 4 
5 6 

Z lA 2 COMPbNENT ARRAY) 
1 2 

x•v ; Y*Z 

X*Y lA 3 BY 2 ARRAY) 
l 2 
6 ·8 
15 18 

Y*l I A ~ ~ Y 7. APR. A Y I 
1 4 
3 ij 

5 lZ 
X+Y ;Y+l 

X+Y lA 3 FlY Z ARPAYI 
2 3 
5 6 
8 9 

Y+Z lA 3 BY 2 ARRAY) 
2 4 
4 6 
6 8 

X**Y; Y**Z 

x••v I A 3 BY ,2 ARRAY I 
1 1 
8 ]6 
243 12'9 

V**Z lA 3·ey-z AR~AYI 
1 4 
3 16 
5 36 
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···- .. - ---·----
INPUT ••• s 
INPUT ••• s SCHEDULE 22. SIMPLE INOEX OPERATIONS. 
tNPur;.-;·.-.---------· ·-·... . ....... - .. --

INPUT••• 

..... : .. ----x--u 3 BY 3 ARR-AYr .. -· -·--·-----:----· 
1 2 3. 
4 5 6 __ __..,. . .,. "'T·---·- .... ·-·------.... --

INPUT... X(3,31;XC21;XC,21 
Xl3t31 = 9 

Xl21 lA 3 COMPONENT ARRAYI 
4 5 6 

XC,21 CA 3 COMPONENT ARRAYI 
2 5 8 

(Nl'tJTe•• Xf31::1((,21 ; PRINTClO 

X (A 3 eY 3 ARRAY I 
. 1 2 . 3' 

... TNPUTe•• 

'. --· INPUT • • • 

INPUT ••• s 
INPUT~ •• $ 
INPUT ... s 
INPUT • • • 

4 5 6 
2 5. 8 

·xna=r Tl'RINTI XI 

X CA 3 BY 3 ARRAY I 
1 2 3 
4 5 6 
1 1 1 

XI 93J'='l . PRINTCXI • 
X (A 

1 2 
4 5 
1 1 

X I A 
1 2 
4 5 
1 1 
r.:. {; 

3 BY 
1 
1 
1 

3 ARRAYI 

AUTOMATIC EXTENSION IS IllUSTRATE~ P.Y 

Xl4,5l=1 ; 'PRINTCX) 

4 BY 5 ARRAY I 
1 (' r:. 
1 0 ,'\ 

1 (~ ( 

;J . 1 



'•' -:· 

INPUT ••• s 
INPUT •. • S 
INPUT ••• $ 
INPUT ••• 

SCHEDULE 23. EXAMPLES OF STRUCTURF.O INOEX OPERATIONS 

... A I A 

1 2 
4 5 

. .., .. 8 

3 BY 3 ARRAY! 
3 
6 
9 

I (A 2 COMPONENT AR~AYI 
1 . 2 

INPUT... Afll; Af.tl; A([,ll 

Afll (A 2 BY 3 ARRAY I 
1 2 3 
4 5 6 

AI, I I (A 3 BY 2 ARRAY! 
1 2 
4 5 
7 8 . } 

Afl tl I (A 2 BY 2 ARRAY I 
1 2 
4 5 

A(I,I+11 (A 2 BY 2 ARRAY) 
2 3 
5 6 

I:ARRAY(t,:!l PR I NTC A, t I 

A (I, I +tl 

.... 
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INPUT ••• s 
.INPUT • •• S SCHEDULE 24. 

·--TNPUT"e._.e .,.----··· .. 
LOGICAL AND RELATIONAL OPERATIONS 

INPUT • • • S 
INPUT••• A:ARRAYCO,z,0,11 

·····tWPUT • .-.----- 'AORB=A OR B 
INPUT... AANDB=A AND 8 
INPUT••• NOTA=NOT A 

. INPUT·.-• .- TABULATE u,·e,AORB,AANOB,NOTO. 

A B ACRB AANDB NOTA 

0 1 1 0 1 
2 2 1 1 c 
o-u--o····· 0 - 1 
1 (i 1 G c 

INPUT ••• s 
IN·PUT·. • • ·---A·=-A'RRAYI'O-ire7t '3 ,4·, 51 ;·8=6-A 
INPUT... AGTB=A GT B 
INPUT... ALTB=A LT B 

···1NPUT • .-.- ·---.----A-EQR=A ·eo 8 
INPUT •• •. A'GEB:A GE B 
INPUT... ALEB=A LE 8 

.... TNPUT • .: •...... --'"A'NE~·=A- NF B 
INPUT... TABULATECAtBtAGTe,ALTB,AEOBiAGEB,AlEB,ANEBI 

---·-· ·-· . 

INPUT ••• s 
INPUT • • • 
INPUT···• 
lfljPUTe•• 
INPUT••• 

· A---a- AGTB AL TB AEOa AGEB ALEB ANn ... 

0 6 
t·-·-s 
z ~ 
3 3 
4 ?. 
5 1 

Ci 1 (. 

n 1 (! 

(· 1 t; 

0 r 1 
1 (' " 1 (. ~ 

AGTC=A GT ~ 
ANEl =A NE ·1 
AM8NE~=A-B NE 0 

0 1 1 
.. () 1 1 

(' ~ , 
1 1 ~ , ,. J. 

..... 

1 lj 1 

··-- TA~ULATE (A ,B ,AGTr, A NEt, AMB!II~t' I 

A B AGTt ANE1 AMBNE!'· 

0 6 ·J 1 
1 5 1 c 1 
z-·-·4-- 1 1 J 
3 3 1 1 l? 
4 2 1 l l 
5 1 1 1 



INPUT ••• $ 
INPUT • •• $ 
INPUT ••• $ 
INPUT ••• 

SCHEDULE 25. EXAMPLES OF WHERE AND iF STATEMENT~. 

x··u 7 COMPONENT ARRAY) 
1 2 3 4 5 0 1 

. v-o- 1 C'OMPO.N"ElifT AIUfAY) .. 
C C C G ~ 0 0 

AUTOPRINTC VI 

Y-=ARRAY(7) ; PR_INT(X,YI' 

INPUT ••• 
-"INPUT".-. • $ ..... 

INPUT ••• $ 
lNPUT • • • $ 

AUTOPRINT IS USED IN HERE ~OR AUTOMATICALLY·. PPINTtNr, v. 

. I"NP-UT.-..... --·-·--:-wHe·p·e .. l'lCG'T 31 y:4 

Y (A 1 COMPONENT ARRAYI 
--·-o--·o· · o ·4 4 4 4 

INPUT... WHERE (X GT 41 Y=X-l 

INPUT ••• 

·y fA 1 COMPON~NT AR~AVI 
D 0 0 4 4 5 6 

WHERE I Y EQ (I Y=-X 

Y (A 7 COM~ONENT ARRAYI 
-1 -2 -3 4 4 5 6 

IN-P1JT.·.. WHEP.C:: I X+Y GT 1 AND X lT 71Y'=9 

y 'I A 7 CUMPONENT AR~AYI 

-1 -:.: -3 0 9 9 6 
INPUT ••• Y.-=7 
INPUT ••• IF I X LT '51 Y=Y-] 
INPUT-. •. Pill NT I VI 

y I A 7 COMPONENT ARRAY I 
-1 -2 -3 9 ~ 9 6 

INPUT ••• IF ( l( GT 51 Y-=Y-~. 

y (A 1 COMPONENT' ARRAY I 
-2 -~ -4 B 8 8 5 

INPUT ••• A l.JTOPR INTI(' I 
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-----· ·-·-- -···-·--·····----···- ··-···---------····-·-····· 

INPUT • • • S 
INPUT ••• s 

·····TNPUT .-~. s·-·· 
SCHEDULE 26e SAMPLE USE OF LOCS (THE TRUTH FUNCTIONie 

X=ARRAYI5t3tlt0t2t2e5t1t6e~t01 
LOCSIXI1 XILOCSIXII 

INPUT.~. 
INPUT••• 

LOCSCXI lA 1 COMPONENT ARRUI 
1 2 3 5 6 1 8 

XlLOCSIXIt (A 1 COMPONENT ARRAYt 
5 3 1 2 z. 5 1 6. 3 

---nwuTe····--··-- ·-L.-OC SCFRACPAR I CXH 

LOCSCFRACPART(XII lA 2 CO~PONENT ARRAYI 
-·6-·····e ······-- --------.--

INPUT... XILOCSIFRACPARTIXIII 

XCL1lCS1FRACl'~RTT101T (A 2 COMPONENT ARR AYI 
z. 5 6. 3 

INPUT... LOCSIX GT z• 
Lf1CSIX ·GT 21 lA 5 CO.,.PONENT ARRAYI 

1 2 6 1 8 
INPUT••• XILOCSlJC.l>TA!H 

XILOCSIX GT 211 lA 5 COMPONENT ARRAYI 
· 5 · 3 2·.-5··-r-- 6. 3 



INPUT ••• s 
INPUT ••• S 
INPUTo .. S 
INPUT ••• 
INPUT ••• 

INPUT ••• 
INPUT ••• 
INPUT ••• 

INPUT ••• 
INPUT••• 
INPUT ••• 

l( 

-2 
-1.5 
-1 

0 
2.5 
7 

"· 

.:• 
SCHEDULE 27. SAMPLE OPERATIONS USI"Jt; ELE~ENT-BY.;.El:Ero,EI'iT ~t.tNr"Tt1!1iS 

X=ARRAY(~2,-1.5,-l,0,2.5,71;ABSX=A8S(Xt;~ItNX=~tGNIXl . 
FPACX=FRACPART(kt;INTX=INtPAqT(it;TARULATE(~,ABSX,SlGNX,~·ACX,I~TXt 

ABSX SIGNX FRACX INTX 

2 -1 ~ ~z 

1.5 -1 -.5 -1 
1 -1 ( -1 
0 o r n 
2.5 1 .5 2 
7 1 0 1 
X=ARRAYI~,1+11,2-31,4ll 

REALX=REALPARTIXI;IMAGX=IMAG~ARTitt;CONJX=CONJUGAT~(Yl 
TABULAT~(X,RfALX,lMAGX,CdNJXI 

X P.EALX I MAGX CONJX 

0 
1+11 
2-3 I 

+41 

i) ,, t• 
l ~--1 I ·, ' 

2 -?. 2+31 
(! 4 '-41 

X=VEtTOKll~2.~,41 
SQRTX=SORTtXI;SINX~SINIX);SiNHX~SINH(XI~~AMMAX~~A~~AIXt 
TABULATE(X,SQRTX,SINX,SINHXoGAMMAXl . 

X SQRTX SIN X SINHX GAM~AX 

1. 1 .84)4·7 1.1752 ! 
?.. 1.4142 • 9C c;3 3e6?69 1 
3 1. 732i .i4U2 1 ('. "1 8 2 
4 2 -.75E-8 n.z<: 6 

83 
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INPUT ••• s 
INPUT ••• s SCHEDULE 28. SA~PLES OF SUM AND PRODUCT FUNCTIONS. 
·tNPUT·.-.-. s-··-·----· ·· ....... --···---· 
INPUT••• X=HATRTXC2,3:1,2,3,4,5,61;PRINT X 

--- ······-x-1A-·-z BY 3 fo4ATRIXl 
1 2 3 
4 5 6 

TNPUT ••.•.... - SWU XI ;SUMSOCXI ;PROO(l(l 
SUM( XI :: 2l 
SUMSQCXI ()\. 
PROD( XI :: 7').0 

INPUT... SUMROWSCXI; PROOROWSCXI 

SUMROWSC XI 
6 15 

C A VECT~ ·wnK 2 ·cmwo'fl:NTS I 

PROOROWSCXI (A VECTOR 1HTH 2""COMPONENTSI 
t. lZC 

INPUT... SUMCOLSCXI; SUMSOCOLSCXI 

SUMCOLSC XI 
5 7 q 

C A VECTOR WITH 3 COMPONENTS I 

SUMSOCOLSCXI CA VECTOR WITH 3 COMPONF.NTSI 
17 29 45 

INPUT ••• PROOCINTEGERSU ,10 ll 
PRODCINTEGERSCltlCII = 36Z88CO 

.INPUT... SUMCINTEGERS~l,Z~II 
SUM C TNTE"GER S( 1, 21) I I = 210 



INPUT ••• $ 
INPUT ••• $ 
IN"P.UT • • • $ 
lNI'UT ••• 

INPUT ••• 

INPUT ••• 

INPUT.··.··. 

INPUT••• 

85 
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SCHEDULE 29. USE OF BUlL T-IN STRUCtU.RE .FUNCT ~ONS •. 

X=MATRIX(2,3:-l,7,-2,4,ti;PRINT(XI 

X (A 2 BY 3 MATRIX I 
-1 7 -2 

4 1 v ·.·. 
MINI Xl.;"R:OW.MtNI"Xl;COLMIN( XI 

MINI XI = -2 
ROWMINCXI = 1 .. · ... ! 

COLMINCXI = 3 
MAX( XI 

MAXI XI .:: 1 
NOE"LSI xr .. _., 

NOELS(XI 6 
NOCOLSCXI 

NOCOLS(l<l 3 

,· ·. 
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INPUT ••• s 
INPUT ••• s 
rNPur.-·.-.-s--·· 

SCHEDULE 30. EXAMPLES OF THE USE OF RANKING FUNCTIONS. 

INPUT••• 

··-x 1A 6""CQMPONENT .. ARRAY) 
1 2 -1 -7 4 -3 

Y CA 6 .. COMPONENT ARJUVJ 
1 4 1 49 16 9 

. INPUT... RANKED(XJ 

RANKED( X J C A 6 COMPONENT ARRAY I 
-7 -3 -1 1 2 4 

INPUT.-•• · --""R"ANKERIXr--· 

RANKER IX J (A 6 COMPO~ENT ARRAY I 
4 - 6 ~ 1 .. 2" . 5" . .. ----· - - --

INPUT... X(RANKERIXIt 

XI RANKER (X I J U 6 .. COMPONEN'l:"-J(RnYJ . 
-7 -3 ~1 1 2 4 

INPUT... VIRANKERCXtt 

YIRANKERCXtt lA 6 COMPONENT ARRAY) 
49 9 1 1 4 16 



INPUT ••• s 
INPUT • • • S 
INPUT·~·. • $ 
INPUT ••• 
INPUT ••• 

SCHEDULE 31. SAMPLE TlrA!IJSFAMJLY OPERATIONS 

~=ARRAYC1,2,31 
X;VFAMCXI 

X CA 3 COMPONENT A~RAYI 

l __ L 3 

VFAMCXI CA VECTOR WITH 3 CO~PONENTSl 
1 2 3 

INPUT... X**X 

INPUT ••• $ 

INPUT • • • 

X**X (A 3 COMPONF.NT A~RAYI 
1 .. -4 .. 27 

AFAMCVFAMIXI**VFA~tx·t) CA ~ SY ~ ARRAY) 
1 2 3 
2 4 .. 6 
3 6 9 
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INPUT ••• s SCHEDULE 32. SAMPLES OF THE USE OF SPECIAL OPERATIONS FOR 
INPUT ••• $ FUNCTIONS OF ONE VARIABLE • 

. :·lNPUT;.-.-s-- .... _____ .. _ -- --·-- ·-~ ... _._ .. _.-

INPUT... PI=2*ACOSCOI;X=GRIOC0,2*Pll 
INPUT... NOROOTSCCOSCXII;ROOTSCCOSCXI:XI 

... ·---·-· ... -"NN ROO IS ( CUSTX'lr---=---z-. ·- ·---·- ... --·-- ·-- .... ---

INPUT ••• 
INPUT ••• 

ROOTSCCOSCX):XI CA 2 COMPONENT ARRAY) 
le·57C8 4. 7124 .... _ .. _ .. 

COSX=COSC X I 
OCOSX=OERIVCCOSXIXI 
lCUSX=TNTFGlrAl. TCUS'XflO 
SIGNifiCANCEC41 
SELECT EVERY 4TH ELEMENT 

··TNPUT·.-.-.-·· 
INPUT ••• 
INPUT • •• $ 
INPUT ••• 
INPUT ••• 
INPUT ••• 
INPUT ••• 
INPUT ••• 
INPUT ••• 

I =lNTEGERSCl ,NOELS CXJ ,4) ;X='XH J ;t:OSX=COS'X"U.I 
DCOSX=OCOSXC I I 
ICOSX= ICOSXC I I 
TANX=TANC XI 
SINX=SlNCXI 
TABULATE CX,COSX,OCOSX,JCOSX,SINX,TANX,XI 

X cosx ocosx lCOSX SINX TANX '( 

(" ' ' -6.1 97E-5 , 
" 

,''! !'\ 

.2~13 .9686 -.,t:·85 .1486 .2487 .?~611 .• ::!r:;, ~ 

.5(:27 .8763 -·'·814 .4616 e48J.A .549A • c;r- ":'7 

• 754 • 72'7 -.68Al .6843 .. ..M'-45 .9~9\ .75'> 
J •• ·~rs • 5358 -.1!1;.38 • 8~1tl .8443 1..576 :~..~r.c; 

1. 257 • 3':•9 -. c;:o;,:t, .C?'i'l7 • 9~1 1 3.~n~· 1.~57 

1. 5('8 • C627'7 -.9974 .9977 .9'<13 ~ s ... c; T."5~"~"8 .. 
1. 759 -.l.A74 -.9P.1e .982 .«?823 -5.24') 1.7'59 
2eOH -.4258 -. Cl(·42 • 9(45 .91"61.! -2.125 z.nu. 
2.262 -.6374 -.77 .77C3 .77"5 -1.2:l9 .. 2.21'>2 
2. 513 -. a•.·9 -.51""1'4 • 5876 0 !\87R -. 7?.~5 2.5'3 
2.765 -.9298 -.3679 .~69 .3b8l -.3959 2. 7t.S 
3eC16 -.99?.1 -.1.253 • 1253 .1.2~~ -.i263 .... --·-3·. "'1 6 .... 

3.267 -.9<'121 .1 :'53 -.1253 -.1?.53 .!?6'3 3.267 
3.519 -.9298 .3f-79 -.~68 -.368J .~9c;C? ,.51 q 

3.77 -.8it9 • 5!:'74 -. 587~ -.51178 .7265 ... 3. '17 

4.(1n -.6374 .77 -.77'i3 -.77!'!5 1.2"'Cl 4. ":?' 
4. 273 -.4258 • 91.';42 -.9r.'45 -.9048 2. 1.25 4.~7":\ 

4.524 -.16'74 .• c;et6 -.982 -.9!l23 5.24? 4.r:;?4 
4.775 .06279 .9c;7~ -.Ci077 -.998 -!c:.gG 4.775 
5.027 • 3!' c; • C:5t4 -.9r;r.7 -.9~11 -3.~7~ 5."?7 
5.278 ·.-53:55 • 8l:·38 -. 1144] -. 8'·4 '3 -1 .• 576 5. 27~ 
5.529 .729 • 6841 -.61343 -.6P45 -.•:139, 5.5~9 

5. 761 • 8763 .461~ -.411\~ -.'-P-18 -.5498 o;.781 
6. Ci32 .9686 • 2~·85 -.24f!f. -.24!17 -.?56~ 6.1.,_?. 

6.283 1 6.197f-5 -l.l'BF.-14 -l.J.h8E-\4 -l.t68E-!4 "· ?fl3 

····--···· ·--·. 



INPUT ••• s 
INPUT ••• t 
lNPUTo •• $· 
INPUT ••• 
INPUT ••• s 
INPUT •• ·• s· 
INPUT ••• s 
INPUT ••• s 
INPUT ••• · 
INPUT ••• $ 
INPUT ••• 

SCHEDULE 33. SAMPLE OF A FlJNCTTON pF 2 YAP IA'Eil F.S~ 

I'NPUT • • • $ 
INP.UT •• • 

X=GRID(-1,1,.251; Y=GRiniOo2o .2~1 
' < 

FIRST CONSTRUCT A PAIR OF TWO DI~FNSIO~AL.AR~AYS (ONTAJ~TNG TH~ ~E~J~cry 
VALUES OF X AND Y IN THEIR ROWS ANO COLUMNS, RESPP.~TIVELY 

NX=NOELSIXI;NY=NOELSIYI;V=V+ARRAY(NY,NX:I :X=ARRAV(~Y,NX:I+X 
NUTE THE ORDER Of THE ~~DITJQNS. THE R~SULTS AR~~ 
PRINT( X, VI 

X (A 11 BY '? ARRAY) 
-1 -.7':; -.5 -.25 f· .25 .5 .75 J 
-J ,....75 -.5 -.25 (' .25 .o; .75 1 
-1 -.75 -.5 -.25 f .?5 .5 • 75 l 
-l -.75 -.5 ·-.?5 . (: .25 .5 • 75 1 
-1 -.75 -.5 -.25 c .25 .5 • 75 ' -1 -.75 -. 5. -.?5 r .zs .s .75 l 
-1 -.75 -.5 -.25 ( .?5 .~ .75 J 
-1 -.75 -.s -.25 r. .25 .5 .75 l 
-1 -. 75 -.s -.2"5 c '" •• • J .~ • 75 ' -1 -. 7!'. -.'5 -.25 (• .25 .5 • 75 l 
-1 -~ 75 -.5 -.2~ ( • ~ 5 .5 .75 ) 

y (A n BY q ARRAY) 
0 !... c c. (• ., ~~. :1 r:. 
.2 .~ .2 .2 .~ .?. .2 .2 .2 
.4 .4 . -:":. .4 .4 • L' .4 .4 .4 
.L .6 .6 of:> .6 .6 .I> .6 .6 
.s .:9 ~ ~ .8 .e .o .~ .a ·"' i ~ 1 :t 1 l l 
l • . ! ' ":'; .... c .. 1 • .?. 1.·7 ).2 1..2 1~. 2 1.2 1. 2 
1. 4· "'• ... 1.4 J .• (c. 1.4 ! ·'· 1. 4 '. t;. ! • 4 

·1.6 1.(. '·6 l. t- J • F, ! • f- l.6 1.6 1.6 
J. p ,.f J .• 8 ~. • e '-. s 1. 3 '·. i! 1. 8 ~ .. ~ 
e. z 2 ? ~ ?. ~ 2 ? 

r~ow ANY FUNCTIC11\ IJF X AND v CAN EASILY BF: C ON<;T qiJ( T ~!': 
FUNXY=x•·•z + 3•Y*SIN( X+31?.1: PRJ NT( FUN XV I 

FUI-JXV (A 1.1 ~v q ARPAV) 
.5f:2'i ?C: .... · • i' ~~ ~ .~~(.~ • "?5 c;·?o: ... :) .. ·' 

1.268 • 971 ~ .7'51.<:7 • 631 1 • c;ggr; .65:'9 • 79"1; !.~2? , • "l) ~ 

l. 57.5 J..j8 '· 2f-
1 • ~ ( ,, 1.197 ·l. ?{."'>_ 1. 3'•1 , • 4.C: .c.. ,_ r <~ 

l..€63 t. 7R9 :!.. 76i; J. 77~ 1.. 795 '·• P: ?-I, ~ .• ~ .')7 , . ~(.· ~ ?. • •. ,7 7 

2.151 ?.. 19£ 2 ~ '?.7 ?..34 .2. 3~'~ 
"·" 24· 

?.l:.1.~ '?.. 4? ?.4"'"-
2.438 ;·. 6!" 7 2. 774 ~.9 .. !9 2. 9Q2 3. :. 'l,. ? .c;7« .... R,~7 ". 7~'5 
2..72t s.···lt :;~ nc; 3!~' 7<"1 3.:;•n 3. (,' s , • c ~"l ~. ?-6'). ., • '~ l:. 
3.':'14 3~42~ '3~ 7f:,l. ~-. t·t .. B 4.1R.O. '-:-·! ~s c. • '· o~ ., ;)"] .... ., •. c;• ( .. 

3o ~L1 l 3.834 L:o289 4·. f.l g t-. 1e a '•• 7fh '"'• ~ 1 c:. 1.· .• ?~7 "'.'l7 
3.58'1 ..:..24?. 4. 79':· !>.if:.7 S.1A6 5.37£- ~. ~ ~ .. ' '• 11:~· t. ~.., 
3.877 1· .• 652 5. zc;c; <".751., r,. q85 ".9ffo c:;. 7:·f:. C' ,,, 

.. . - '·. ~·~ 
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INPUT ••• s INPUT • •• $ SCHEDULE 34 A SA ... PLE Of A CRUDE CONTOUR PLOT 
INPUT·.-•• $ .. 
INPUTeeeS A SIMPLE CONTOUR PLOT Of THE FUNCTION DEFINED IN TH~ PR~VlOUS 
INPUTeeeS SCHEDULE CAN BE PRODUCED THUS: 
tNPUT"e"'ee .... ---sn:P=U I NTPA{(T(C FUNlCY-Ml N(FUNXY1l/STEP1 ...... . 

' 
INTPART((fUNXY-MI~(f~NXYII/STE~I (A 11 BY 9 ARRAY I 
. 1 . -c. n c- (\ ·) 0 

.. ,. 1 
. ----·--·-· -- ..... 

., 
1 c 0 0 r 1 (' 1 1 
1 1 1 1 1 \ 1 1 1 
1 1 1 1 "1 1' 1 1· 2 

2 2 2 2 2 2 2 2 2 

2 2 2 2 2 3 2 2 ? 

2 ? 3 3 3 3 3 3 ? 

3 3 3 4 4 4 4 3 3 

3 3 4 4 4 4 4 4 '2 

3 4 4 5 5 5 5 4 4 

3 4 5 5 5 5 5 5 4 



DATA 
1 ' 2 

6 
ll 12 

END 

SHOWOFF 
3 4 

7 
5 

8 ,?,, .J/) ""! 
t. 
c: 

* * • * * * ~ ••••• ~ •••• * ••• * *. •· •• ~ * • t • * * * ~ * * *·* t ~ t • 
COMPILATION TJME ~.~~ SECSo 

* llr >It * * * * * lf Jic * ·.•. II: .$ * * • * * * • II< 10< * * * >t • * * ·* * * * :1< <t .llr « * * ·• " * •· 
INPUT o o o $ 

'NPUTooo$ 
INPUTooo$ IN THE FIRST FXAMPLE ~E USE AN OijJfCl SMALLEP TH~N THE ~AT4 FtLFT 
INPUTooo$ 
INPUTooo 
INPUTooo 
INPUT o •·• 

INPUT ••• s 
INPUTooo$ 
INPUT.· •• s 
INPUTooo 
INPUT ••• 
INPUT • • ~ 

INPUT ••• $ 
INPUTooo$ 
INPUToooS 
INPUT ••• 
INPUT ••• 
INPUT ••• 

INPUT ••• $ 
INPUT ••• s 
INPUT o •• $ 
1 NPUT • • o .$ 

A=ARR.AYC1 I 
LOAOOA TA I A, SHOWOFF I 
PRINTIAI . 

A lA 7 COMPONfNT ARRAY) 
1 2 3 4 5 6 7 

IN THIS F.XAMPLE THE neJECT HAS J'HE S.AME S T Z·E AS .JHE DAH FIL r:. 

A (I\ 

l 
5 
9 

A=MAT~IX.(3,41 
LO,OOATA(A,SHOWOF~1 

PRINT!t.l 

3 t' y 4 "'A TR IX I 
<: J l~ 

6 7 e 
l(~ H J.2 

IN THF LAST fl(AMPLf WE: !JSI' "'11.1 rJBJFCT .t.ARG.F;P :TI·!A'II THI= ~"ATA. r.yfr.,. 

A=APRAYI 2r' I 
LCADOATA(A 1 SHOWOFFI 
PR IfJT( A I 

A (A 2) CJMPCNFNT ARRAYI 
1 z 3 ~ 5 6 7 .. e 9 .. 

SCHF:DULE .35. SAMPLE OF TH!" t:ONSTRtJCTIC'!\! ANf. ,tfS" OF a :-l~B FJLF:o 
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INPUT ••• s 
INPUT ••• s 
INPUT • • • S 
INPUT ••• s 

SCHEDULE 36. A SAMPLE OF THE USE OF THE GRAPHICAL F~~TURES 
.... ·-·· . -·-OF THE l.A.NGUAGE • 

INPUT... X=GfiiDCO,lOI; Y=SINCXI 
· ··rNPur· • .-·. ·· · · '· -D=DeR·tvrrnt 

INPUT ••• s THE DESIGN FEATURES ARE SETUP HERE. 
INPUT ••• s 
INPUT~ •• s · 
INPUT ••• 
INPUT ••• 
INPUT • .-. 
INPUT ••• 

HSIZEC51 • VSCAL~C-ltll 
GRAPHIY:XI 

HSCALECMINIXI,MAXCX)) 

.. ·- ·stnrr.un POINTS). 
AOOGRAPHCD ·:XI 

8 
..:...--~-------+"...,.,...,. __ _ 

+ •• 

~ 
ci 

+ 
+ 

8 + 
a + 

+ 
+ 

)-~ 
+ 
+ 

a + I 

X 

+ + + 
+ 
+ 
+ 
+ 
+ ... 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

vstzn4t 



7 
I 

$ 
f. 
s 

P~OG~A~ SAMPLEl 
' . 

·THIS PROGRAM ILLUSTRATfS THE FORM OF A· ~-RrjGRAM 

PRINTC 1 EXECUTION OF SAMPLEl FOR' tNI 
FOP I=~ IN 
X=VFAHIINTEC.FRSiltiiJ;Z~x••x;S=SUMROWSIZI 
IF I I GT 'il GO TO A . . 
PRINT(X,Z,St 
GO TO II 

A:hBULATEC x,SI 
B:FNIJLOOP I 

PRINTI'DONE'I 
EIIID 

' ~ 
~ ~ , -; ... . ,. 

•• * • * • * * * * * * ••• * * •••.•••••• * ••••••••••••••••• 
COMPILATION TIME (o27 SECS. 

• •, * .• ' •• * • * • * • •. • • • • * ••••• * • • •· ·• • • • • • • • * * • • * •. * * .. 
INPUT. o. t. 
INPUTooo 
lNPUToooS 
INPUToooS 
INPUToooS 
INPUToooS 

N=3 

THIS SETS THE VALUF OF No IT IS GLOAAL ANO tHfPFFOR~ 
AVAILAqLF. TO THt PROGRA~ 

INPUTooo EXECUTE SAMPLEl 
EXECUTION JF SA"'PLEl FOR N' -= 3 

X I A VECTOR WITH 2 CO~PnN~NTSt 
1 2 

l (A 7. ~y 2 ~A TR l X I 
l 2 ., .. L 

S (A VECTO~ WIT~ 2 [~~PONFNT51 
3 6 

X S 

6 
· 2 lL 

3 \ e 
DO~E 

• * ••• * * * * •••• * * * * •• *. * • * * *·* •• * ~ * •• * * *. b ~ * ~ •. 
EXECUTION TI~F ~.!9 SECSo • * • * ~ • ~ • ~ ~ * • • • • * • ~ * • * • • • ~ * • * • • • • • • ~ * • * • i • ~ • • 

INPUToooS 
INPUT o o o S SCHE:DULE 37. A SA"'PLE PROGPA~ AND ITS f'<C:fliTJON 
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$ 
s 

' 

PROGRAM MISTAKES 

THIS PROGRAM DEMONSTRATES SYNTAX EPROR MESSAGES nURING C~~PliLATin~. 

;X=Y=Z ; LT=5 ;X=2.3~.7 
A=-*S ; X="YES" 

X=5 T=1 

., 
., 

I. .., 
A 

X=Y**/Z 
V=A*C3+4 
T=3C 4+51 
ENf' •• * •••• * * •••••••••••••••••.•••.•••• * •••••••• * ~ 

IN STAT.$ K=Y**IZ $ DOUBLE QP. 
IN STAT.$ X=Y=Z $ DOUBLE = SIGN. 
IN STATeS LT:S S DOURl~ OP. 
IN STATe$ K:2.35.7 S MISPLACED DEC PTe 
IN STATeS V:A$(~+4 ~ PARENTH~SIS l~fALANCE. · 
IN STAT.J A=-*B S DCUBLE DP. 
IN STATeS X="YES". J ILLEGAL CHA~. 
IN STAT.~ K:S , T=7 S DOUALE a SIGN. 

COMPILATION TIME n.)b SF.CSe • • • * * • • * * • • • • • • • • • * • • • • • • • • • • * • • • • • • ~ • • * • • • * 
INPUT ••• s· 
INPUT • • • S 
INPUT ••• s 

SCHfOULf 3P. ERRORS OETF.CTED DURING CO~PilATJONe THESE ~0 ~JT 
INHIBIT EKECI.JTION 



lNPUTeeeS 
INPUT • .;. S 
iNPUT ••• s 
INPUT •• ·• 

--INPUT ••• 

I NPLIT •. • 

INPUT ••• 
INPUT ••• 

INPUT••• 

INPUT ••• 
INPUT ••• s 

SCHE:OUlE 39. EXEgUTIOt\1 ERROR ~ESSAGE~· I MANUAl MODEl 

X=WW*H 
WW IS NOT DF.FJNE!) IN STATe$ i<=WW*lC) 

X=4*3•~*11+ 
~N STATe$ ~~4*3+~*(1+ ~ PARENjH~SIS ~~~,l~~CE. 

X=4ll-31 7+61 . 
IN STAT.$ JC=4*3f7+fl .$ iMPLIED HUll'? 

X=HATRIX(3,3) 
Y:i:'l((4 ,21 

x 1111 STAT.$ Y=l(l~;21,' iNDEX OUTSJDE abuNiiS• 
X=~RRAY(31;Y=A~~AYC41;x+Y 

IN STATeS JC+Y I .l( iNb ~ iRE INCOM~ATi~L~ ~0~ ~jERAitON 

X lA 3 COMPONENT ARRAYI 
( c h 

Y (A 4 CbMPb~ENt A~~AV) 
(; (. ,, c 

OO~AINCR~All; x::~~~T~~il 

IN STAt.$ X=SQ~T(~ZI 




