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ABSTRACT

The HELP documents providé SPEAKEASY

users with concise definitions of most of the Words

available in the current processors. In this report, the
documents are given in a variety of formats to enable
one to find specific information quickly. The bulk of
this report consists of computer read out of the HELP
library via SPEAKEASY.

iii



I. INTRODUCTION

The user of an interactive la(rllguage such as TSO
SPEAK‘EASY needs a means of quickly dete rmining the 6peratioﬁs
available to him and of easily learning to use particular f_eatdres.

" To fill this need, é vsf)ecial library named HELP has been cre;.ted
and attached to all SPEAKEASY proces-sor's. The HELP library
consists of concise do'.cument's that describe éach word of the
SPEAKEASY language. The 1nteract1ve user may obtam each
document by a simple command from his terminal.

The growth capablhty of SPEAKEASY ‘has created
d1ff1cult1es in forma.lly documentmg all new features as rap1d1y as
they are added. Since the HELP docume.nts are ava.11able to all _
SPEAKEASY proc'es sors .and thus readily acées sible to all users,
they have become the primary method of documentation of new
features.

This report is a preliminary attempt to supply the
information available to these documents to the users of SPEAKEASY
in an easily read form. The HELP documents have been obtained
via SPEAKEASY programs in three formats. The SPEAKEASY
program that generates each of the three sections precedes it.

Section II consists of an index to the words describéd
in the HELP documents, Each entry in the HELP library is given a
reference name consisting of eight characters, The reference name
is usually identical to the name used in the SPEAKEASY pfocessor.
If the SPEAKEASY word being described is more than eight characters
in length, the reference name consists of the first eight characters.

" Short one-line definitions of the words in the HELP
library are given in Section III. These one-line definitions are
the first line of each HELP document. Each line contains the word
being defined with arguments of its SPEAKEASY call followed by .aA

brief definition.



The last section consists of the HELP documents
themselves. Each document begins with the wo rd being described
and gives a concise definition of the word, includ-ing all possible
SPEAKEASY calls. The word bemg defined and its arguments are
capitalized throaghout the document so that they may be easxly located.
Most documents are. structured in levels each paragraph gives |
greater detail than 1ts predecessor so an 1nteract1ve user can halt
the printing of a document after a paragraph if by then he has
suff1c1ent information. * Wh11e the documents are br1ef and do not go
into_ great detail in describing a word, they give suf_f1e1ent information
to enable a user who is unfamiliar with a feature to ernploy that feature
after reading the apprepriate HELP documenr For the user interested
in further information, the HELP documents refer to longer more,
. detailed documents if such documentation exists and is read11y

available.

%
This feature has not, as of the date of this report, been

implemented.



II. SPEAKEASY WORDS DEFINED IN THE HELP
DOCUMENTS
The words listed on the next pages are those
defined in the HELP documents of SPEAKEASY-3E. : The
SPEAKEASY program by which they were obtained is the following.

* % ¥ ¥ % % % * ¥ ¥ %k ¥ & ¥ ¥ ¥ % ¥ ¥ k &£ &k ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

PROGRAM TAB
NEWPAGE

MARGINS (1,77)

WORDS=LIBINDEX (HELP)

NU=NOELS (WORDS)

PRINT ('THE NUMBER OF HELP WORDS IS 'ND)

SPACE (4)

TABULATE (WORDS)

END

* * % % % % % % % ¥ ¥ ¥ ¥ & % & ¥*x % *x ¥k kx ¥ ¥k ¥ *k %k ¥k ¥k ¥ ¥ ¥ ¥ ¥

INPUT... EXECUTE TAB

LA BE BE B R R IR AN

%
The versions (i.e. SPEAKEASY-3C and 3D) operational at the
time of this printing do not employ periods in the definition of

logical operators.




THE

NUMBER

WORDS

ABS
ACCURACY
ACOS
ACOT
ADDGRAPH
AFAM
AMAT

AND
ARRAY
ARRAY2D
ASIN
ASYMMAT
ATAN
AUTOCORE
AUTOPRIN
AUTOTAB
AVERAGE
R1D

A2D
BESSEL
BESSELK
CGAMMA
CLEAR
CLEARDAT
COLARRAY
COLMAT
COLMAX
COLMIN
COLWIDTH
COMPILE
CONJ

OF HELP WORDS IS NU =

WORDS

CONJUGAT
CONSTRAI
CONTINUE
CoPY

Cos

COSH

CoT
CREATE
CREATEME
CUMPROD
CUMSUM
DATA

DEC
DEGRID
DELETE
DERIV
DERIVATI
DET
DIAGELS
DIAGMAT
DIFFEQ
DMAT
DOCUMENT
DOMAIN
DUNMP
ECHO
EDIT
EIGENSYS
EIGENVAL
EIGENVEC
END

WORDS

ENDAUTOP
ENDLOOP
EQ

ERF

ERFC
ERRORS
EXECUTE
EXP

FIN

FOR

FRAC
FRACPART
FREE
GAMMA

GE
GEIGEN
GOTO
GRAPH
GRID

GT

HELP
HENCEFOR
HIERARCH
HLABEL
HSCALE
HSIZE

IF

IMAG
INAGPART
INSERT
INTEG

241

WORDS

INTEGERS
INTEGRAL
INTERP
INTERPOL
INTPART
INTS
INT2
INTH
INVERSE
KEEP
KEPT
LABEL

LE
LENGTH
LIBINDEX
LIBNAMES
LINKLIB
LINKULES
LIST
LISTHEAD
LISTMEMB
LOADDATA
LoC
LOCHMAX
LOCHMIN
LOCS

LOG
LOGGA MMA
LOWERTRI
LT
MARGINS

WORDS

MAT
HATRIX
MAX
HAXOF
MAXOFCOL
MAXOFROW
MELD
MFAM

MIN
MINOF
MINQFCOL
MINOFROW
MOVE
MYDOCS
MYHBLP
MYLINKS
NAMES

NE
NEUMANN
NEWGRAPH
NEWPAGE
NOCOLS
NOECHO
NOELIS
NOLI ST
NOROOTS
NORQWS
NOT
NOZBROS
NUMBERS
OBJBCT

WOR DS

OMITCLAS
ONERROR
OR
ORDERED
ORDERER
PLOTSYMB
PRI NT
PRINTCLA
PROD
PRODCOLS
PRODROWS
PROGRAM
PUNCH
QUIT
RANDOH

R ANKED
RANKER
READ
REAL
REALPART
REALY
REALS
RECLASS
RETUORN
ROOTS
ROWARRAY
ROW MAT
ROWMAX
ROW MI N
RUN
SELECT

WORDS

SETGAUSS
SETINFIN
SETJACOB
SETLAGUE
SETL EGEN
SETLIB
SETNULL
SETPLOT
SIGN
SIGNIFIC
SIMEQ
SIN

SINH
SIZE
SMAT
SOLINDE2
SPACE
SPHBES
SPHBESN
SQRT

SUM
SUMCOLS
SUMRONWS
SUMSQ
SOUMS QCOL
SUMSQROW
SYMBOLS
SYMMAT
TABU LATE
TAN

TIME

WORDS

TOTALINT
TOTINT
TRACE
TRANSP
TRANSPOS
UMAT
UNITMAT
UPPERTRI
USE
USEMEMBE
VARIABLE
VEC
VECTOR
VERSIONS
VFAM
VLABEL
VOCABULA
VSCALE
VSIZE
WHERE
WHEREVER
WHOLE
WRITE
ZEROS



III. ONE-LINE DEFINITIONS OF THE SPEAKEASY WORDS

On the following pages are one-line definitions
of the words in the HELP documents. The first word of each
sentence is the word being defined. The word is written with
arguments used in a typical SPEAKEASY call. The SPEAKEASY
program which lists the [irsl line of each HELP document and thus

generates these one-line definitions is below.

* % % ¥ % &k & kx ¥k ¥ ¥ ¥ ®* ¥ ¥ ¥ ¥ %k ¥ ¥ ¥ ¥ ¥ %k ¥ ¥ ¥ ¥ ¥ ¥ X

PROGRAM LISTHELP
MARGINS (1, 120)
NEWPAGE
II=0;J3=0
SPACE {6)
FOR I=1,NU
LIST MEMBER OBJECT (WORDS (I)) OF LIBRARY HELP TO 1
TI=IT+1
1P (II .ED. 'Sy G0 268
GO TO J
S:SPACE(1)
1I=0
J:JJ=JJ+1
IF(JJ .EQ. 50) GO TO K
GO TO E
K:SPACE {6)
JJ=0
E:ENDLOOP I
END
* * % % % % k % ¥ & ¥ ¥* & ¥ ¥ % ¥ %k ¥ ¥ ¥ ¥ ¥k %k ¥ ¥ ¥ ¥ kx ¥ %

INPUOT... EXECUTE LISTHELP

# W R OB R R RN E R RRERERERE RN
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ABS(X) returns the absolute value of X.

ACCURACY (VAL) specifies the smallest number not to be taken as zero.
ACOS (X) defines the arc cosine of X.:

ACOT(X) defines the arc cotangent of X.

ADDGRAPH (I:J) plots I versus J on the previous graph.

AFAM (X) defines a member of the array family.

AMAT is a synonym for ASYMMAT.

<AND. is the logical operator "and".

ARRAY (N:) defines a 1-dimensional N+component array.
ARRAY2D (N,M:) defines a 2-dimensional N-by—-M array.

ASIN (X) defines the arc sine of X.

ASYMMAT (N:I1,J,.-.,K) defines an N-by-N antisymmetric matrix.

ATAN (X) defines the arc tangent of X.

AUTOCORE specifies that the data storage space is in LCS.
AUTOPRINT(X,Y,+22,2) prints X,Y,...,Z each time they are redefined.

AUTOTAB specifies uniform tabulationms.

AVERAGE (X) returns the average value of the elements of X.
A1TD(N:) defines a 1-dimensional array.

A2D is a synonym for ARRAY2D.

BESSEL (NU,X) calculates cylindrical Bessel fn. of the first kind.

BESSELK (NU,X) returns the modified Bessel function K of X.
CGAMMA {X) returns the gamma functiom of X (X is complex).
CLEAR erases the entire active data storage.

CLEARDATA frees all previously defined numerical data.
COLARRAY (N:) defines a 2-dim. F-component column arraye.

COLMAT (N:) defines an N-by-1 matrix which is a column.

COLMAX {X) specifies the column with the maximum element of X.
COLMIN (X) specifies the column with the minimum element of X.
COLWIDTH (N) specifies the minimum column width to be used in printing.
%COMPILE returns the processor to the MAIRUAL mode from EDIT.

CONJ is a synonym for CONJUGATE.

CONJUGATE (X) returns the complex conjugate of X.
CONSTRAIN(A,B,...,C:X) constrains A,B,...,C according to condition X.
CONTINUE causes no operation to be performed.

%COPY N, M,K(I) copies statements N through M to K,K+I,K+2I,...

COS (X) returns the cosine of X.

COSH(X) defines the hyperbolic cosine of X.

COT (X) returns the cotangent of X.

CREATE MEMBER X ON LIBRARY Y creates a new member from cards.
CREATEMEMBER (XX,YY) creates member XX in library YY.

CUMPROD (X) defines the cumulative product of the elements of X.
CUMSUM {X) defines the cumulative sum of the elements of X.

DATA NAME marks the begining of a data file.
DEC(ZA1,ZA2,...,ZAN) converts Al1,A2,...,AN from hex to decimal.
DEGRID {X0,XMAX,STEP) gives a grid for DIFFEQ.

%DELETE N,M deletes the statements N thriough H.

DERIV is a synonym for DERIVATIVE.

DERIVATIVE (F:X) finds the derivative of F with respect to X.
DET(X) defines the determinamt of the matrix X.

DIAGELS {X) selects the diagonal elements of X.
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DIAGMAT(N:I,J,..-,K) definmes an N-by-¥ &iagonal matrix.

DIPPRQ (X, IN,T?,V1,T2,Y2,000,TH,YN:XX,NOIT,RETH) solves diff. eq.
DMAT is a synonym for DIAGKAT.

DOCUMENT is a library of larger documents.

DOMAIN specifies whether real or complex numbers are being used.

DUOMP creates an easily read complete printout of all defined objects.
ECHO prints out the imput along with results.

EDIT is a mode available for editing a progranm. '
EIGERSYSTEM {SYMMAT) returns all the eigenvalues of SYMMAT.
EIGENVALS {X) gives the eigenvalues of the matrix X.

EIGENVECS({X) gives ‘the eigenvectors of the matrix X.

END terainates a SPEAKEASY program or datafile.

ENDAUTOPRINT (X,Y,.-.,Z) turns off AUTOPRINT for objects X,Y,ces,2.
ENDLOOP N marks the end of the FOR loop N.

-EBEQ. is the relational operator "equal to",

ERF{X) calculates the error function of X.
ERFC(X) calculates the complementary error functlon of X.
ERRORS are ambiguities makimg it impossible to carry out a statement.

‘EXECUTE NAME executes the stored program, NAME. -

EXP{X) defines the exponential function.

FIN is a synonym for ENDLOOP.

POR N=START,STOP,INC designates a loop in a progran.

PRAC .is a synonyr for FRACPART.

FRACPART {X) returns the fractional part of X.

FREE(N1,N2,...,NN) frees the definitions of the objects N1,N2,...,NN.

GAMMA (X) defines the gamma function of X.

.GE. is the relational operator "greater than or equal to".

GEIGEN (M,METRIC) finds the eigenvalwes of the matrix M.

GOTO X causes execution to be transferred to the statement labeled X.
GRAPH(I:J) plots the members of I versus the object J.

GRID (I,J) defines a 9-dim. array of 101 points from I to J.

-GT. is the relaticnal operator "greater than".

HELP contains a brief description of the SPEARPASY vords.
HENCEFORTH X IS Y redefines the word X to mean Y.

HIERARCHY is the order in which mathematical operations are done.

HLABEL='ANY MESSAGE?! labels the horizonbal scale of a graph.
HSCALE=(LEFT,RIGHT) specifies the horizontal limits of a graph.
HSIZE=X specifies the horizontal size off the graph.

IFP {X) Y is a conditional statement for scalar operations.

INAG (X) returns the imaginary part of X.

IMAGPARBRT {X) returns the imaginary part of X. :

%INSERT N(I) inserts the statements that follow at N, N¢I,N+2I,...
INTEG is a synonym for INTEGRAL.

INTEGERS(1,J,K) defines an array with the integers I,I#K,I+2K,...,J.
INTEGRAL (F:X) defines the integral of F with a variable upper limit.
INTERP is a synonym for INTERPOL. ‘
INTERPOL (Y,F,X) defines the functioa P at the points Y.
INTPART (X) returns the integer part of X.

INTS is a synonym for INTEGERS.

INT2(X) is a function that returns an integer2 number.
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INTU (X) is a function that returns an integer4 nuaber.
INVERSE (X) defines the inverse of the matrix X. .

KEEP XX AS YY ON ZZ saves the SPEAKRBASY object XX.. . )
KEPT(YY ON ZZ) retrieves the data stored in data set . YY on Z2Z.
LABEL refers to a statement label.

«LE. 1is the relat10na1 opetator “less than or equal to".
.LENGTH (X) defines a scalar that is the number of elements in X.
LIBINDEX (Y) defines the names of the members of Y. ,
LIBNAMES returns the names of the SPEAKEASY libraries.
LINKLIB='XX?' adds the LINKULE library XX to those available.

LINRKULES is a library of operations that are FORTRAN subroutines..
LIST MEMBER X OF LIBRARY Y FROM I TO J lists lines I through J OPF X.
LISTREAD (N,XX,YY) lists N lines of member XX of library YY..
LISTMBHBEB(XX,YY) -lists member XX of library YY. .

LOADDATA(A,NAHE) loads A with § values from the data file NAME.

LOC is a synonym for LOCS.

LOCMAX (X) specifies the location of the maximum element of X.
LOCMIN {X) specifies the location of the minimum element of X.
LOCS (X) .gives the indices of the nonzaro (true) elements of :X.
LOG (X) returns the natural logarithm of X. .

LOGGAMMA (X) defines the natural logarithm of the gamma function of X.
LOWERTRI (X) returns the lower triangular part of X.

-.LT. is the relational operator "less than".

MARGINS enables the user to contol the margins of the output.

.MAT is a synonym for MATRIX. .

BATRIX(N,H:) defines an N-by—n matrix.

MAX (X) .specifies the value of the maximum element in X.

. MAXOF(A,B,...,C) returns the largest element of A,B,...,C. .
'MAXOFCOL (X) returns the. largest element in each column of X.
MAXOFROW (X) .returns the largest element in each row of X.

MELD (I,J,.++,K) gives an odometer ordering of elements of I,J,...,K.
MFAM (X) defines a member of the matrix/vector family.

MIN(X) specifies the value of the minimum element in X.
MINOF(A,B,...,C) returns the smallest element in A,B,e..,C.
MINOFCOL (X) returns the smallest element in each column of X.

MINOFROW (X) returns the smallest element in each row of X.
¥MOVE N,M,K(I) moves statements N through M to K,K+I, K+21,...
MYDOCS is the library name for private documents.

MYHELP is the library name for private HELP documents.
MYLINKS is the library name for private linkunles.

NAMES prints the names of all currently defined SPEAKEASY objects. .
-.NE. is the relational operator "not egual to".

NEUMANN (NU,X) returns cylindrical Bessel fns. of the second kind.
NEWGBAPH causes the next graph to be drawn on a new area of paper..
NEWPAGE causes the printer.to start a newvw page.

NOCOLS (X) defines a scalar which is the number of columns in X.

NOECHO suppresses the echoing of input data.

NOBLS(X) defines a scalar equal to the number of elelents in X.

NOLIST indicates that the program is not to be printed with the output.
NOROGOTS (F) gives the number of roots of the function P.
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NOROWS (X) defines a scalar equal to the mumber of rows in X.
.H0T. is the logical operator "not".:

NOZEROS (F) gives the number of zeros of the function F.
NUNBERS refers to numerical data.

OBJECT(I,J,..-,K) generates an inplace nane.

OMITCLASS suppresses the printing of the class.

ONERROR (X,Y) specifies the action to be taken after an error.
.OB. is the logical operator "or".

ORDERED(X) gives the elements of X jin increasing order.
OBDERER {X) gives the indices of the ordered elements of X.

PLOTSYMB {N,N) specifies the syambols used and frequency of points.
PRINT(A,B,C,...,Z) specifies that A,B,C,...,2 are to be printed.
PRINTCLASS prints the class of structured objects.

PROD (X) defines the product of the elements of X.

PRODCOLS {X) multiplies the elements in each column of X.

PRODROWS {X) multiplies the elerents in each rov of X.
PROGRAM NAME gives a name to a prograge.

PUNCH (F:X) punches the object X on cards in the format F.
QDUIT terminates execution of a SPEAKEASY, prograa.
RANDOM {X) generates random numbers. ‘

RANKED (X) gives the elements of X in increasing order.
RANKER (X) gives the indices of the ordered elements of X.
READ(F X) reads data from cards punched in format F-and puts
REAL is a synonym for REALPART.

REALPART (X) returns the real part of X.

REAL4 {X) is a function that returns a realiy number.

REAL8(X) is a function that returns a real8 number.

RECLASS {A3B,Cyese,2) alters the stracture of B,C,...,Z to

RETURN returns execution to the program calling the stored program.
ROOTS (F:X) finds the roots of the function F.

ROWARRAY (N:) defines a 2-dim. N-component array that is a row.
ROWMAT (N:) defines a 1-by~-N matrix which is a row.

ROWMAX (X) specifies the row containing the maximum element of X.
ROWMIN (X) specifies the row containing the minimum element of X.
%RUN is equivalent to ¥COMPILE folloved by the command EXECUTE.

SELECT(A,B,.-..,C:I) truncates or expands A,B,...,C using the index I.
SETGAUSS (N,X,W,XLO,XHI) returns Gauss—-Legendre coords. and veights.
SETIRFPINITY {VAL) specifies an upper limit to the numbers printed.
SETJACOBI(N,X,¥W,A,B,TX,TW) defines Gauss-Jacobi coords. and weights.
SETLAGUERRE (N,X,¥W,A) returns Gauss—-Laguerre coords. and veights.

SETLEGENDRE (N,X,W) returns Gauss-Legendre coord. and weights.

SETLIB (XX,YY) changes the name of library XX to YY.

SETNULL (VAL) specifies a lover limit to numbers printed.
SETPLOT(X,Y,2) specifies BOX, NOBOX; SCANLES, NOSCALES; LINES, POINTS.
SIGN (X) specifies whether X is positive or negative.

SIGNIFICANCE (N) gives the number of significant figures to be printed.
SINEQ(A,B) solves a set of simultaneous linear equations.

SIF(X) returns the sine of X.

SINRH(X) defines the hyperbolic sine of X.

SIZE=N§,X specifies space for data and must be the first card.
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SREAT is a synonym for SYMRAT.

SOLIEDB2 (X:4,B,C:Y1,Y1P:YP) solves Y"¢AY'+BY=C om grid X._
SPACE(N) skips. N 11nes.

SPHBES {L,X) returns the spherical Bessel fn. of the first ‘kind.
SPHBESN (L,X) returns the spherical Bessel fn.,of the second kingd. .

SQRT (X) defines the square root of X.

SUM(X). sums the elements of X.

SUMCOLS (X) sums. the elements in each coliuan of X.
SUMROWS (X) sums the.elements in each row of X.
SUMSQ(X) sums the squares of the elements of X. .

N

SUMSQCOLS (X) sums the squares of the elements in each .colunmn.
SUMSQROHWS {X) sums the squares of the elements in each rowv.

SYNBOLS designate mathematical operations or special cards.
SYMMAT (N:I,J,...,K) defines a sSymmetric N-by-N matrix.
TABULATE(A,B,...,C) .prints 1 dim. obje.bs A,B,.2+,C in tabular form.

TAN(X) teturns the tangent of x.

TIME gives the time from which one starts.

TOTALINT (P:X) defines the definite integral of P over the atray X
.TOTINT is a synonym for TOTALINT.

TRACE(X) gives the trace. of the matrix .

TRANSP is a synonym for TRANSPOSE.

TRANSPOSE(X) defines the transpose of X.

UMAT is a synonye for UNITHMAT.

UNITMAT{N) defines an N-by-N unit matrix.
.UPPERTRI (X) returns the upper triangular part of X.

USE MEMBER. X OF LIBRARY Y causes the deck X to be used as input.
USEMEMBER(XX,YY) causes input of the meaber XX of library YY. . )
- VABRIABLE(I, J) defines a 1-dim.. array of 101 poxnts from I to J.

VEC is a synonym for VECTOR.

VECTOR (N:) defines an N-component vector..

VERSIONs.refers to the various versions of the SPEAKEASY processor.
VFAM (X) defines a member of the matrix/viector family..

VLABEL='ANY MESSAGE' labels the vertical scale.

VOCABULARY generates -a list of all currently defined words.

VSCALE= (BOTTOM,TOP) specifies the vertical limits of a graph.

VSIZE=Y specifies the vertical size of the graph.

WHERE is a synonym for WHEREVER.

WHEREVER(X) Y is a conditional statement for array operat1ons.
WHOLE (X) returns the integer part of X. .

WRITE{P:X) prints the defined object X iin the format P..

ZEROS(F:X) finds the zeros of the function F.
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IV. THE SPEAKEASY HELP DOCUMENTS

sk
The HELP documents of the SPEAKEASY-3E
follow. They give a brief definition of each word in the HELP
library. This listing of the HELP documents has been obtained

by the following program.

¥ Kk Xk ¥ k k ¥ ¥k % ¥ X &k £ X k X ¥ ¥ kK kK ¥ ¥ k¥ kK kK %k k k kX k X & & ¥ &
* PROGRAM HELPDOC

LA R A R N R N N

NEWPAGE
I1=ARRAY(:0,7,11,18,25,33,41,49,53,58,65,71,78,83,91,98, 106, 113, 122)
I2=ARRAY(:130,139,149,157,164,172,180,:186,190,197,203,211,216,226)
DOCEND=ARRAY (:I11,12,229,235,241)

FOR II=1,35

EN=DOCEND (II+1)

ST=DOCEND (II) +1

FOR KK=ST,EN

HELP OBJECT (WORDS (KK) )

SPACE (2)

ENDLOOP KK

NEWPAGE

ENDLOOP II

END

¥k k %k % & Xk k &k Kk ¥ ¥ &k Kk ¥ ¥ ¥ k * * * X kK £ ¥ %x k X ¥k %X kX kX * ¥ ¥ X
INPUT... EXECUTE HELPDOC

"In the HELP documents the notation 4E60 is the computer form

6
of the scientific notation 4 X 10 0.
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ABS (X) returns the absolute value of  X.
ABS(X) defines an object with the same structure as X but with elemeats
of the result equal to the absolute values of the corresponding
elements of X.

ACCURACY (VRL) specifies the smallest number not to be taken as zero.
Whenever the equality of two numbers is checked during the
execution of a program, any number less than a certain number
is regarded as zero. The value of this number may be set to be any
number VAL by the statement ACCURACY (VAL).

If not specified, the value of VAL is 10E-8.

ACOS (X) defines the arc cosine of X. :
ACOS(X) defines an object with the same structure as X with elements
that are the arc cosine of the corresponding elements of X.

All the elements Xi of X must be real and satisfy the condition
]Xi}{<1 or the condition |Xi|=1.

ACOT {X) defines the arc cotangent of X.
ACOT (X) defines an object with the same sbructure as X with elements
that are the arc cotangent of the correspanding elements of X.

All elements Xi of X must be real.

ADDGRAPH (I:J) plots I versus J on the previous graph.
ADDGRAPH has the same meaning as graph except a new
area of paper is not used. Design statements except
the scale statements and the label statements are
reexamined prior to adding the graph. Thus the
plotting format may be changed for each additional
graph.

I is plotted along the vertical axis and J is along
the horizontal. All objects should be 1-dimensional
and real and have the same number of elements. A
2-dimensional object in I is treated as several 1-dimensional
objects each consisting of a row of the original
2-dimensional object. Thus a 2-4dimensional object in
I must have as many columns as J has elements.

If no previous graph has been drawn, ADDGRAPH acts
as GRAPH. ”

ADDGRAPH is available only in version GRAPHEZ.

AFAN (X) defines a member of the array family.
The result has the same structure as X but is an array.
If X is a vector or a 1-dimensional array, the result is
a 1-dimensional array. If X is a matrix or a 2-dimensional
array, the result is a 2-dimensional array.

ANAT is a synonym for ASYMMAT.

AMAT(N:I,J,<--,K) defines an N-by—-N antisymmetric matrix.
The element list is used to f£fill the lower triangular part
by rows. The portion above the diagopal is then filled by
making the matrix antisymmetric. If any object in the list
defining the elements is structured, the elements of that
structured object are used.
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‘«AND. is the logical operator "“and".:
The periods aust appear on both s1des of the operator.

ARRAY {N:) defines a 1-dimensional N-component array.
If no further arguments are given, all the components
are set equal to zero.
An alternative form is A1D.
ARRAY{:I,J,+..,K) defines a 1-dln. array and specifies the elements.
The elements are preset by the element list I,J,...,K.
If any argument of the defining element lilst is structured,
the elements of the structured object are used. If a complex
element is encountered, then a conplex 1-dimensional array
is defined.
ARRAY(N:I,J,+.00K) defines a 1-dinm. N-component array.
The elements are preset by the element list I,J,...,K.
If any argument in the element list i6 structured, the
elements of the structured object are used. If a complex
element is encountered, then a complex 1-dimensional
array is defined. If all N-components are not specified,
the unspecified components are set equwal tio zero.
ARRAY (N,M:) defines a 2-dimensional N-by-M array.
If no further arguments are given, all elements are set
equal to zero.
An alternative fora is ARR&Y2D.
ARRAY(N,HM:1,J,0..,K) defines a 2-dim. N-by-M array with preset els,
The elements are preset by the element list I,J,...,K. If
any argument in the element list is structured, then the elements
of the structured object are used. If a complex element is
encountered, then a two-dimensional N#by-M complex array is
defined. All the elements not preset by the element list are
set equal to zero.

ARRAY2D(N,M:) defines a 2-dimensional N-by—-M array.
If no further arguments are given, ali the elements are set
equal to zero.

An alternative form is ARRAY (N,M:).

A shortened form is A2D.

ARRAY2D (N ,M:I,J,...,K) defines a 2-dim. N-by-M array.
The elements are preset by the element list I,J,...,K.
If any object of the defining element list is structured, the
elements of the structured object are used. If a complex element
is encountered, then a 2-dimensional N-by-M complex array is
defined. 2All elements not preset by the element list are set
equal to zero.

ASIR (X) definmes the arc sine of X. ;
ASIN(X) defines an object with the same structure as X with elements
that are the arc sine of the correspoanding elements of X.

All the elements Xi of X must be real and -satisfy the condition
1 Xi)<? or the condxtiom 3X1n : o
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ASYHHAT (N3X,Jyeec,K) defines an N-by-N antisymmetric matrix.
The element list is used to £1i1ll the lowver triangular part
by rows. The portion above the diagomal is then filled by
making the matrix antisyametric. If any object in the list
defining the elements is structured, the elements of that
structured object are used.

A shortened form is AHAT.

ATAN(X) defines the arc tangent of X. ‘
ATAN{X) defines an object uwith the same structure as X with elements
that are the arc tangent of the corresponding elements of X.

Rll elements Xi of ¥ amust be real.

AUTOCORE specifies that the data storage space is in LCS.
AUTOCORE means that the largest amount of 1CS available is to be
used for the jobe

If AUTOCORE is to be used, it should be the flrst card in the
SPEAKEASY deck.

AUTOPRINT (X, Y5000 ,%Z) prints X,Y,...,2 each time they are redefined.
Each object of the name iist X,Y,...,%Z is printed vhenever it appears
on the left of an equation.

AUTOPRINT prints all objects as they are defined or altered.
AUTOPRINT is turned off by the statement ENDAUTOPRINT.

AUTOTAB specifies uniform tabulations.
The value of N for the column width is automatically set at 10
greater than the number of significant figures so that the print
is uniform for all objects composed of real numbers.

AVERAGE(X) returns the average value of the elenents of X..
X is a structured object. :

A1D{N:) defimes a 1-dimemsiomal array.
If no further arguments are ngenp all the. components are
set egual to zero.

A1D is a synonym for ARRAY({N:) .

BID(:Isd,000,K) defines a 1-dim. array and specifies the elements. .
The components age preset by the element list I,J,...,K.
If any arqument in the element list i structured, then the
elements of the structured object are used. 1If a complex
element is encountered, then a complex 1-dimensional array
is defined. ,

AID(N:T,J5000,K) defines a 1-dim. N~component array.
The components are preset by the element list I,J,...,K.
If any arqument of the element list it structured, then
the elements of the structured object are used. If a
complex element is encountered, then a complex 1-diminsion-
al array is defined. 1If all N-componeats are not specified,
the unspecified components are set equal to zero.
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A2D is a synonym for ARRAY2D.

R2D (N, 8:) defimes a 2-dimensional M>by-N array.
If no further argquments are given, thé elements are set
equal to zero.

A2D{N,83X,J,000,K) definmes a 2-dim. N-by-M array with preset els.
The elements are preset by the element 1ist I,Jpcee, K.
If any object of the defining element list is structured, the
elements of the structured object are used. If a complex
element is encountered, then a 2-dimensional E-by-M complex
array is defined. A1l elements not pxreset by the element list
are set equal to zero.

BESSEL (NU,X) calculates cylindrical Bessel fn. of the first kind.
NU and X must be real and nonnegative. There exists a restriction
in the SPEAKEASY linkule that (X+ND)<&00.

BESSELK {NU,X) returns the modified Bessel function K of X.
The resultant is the modified Bessel function K sub NU of X.
NU and X must be real and nonnegative.. There exists a '
restriction in the SPEAKEASY linkule that (X¢NU) <&¢00. e ;

CGABEA(X) returns the gamma function of X (X is complex).
The result has the same structure as X ¥ith elements equal
to the gamma function of the corresponding elements of X.

If X is real, the gamma fumction of X may be obtained from
GAMHA(X) - :

CLEAR erases the entire active data storage.
After the execution of the statement CLEAR' there are no
user-defined objects, programs, or henceforth definitions.

CLEARDATA frees all previously defined numerical data.

COLARRAY (Nz2) defines a 2-dim. N-component colusmn array.
If no further arguments are givem, alk N-components are
set equal to zero. -

COLARRAY (2X,Jp000 oK) d@flmes a 2-dim. colmmu array with pteset els.,
The componeats are preset by the element List I,J,<e.,K « If
any argument of the element list is structured, them the elements
of that structured object are used. If a complex element is
encountered, thea a comlex 2-dimensional column array is
defined.

COLARRAY (M3¥,J,000,K) defines a 2-dim. N-component column array.
The components are preset by the element list I;J,cee0K « If
any arqument. of the element list is structured, then the
elements of that structured object are used. If a complex
element is encountered, them a complex 2-dimensiomal column array
is defined. If all N-components are mot preset by the element
list the umspecified components are set equal to zero.
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COLMNAT (N2) defimes anmn N-by-1 matrix which is a colaunmn.
If no further argquesents are given, alli R elements are
set equal to zero. ' :

COLHMAT({=X,J,0--,K) defines a column matrix by specifying the els.
The element list X,J,.-..,K is used to preset the elements of the
column matrix. If one of the argquments of the element list is
structured, the elements of that structured object are used. If
one of the elements is complex, the column matrix is complex.

COLNAT {(N:I,Jy.+.,K) -defines an N-by*1 column matrix wvith preset els.
The elements are specified by the element list I,J,...,K. If one of
the arquments of the list is structured, the elements of the structured
object are used. The column matrix is complex if one of the preset
elements is complex. If all N elements are not preset by the element
list, the unspecified elements are set equwal to zero.

COLMAX (X) specifies the column with the maximum element of X.
COLMIN (¥) specifies the column with the mininum element of X.

COLYIDTH (N) specifies the minimum column width to be used in printing.
This statement prevents the column width of the print routine from
being less than N characters. If N is 10 larger than the number of
significant figures desired, the print will be uniforam for all
objects composed of real numbers.

%®COMPILE returns the processor to the MANUAL mode from EDIT.
%COMPILE is used after a program has been edited to return fronm
the EDIT mode to the MANUAL mode.

CONJ is a synonym for CONJUGATE.

‘CONJ {X¥) returns the complex conjugate of X.
CONJ (X) defines an object with the same sbtructure as X
but with elements equal to the complex zonjugate of the
corresponding elements of X.

CONJUGATE (X) returns the complex conjugate of X.
CONJUGATE(X) defimes an object with the same structure
as X but with elements equal to the complex
conjugate of the corresponding elements of! X.

A shortened form is CONJ.

CONSTRAIN{A,B;0.. ,C:X) comstrains 2,B,...,C according to condition X.
A;By.0.,C are 1-dimensional objects of the same length. X is a logical
expression of the same leagth as the objects to the left of the
colon. The objects to the left of the colon are truncated so that
they contain only those elements satisfying the logical expre551on X.

All 1-diméensional objects must have the same length.

Por an example refer to the SPEAKEASY-3 .manual.
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. CORTINUE causes no operation to be performed.
The CONTINUE statement is a nonoperational statement to which
a label may be attached. CONTINUB is restricted to the progranm
mode. It is ignored in the manual mode.
CONTIRUE is a restricted vorad.

XCOPY N,M,K(I) copies statements N through M to K,K¢I,K+2I,...
XCOPY N,M,K copies statements N through M to K,K+1,K¢2,...
%COPY N copies statement N to the last position.

XCOPY N,M copies statements N through M to the last positions.
XCOPY is a function available in the EDIT mode.

COS (X) returns the cosine of X.
COS (X) defines an object with the same striucture as X but
"the elements of the result are the cosine of the
corresponding elements of X.

Bach element Xi of X must satisfy the condition
1Xi}<1.E15.

COSH(X) defines the hyperbolic cosine of X.
COSH (X) defines an object with the same structure as X but with elements
equal to the hyperbolic cosine of the corresponding elements of X.

The elements Xi of X must be real and must satisfy the condition
1Xi1<170.

COT (X) returns the cotangent of X.
COT {X) defines an object with the same structure as X but the elements

of the result are the cotangent of the corresponding elements of

Each element Xi of X mist satisfy the condition |Xi|<1.E15.

CREATE MEMBER X ON LIBRARY Y creates a new member from cards.
All cards following the card CREATE MEMBER X on LIBRARY Y until
the card ENDCREATE is encountered are put into the member with
the name X in library Y.

If the library reference is omitted, it will refer to the
library MYPROC.

CREATEMEMBER (XX,YY) creates member XX im library YY.
XX is the name of the member that is created.
YY is the name of the library into which XX is put..
All the cards following the CREATEMEMBER card are put into
the member named XX in library YY until the card ENDCREATE
is encountered. '

If the library reference is omitted, the member will be put
in the library MYPROCS.

An alternative form is CREATE MEMBER XX on LIBRARY YY.

CUMPROD (X) defines the cumulative product of the elements of X.
CUMPROD(X) defines an object with the same structure as X with
elements that are the cumulative prodact of all previous
elements of X. Two—dimensional objects are treated rov by row.
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CUNSUN (X) defines the cumulative sum of the elements of X.
CUNSUN (X) defines an object with the same structure as X with
elements that are the cunulative sum of all previous elements
of X. Two-dimensional objects are treated row by row.

DATA NANME marks the begining of a data file.
NAME is the name given to the data file., The data file is
terminated by the single word END. All cards between the
card DATA NAME and the card END contain data that may be
punched in any format. It is read into a specified array
by a LOADDATA statement.

DATA is a restricted vord.

DEC (ZA1,ZA2,...,ZAN) converts A1,A2,...,AN from hex to decimal.
" The hexidecimal numbers A1,A2,...,AN must be prefixed by a letter
to prevent their conversion to numbers by SPEAKEASY. They A
may be 7 hexidecimal fiqgures in length. The first character
nust be a letter so they are 8-character words.

The result is an array with elements that are the decimal
equivalents of the hex arguments.

DEGRID (X0, XMAX,STEP) gives a grid for DIFFEQ.

XMAX is a 1-dimensional array of the form X1,X2,...XN.

STEP is a 1-dimensional array giving the increments to
be added to each Xi; STEP=51,52,...,5K.

The result is a 1-dimensional array.. The first 48
elements of the result are specially constructed for DIFFEQ.
X(49)=X0. The remaining elements are formed by adding S1 to
X0 until X1 is reached; S2 to X1 until X3 is reached; etc.
The elements beginning with the 49th are
X0,X0+S1,X042S1,00e,X1,X1452,X14¢252,00e,X3,0ce,XNa

This is not equivalent to GRID.

%DELETE N,M deletes the statements ¥ through M.
KDELETE N deletes the statement numbered N.
EDELETE is one of the functions avajlable in the EDIT mode.

DERIV is a synonym for DERIVATIVE. .

DERIV(P:X) finds the derivative of the function F with respect to
X is a 1-dimensional array and so is the result. Each element
of the result is dFP/dXi, vhere Xi is the corresponding element
of X. : ~

DERIVATIVE(P:X) finds the derivative of P with respect to X.
X is a 1-dimensional array and so is the result. Each
element of the result is dFP/dXi, where Xi is the corresponding
element of X.

A shortened form is DERIV.

DET(X) defines the determinant of the matrix X. .




19

DIAGELS (X) selects the diagonal elements of X.
The diagonal elements are given in the order in which they
occur in the square matrix X. The result is a 1-dimensional
array.

DIAGMAT(N:X,J,-..,K) defines an N-by-N diagonal matrix.
All elements are zero except for those along the diagonal,
which are defined by the element list I,J,...,K. If any
object in the element list is structured, the elements
of that structured olject are used.

A shortened form is DMAT.

DIFFEQ (X,IN,T1,V1,T2,V2,<<.,TN,VN:XX,NOIT, METH) solves diff.
DIFFEQ solves N coupled differential equations, each of order
less than or equal to 4. N must bé less than or equal to 10.

The result is an array vhose rows contain the solution
for each dependent variable evaluated at each point of the
grid XxX.

The Kth row of the result contains the solution for the

Kth dependent variatkle evaluated at each point of XX.

X is a grid formed by DEGRID.

IN is a 2-dimensional array containing the initial conditions
of the dependent variables and their derivatives.

The first column of IN lists the subscript of each variable;
the second column lists the order of the derivative; the third
column lists the initial value. The ordering of the rows is
arbitrary.

TK is a 2-dimensional array referring to the Kth equation.
TK gives the ordering of the terms.

The first column of TK gives the subscript of the variable
in a term; the second column ILStS the order of the derivative
of the variable.

VK is a 2-dimensional array refering to the Kth equation.
The rows of VK consist of the coeficients of the variables in
the Kth equation.

The coefficients are evaluated at each point of the grid
formed by DEGRID. The first row of VK contains the coefficient
of the second term of TK; the second row of VK corresponds to
the coefficient for the varible of the third row of TK; etc.

¥X is a grid returned by DIFFEQ.

XX is formed by deleting the first 48 elements of X.

NOIT is an optional argument containing the number of
corrective iterations. The default value is 2.

METH is an optional argument giving the degree of the method
for each equation. METH is a 1-dimensional array. The
default value is the order of the equation +4.

For a more detailed explanatlon and examples, refer to the
lxnkule document.

DMAT is a synonym for DIAGMAT.

DMAT (N21,J,...,K) defines an N-by-N diagonal matrix.
All elements are zero except for those along the diagonal,
that are defined by the element 1list I,J,...,K. If any
object in the element list is structured, the elements aof
that structured object are used.

eq.



20

DOCUMENT is a library of larqer‘documenbs.
The document library.contains the documenbs of the systenm
other than the HELP documents.

DOMAIN specifies whether real or complex numbers are being used.
If no domain is specified by the user, it is assumed to be
the real domain. The domain may be altered at will by the user
"by the statements DOMAIN(REAL) or DOMAIN (COMPLEX).

DOMAIN (REAL) specifies that real numbers are to be used.
Any calculation leading to an imaginary or complex result is
treated as an error. _

DOMAIN (COMPLEX) specifies that complex numbers are allowed.

DUMP. creates an easily read complete printout of all defined objects.

DUMP enalbles the user to examine all the information at a given
point in a calculation. After the printout, the .calculation
continues.

DOMP is not available in TSO.

ECHO prints out the input along with results,
The first line of output is the user's input. Immediately following
are the results or the response to the input.

ECHO is default for batch jobs; NOECHO is default for the
interactive operation.

EDIT is a mode available for editing a progranm. :
The EDIT mode is autcmatically enterred when one of the
words PROGRAM, PROCEDURE, or DATA is encountered. In the
EDIT mode statements are assigned successive intejer values
starting with 1. The program may be altered by using
control functions that are available in the EDIT mode.
These are selected by a % in the first field of the input
card. The functions are:

®LIST

%COPY

*DELETE

%INSERT

%MOVE

®COMPILE

%RUN

%
For a description of most of these functions, type HELP FUNCTION
where FUNCTION is the name of the function desired without the %.

EDIT XX returns the processor to the edit mode with the program XX
XX is the name of a previously defined program that is to be
edited.

The EDIT mode is available on all processors but it is
normally not used except for interactive operations.
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EIGENSYSTEM (SYMMAT) returas all the eigenvalues of SYMMAT.
The eigenvalues are returned as a vector. If the SPEAKEASY call
is Y=EIGENSYSTEM(SYMMAT), then Y is a vector containg the eigen-
values of SYMMAT.
SYMMAT must be a real symmetric matrix.
EIGENSYTEM (SYMMAT: +M) returns the M largest eigenvalues of SYMMAT.
The M eigenvalues are in descending order as the M- components
of a vector.
SYMMAT must be a real symmetric matrix.
EIGENSYSTEM (SYMMAT :-M) returns the M lowest elgenvalues of SYMMAT.
The M lowest eigenvalues are returned in ascending order as the
M-components of a vector.
SYMMAT must be a real symmetric matrix.
EIGENSYSTEM (X,EVECS) returns the eigenvalues and elgenvectors of X.
If the SPEAKEASY call is Y=EIGENSYSTEM(X,BVECS), then Y is a
vector containg the eigenvalues of X. The corresponding eigen-
vectors are stored row-wise in the N-by-N matrix, EVECS.
X must te a real symmetric matrix.
EIGENSYSTEM(X,V:+M) returns the M largest eigenvalues and elgenvectocs.
The M largest eigenvalues are returned in descending order as a
vector. Their corresponding eigenvectors are returned as the rows
of the M-Ly-N matrix V.
X must be a real symmetric matrix. Y
EIGENSYSTEM (X,V:-M) returns the M smallest eigenvalues and eigenvectors.t
The M smallest eigenvalues of X are returmed as a vector. V is
returned as an M-by—-N matrix containing M eigenvectors corresponding
to the M smallest eigenvalues. The eigenvectors are stored row-wise
in v.
X must be a real symmetric matrix.

EIGENVALS (X) gives the eigenvalues of the matrix X.
The eigenvalues are listed in order of descendlng va lues.
X must be a real symmetric matrix.

EIGENVECS (X) gives the eigenvectors of the matrix X.
EIGENVECS (X) defines a matrix whose rows are the eigenvectors
of X. The resulting matrix is unitary.

END terminates a SPEAKEASY progranm-or datafile.
During execution in the program mode, the single word END
corresponds to a return. In the manual mode of SPEAKEASY, the word
END is ignored.

ENDAUTOPRINT (X,Y,...,2) turns off AUTOPRINT for objects X,¥,...,2.

ENDLOOP N marks the end of the FOR loop N.
N is the name of the FOR loop that occurs in the corresponding
POR statement.

ENDLOOP is a restricted wvord.

-EQ. is the relatijonal operator "equal to".
The periods must appear on both sides of the operator.



22

ERF (X) calculates the error function of X.
The result has the same structure as X with elements equal
to the error function of the corresponding elements of X.
The elements of X must be real.

ERFC (X) calculates the complementary error function of X.
The result has the same structure as X with elements that
correspond to the complementary error funotions of the correspond-
ing elements of X.
" The elements of X must be real.

. ERRORS are ambiguities making it impossible to carry out a statement.
There are two types cf errors in SPEAKEASY. They are

syntax errors and execution errors. Syntax errors are those

common to all computer languages and are due to misuse of

symbols, such as parenthesis imbalance. Such errors are detected
_before execution of the SPEAKEASY statement. Execution errors

relate to an inconsistency in the use ot defined objects dand dre
unique to SPEAKEASY. Errors encountered during compilation of a
SPEAKEASY program do not inhibit later execution.

EXECUTE NAME executes the stored program, NAME.

The stored program is executed by this command and continues
until a RETURN statement or END. statement is encountered.
These statements terminate the execution of the stored program
and the statement following the one calling for the execution
of the stored program is then executedgd.

EXECUTE NAME:LABEL executes the program NAME beginning at LABEL.
EXECUTE NAME:LABEL causes the stored program with this name to
begin execution at the designated internal: label.

EXECUTE statements may occur in the manual mode or in any
stored program. In the manual mode, the Execute statement
should occur alone; not as part of a nmultistatement card.

EXECUTE is a restricted word. '

EXP(X) defines the exponential function.
EXP (X) defines an object with the same structure as X but vlth elements
equal to the exponential of the corresponding elements of ¥.

Each element Xi of X must satisfy the conditions Real (Xi)<170 and
§ Imag (Xi) }<SE6.

PIN is a synonym for ENDLOOP.

FIN N marks the end of the FOR loop N.
N is the name of the loop appearing in the corresponding FOR
statement.

FIN is a restricted word.
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POR N=START,STOP,INC designates a loop im a prograam.
N is the name of a scalar that may appear in any context in
the loop without altering its value. START, STOP, and
INC are scalar expressions not involving N.
START is the initial value of N.
STOP is the final value of N.
INC is the increment to be added to N every time the loop is repeated.
If INC is not specified, its value is assumed to be 1.
A FOR loop is terminated by an ENDLOOP statement or by a
FIN statement. .
Up to 10 nested FOR loops are allowed. A FOR loop
started within a FOR loop must be terminated within that loop.
Since FOR loops are neither efficient nor compact in SPEAKEASY,
they should be avoided. Logical transfers into and out of
POR loops should be used with extreme caution.
FOR is a restricted wvord.

FRAC is a synonym for PRACPART.

FRAC (X) returns the fractional part of X.
FRAC(X) . defines an object with the same structure as X but the elements
of the result are the fractional part of the corresponding elements
of X.

PRACPART (X) returns the fractional part of X.
FRACPART (X) defines an object with the same structure as X but the
elements of the result are the fractional part of the corresponding
elements of X.

A synonym is FRAC.

PREE(N1,N2,...,NN) frees the definitions of the objects N1,N2,..., NN,
N1,N2,...,NN are names of defined objects.

GAMMA(X) defines the gamnma funct1on of X.
GAMMA (X) defines an object with the same structure as X but Hlth
elements equal to the gamma function of the corresponding elements
of X.

The elements Xi of X must be real and must satisfy the condltlou
10E-50<X1i<56.

.GE. is the relational operator "greater than or equal to".
The periods must be on both sides of the operator.

GEIGEN (M,METRIC) finds the eigenvalues of the matrix M.
M is a real symrmetric matrix in a non¢orthogonal basis.
METRIC 1is the positive definite matrix of the innar products
of the basis states. The eigenvalues of ¥ are returned as
the components of a vector.

GEIGEN (M,METRIC,EVECS) finds the eigenvalues and eigenvectors of M.
M is a real symmetric matrix in a nonorthogonal basis.
METRIC is the positive definite matrix of the inner products
of the basis states. EVECS is a matrix containing the eigenvectors
of M stored rov-wvise. The eigenvalues of M are returned as the
components of a vector.
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GOTO X causes execution to be transferred to the statement labeled X.
The GOTO statement is used to alter the sequence of execution of
statements. Logical branches are created by combining an IF
statement with a GOTO statement.

GOTO is a restricted word.

An equivalent form is GO TO.

GRAPH (I:J) plots the members of I versus the object J.
I is in the vertical direction and J js along the horizontal.

All objects should be 1-dimensional and real ani have
the same number of elements. A 2-dimensional object
in I is treated as several 1-dimensional objects,
each consisting of a row of the original 2-dimensional
object. Thus a 2-dimensional object in I mnust have
as many columns as J has elements.

Each time GRAPH is encountered, a graph is drawn on a
new area of paper. 2All of the design statements should
accompany GRAPH,

The graphical output from GRAPH in the program mode
is plotted by CALCOMP.

" GRAPH is available only in version GRAPHEZ.

GRID(I,J) defines a 1-dim. array of 101 points from I to J.
The increment is chosen by the computer so that the points
are equally spaced. Both points I and J are included.

A synonym is VARIABLES(I,J). :

GRID(I,Jd,K) defines a 1-dim. array I,J+K,I+2K...until J is reached.
The last element is equal to or less than J depending on the
increment K. :

GRID({1,J,K) is not equal to VARIABLE(I,J,K) unless K is such
that I+NK=J.

.GT. is the relaticnal operator "“greater than".
The periods must be on both sides of the operator.

HELP contains a brief description of the SPEAKEASY words.
An alphabetical. listing of the words in the HELP library may
be obtained by the statements

CATALOG=LIBINDEX (HELP)

TABULATE (CATALOG)
To obtain the descrlptlon of a single SPEAKEASY word XX, the
input statenment is

HELP XX
All the words and a description of each may be obtalned by
the single statenment

USE MEMBER LISTHELP
‘A 1-line description of a SPEAKEASY word may be obtained
by the statement

LIST MEMBER XX OF LIBRARY HELP TO 1.
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HENCEFORTH X IS Y redefines the word X to mean Y.
After this statement, anytime the word X ils encountered it will
be treated as if it were the word Y.

The word 'IS' in the expression is arbitrary. Any word may
be used. ‘

Restricted words may not be given synonyms by this method.

HIERARCHY is the order in which mathematical operations are done.
The HIERARCHY in SPEAKEASY is:
*#% raising to a power, :
/+¥ division and multlpllcatxon,
+,- addition and subtraction.
Operations of the same hierarchy are done left to right.

~

HLABEL='ANY MESSAGE' labels the horizontal scale of a graph.
The desired lahel may be anything. Its beginning and end
are marked by apostrophes in the specifying statement.

HLABEL is available only in version GRAPHEZ.

HSCALE {LEFT,RIGHT) Spec1f1es the horizontal limits of a graph.
LEFT is the left limit and RIGHT is the right limit
of the scale. Values are labeled at inch marks. The
default limits for the horizontal scale are 0 for the
left and 10 for the right.
HSCALE is used for graphical output.

HSIZE=X specifies the horizontal size of the graph.
X is in inches. The default is 10 inches.
" HSIZE is used for graphical output.

IF (X) -Y is a conditional statement for scalar operations.
X is a scalar expression. If the numerical value of the
expression X is nonzero, then the associated statement Y .is
carried out; otherwise the statement Y is ignored.
~IF is a restricted word.

IMAG (X) returns the imaginary part of X.
IMAGINARY (X) defines an object with the same structure as X but with
elements that are the imaginary part of the corresponding elements
of X.

A synonym is IMAGPART.

IMAGPART (X) returns the imaginary part of X.
IMAGPART (X) defines an object with the same structure as X but with
elements that are the imaginary part of the corresponding elements
of X.

A synonym is IMAG.
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XINSERT N{I) inserts the statements that follow at N, N+I,N+2I,..,

XINSERT N({I) inserts the statements that follow the words
®INSERT N (I) into the positions N, N¢I,N+2I,...

- RINSERT N inserts the statements that follow at N, N+#1,N+¢2,...
®INSERT N inserts the statements that follow the insert command
into locations labeled by N,N¢#1,N+2,...

% stops the insert.
XINSERT is one of the functions available in th2 EDIT mode.

INTEG is a synonym for INTEGRAL.

INTEG(P:X) defines the integral of P with a variable upper linmit.
X is a 1-dimesional array (x1,%¥2,X3,...,XN). The result is
a 1-dimensional array the same size as X. Each element of the
result is the integral from X1 to Xi where Xi is the
corresponding element of X. The integration is done by the
trapezoidal rule.

INTEGERS(I,J,K) defines an array with the inteyers I,I+K,I+2K,...,Jd.
The array ends when the value J is reached or passed.

INTEGERS {I,K) defines an array with the integers I,I+1,I+2,...,K.
.If K is less than I, INTEGERS(I,K) defines the integer array
I,I1-1,I-2,4..,K. ' '

A shortened form is INTS.

INTEGRAL (F:X) defines the integral of P with a variable upper limit.
X is a 1-dimensional array (X1,X2,X3,...,XN). The result is
a 1-dimensional array the same size as X. Each element of the
result is the integral from X1 to Xi where Xi is the corresponding
element of X. The integration is done by the trapezoidal rule.

A shortened form is INTEG.

INTER? is a synonyr for INTERPOL.

INTERP (Y,F,X) defines the function F at the points Y.
INTERP(Y,F,X) is an interpolation method which is cubic '
except in the first and last intervals where it is quadratic.

The result is an array with the values of the function

F evaluated at the pcints Y. X and Y are arrays.

If points in Y are outside the range, the interpolation is
based on the last 3 points in the range. PF(X) must be given.

INTERPOL(Y,F,X) defines the function F at the points Y.
INTERPOL (Y,F,X) is an interpolation method which is cubic
except in the first and last intervals where it is gquadratic.
The result is an array with the values of the function
P evaluated at the pcints Y. X and Y are arrays.

If points in Y are outside the range, the interpolation is
based on the last 3 points in the range. PF(X) must be given.

A synonym is INTERP. :

INTPART (X) returns the integer part of X.
INTPART (X) defines an object with the same:r structure as X but the
elements of the result are the integer part of the corresponding
elements of X.

A synonym is WHOLE.
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INTS is a synonym for INTEGERS.

INTS(I,J,K) defines an array with the integers I ,I+K,I+2K,...,J.
The array ends when the value J is reached or passed.

INTS(I,K) defines an array with the integers I,I+1,I+2,...,K.
If K is less than I, INTS(I,K) defines the integer array
I,I-1,I-2,+++,K.

INT2(X) is a function that returns an integer2 number.
X may be real8, reald4, or integerd4. The result is INTEGER2,

INT4(X) is a function that returns an integerd number.
X may be reald4, real8, or integer2. The result is integerd.

INVERSE (X) defines the inverse of the matrix X.
The result is a matrix.

An alternative statement to obtain the inverse of the
matrix X is 1/X.

"KEEP XX AS YY ON 2Z saves the SPEAKEASY object XX.
The command means that object XX is to be copied onto data set
ZZ and given the name YY. The object XX is recovered by a

KEPT statement.

The data set ZZ is a private data set belonging to the user.
It is created by including cards of the form
" //272 DD DS N~ MYNAME, DISP= (NEW,CATLG), /

// SPACE=(TRK, (5,5,2)) ,DCB=(RECFM=FB,BLKSIZE=400, LRECL= 80)
immediately following the // EXEC SPBAKEZ card.

To use the data set, change DISP=(NEW,CATLG) to DISP=(OLD,KEEP).
To delete the data set when it is no longer needed, use

DISP= (OLD,DELETE).

KEPT(YY ON ZZ) retrieves the data stored in data set YY on 2Z.
KEPT{YY ON 2Z) is a normal SPEAKEASY function, which may be
imbedded in a statement.

YY is the name assigned to the data in the KEEP statement.

2Z is the name of the data set on which the data are stored.

To use the data set ZZ, include a card of the fornm

//27 DD DSN=HYNAHE,DISP=(OLD,KEEP),UNIT=Z321
inmediately following the ,// EXEC SPEAKEZ card.

To delete the data set when it is no longer needed, change
DISP=(OLD,KEEP) to DISP=(OLD,DELETE).

LABEL refers to a statement label,
SPEAKEASY statements are labeled by a name of 8 symbols or less,
beginning with an alphabetic character. This label is separated
from the statement by a colon. The label may be in any column
but preceeds the statement.

.LE. 1s the relaticnal operator "less than or equal to".
The periods must appear on both sides of the operator.
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LENGTH (X) defines a scalar that is the number of elements in X.
If X is undefined, the result is zero.
A synonym is NOELS.

LIBINDEX (¥Y) defines the names of the members of Y.
LIBINDEX (Y) defines a literal 1-dimensional array with the
names of the members of the library Y as components of the
arraye. '

LIBNAMES returns the names of the SPEAKEASY libraries.
LIBNAMES defines an array whose elements are the names of
the libraries attached to the SPEAKEASY priocessor.

LINKLIB='XX' adds the LINKULE library XX to those available.
XX is an additional library of linkules that is searched if"
a designated member is not found in the other libraries.

LINKULES is a library of operations that are FORTRAN subroutines.
LINOLES are usually efficient routines for carrying out specific
mathematical operations. However, any FORTRAN subroutine can
be joined to SPEAKEASY by an appropriate interface and become
a LINKULE. A _

. To obtain a listing of the present LINKULES, use the statements
T=LIBINDEX(KEPT)
TABULATE T

LIST MEMBER X OF LIBRARY Y FROM I TO J lists lines I through J OF
X is the name of a member of library Y to be listed. The words
MEMBER, LIBRARY, PROM, and TO are keywords. If TO is omitted,
the listing begins at line I and goes to the end of the member.
.If FROM is also omitted, the entire memberi is listed. LIBRARY Y
specifies the library to be searched for the member. The default
library is PROCLIB. 1If the member is not specified, the library
index is listed. ‘

LIST specifies that the program is to be listed with the output.
If not specified, the default for batch jobs is usually LIST.
In the interactive operation, NOLIST jis default.

%LIST in the edit mode lists the edit file.
The entire file is listed unless statement numbers follow the
word LIST. : ’

BLIST N in the edit mode lists line N of the edit file.

SLIST N,M in the edit mode lists lines N through M.

. LISTHEAD(N,XX,YY) lists N lines of member XX of library YY.
N specifies the maximum number of lines of XX to be listed.
XX is the name of the member to be listed.

YY is the name of the library to be searched for member XX.
If YY is not specified, PROCLIB is default.
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LISTMEMBER (XX,YY) lists meaber XX of library YY.
XX is the name of the member to be listed.
YY is the name of the library.
If YY is omitted, the default is PROCLIB.
The entire member is listed.
An alternatlve form is LIST MEMBER XX OF LIBRARY YY.

LOADDATA (A, NANE) loads A with 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.

LOADDATA is a restricted word.

LoC is a synonym for LOCS. . ‘
LOC(X) gives the indices of the nonzero (true) elements of X.
X is a 1-dimenional object. LOC is a logical function and
the argumett X is often an array with a relational operator.
The result is usuvally used as a structured lndex to produce a new
.array.

. LOCMAX(X) specifies the location of the maximum element of X.
X must be a 1-dimensional array.

LOCMIN (X) specifies the location of the minimum element of X.
X must be a 1-dimensional array.

LOCS(X) gives the indices of the nonzsro (true) elements of X.
X is a 1-dimensional object. LOCS is a logical function and
the argument is often an array with a relational operator. The
result is usually used as a structured index to produce a new
array. -

LOC is a synonym for LOCS.

LOG (X) returns the natural logarithm of X.
LOG (X) defines an object with the same structure as X but with elements
equal to the natural logarithm of the corresponding elements of X.

LOG (X) is not defined if any element in X is 0.

LOGGAMMA (X) defines the natural logarithm of the gamma function of X.
LOGGAMMA (X) defines an object with the same structure as X but with
elements that are the natural logarithm of the gamma function of the
corresponding elements of X.

The elements Xi of X must be real and satlsfy the condition
O0<Xi<U4YE6O0.. - ‘ :

LOWERTRI (X) returns the lower triangular part of X. .
The result is a 1-dimensional object of the same family as
X with elements corresponding to the lower triangular elements
and the diagonal elements of X.

X aust be a 2-dimensional square object.
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«-LT. is the relational operator "less than".
The periods must be on both sides of the operator.

MARGINS enables the user to contol the margins of the output.

MARGINS (N,M) specifies the left and right limits of output.
MARGINS (N,M) means that the output is resbricted to columns
starting at ¥ and ending with M.

MARGINS (M) is equivalent to MARGINS(1,M).

MARGINS (0,M) is equal to MARGINS (1,M) - without control functions.
MARGINS (0O,M) eliminates all carriage control characters that are
used to control the vertical spacing and to p051t10n output on
the top of a newvw page.

MAT is a synonym for MATRIX.
MAT (N, M:) defines an N-by—-M matrix.
If no additional arguments are given, the matrix has all
elements set to zero. .
MAT(N,M:I,J,-...,K) defines an N-by-M matrlx and presets the elements.
The elements are set rovw by row by use of the values I1,J,...,K or
the elements of I,J,...,K if they are structured objects. If a
complex elemrent is encountered, then a complex matrix is defined.
If all the elements are not preset by the element list, the
unspecified elements are set to zero.

MATRIX (N,M:) defines an N-by-M matrix. :
If no additional arguments are present, the matrix has all
elements set to zero.
A shortened form is MAT.
MATRIX(N,M:I,J,...,K) defines an N-by-M matrix with preset elements.
The elements are set row by row by use of the values I,J,...,K or
the elements of 1,J,...,K if they are structured objects. If
a complex element is encountered, thenm a complex mratrix is
defined. If all the elements are not specified by the element
list, the unspecified elements are set to zero.

MAX (X) specifies the value of the maximum element in X.

MAXOF(A,B,...,C) returns the largest element of A,B,...,C.
The result is a scalar that is the maximum element in any
of the objects in the calling argument list. The arguments
nust be real objects or numbers and can be of any class.

MAXOFCOL {X) returns the largest element in each coluamn of X.
X is a 2-dimensional array or a matrix. The result is a
1-dimensional object of the same family as X with elements
that are the largest element of each tolumn of X.

MAXOFROW (X) returns -the largest element in each row of X.
X is a 2-dimensional array or a matrix. The result is
a 1-dimensional object of the sape family as X with elenents
that are the largest element of each rov of X.
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MELD(I,J,--.,K) gives an odometer ordering of elements of I,J,...,K.
The arqgueents I,J,...,K aust be 1-dimensional objects. MELD
alters the structure of I, J,...,K so that every element in each
object of the argument lxst is associated v1th every element
of every other object in the list,

After the statement MELD(I1,J,...,K), any function of I J,...,K can
be written in a straightforward manner.

For a further explanation and examples, refer to the SPEAKEASY-3
manual or - the linkule document.

MFAM (X) defines a member of the matrix/viector family.
The result has the same structure as X. If X is
a 1-dimensional array or a vector, the result is
a vector. If X is a 2-dimensional argay or a matrix,
the result is a matrix. ‘

MFAM and VFAM are synonynms.

MIN (X) specifies the value of the minimum element in X.

MINOF(A,B,...,C) returns the smallest element in A,B,...,C.
The result is a scalar that is the minimum element in any
of the objects in the calling argument list. The arguments
must be real objects or numbers and can be of any class.

MINOFCOL {X) returns the smallest element in each column of X.
X is a 2-dimensional array or a matrix. The result is a
1-dimensional object of the same family as ¥ with elenments
that are the smallest element of each column of X.

MINOFROW (X) returns the smallest element in each row of X.
X is a 2-dimensional array or a matrix. The result is a
1-dimensional object of the same family as X with elements
that are the smallest element of each row of X.

%MOVE N,M,K(I) moves statements N through M to K,K+I,K+2I,...
¥MOVE N,M,K moves statements N through M to K,K+1,K+2,...
X¥MOVE N moves statement N to the last poasition.

%¥MOVE N,M moves statements N through M to the last positioans.
%¥MOVE is a function available in the EDIT mode.

o

MYDOCS is the library name for private documents.
MYDOCS is the library name for private documents other
than the private HELP documents that are attached to the
SPEAKEASY processor.

HYHELP is the library name for private HELP documents.
MYHELP is the library name for private HELP documents that
are attached to the SPEAKEASY processor.
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MYLINKS is the library name for private linkules.
MYLINKS is the library name for private linkules to be attached
to the SPEAKEASY processor. It is of the same form as the
system library but contains personal routines. If MYLINKS
is an attached library, it will be searched for a given
nember prior to the search of the LINKULE library.

NANES prints the names of all currently defined SPEAKEASY objects.
The command NAMES is particularly useful in the interactive
mode since it provides the user with a means of obtaining
a listing of the names of variables that he has prevxously
defined. :

.NE. 1s the relational operator "not equal to".
The periods must appear on both sides of the operator.

NEUMANN (NU,X) returns cylindrical Bessel fns. of the second kind.
NU and X are real and nonnegative. There is a SPEAKEASY
restiction that (X+NU)<400.

For further details of accuracy and the method used for the
calculation refer to the linkule document.

NEWGRAPH causes the next graph to be drawn on a nev area of paper.
NEWGRAPH may be used in conjunction with ADDGRAPH to completely
avoid the use of the statement GRAPH.

NEWGRAPH is available only in version GRAPHEZ.

NEWPAGE causes the printer to start a new page.
The output following the control statement NEWPAGE is printed on
the top of the next gage.

NEWPAGE is a restricted word.

P
NOCOLS (X) defines a scalar which is the number of columns in X.

NOECHO suppresses the ,echoing of input data.
This command causes jus£ the results to be printed out. This
statement may occur at any place in the program.

NOECHO is default for the interactive operation; ECHO is default
for batch jobs. :

NOELS (X) defines a scalar equal to the number of elementé in X.
If X is undefined, the result is zero.
A synonym is LENGTH.

NOLIST indicates that the program is not to be printed ulth the output.

If not specified, NOLIST is default for the interactive
operation; LIST is usually default for batch jobs.
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NROROOTS (F) gives the number of roots of the function P.
The number of times the function P changes sign (goes through-
zero) is found.

A synonym is NOZEROS.

'NOROWS {X) defines a.scalar equal to the number of rows in X.

.NOT. is the logical operator "not".
The periods must be on both sides of the operator..

NOZEROS (F) gives the number of zeros of the function F.
The number of times the function F changes sign (goes through
zero) is found. : .

A synonym is NOROOTIS.

NUMBERS refers to .numerical data.
All numerical data are specified in decimal form. The lack of a
decimal point implies that it belongs just to the rlght of the
last digit.

NUMBERS can be real, 1maglnary, or complex.
A terminal I implies that the previous number was imaginary.
Examples of imaginary and complex numbers are: 21.6I; 6. 1+45.21I

Very large or very small numbers may be expressed by ending
the number in E followed by the power of 10 associated with that
nunber. Por example, 1.052E+2 means 105.2. If a number is
imaginary, the I .comes before the E, eg., 6.2IE-3.

OBJECT (I,J,...,K) generates an inplace name.
Each of the argquments I,J,...,K can be either a literal quant1ty
or a nonnedative number. For literals, the expression itself
is used. PFor numbers, the integer part of the number is used
as a literal. The various arquments are then joined together
to compose the nanme.

The expression OBJECT(I,J,...,K) may occur anyvhere in a
SPEAKEASY statement., It is particularly usefull combined with
the word HENCEPORTH. - : '

. OMITCLASS ,suppresses the printing of the class.

If OMITCLASS is not specified, the class of the resulting
structured objects is printed out when they are printed.
The statement OMITCLASS suppresses the printing of the class.

ONERROR (X,Y) specifies the action to be taken after an error.

X may be DUMP or NODUMP.
The options DUMP. or RODUMP specify whether all defined data is
to be printed or not.

Y may be MANUAL or CONTINUE.
MANUAL means that computation is continued in the manual mode.
- CONTINUE means that the error .does not affect the path of
execution.

The default options are DUMP,MANUAL.:
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-OR. is the logical operator "or™".
The periods must be on both sides of the aperator.

ORDERED (X) gives the elements of X in increasing order.
ORDERED(X) defines an object with the samer structure as X but
vhose elements are the elements of X arranged in order of
increasing magnitude.

A synonym is RANKED.

ORDERER (X) gives the indices of the ordered elements of X.
ORDERER(X) gives the indices of the elements of X arranged in
order of increasing magnitude. X must be a 1-dimensional
object.

A synonym is RANKER.

PLOTSYMB (N,M) specifies the symbols used and frequency of points.
N is an integer which determines the frequency with wvhich
each symbol is plotted. (1 means evesy point, 2 means every other
point, 3 means every third, etc.) A negative value for N indicates
that only the symbol should appear. A positive value means
that a line should join successive points.
M is an integer 0 through 12 that designates one of 13
different symbols to be used in plotting data. The integers
and their corresponding symbols are:
0 is a square. .
is a circle.
is a triangle.
is a plus (+).
is an X.
is a diamond.
is an arrow pointing upward.
is an X with a bar on top.
is a Z.
is a Y.
10 is an X with a circle.
11 is an asterisk (*).
12 is.an X with a bar on top and bottom.
PLOTSYNB is used for graphical outpat.

VOOV EWN -

PRINT(A,B,C,...,2) specifies that A,B,C,...,Z are to be printed.
The user may control the form of output by using the conptrol
vords MARGINS, SIGNIFICANCE, AUTOTAB, TABU'LATE, and COLWIDTH.
PRINT is a restricted word.

PRINTCLASS prints the class of structured objects.
PRINTCLASS causes the class of structured objects to be
printed wvhen :the structured objects are printed.
PRINTCLASS is default. To turn it off, use OMITCLASS.

PROD (X) defines the product of the elements of X.
The result is a scalar.
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PRODCOLS(X) nmultiplies the elements in each column of X.
PBODCOLS(X) defines a 2-dimensional object that is a
row and is a member cf the family of X. The element in
each colurn is the product of the elements in the
corresponding column of X.

PRODROWS (X) multiplies the elements in each row of X.
PRODROWS {X) defines a 2-dimensional object that is a colunmn
and is a member of the family of X. The element in each row
is the product of the elements in the correspondlng row of
X.

PROGRAM NAME gives a name to a progran.
A program is a SPEAKEASY procedure. Naming a program enables
the user to refer to that program by mame to stor2 it, to use
it within another program, or to execute it.

A program is a defined object. If its name is identical to
a previously defined object, its definition will replace that
object. :

PROGRAM is a restricted word.

PUNCH (FsX) punches the object X on cards in the format F.
The PUNCH statement gives the user a means of transmitting
infornation to other non-SPEAKEASY progranms.

‘The format P is specified by a statement of the form
F=? (FORMAT) * where PORMAT is the standard 360-FORTRAN IV format
excluding fixed-point form (integers){ The F, D, and E
formats are equally acceptable.

X is the array to be punched.

QUIT terminates execution of a SPEAKEASY progranm.
When all input is processed in normal batch operation,
execution automatically terminates. This word is
therefore not normally used for such cases.

BANDOM (X) generates random numbers. ‘
The result has the same class and structure as X but its
elements are random numbers between 0.0 amd 1.0.

RANDOM will produce the same numbers on successive calls
unless the first use of it is preceded by the statement
LOAD (RANDGHN). 4

RANKED {X) gives the elements of X in increasing order.
RANKED(X) defines an object with the same structure as X but
vhose elements are the elements of X in increasing order.

A synonym is ORDERED.

RANKER {(X) gives the indices of the ordered elements of X.
RANKER (X) gives the indices of the elements of X arranged in
order of increasiag magnitude. X must be a 1-dimensional
object.

A synonym is ORDERER.
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BEAD(F:X) reads data froam cards punthed in format P and puts
thea into X. - The READ statement enables the user to read infor-
mation that has been punched in some specialized format.

The format P is specified by a statement of the form
F=1 (FORMAT) ' where FORMAT is the standard 360-FORTRAN IV
format excluding fixed-point form (integers).

X is the array (structured object) into which the data are put.
It must exist and its size must be specified. The
nunber of cards read is the number needed to £ill the
array.

READ is not available in all versions of SPEAKEASY.

REAL is a synonym for REALPART.

REAL {X) returns the real part of X.
REAL (X) defines an object vwith the same structure as X but the ele-
ments of the result are the real part of the corresponding elements
of X. :

REALPART (X) returns the real part of X.
REALPART (X) defines an object with the same structure as X but the
elements of the result are the real part of the corresponding
elements of X.

A synonym is REAL.

REAL4 {(X) is a function that returns a reall number.
X may be real8, integerl, or integer2. The result is reald.

REAL8(X) is a function that returns a real8 number.
X may be reall, integery4, or integer2. The result is realB.

RECLASS (A:B,C,...,2) alters the structure of B,C,...,Z to
agree with A. B,C,...,2Z are previously defined objects with
the sanme number of elements as A.

RETURN returns execution to the program calling the stored progtam.
The statement executed after the statement RETURN is the one
following the EXECUTE statement that jnvoked the stored progranm.

A RETURN statement is always implied before the END card of
any progran.

RETURN is restricted to the program mode. It is ignored if
it is used in the manual mode.

RETURN is a restricted worad.

ROOTS {(F:X) finds the roots of the function F..
The result is a 1-dimensional array. X is a 1-dimensional
array of the same length as F. Roots defines a new object
wvhose elements correspond to the zeros of the function
P. The method of trapezoidal interpolation is used.

A synonym is ZEROS. '
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ROWARRAY {(N:) defines a 2-dim. N-componemt array that is a row.
If no further arguments are given, all N-components are set
egual to zero.

ROWARRAY (:I,J,...,K) defines a 2-dim. rov array with preset els.
The components are preset by the element list I,J,...,K. If
any argument of the element list is structured, then the
elements of that structured object are used. If a complex
element is encountered, then a complex 2-dimensional row
array is defined.

BOWARRAY(N:I,J,...,K) defines a 2-dim. N-component row array.
The components are preset by the element list Y,J,...,K. If
any arqument of the element list is structured, then the
elements of that structured object aré used. If a complex
element is encountered, then a complex 2-3imensional row
array is defined. If all N-components are not preset by
the element list, the unspecified components are set
equal to zero.

ROWMAT (N:) defines a 1-by-N matrix which is a row.
If no further arguments are given, all N elements are
set equal to zero.

ROWMAT (3I,J,...,K) defines a rov matrix and specifies the els.
The element list 1,J,...,K.specifies the elements of the matrix.
If an argument of the list is structured, the elements of that
structured object are used. If one of the elements is complex,
the matrix is complex.

ROWMAT (N:I,J,.-.,K) defines a 1-by-N row matrix and specifies the els.
The elements are preset by the element list I,J,...,K. If an
argument of the element list is structured, the elements. of that struc-
tured object are used. If an element is complex, the matrix is
complex. If all N elements are not specified by the element list,
the unspecified elements are set equal to zero.

ROWMAX {X) specifies the row containing the maximum element of X.
~ ROWMIN (X) specifies the rov containing the minimum element of X.

XRUN is equivalent to RCOMPILE followed by the command EXECUTE.
%¥BUN used in the EDIT mode returns the processor from the EDIT
node to the MANUAL mode, compiles the edited program,
and then executes it.

SELECT{A,B,...,C:I) truncates or expands A,B,...,C using the index I.
A,B,...,C are 1-dimensional objects. I is a structured index that
acts as a control array. A,B,...,C are triuncated or expanded so
their final components are those indexed by the elements of the
control array I.

For an example, refer to the SPEAKEASY-3 manual.
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SETGAUSS (N,X,¥,XLO,XHI) returns Gauss-Legendre coords. and weights.
SETGAUSS (N, X,W ,XL0,XHI) defines the N2point Gauss-Legendre
quadrature coordinates and weights with the coordinates in the
interval XLO to XHI. The arguments XLO and XHI may be omitted.
If XLO and XHI are omitted, the interval is -1 to +1.

N is the number of points required. N must satisfy the
coandition O<KN<S1.:

X is returned as a 1-dimensional array whose elements are
the coordinates.

W is returned as a 1-dimensional array vhose elements are
the weights.

For further information about the method of calculatxon and
the accuracy, refer to the LINKULE document.

SETINFINITY (VAL) specifies an upper liait to the numbers printed.
Any number whose absolute value is greater than VAL is printed as
INF for infinity. The default value is t1.E+30.

SETJACOBI {N,X,%,A,B,TX,TH) defines Gauss-Jacobi coords. and weights.
SETJACOBI(N,X,¥,A,B, 1X,TR) defines the Gawss-Jacobi quadrature
coordinates and weights for the interval -1 to +1 and gives the
user an idea of the precision with vwhich the coordinates and weights
are calculated. The coordinates are the roots of the Jacobi
polynomial of degree N and order (A,B). A, B, TX, and TW are
optional arguments and may be omitted.. If A and B are onmitted,
the order of the polynomial is 0.

N is the number of points required. N must be an integer
satisfying the condition 0<N<51.

X is returned as a 1-dimensional array vhose elements are
the roots of the Jacobi polynomial of degree N and order (A,B).

¥ is returned as a 1-dimensional array vhose elements are
the weights of the integration proceedure.

A and B are real numbers specifying the order of the polynom1a1
A must satisfy the condition A>-1., B must satisfy the condition
B>1. The default value for A and B is 0.

TX is the theoretical sum of the coordinates.

TW is the theoretical sur of the weights.

Por further information about the méthod of calculation and
the accuracy, refer to the LINKULE document.

SETLAGUERRE (N,X,W,A) returns Gauss-Laguerre coords. and weights.
SETLAGUERRE(N,X,W,A) defines the Gauss-Laguerre quadrature
integration points X and weights W appropriate for evaluating
an integral from 0 to infinity. The integration points are the
roots of the Laguerre polynomial of degree N and order A.

A may be omitted. If A is omitted, the polynomial calculated
is order 0.

N is the number of points required. N must be an integer and
satisfy the condition 1<N<33.

X is returned as a 1-dimensional array whose elements are the
roots of the Laguerre polynomial of otder A and degree N.

W is returned as a 1-dimensional array with the weights of
the integration proceedure.

A is the order of the polynomial. The iefault is 0. A must be
a real number greater than -1. A value of A of the order 20 could
cause overflows in the determination of the weights for large values
of N.
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SETLEGENDRE (N,X,W) returns Gauss-Legendre coord. and weights.
SBTLEGENRDRE(N,X,W) returns the .coordinates X and weights W
for the Nth order Gauss-Legendre quadrature formula.

N is the number of points required. N must satisfy one of
the conditions 0<N<51, N=64, or N=96.

X is returned as a 1-dimensional array wvhose elements are
the coordinates.

W is returned as a 1-dimensional arsay vhose elements
are the uelqhts. ‘

SETLEGENDRE is equ1valent to SETGAUSS for 0<N<51.

The only difference is that SETLEGENDRE includes N=64 and
N=96 while SETGAUSS does not.

SETLIB (XX,YY) changes the name of library XX to YY.

SETNULL {VAL) specifies a lower limit to numbers printed.
Any number whose absclute value is less than VAL is to be
printed as 0. The default value is 1.E-30.

SETPLOT (X,Y,2) specifies BOX, NOBOX;: SCALBS, NOSCALES; LINES, POINTS.
X is either BOX or NOBOX.
BOX means to draw a frame around the graph.
NOBOX specifies no franme.
Y is either SCALES or NOSCALES.
SCALES specifies that values at inch intervals are to
be indicated. NOSCALES causes the indication of
scales to be omitted.
Z is either LINES or POINTS.
LINES specifies that points are to be joined by lines leaving
the points unmarked. POINTS specifies that the points are
to be marked with crosses and not joined by lines.
The default options are BOX, SCALES, and LINES.
SETPLOT is available only in version GRAPHEZ.

SIGN {X) specifies whether X is positive or negative.
SIGN{X) defines an object with the same structure as X but with elements
of the result equal to ¢1 for elements of X >0, equal to -1 for elements
of X <0, and egqual to 0 for elements of X equal to 0.

All the elements of X must be real.

A'SIGNIFICAECE(N) gives ihe number of significant figures to be printed.
N is the number of signlflcant figures desired. The default is 5
significant figures. :

-

_SIMEQ(A,B) solves a set of simultaneous linear equations.
A is an N-by-N matrix. B is an N-by-N matrix of constants.
The result, X has the same structure as B and is the matrix
that satisfies the simultaneous lineas eguation A*X=B.
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SIN{X) returns the sine of X.
SIN(X) defines an object with the same structure as X but
the elements of the result are the siae of the
corresponding elements of X.

Each element Xi of X must satisfy the condztxon
1Xi)<1.B15.

SINH(X) defines the hyperbolic sine of X.
SINH (X) defines an object with the same structure as X but with elements
equal to the hyperbolic sine of the corresponding elements of X.

The elements Xi of X must be real and are restricted by the inequality
1Xi}<170. .

SIZE=N,X specifies space for data and must be the first carad.
SIZE=N,X specifies the amount of data space needed and its
location. _

N is the number of kilobytes of storage to be set aside for
SPEAKEASY data. One kilobyte is approximately 120 user-defined
numbers.

X may be MAIN or LCS. LCS means the data storage area may
be placed in LCS. MAIN is default.

The card specifying the size is the first one in the SPEAKEASY
deck. )

SHMAT is a synonym for SYMMAT. : ‘
SMAT (N: I, J,...,K) defines a synmett;c N-by-N matrix.

The element list is used to fill the lover triangular part

by rows. The portion above the diagonal is then filled by

making the matrix symmetric. If any argument in the list

defining the elements is structured, the elements of that

structured object are used.

SOLINDE2 (X:A,B,C:Y1,Y1P:YP) solves Y"+AY'+BY=C on grid X.

Y=SOLINDE2(X,A,B,C:Y1,Y1P:YP) is the typical usage of the function
SOLINDE2. The colons may be replaced by commas. X, A, B, C, YP,
and Y are all 1-dimensional arrays.

X is an equally-spaced grid of independent variables.
It may be an increasing or decreasing grigd.

A,B, and C are coefficient functions evailluated on the grid X.

Y1 is the starting value of Y at X(1).

Y1P is the starting value of Y' at X(1).

Y is the solution on grid X and is returned as a functional value.

YP is the derivative of the solution on grid X. YP is an optional
name and need not be the name of a defiined object. If YP is
omitted, the calculation proceeds unaltered but Y' is not saved.

Temporary restrictions are:
A and B must be named scalars with the value zero. Only homogeneous
equations without first derivatives can be solved. An example is
Z2=0; Y=SOLINDB2(X:2,B,2:Y1,Y1P:YP).
X must have an odd number of points. No. internal checks are made.

The 4th order Runge-Kutta method is used.

CHMV

SPACE(N) skips W lines.,
SPACE is a restricted wvord.
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SPHBES (L,X) returns the spherical Bessel fn. of the first kind.
The result is j sub L of X (little j).. L must be a nonnegative
integer. Underflowv will occur for excessively large L. X must be
real and nonnegative. There is a SPEAKEASY restriction that
(X+1) <400.

FPor information on the method of calculation, refer to the
LINKULE docurent.

SPHBESN (L,X) returns the spherical Bessel fn. of the second kind.
The result is n sub L of X (little n). L must be a nonnegative
integer. Overflow vill occur for excessively large L. X must be
real and nonnegative. " There is a SPEAKEASY restriction that
{L+X)<400.

For information on the method of calculation, refer to the
LINKULE document.

SQRT (X) defines the square root of X.
SQRT(X) defines an object with the same structure as X but with
elements equal to the square root of the corresponding elements
of X.

If the domain of the calculation is complex, complex roots
can be obtained. Othervise, the square root of a negative
number leads to an error message.

SUM(X) sums the elements of X.
SUM(X) defines a scalar object equal to the sum of the elements
of X.

SUMCOLS (X) sums the elements in each column of X.
SUMCOLS (X) defines a 2-dimensional object that is a row
and is a member of the family of X. The element in each colunmn
is the sum of the elements in the corresponding column of X.

SUMROWS {X) sums the elements in each row of X.
SUMRONS (X) defines a 2-dimensional object that is a
column and is a member of the family of X. The element
in each row is the sum of all the elements in the
corresponding row of X.

SUMSQ(X) sums the squares of the elements of X.
SUMSQ({X) defines a scalar that is the sum of the squares of
all the elements of X. o

SUMSQCOLS (X) sums the squares of the elements in each colunmn.
SUMSQCOLS (X) defines a 2-dimensional objeot that is a row
and is a member of the same family as X. The element in each
column is the sum of the squares of elements in the corres-
ponding columns of X. '
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SUNSQROWS (X) sums the squares of the elements ia each rov.
SURSQROWS (X) defines a 2-dimensional object that is a
column and is a member of the family of X. The element in
each row is the sum of the squares of the elements in the corr-
esponding row of X.

-

SYMBOLS designate mathematical operations or special cards.
The symbols and a brief description of their meanings are:

¢+ is the addition operator.

- is the subtraction operator.

* is the multiplication operator.
Por matrices, * implies matrix multiplication.
For vectors, * implies take the inner (dot) product.
For arrays, * is element-by-element multiplication.
If A and B are 1-dim. arrays, C=A*B is Ci=Ai*Bi, wvhere i implies
the ith element. .

/ 1s the division operator.
For matrices, A/B implies matrix multiplication of the matrix A
times the inverse of matrix B.

For vectors, / is not defined.
Por arrays, division is defxned element-by-element.

** raises to a pover.
** is not defined for matrices.

For vectors, *¥* means to take the outer (cross) product.
For arrays, the operation is done element-by-element.

= means replace the object on the left by the expression on
the right.
~: separates the statement label from the statement or
separates arguments in some words.

; separates successive statements on a single card.

& designates a continuation of the previous card.
" $ sets off a comment. The comment is written between tvo 8§.
There is an implied $ at the end of a card that has a sxngle $ on
it.

SYMMAT (N:1,J,...,K) defines a symmetric N-by-N matrix.

The element list is used to fill the lower triangular part

by rows. The portion above the diagomal is then filled by

making the matrix symmetric. If any arguament in the element

list is structured, the elements of that structured object are used.
A shortened form is SMAT.

TABULATE(A,B,...,C) prints 1-dim. objects A,B,...,C in tabular form.
Each column is labeled by the name of the corresponding object.

The user may control the tabulation by the specifications
MARGINS, COLHIDgH, and SIGNIFICANCE. All tables may be made
uniform by using AUTOTAB.

Only 1-dimensional objects may be tabulated.

TAN{X) returns the tangent of X.
TAN(X) defines an object with the samer structure as X but
the elements of the result are the tangents of the
corresponding elements of X.

Each element Xi of X must satisfy the condition
] Xi]<1.E15.
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TINE gives the time froa which one starts.
TINE gives the total time elapsed since the start of
the computer run.

TINE{(0) gives the elapsed time since the start of a computer run.
This form can be used in SPEAKEASY statements.

TOTALINT(P:X) defines the definite integral of F over the array X.
X is a 1-dimensional array, (X1,X2,X3,...,XN). The result is
a scalar equal to the definite integral from X1 to XN. The
integration is done by the trapezoidal rule..

A shortened form is TOTINT.

TOTINT is a synonys for TOTALINT.

TOTINT (F:X) defines the definite integral of F over the array X.
X is a 1-dimensional array (X1,X2,X3,...,XN). The result is
a scalar equal to the definite integral from X1 to XN. The
integration is done by the trapezoidal rulke.

TRACE(X) gives the trace of the matrix X.
The trace is the sum of the diagonal elements.

TRANSP is a synonym for TRANSPOSE.

TRANSP (X) defines the transpose of X.
TRANSP (X) defines an object that is of the same class as X and is
the transpose of the object X.

TRANSPOSE(X) defines the transpose of X.
‘TRANSPOSE (X) defines an object that is of the same class as X and is
the transpose of the object X.

A shortened form is TRANSP. -

UMAT is a synonym for UNITMAT.

UMAT (N) defines -an N-by-N unit matrix,
All elements are zero except the elements along the
diagonal, which have the value 1.

UNITMAT {N) defines an N—-by-N unit matrix.
All elements are zero except the elements along the
diagonal, which have the value 1.

A shortened form is UMAT.

UPPERTRI (X) returns the upper triangular part of X.
X must be a square 2-dimensional object. The result is
a 1-dimensional object that 'is of the same family as X and whose ele-
ments are the upper triangular elements imcluding those along the
diagonal of X.

USE MEMBER X OF LIBRARY Y causes the deck X to be used as input.
If the library reference is omitted, PROCLIB is assumed. If the
library MYPROCS is attached, it will be searched for the member
X before the library PROCLIB is searched.

This provides the user vith a simple means of supplying commonly
used constants or SPEAKEASY programs to the processor.

USE is a restricted word.
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USEMEMBER (XX,YY) causes input of the member XX of library YY.
XX is the name of the member desired. .
YY is the name of the library to be searched for member XXZ.

If the library reference is omitted, PROCLIB is assumed.
If the library MYPROCS is attached, it will be searched for
member XX before PROCLIB is searched. _

This provides the user with a means of supplying commonly
used constants or SPEAKEASY programs to the processor.

An alternative form is USE MEMBER XX OP LIBRARY YY.

VARIABLE(I,J) defines a 1-dim. array of 101 points from I to J.
The increment is chosen by the computer sa that the points
are equally spaced. Both points I and J are included.

A synonym is GRID(I,J).

VARIABLE(XI,J,K) defines the 1-dim. array I,I+K,I+2K,...,J.
The last element in the array is J. If the increment K is not
such that I+NK=J, then a nev increment K!' is chosen by the
computer so that the last element is J and the elements are
equally spaced.

VARIABLE (I,J,K) is equivalent to GRID(I,J,K) only when K is
such that I+NK=J.

VEC is a synonym for VECTOR.

VEC (N:) defines a vector with N conponemts.
If there are no additional arguments, the values of the
components are set equal to gzero. :

VEC(:1I,J,-..,K) defines a vector and specifies the components.
The components are preset by the element list I, J,...,K.
If any argqument of the element list is structured, then
the elements of that structured object are used. If a
complex element is encountered, then a complex vector is
defined.

VEC (N:X,J,-...,K) defines an N-component vector vith preset els.
The components are specified by the element list I,J,...,K.
If any argqument of the element list is structured, then the
elements of that structured object are used. If a '
complex element is encountered, then a complex vector is
defined. If all N components are not specified, the
unspecified components are set equal to zero.
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VECTOR (N:) defines an B-conponent vector.
If ro further arguments are given, all the components are set
equal to zero.
A vector is a 1-dimensional member of the matrix/vector
family.
A shortened form is VEC.
VECTOR(:1,J,...,K) defines a vectot by presetting the components.
The components are specified by the element list I,J,,...,K.
If any argqument in the element list i§ structured, then the
elements of that structured object are used. - If a complex
element is encountered, a complex vector i's defined. ‘
VECTOR (N:I,J,...,K) defines an N-component vector with preset els,
The components are preset by the element list I1,J,,...,K.
If any argument in the element list is structured, then the
elements of that structured object are used. If a complex
element is encountered, a complex vector is defined. If all
"N components are not preset by the element list, the unspecified
components are set to zero.

VERSIONS refers to the various versions of the SPEAKEASY processor.
These versions differ in their space requirements and in their
efficiency of operation. The present versions are:

STANDARD

BABY

GRAPHEZ

CONSOLE

TSO ‘
For further detail about these versions, refer to the SPEAKEASY-3
manual. :

VFAM (X) defines a member of the matrix/vector family.
The resultant has the same structure as X. If X is
a 1-dimensional array or a vector, the result is
a vector. If X is a 2-dimensional array or a matrix,
the result is a matriz.

VLABEL='"ANY MESSAGE' labels the vertical scale.
The desired label is enclosed between apostrophes.
VLABEL is available only in version GRAPHEZ.

VOCABULARY generates a list of all currently defined words.
The list is the actual list used by the processor in deciphering
the user's SPEAKEASY program. The priintout in response
to the word VOCABULARY will change whenever a newvw word is
added to the language.

VSCALE= {BOTTOM,TOP) specifies the vertical limits of a graph.
BOTTOM refers to the lover limit and TOP the upper
limit of the vertical scale. Default values of the
limits on the vertical scale are 0 and 8. The scale
is labeled at inch nmarks.
VSCALE is used for versions with graphical output.



46

VSIZE=Y specifies the vertical size of the graph.
Y is in inches. The default is 8 inches. Y cannot
exceed 10.

VSIZE is used for versions with graphical output.

WHERE is a synonym for WHEREVER.
WHERE(X) is a conditional statement for array operations.
X may be a structured object. The associated statement Y must
be an equation and the class of the result must be the
same as that of the test expression X.: The statement Y is
executed only if the test expression X is true (nonzero).
WHERE is a retricted vord.

WHEREVER(X) Y is a conditional statement for array operations.
X may be a structured object. The associated statement Y must
be an equation and the class of the result must be the
same as that of the test expression X. The statement Y is
executed only if the test expression X is true (nonzero).

WHEREVER is a restricted word.

A shortened form is WHERE.

WHOLE(X) returns the integer part of X.
WHOLE(X) defines an object with the same structure as X but the
elements of the result are the integer part of the correspoanding
elements of X.

A synonym is INTPART.

WRITE{(F:X) prints the defined object X in the format P.
The WBITE statement enables the user to prxnt information
in a specific format.
The format F is specxfxed by a statement of the form
" P=" (FORMAT) * wvhere FORMAT is the standard 360-FORTRAN IV format
excludlnq fixed-point form (integers).
X is the defined object to be printed in the specific format.
WRITE is not available in all versions of SPEAKEASY.

ZEROS(F:X) finds the zeros of the function F.
The result is a 1-dimensional array. X is a 1-dimensional
array of the same length as F. 2EROS defines a new object
vhose elements correspond to the zeros of the function
F. The method of trapezoidal 1nterpolat10n is used.
. A synonym is ROOTS.
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APPENDIX

HELP documenfs are written as follows. Each
Word’in>the'HELP documents is written in a Speéific format for
retrieval of various levels of information. The first line of each
document may be obtained by itself. Consequently, it is a one-line
definition of the word. The information in each document is structured
in levels so that each paragraph goes into greater detail. Eventdally,
the printing of a document will be halt\ed after each paragraph so
that the user will have thé option of stopping or requesting further
.information. If further information is requested, the next paragraph
will be printed. |

‘ ‘ To facilitate obtaining output on various devices, the
length of each line is limited to 72 characters. For uniformity, a new
paragfaph is indented two spaces. ‘Thus a line that begins a new
paragraph is limited to 70 characters.

The first line of eé.ch document consists of (1) the
word being defined (in capital letters), (2) the arguments of the word
(iﬁ capital letters), and (3) a concise definition of the word. Since
the first line is the beginning ofﬁa paragraph, it is indented two spaces
- s0 70 characters are left for the word, argument list, and definition.
Ideally this should be a complete sentence. Sometimes abbreviations
must be used in order to convey the meaning of the word in so'little
space.

In addition to the restriction that the rest of the
paragraph and the following paragraphs have lines of 72 characters
or less, there is the convention that the word being defined and any of
the arguments appear in capital letters throughout the document. If
a word has more than one calling sequence, it is listed with each
calling sequence as a new paragraph. The first line of this new
paragraph begins with the word being defined and follows the same

format as the first line of the document.
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The last line of the document should have the initials
of the contributor in columns 68—72. The contributor assumes
responsibility for the validity of opération of the word described.

The documents created in this way are placed into a
staging data set for validation before introducing them into the system
library. However, the newly defined documents are available to
SPEAKEASY users at Argonne.

HELP documents are written in upper and.lower case.

. 4
Consequently, words may be put in only on devices that have both

upper and lower case, e.g., on the IBM-2741 terminal. The command

TMODE LOWER gives lower case letters in the RESCUE EDIT mode,
N The definition of each word must be preceded by a
card of the form
- /TO NEWWORD .
The / is in column 1. NEWWORD is the first 8 characters of the .
word being put into the HELP-document library. This card is inb
capital letters,

An example follows.
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//JFHELP J0OB (F88888,1,1,1),CLASS=C,REGION=85K
// EXEC SOS
//LIBOUT DD DSN=SPEAK.NEW.HELP,DISP=0LD
/TO MATRIX
MATRIX(N,M:) defines an N-by-M matrix.
If no additional arguments are present, the matrix has all
elements set to zero. : 4
A shortened form is MAT, ‘
MATRIX(N,M:1,J,...,K) defines an N=-by-M matrix with preset elements.
The elements are set row by row by use of the values 1,J,...,K or
the etements of 1,J,...,K If they are structured objects. | f
a complex element Is encountered, then a complex matrix is
defined. |If all the elements are not specified by the element
list, the unspecified elements are set to zero.
/TO suMsSQcoL
SUMSQCOLS(X) sums the squares of the elements in each column.
SUMSQCOLS(X) defines a 2-dimenslional object that is a. row
and is a member of the same family as X. The element in each
column is the sum of the squares of elements in the corres-
ponding columns of X.






