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ABSTRACT 

The HELP documents provide SPEAKEASY 

users with concise definitions of most of the words 

available in the c1.1rrent processors. In this report. the 

documents ar~ 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 



f 

1 

I. INTRODUCTION 

The user of an interactive language such as TSO 

SPEAKEASY needs a means of quickly determining the operations 

available to him and of easily learning to use particular feah~res. 

To fill this need, a special library named HELP has been created 

and attached to ali SPEAKEASY processors. The HELP library 

consists of concise documents that-describe each word of the 
. . 

SPEAKEASY language. The interactive user may obtain each 

document by a simple command from his terminal. 

.The growth cap.ability of SPEAKEASY has created. 

difficulties in formally documenting all new features as rapidly as 

they are added. Since the HELP documents are available to all 

SPEAKEASY processors and thus readily accessible to all users, 

they have become the primary method of documentation of ne~ 

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 described 

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 pr<:>cessor. 

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 l:ine contains the word 

being defined with arguments of its SPEAKEASY call followed by a 

brief definition. 
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The last section consists of the HELP documents 

themselves. Each document begins with the word being described 

and gives a concise definition of the word~ including all possible 

SPEAKEASY calls. The word being defined and its arguments are 

capitalized throughout the document so that they may be easily located. 

Most documents are structured in levels; each paragraph gives 

greater detail than its predecessor so an interactive user ca? halt 

the printing of a document after a paragraph if by t~en ·he has 

* s·ufficient information. While the documents are brief and do not go 

into great detail in describing a ~ord, they give sufficient information 

to enable a user who is unfamiliar with a feature to employ that feature 

after reading the appropriate HELP document. For the use~ interested 

in further infor.mation~ the HELP documents refer to long.er more. 

detailed documents if such documentation exists and is readily 

available. 

* This feature has; not~ as of the date of this report, been 

implemented. 
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II. SPE AKE ASY WORDS DEFINED IN THE HELP 

DOCUMENTS 

The wo r ds listed on the next pages are those 

* defined in t he HELP documents of SPE AKE ASY - 3E. The 

SPEAKEASY program by whic h they we r e obtained is the following. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
* PROGFA~ TAB 
• NEWPAGE 
* MARGINS(1,77) 
* WORDS=LIBINDEX (HELP) 
* NU=NOELS(WORDS) 
* PRINT ('THE NU~BER OF HELP WORDS IS 'NU) 
* SPACE(ij) 
* TABULlTE(WORDS) 
* END • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
INPUT ••• EXECOTE TAB 

* 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 . 
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THE NUMBER OF HELP WORDS IS NO = 241 

WORDS WORDS WORDS WORDS WORDS WORDS WORDS WORDS 

ABS CONJUGAT ENDAIJTOP INTEGERS MAT OMITCLAS SETGAUSS TOTALINT 
ACCURACY CONSTRAI ENDLOOP INTEGRAL MATRIX ONERROB SETINFIN TO TINT 
ACOS CONTINUE EQ INTERP lUX OR SETJ ACOB TRACE 
ACOT COPY ERF INTERPOL PIAX~F ORDERED SETLAGUE TRANSP 
ADDGRAPH cos ERFC INTPART MAIOFCOL ORDERER SETL EGEN TRANSPOS 
AFAr! COSH ERRORS INTS IUIOFROW PLOTSYP!B SETLIB UlUT 
A!!AT COT EXECUTE INT2 MELil PRINT SETNIJLL UNIT!! AT 
AND CREATE EXP INT4 PIFAftl PRINTCLA SETPLOT UPPERTRI 
ARRAY CR EATEPlE FIN INVERSE MIN PROD SIGN USE 
ARRAY2D CUI!PROD FOR KEEP KIN~P PROOCOLS SIGNIFIC USE .. EPIBE 
ASIN CUftSUM FRAC KEPT ftiRQFCOL PRODBOWS SIMEQ VARIABLE 
ASYPHUT DATA PRACPART LABEL PUNCJPROW PROGRAM SIN VEC 
ATAN DEC FREE LE ftOVE PUNCH SINH VECTOR 
AUTOCORE DEGBID GAI!MA LENGTH PlY DOCS QUIT SIZE VERSIONS 
AUTOPR IN DELETE GE LIBINDEX KYRBLP RANDOM SMAT VFAPI 
AUTOTAB DERIV GEIGEN LIBNAMES f!YLINKS RAN KED SOLINDE2 VLABEL 
AV EBAG E DERIVATI GOTO LINKLIB NA r!ES RANKER SPACE VOCABULA 
A1D DET GRAPH LINKULES NE READ SPHBES VSCALE 
A2D DIAGEI.S GRID LIST NEOPUNN REAL SPHBESN VSIZE 
BESSEL DIAGMAT GT LISTHEAD NEIIGRAPH R EALPART SQRT WHERE! 
BESS ELK DIFFEQ HELP LISTPIEr!B NEwt~AG E REAL4 SUP! WBEREV ER 
CGAIHU. DMAT llENCEFOR LOADDATA NOCO:LS R EAL8 SUMCOLS WHOLE 
CLEAR DOCUMENT HIERARCH LOC NOECHO RECLASS SUM BOWS WRITE 
CLEARDAT DOMAIN FILABEL LOCr!AX NO ELlS RETURN SUMSQ ZEROS 
COLARRAY DUPIP HSCALE LOCIU N NOLI ST ROOTS SOMSQCOL 
COL MAT ECHO HSIZE LOCS NO ROOTS ROll ARRAY SUPISQROII 
COLMA X EDIT IF LOG NOROIIS ROW PUT SYMBOLS 
COLIHN EIGENSYS IMAG LOGGAMMA NOT ROW MAX SYMMAT 
COLWIDTH EIGENVAL IftAGPABT LOWERTBI NOZ'BROS ROW PII N TABULATE 
COP!PILE EIGENVEC INSERT LT NOftBERS RON TAN 
CONJ END INTEG MABGI NS OBJBCT SELECT Tir!E 
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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 tht: !iL::.l lin~:: ui each HELP document and thus 

generates these one-line definitions is below. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * PROGRA~ LISTHELP 
* ~ARGINS(1,120) 
* NEWPAGE 
* II=O;JJ=O 
* SPACE (6) 
* FOR I=1,NU 
* LIST MEMBER OBJECT(WORDS(l)) OF LIBRARY HELP TO 1 
* II=II+1 
* I F ( I I • E Q • 5) G 0 TO S 
* GO TO J 
* S:SPACE(1) 
* II=O 
• J:JJ=JJ+1 
* IF(JJ .EQ. 50) GO TO K 
* GO TO E 
* K:SPACE(6) 
* JJ=O 
* E:ENDLOOP I 
* END • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * • • 
INPUT ••• EXECUTE LISTHELP 
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ABS(X) returns the absolute Yaloe o~ x. 
ACCURACY (VAL) specifies the saallest nuaber not to be takem as zero. 
!COS (X) defines the arc cosine of I~ : 
ACOT(X) defines the arc cotangent of X. 
ADDGRAPH(I:J) plots I Yersus Jon the preYious graph. 

AFA~(X) defines a member of the array f~mily. 
!MAT is a synonym for ASYMPIAT • 
• AND. is the logical operator "and". 
ARRAY(N:) defines a 1-dimensional N~component array. 
ARRAY2D(N,M:) defines a 2-diaensional N-by-M array. 

ASIN(X) defines the arc sine of X. 
ASYMMAT(N:I,J, ••• ,K) defines an N-by-N antisyametric matrix. 
ATAN(X) defines thE arc tangent of X. 
AUTOCORE specifies that the data storage space is in LCS. 
AUTOPRINT(X,Y, ••• ,Z) prints X,Y, ••• ,z eacch time they are redefined. 

AUTOTAB specifies uniform tabulations. 
AVERAGE (X) returns the average value of the elements of X. 
A1D(N:) defines a 1-dimensional array. 
A2D is a synonym for ARRAY2D. 
BESSEL(NU,X) calculates cylindrical Bessel fn. of the first kind. 

BESSELK (NO,X) returns the modified Bessel function K of x. 
CGAMMA(X) returns the gamma functioa of X (X is complex). 
CLEAR erases the entire active data storage. 
CLEARDATA frees all previously defin~d numerical data. 
COLARRAY(N:) defines a 2-dim. a-component column array. 

COLMAT(N:) defines an N-by-1 matrix which is a column. 
COLMAX (X) specifies the column with the maximum element of X. 
COLPIIN(X) specifies the column with the minimum element of X. 
COLWIDTH(N) specifies the minimum colum~ width to be used in printin~­
~COMPILE returns the processor to the M~NUAL mode from EDIT. 

CONJ ~s a synonym for CONJUGATE. 
CONJUGATE(X) returns the complex conjugate of X. 
CONSTBAIN(A,B, ••• ,C:X) constrains A,B, ••• ,c according to condition X. 
CONTINUE causes no operation to be performed. 
ICOPY N,M,K(I) copies statements N through M to K,K+I,K+2I, ••• 

COS(X) returns the cosine of X. 
COSR(X) defines the hyperbolic cosi~ of X. 
COT(X) returns the cotangent of X. 
CREATE MEMBER X ON LIBRARY Y creates a new member from cards. 
CREATEMBMBER(IX,YY) creates member XX in library YY. 

CUMPROD (X) defines the cu11ulative product of the elements of X. 
CU!SOM(I) defines the cumulative sua of the elements of X. 
DATA NAME marks the begining of a data file. 
DEC(ZA1,ZA2, ••• ,ZAN) converts A1,A2, ••• ,AN from hex to decimal. 
DEGRID{XO,XMAI,STEP) gives a grid for DIFPEQ. 

%DELETE N,PI deletes the statements 8 thcough M. 
DERIV is a synonya for DERIVATIVE. 
DERIVATIV!(F:X) finds t~e deriYatiYe of P vith respect to x. 
DB'l'(l) defines the deteraiDaat. of tile aatrii x. 
DIAGBLS(X) selects the diagonal eleaeDt.s of 1. 
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DilGfU'l' (II: I,J , .... , K). defines an N-bJ-IM! ctiagonal •a triz. 
DIFFEQ(I,IR,T1,V1,T2 1 V2 0 ooo 1 '1'1 1 VB:Il 0 10IT,ftB'l'R) solves. diff. eq. 
DMAT is a synonym for DIAGBAT. 
DOCU!ENT i~ a library of larger documents. 
DOI'IAIN specifies whether real or co11.plex numbers are being used. 

DUMP creates an easily read complete printout of all defined objects. 
ECHO prints out the input along wit~ results. 
EDIT is a mode available for editin9 a program. 
EIGENSYSTEM(SYMMAT) returns all the eigenvalues of SYMMAT. 
EIGENVALS {X) gives the eigenvalues of tb~e matrix X. 

EIGENVECS(X) gives the eigenvectors of the matriz X. 
END terainates ~ SPEAKEASY program or datafile. 
ENDAUTOPRINT (X, Y, ••• ,Z) turns off AUTOPRINT for objects X, Y , ••• ,z. 
ENDLOOP N marks the end of the FOR loop N • 
• EQ. is the relational operator "equal to". 

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

·EXECUTE NAME executes the stored program, NAME. 
EXP{X) defines the exponential function. 

FIN is a·synoriym for ENDLOOP~ 
FOR N=START,STOP,INC designates a loop in a program. 
FRAC.is a synonym 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 opera tor "greater than or equal to". 
GEIGEN (!'!,METRIC) finds the eigenvallles of the matrix fl!. 
GOTO X causes execution ~o be transferred to the statement labeled X. 
GRAPH(I:J) plots the members of I versus the object J. 

GRID (I,J) defines a ~-dim. array of 101 points from I to J • 
• GT •. is the relational operator "greater than". 
HELP contains a brief description of· the SPEAKEASY words. 
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 horizontal scale of a graph. 
HSCALE=(LEPT,RIGHT) specifies the horizontal limits of a graph. 
BSIZE=X specifies the horizontal size o~ the graph. 
IF (X) Y is a conditional statement for scalar operations. 
IftlG(X) returns the imaginary part of X. 

IMAGPART{X) returns the imaginary part ~f X. 
IINSERT N (I) inserts the state111ents that follo.w at N, N+I, N+2I, ••• 
INTEG is a synonym for INTEGRAL. 
INTEGERS(I,J,K) defines an alt'ray with the integers I,I+K,I+2K, ••• ,J. 
INTEGRAL(F:X) defines the integral ofF with a variable upper limit. 

INTERP is a synonyo for I~TERPOLo 
INTERPOL(Y,P,X) de.fines the 1Eunctioa F &t ~he points Y. 
INTPlBT(X) returns the integer part of~ 
IITS is a synooya for IITBGBIS. 
IBT2(X) is a function that retGrns &!D iateger2 nwaber. 
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IMT4 (I) is a function that. returns an iat.egerli 1111•ber~ 
IIIV!RSE (I) defines the inverse of the •a-:triz 1. 
KEEP XX AS YY ON ZZ saves .the.SPElKBASY object XX. 
KEPT (Y Y ON ZZ) retrieves the data stored in data set. YY on ZZ. 
LABEL refers to a statement label • 

• LE. is the relational opera tor "less th:an 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. 
LINKLI B= 1 XX' adds the L INKULE library XJC. to those available. 

LINKULES is a library of operations that are FORTRAN su.broutines •. 
LIST ~EMBER X OF LIBRARY Y.PRO~. I TO J lists lines I .through J OP.X •. 
LISTHEAn(N,XX,YY) lists N lines of member XI of library YY •. 
LISTME~BER(XX,YY) lists member XX of. lib.rary YY. 
LOADDATl(A,NAME) loads A with N values from the data file NAME. 

LOC is a synonym for LOCS. 
LOCMAX(X) specifies the location ofthe maximum element of X. 
LOC~.IN (X). specifies. the location of the minimum element of x. 
LOCS (X) . gives the indices of the nonzero (true) elemen:ts of X. 
LOG (X) returns the nat ural logar itha of X. 

LOGGAM~A(X) defines the natural logarit~m of the gamma function of x. 
LOWERTRI (X) returns the. lover triangular part of X • 
• LT. is the relational operator "less than". 
MARGINS enables the user to contol t·he margins of the output. 
MAT is a synonym for ~ATRIX. 

MATRIX(N,M:) defines an N-by-M matrix. 
MAX (X) . specifies the value of .the maxi mum element in X • 

. MAXOP(A,B, ••• ,C) returns the largest element of A,B, ••• ,c. 
rUXOPCOL (X) returns the .largest element in each column of X. 
MAXOPROW (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/Viector family. 
MIN(X) specifies the value of the minimwm element in X. 
MIN OF (A, B, ••• , C). returns the smallest element in A, B, ••• ,c. 
MINOPCOL(X) returns the smallest element in each column of X. 

!'II NOFROW (X) returns the smallest element in each row of X. 
IMOVE N,M.K(I) moves statements N through M to K,K+I,K+2I, ••• 
"YDOCS is the library name for private documents. 
MYHELP is the library name for private H·ELP doculllents. 
MYLINKS is the library name for pri•ate linknles. 

NAMES prints the names of all currently defined SPEAKEASY objects • 
• NE. is the relational operator "not equal· 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 new page. 

NOCOLS(X) defines a scalar which is the number of columns in X. 
NOECHO suppresses the echoing of inp.ut data. 
NOELS (I) defines a scalar equal to the ~:u•ber of ele•ents in 1. 
IIOLIS'l' in.dicates that the prograa is not .to be printed with .the output. 
IIOROOTS (P) gives the number .of roots of the function P. 
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!IOBOIS (I) defines a scalar equal to the nu aber of rows in 1 • 
• JOT. is ·the logical operator •not•:.; 
NOZEBOS(F) gives the nuaber .of zeros of the function F. 
N-UMBERS refers to numerical data. 
OBJECT(I,J,.~.,K) generates an inplace ll)aae. 

OftiTCLASS suppresses the printing of the class. 
ONERROB (X, Y) specifies the action to be taken after aq error • 
• OB. is the logical operator "or•. 
ORDERED(X) gives the elements of X jn i~creasing order. 
OBDEBER(X) gives the indices of the ordered elements of X. 

PLOTSYMB(N,M) specifies the syabols use~ and frequency of points. 
PRINT(A,B,c, ••• ,Z) specifies that A,B,c, ••• ,z are to be printed. 
PBINTCLASS 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. 

PRODROiS (X) multiplies the elements in each ro v of X. 
PROGRAM NAftE gives a naae to a prograa. 
PUNCH(F:X) punches the object X on cards in the format F. 
QUIT terminates execution of a SPEAKEAS~ program. 
RANDO~(X) generates random numbers. 

RANKED(X) gives the elements of X in increasing order. 
BANKEB(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 real4 number. 
REALB(X) is a function that returns a real8 nuaber. 
RECLASS{l:B,C, ••• ,Z) 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 fu'nctiJon F. 

ROiARRAY{N:) defines a 2-dim. H-component array that is a row. 
ROiftAT(N:) defines a 1-by-N matrix v.hicb is a rov. 
ROWMAX(X) specifies the rov containing the maximum element of x. 
ROWMIN(X) specifies the row containing the minimum element of.X. 
%RUN is equivalent to ~COMPILE followed by the command EXECUTE. 

SELECT(A,B, ••• ,C:I) truncates or expands A,B, ••• ,c using the index I. 
SETGAUSS(N.,X,W,XLO,XRI) returns Gauss-Legendre coords. and weights. 
SETINFINITY(VAL) specifies an upper limit to the numbers printed. 
SETJACOBI(N.,X,W,A,B,TX,Ti) defines Gauss-Jacobi coords. and weights. 
SET LAG UEBRE (N ,X, w, A) returns Gauss-Laguerre coords. and weights. 

SETLEGENDRE(N,X,W) returns Gauss-Legendre coord. and weights. 
SETLIB(XX,YY) changes the name of library XX to YY. 
SETHULL(VAL) specifies a lover limit to numbers printed. 
SETPLOT(X,Y,Z) specifies BOX, NOBOX; SC'AlLES, NOSCALES; LINES, POINTS. 
SIGN(X) specifies whether X is positive or negative. 

SIGNIFICANCE(N) gives the number of significant figures to be printed. 
SIMEQ(A,B) solves a set of simultaneous linear equations. 
SIN(I) returns the sine of 1. 
SINH(I) defines the hyperbolic sine of z. 
SIZE=H,I specifies space for data and •~st be the first card. 
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SPlAT is a SfDODJa for S!ftftlT. 
SOL!IDB2(1:l,B,C:Y1,Y1P:YP) solves l"+li'+BI=C oa grid I. 
~PACE{N) skips N lines. 
SPHBES (L,X) returns the spherical Bessel: fn •. of the first ·kind. 
SPHBESN (L,X) returns the spherical Bessel fn •. of the second kind~,. 

SQRT(X) defines the square root of X. 
SUM{~ .. sums the elements of X. 
SUI!COLS (X). sums. the elements in. each colman, of X •. 
SOI!ROWS(X) sums the elements in each ro~ of X. 
SUI!SQ(X) sums the squares of the elemenbs of 1. 

SOfllSQCOLS (X) sums the squares of the elements in each . column. 
SOPISQROWS(X.) sums the squares of the eleaents in each row •. 
SY!BOLS desig.nate mathematical opera•tions or special cards. 
SYMI!AT(N:I~J, ••• ,K) defines. a symmetric N-by-N matrix. 
TABULATE(A,B, ••• ,C) .prints 1-dim. obje::;bs A,B, ••• ,c in tabular.form. 

TAN(X) returns the tangent of L 
TIME gives the time from which one starts. 
TOTALINT (P:X) defines the definite integral of F over the arrar x • 

. TOTI NT is a synonym for TOTAL.INT. 
TRACE(X). giv.es the trace .. of the .aatrix lt. 

TRANSP is a synony 11 for TRANSPOSE. 
TBANSPOSE(X) defines the transpose of X. 
UMAT is a synonym for UNITI!AT. 
UNITMAT(N) defines an N-by-N unit matrix • 

. OPPEBTRI(X) returns the upper triangular part of X. 

US.E MEMBER. X OF LIBRARY Y .causes the dec.k. X to .be used as input. 
OSEftEI!BER(XX,YY) causes input of the member XX of library YY • 

. VARIABLE (I,J) defines a 1-dim •. array of 101 point~ .. from I to J. 
VEC is a.synonym for VECTOR. 
VECTOR ( N :) defines an N-componen t vector. 

VERSIONS. refers to the .various versions of the SPEAKEASY process~r. 
VFAM (X) def.ines a member of the matr ix/v~ector family •. 
VLABEL='ANY MESSAGE' labels the vertical scale. . 
VOCABULARY generates a list of all currently defined words. 
VSCALE=(BOTTOI!,TOP) specifies the vertical limits of a graph. 

VSIZE=Y specifies the vertical size of the graph. 
WHERE is a synonym for WHEREVER. 
iHEREVER(X) Y is a conditional statement for array operations. 
iHOLE(X) returns the integer part of X. 
VRITE(F:X) prints the defined object X iln. the format F •. 

ZEROS(F:X) finds the zeros of the function F. 

,; ' ~. · ... 
·s:·:. 



11 

IV. THE SPEAKEASY HELP DOCUMENTS 

* 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. 

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

-~ 

-~In the HELP documents the notation 4E60 is the computer form 
60 

of the scientific notation 4 X 10 . 
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lBS(I) returas the absolute value of· I. 
lBS(I) defines an object with the sa•e structure as I but with eleaents 
of the result equal to the absolute values of the corresponding 
elements of X. 

ACCURACY(VAL) specifies the smallest number not to be taken as zero. 
Whenever the equality of two nuabers is checked during the 
execution of a prograa, any number less th·an a certain nuaber 
is regarded as zero. The value of this number aay 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 sbructure as X with elements 
that are the arc cosine of the corresponding elements of X. 

All the elements Xi of X must be real an:d satisfy the condition 
)Ii1<1 or the condition JXiJ=1. 

ACOT{X) defines the arc cotangent of X. 
ACOT(I) defines an object with the saae sbructure as I with elements 
that are the arc cotangent of the corresponding elements of X. 

All elements Xi of X aust be rea 1. 

ADDGRAPH(I:J) plots I versus Jon the previous graph. 
ADDGRAPH has the saae meaning as graph exoept 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 an~ J is along 
the horizontal. All objects should be 1-dimensional 
and real and have the same nuaber of elements. A 
2-diaensional object in I is treated as several 1-dimensional 
objects each consisting of a row of the original 
2-dimensional object. Thus a 2-di 11ensional 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 GRAPBEZ. 

APA"(X) defines a aeaber of the array faaily. 
The result has the same structure as I bub is an array. 
If X is a vector or a 1-dimensional array, the result is 
a 1-di ae nsional array. If X is a aatrix or a 2- dimensional 
array, the result is a 2-diaensional array. 

A"AT is a synonym for lSYft!AT. 
Aft AT (N: I,J, ••• , K) defines an N-by-N antisyaaetric matrix. 

The element list is used to fill the lower triangular part 
by rows. The portion above the diagoqal is then filled by 
aaking the •atrix antisya•etric. If any nbject in the list 
defining the eleaents is structured, the eleaents of that 
structured object are used. 
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.AND .. is the logical operator "and":.: 
The periods aust appear oa.both sides of the operator. 

ARBAY (N:) defines a 1-dimens ional N~component array. 
I.f no further arguments are given, all the components 
are set equal to zero. 

An alternative form is AlD. 
ARRAY(:I,J, .... ,K) defines a 1-dim. array and specifies the elements. 

The elements are preset by the element list I,J, ••• ,K. 
If any argument of the defining element l~st is structured, 
the elements of the structured object are used. If a complex 
element is encountered, then a complex 1-d:imensional array 
is defined. 

ARRAY(N:I,J, ••• ,K) defines a 1-dim. N-component array. 
The elements are preset by the element list I,J, ••• ,K. 
If any argument in the element list i$ structured, the 
elements of the structured object are used.. If a complex 
element is encountered, then a co~plex 1-dimensional 
array is de.fined. If all N-components !re not specified, 
the unspecified components are set eq111al t!o zero. 

ARRAY(N,M:) defines a 2-dimensional N-by-M array. 
If no further arguments are given~r all elements are set 
equal to zero. 

An alternative fo~m is ARRAY2D. 
ARRAY{N,M:I,J, ••• ,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 t~o-dimensional N~by-~ complex array is 
defined. All the elements not preset by the element list are 
set equal to zero. 

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

An alternative form is ARRlY(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 usedl. If a complex element 
is encountered, then a 2-dimens.ional .1-by-M complex array is 

. defined. All elements not preset by the element list are Set 
equal to zero. · 

ASIN(X) defi~es the arc sine of ~~ 
lSIN{X) defines an object ¥ith the sa~e structure as X with elements 
that are the a~c sime of ithe correspopding· elements of x. 

All the eleme~ts Ii of ~ ~ust be real a~d -satisfy tbe condition 
I Xi I <1 or the ccndi tio!Dl B Ii D=" l .. .., 
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iSf~R&~«Ngi0 J, •• e,K) defines aD 1-bf-l ~ntisyaaetric aatrix. 
The ele111'ent list is used to fill the lover.. triangular part 
by rovs. The portion above the diagoaal 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. 

A shortened fora is AftAT. 

ATAN(X) defines the arc tangent of X • 
.lTlN {X) defines am object l:.l'ith the same structure as X with elements 
that are the arc tan9ent of the correspon~ing elements of x. 
ill elements Xi of I must be real. 

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

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

AUTOPBINT(X 0 Y 6 w.~ 1 Z) prints X,Y, ••• ~z e~ch time they are redefined. 
Each object of the name list X~Y,.~.,z is printed whenever it appears 
on the left of an equation~ 

AOTOPRINT prints all objects as they are defined or altered. 
AU'l'OPRIN'l' is turned off by the statem~nt ENDAUTOPRINT. 

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

AVERAGE (X) returns the average value of the elements ~f x •.. 
I is a structured object .. 

A~D(N~) defixnes a 1-dimeJmsioxnal array. 
If no fu.rtbetr aurguuuents are 9i we!ll 0 all the: components are 
set egual to ~eroo 

&1D is a synonym for iBRAY«N:). 
i 1D (:I eJ ll".,., 6' K) defines a 1-dim .. array and specifies the elements. 

The crimponents are preset by the •lem~nt 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 8 then a complex 1-dimensional array 
is defined. · 

A1D(N:I,J 0 .... ,K) defines a 1-dim. N._component array. 
The components are preset by the element list I,J, •• ~ ,K. 
If any argument of the element list i1:i 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. If all 1-coapona,ats are not specified, 
the unspecified coaponents are set eqwal to zero. 
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l2D is a syxnony11 for iiBIU'2D .. 
l2D{M9 A~) defines a 2=diaensional l~by-N &rray .. 

If no further cUCJUilii~Htts are given 0 the elements are set 
equal to zero .. 

A2D(M 11 l!:I11 J 11 .... .,,Iq dlefil!lles a 2-dim .. N-by~l! array Mith preset els • 
. The elements are preSE!t by U1e element list I 11 J 0 ... ~ 0 K. 
If cilny object of the defillling eleaen t list is st ll:'u.ct ured, the 
elements of the structured object are usedr. If a complex 
element is encountered 11 then a 2-dimen~io~al N-by-1! compleJ 
array is defined. 111 ele.ments not preset by the element list 
are set equal to zero. 

BESSEL (NU,X) calculates cylindrical Bessel fn. of the fi.rst kind. 
NU and X must be real and nonnegative. Th:ere exists a restriction 
in the SPEAKEASY linkule that (X+NU)<~OO. 

BESSELK (NU 0 1) returns the modified Bessel function K of X. 
The resultant is the modified Bessel function K sub NU of X. 
NU and I must be real and nonnegative~ There exists a 
restJriction i!! the SPEAKEASY linkule that (X+NU) <400. 

CGl~~A(I) retuJrns the gamma function of X (I is complex). 
The result bas the same structure as I vibh elements equal 
to the gamna function of the corresponding elements of X. 

If X is !Ceal 0 . the gaml!la f~nction of X may be obtained from 
GAFHU(X) .. 

CLEAR erases the entire active data storage. 
After the e~ecution of the statement CLEA~ there are no 
user-defined objects 0 programs 6 or hencefo_rth definitioqs. 

CLEARDATI frees all prewioQsly aefined numerical data. 

COX..UUU.'lf «N~) d~fillles a 1-dim .. N-componen.t column array. 
Xf no fmrttfiner arglllllellllts aliCe giwe!m 0 all: M-conJPonents are 
se~ e~~al .t(l) ~ezoo 
C@t&~~~~«gi 0 J 0 oooo~) defines a 2-dia. colman array with preset els •. 

The components a11re preset b}'f the _element Jlist ! 0 J, •• !' oK • If 
&!iliJ a~r~Ulli®Ellt of the ~l®H!lllt list is struc~ur~d c t~em ithf:t elements 
o.f that struc~mr®d object are us<ed., If a coapleJI elemeJlt is 
encountered 0 th~~m a comlex 2-dimensio~l column array is 
defined~ ' 

COLlRlU\'l!'«N~I 0 J 0 .,oooli'q .aefi!ili~S a 2-dim. H-component column array. 
'!'hie cormpo!llle1lllts aJre preset 1J7Jy tine .eleoent )Jist iu.J 0 ... ~"K. If 
any argument. of the ele!De!lllt list is structured 0 then the 
eleE!lents of that structmred object are usedo If a co~plex 
element is encommtered 0 IUnellh a1 coaplex. 2-dimeDsional column array 
is Ciefuu~d., Xf mJl.l !=4:Cil~onents are tJ:Ot pnset 'l'lllJ tlble ele11ent 
list the unspecified co~pcneats are set equal to ~ere., 
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CO.R.!'LU'(N~» defimes aum Ii-by-1 aatrix which is a coluu. 
If RlO fuitheJr &Jrgu~~~&ents are given, all R elements are 
set equ&l to ~eJro. · 

COLMAT(:I 0 J 0 Q~~,K) defines a column matrix by specifying the els. 
The element list I,J,aa•oK is used to preset t~e elements of the 
column matrix. If one of the aJrguments of the element list is 
structured 0 the elements of th&t structured object are used. If 
one of the elements is complex, the column matrix is complex. 
COLMAT(N:I,J~···~K) .defines an N-by~1 colum~ matrix vith preset els. 

The elements are specified by the element list I;J, ••• ,K. If one of 
the arguments of· the list is structured, t\he elements of the structured 
object are used. The column matrix is complex if one of the preset 
elements is complex. If all N elemenbs are not preset by the element 
list, the unspecified ele~ents are set equal to zero. 

COLMAX(X) specifies the column with the maximum elemeqt of x. 

COLMIN(X) specifies the column with the minimum element of X. 

COLlHDTH «?~» specifies the minimum column width to be used in printing. 
This statement prevents the column width ~f the print routine from 
being less than N characteJrs. If N is 10 larger than the number of 
significant figures desired, the print will be uniform for all 
objects composed of real numbers. 

7&COMPILE returns the processor to th:e IU NUAL mo:le from, EDIT. 
~COMPILE is used after a program has been edited to return from 
the EDIT mode to the MANUAL mode. 

CONJ is a synonym for CONJUGATE. 
CONJ«X) retuJrns the complex conjugate of X. 

CONJ(X) defines an object vith the same sbructure as X 
but ~ith elements equal to the complex =o~jugate of the 
coJrresponding elements of X. 

CONJUG&TE €1) Jreturns the comple: con jugate of x. 
CONJUGATE (X) defines an object vith th:e sa me structure 
as X but with elements equal to the complex 
conjugate of the corresponding elements of! x. 

A shortened form .is CONJ. 

CONSTBAIN(l 9 B,~ao 11 C~X) CO!llstrains A,B, ••• ,c according to condi.tion X. 
l 9 B.aa.,C are 1-dimensional objects of the same length. X is a logical 
expression of the same length as the objects to the left of the 
colon. The objects to the left of the col,on are truncated. so that 
they contain only those elements satisfyi~g the logical expression X. 

All 1-dimensional objects must have the same length. · 
Por aa exaaple refer to the SPB&KBlSY-3 ·HDual. 

------ ----· 
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. COITIBUE causes no operation to be perf~raed. 
The COBTINU! stateaent is a nonoperational stateaent to which 
a label may be attached. CONTINUE is rest•ricted to the prograa 
mode. It is ignored in the manual mode. 

CONTINUE is a restricted vord. 

~COPY N,ft,K(I) copies statements N through ft to K,K+I,K+2t, ••• 
ICOPY N,",K copies statements R through PI to K,K+1,K+2, ••• 
~COPY N copies statement N to the last position. 
ICOPY N,ft copies statements N through ft to the last positions. 
ICOPY is a function available in the EDLT mode. 

COS(X) returns the cosine of X. 
COS(X) defines an object vith the same st~ucture as I but 
the elements of the result are the cosine of the 
correspond~ng elements of X. 

Each element Xi of X must satisfy the condition 
I Xi J< 1.E 15. 

COSH(X) defines the hyperbolic cosine of X. 
COSH (X) defines an object vith the sa11e structure as X but· vith 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 
I Xi J < 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 
X. 

Each element Xi of X must satisfy the condition 1Xi1<1.E15. 

CREATE MEMBER X ON LIBRARY Y creates a qev member from cards. 
All cards following the card CREATE ft!ftBER I on LIBRARY Y until 
the card ENDCREATE is encountered are put into the member vith 
the name X in library Y. 

If the library reference is omitted, it vill refer to the 
library PIYPROC. 

CREATEP!Ef!BER(XX,YY) creates member XX i~ 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 CREATEPIEPIBER oard are put into 
the member named XX in library YY until the card ENDCREATE 
is encountered. 

If the library reference is omit ted, the membe.r will be put 
in the library PIYPROCS. 

An alternative.form is CREATE MEMBER XX on LIBRARY YY. 

CUPIPR~D(X) defines the cumulative produot of the elements of X. 
CUPIPROD(X) defines an object with the same structure as X with 
eleaents that are the cuaulatiYe prodact o:f all previous 
eleaents of X. Tvo-diaensional objects are treated rov by row. 
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CUIISUR (X) defines the cuaulative sua of the eleaents of I •. 
CURSOR (I) defines an object with the saae structure .as X with 
eleme,nt.s that are the cumulative sum of al:l previous. elements. 
of X. Two-dimensional objects are treatedl row by rov. 

DATA NAf!E marks the begining of a data file. 
NA~E is the name given to the data file. The data file is 
terminated by the single word END •. All cards between the 
card DATA NAPIE and the card END contain da<t~ 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, ••• ,ZAH) converts 1~,A2,~ •• ,AN from hez to decimal. 
The hexidecimal numbers A1,A2, ••• ,AN must be prefized by a letter 
to prevent their con version to numbers by SPEAKEASY. They 
may be 7 hexidecimal figures in length. The fi~st character 
must be a letter so they are a-character vords. 

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

DEGRID(XO,XKAX,STEP) gives a grid for Dil'FEQ. 
XPIAX' is a 1-dimensional array of the form X1,X2, ••• xs. 
STEP is a 1-dimensional array giving the increments to 

be added to each Xi; STEP=S1,S2, ••• ,sx. 
The result is a 1-dimensional array.~ The first 48 

elements of the result are specially constructed for DIFPEQ. 
X(49)=XO. The remaining elements are formed by adding 51 to 
XO until X 1 is reached: 52 to 11 until XJ is reached; et·c. 
The elements beginning with the 49th are 
XO,XO+S1~X0+2S1, ••• ,X1,X1+S2,X1+2S2, ••• ,XJ, ••• ,IN. 

This is not equivalent to GRID. 

~DELETE N,PJ deletes the statements I through ft. 
~DELETE N deletes the statement numbered N. 
~DELETE 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. 

X is a 1-dimensional array and so is the result. Each element 
of the result is dF/dli, where Xi is the corresponding element 
of X. 

DEBI VATIVE (P: I) finds the derivative of F vi th· 
X is a 1~ dimensional array and so is the result. 
element of the result is dP/dXi, where Xi is the 
element of X. 

A shortened form is DERIV. 

respect to X. 
Each 

corresponding 

DET (X) defines the deteraina nt ~f the ••triz 1 •. 
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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:I,J, ••• ,Kf 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 elemerit list is structured, the elements 
of that structured object are used. 

A shortened form is DMAT. 

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

The result is an array whose rows contain the solution 
for each dependent variable evaluated at .·each point of the 
grid XX. 

The Kth row of the result contains the'solutiori £or the 
Kth dependent variable 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 ttle variable 
in a term; the second column lists the ord:er of the derivative 
of the variable. 

VK is a 2-dimensional array refering to the Kth equation. 
The rows of VK consist df 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 V~ 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. 

XX 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 ~alue is the order of the equation +4 • 
. For a more detailed explanation and examples, refer to the 

linkule document. 

DMAT is a synonym for DIAGMAT. 
DMAT {N:I,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 list I,J, ••• ,K. If any 
object in the element list is structured, the elements Gf 
that stru~tured object are used. 
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DOCOMENT is a library of larger documenvs. 
The document library .. contains the documenbs of the system 
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 o~ complex .result is 
treated as an error. 

DOMAIN(COMPLEX) specifies that complex numbers are allowed. 

DUMP creates an easily 
DUMP enables the user to 
point in a calculation. 
continues. 

DUMP is not available 

read complete printout of all defined objects. 
examine all the information at a given 
After the printout, the.calculation 

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 program. 
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 inte~er 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 

I INSERT 
%MOVE 
%COMPILE 
~RIJN 

" For a description of most of these functions, type HELP FUNCTION 
where FUNCTION is the name of the functio~ 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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EIGENSYSTE~(SYM~AT) returns all the eigenvalues of SYMMAT. 
The eigenvalues are returned as a vector. If the SPEAKEASY call 
is Y=EIGENSYSTEM(SYMMAT), then Y is a vecbor containq the eigen­
values of SYMMAT. 

SYMMAT must be a real symmetric matrix. 
EIGENSYTEM(SYMMAT:+M) returns theM largest eigenvalues of SYMMA!. 

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 theM lo~est eigenvalues of SYMMAT~ 

The M lowest eigenvalues are retuined in ascending order as the 
M-components of a vector. 

SYMMAT must be a real symmetric matrix. . 
EIGENSYSTEM(X,EVECS) returns ·the eigenvalues and eigenvectors of X. 

If the SPEAKEASY call is Y=EIGENSYSTEM(X,8VECS), then Y is a 
vector containg the eigenvalues of X. The corresponding eigen­
vectors are stored row-wise in the N-hy-N matrix, EVECS. 

X must l:e a real symmetric matrix. 
EIGENSYSTEM(X,V:+M} returns theM largest eigenvalues and eigenvectors. 

The M largest eigenvalues are returned in descending order as a 
vector. Their corresponding eigenvectors are returned as the rows 
of the M-by-N matrix v. 

X must be a real symmetric matrix. ~ 

EIGENSYSTEM(X,V:-M) returns theM smallest eigenvalues and eigenvect~rs.i. 
The M smallest eigenvalues of X are returned as a vector. V 1s L 

returned as an M-by-N matrix containing M eigenvectors corresponding 
to theM smallest·eigenvalueso 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 descending values. 
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 program oi 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, ••• ,Z) turns off AUTOPRINT for objects X,Y, ••• ,z. 

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 word • 

• EQ. is the relational opera tor "equal to"· 
The periods must appear on both sides of the opera tor. 
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ERF (X) calculates the error function of X. 
The result has the same structure as X·wibh elements equal 
to th~ 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 fu~otions 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 
synt~x 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 :t ef ined objects dHU dL. ~ 
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 executed. 

EXECUTE NAME:LABEL executes the program NAME b~ginning at LABEL. 
EXECUTE NAME: LABEL causes the stored program with this name to 
begirt 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 multistatement card. 

EXECUTE is a restricted word. 

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

Each element Xi of X must satisfy the conditions Real(Xi)<170 and 
Jimag(Xi) t<5E6. 

FIN 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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FOR N=START,STOP,INC designates a loop i'n a prograa. 
N is the name o.f a scalar that may appear in any con text· in 
the loop without altering its value. STAWT, STOP, and 
INC are scalar expressions not involving H. 
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 terminabed within that loop. 

Since FOR loops are neither efficient nor compact in SPEAKEASY, 
they should be avoided. Logical transfers into and out of 
FOR loops should be used with extreme caution. 

FOR is a restricted word. 

FRAC is a synonym for FRACPART. 
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. 

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

The elements Xi of X must be real and m~st satisfy the condition 
10E-50<Xi<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 symmetric matrix in a nonAorthogonal basis. 
METRIC is the positive definite matrix of the inner products 
of the basis states. The eigenvalues of M· are returned as 
the components of a vector. 

GEIGEN(M,METRIC,EVECS) finds the eigenvalues and eigenvectors of 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 matr~x containing the eigenvectors 
of l'! stored row-wise. The eigenvalues of ftt 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 is along the horizontal. 

All objects should be 1-dimensional and real an1 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 oriqinal 2-dimensional 
object. Thus a 2-dimensional object in I must have 
as many columns as J has elementL 

Each time GRAPH is encountered, a graph is drawn on a 
new area of paper. All of the design stat•ements 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,J,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(I,J,K) is not equal to VARIABLE(I,~,K) unless K is such 
that I+NK=J • 

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

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

CATALOG=LIBINDEX(HELP) 
TABULATE (CATALOG) 

To obtain the description of a single SPEAKEASY word XX, the 
input statement is 

HELP XX 
All the words and a description of each m&y be obtained by 
the single statement 

USE MEMBER LISTHELP 
·A 1-line description of a·SPEAKEASY wor1 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 Us 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 synon~ms by this method. 

HIERARCHY is the order in which mathematical operations are done. 
The HIERARCHY in SPEAKEASY is: 
** raising to a power, 
;,• division and multiplication, 
+,- 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 label may ba anything. Its beginning and end 
are marked by apostrophes in the specifyi~g statement. 

HLABEL is available only in version GRAPHEZ. 

HSCALE=(LEFT,RIGHT) specifies the horizontal limits of a graph. 
LEFT is the left limit and RIGHT is the right limit 
of the scale. Values are labeled at in:h 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 siz~ of the graph. 
X is in inches. The default is 10 inches. 

HSIZE is used for graphical output. 

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

IF is a restricted word. 

IMAG(X) returns the imaginary part of x. 
I~AGINABY(X) defines an object with the s~me structure as X but with 
elements that are the imaginary ~rt 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 stru~ure as X but with 
elements that are the imaginary ~rt of t~e corresponding elements 
of X~ 

A synonym is IMAG. 
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SINSERT N (I)· inserts the statements tba t follow at N, N+I, N +2I, •• ~ 
~INSERT N(I) inserts the statements that follow the words 
~INSERT N (I) into the positions N, N+I, N+2I , ••• 

~INSERT 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. 
~INSERT is one of the functions avail~ble in tha EDIT mode. 

INTEG is a synonym for INTEGRAL. 
INTEG(F:X) defines the integral of r with a variable upper limit. 

X is a 1-dimesional 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. 

INTEGERS(I,J,K) defines an array With th~e integers I,I+K,I+2K, ••• ,J. 
The array ends when the value J is reached or passed. 

INTEGERSli,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,I-1,I-2, ••• ,K. 

A shortened form is INTS. 

INTEGRAL (F:X) defines the integral of? 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. 

INTERP is a synonym for INTERPOL. 
INTERP (Y,F,X) defines the function F at the points Y. 

INTER~(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 points 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. F(X) must be given. 

INTERPOL(Y,F,X) defines the function Fat the points Y. 
INTERPOL(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 points Y. X and Y are arrays. 
If points in Y are outside the r~nge, the interpolation is 
based on the last 3 points, in the range. F(X) must be given. 

A synonym is INTERP. 

INTPART(~ returns the integer part of ~-
INTPART(X) defines an object with the s!me• structure as X but the 
elements of the result are the integer part of the corr~sponding 
eleaents 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 i·~tegers 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 ,1+1,1+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, real4, or integer4. The result is INTEGER2. 

INT4(X) is a function that.returns an integer4 number. 
X may be real4, realB, or integer2. The result is integer4. 

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 11X. 

KEEP XX AS YY ON ZZ 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 
. I IZZ DO OS N= IU NAME, DISP= (NEW, CATLG), t 

II SPACE= (TRK, (5,5,2)) ,DCB=(RECFM=PB,BLKSIZE=400,LRECL=80) 
immediately following the 11 EXEC SPEAKEZ card. 

To use the. data set, change DISP= (N!W,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 ZZ. 
KEPT(YY ON ZZ) is a normal SPEAKEASY f.unction, which may be 
imbedded in a statement. 

YY is the name assigned to the data in the KEEP statement. 
· ZZ is the name of the data set on which the data are stored. 

To use the data set ZZ, include a card of the form 
IIZZ DD DSN=MYNAME,DISP=(OLD,KEEP) ,UNIT=~321 

immediately following.the 11 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. is the relaticnal operator "less th:an or equal to". 
The periods must appear on both sides of bhe operator. 
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LENGTH (X) de·fines a scalar that is the number of elements in X. 
If X is undefined, the result is zero. 

A synonym is NOELS. 

LIBINDEl (Y) defines the names of the members of Y. 
LIBINDEX(Y) defines a literal 1-dimensional array with the 
names 9f the members of the library Y as oomponents of the 
array. 

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

LINKLIB='XX 1 adds th~ LINKOLE library XX to those available. 
XX is an additional library of linkules that is searched if 
a designa~ed member is not found in the othP.r 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 i'nterface and become 
a LINKUL E. 

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. 
X is the name of a member of library l to be listed. The words 
MEMBER, LIBRARY, FROM, 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 member. is listed. LIBRARY Y 
specifies the library to be searched for ~he member. The default 
library is PROCLIB. If 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 bate~ jobs is usually LIST. 
In the interactive operation, NOLIST is default. 

I LIST in the edit mode 1 ists the edit fiJle. 
The entire file is listed unless statement numbers follow the 
word LIST. 

ILIST N in the edit mode lists line N of the edit file. 
~LIST N,M in the edit mode lists lines ~ through M. 

LISTHEAD(N,XX,YY) lists N lines of member XI 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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LISTMEMB!B (11 0 YY) lists aeaber IX 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 alternative form is LIST MEMBER XX OP LIBRARY YY. 

LOADDATA(A,HAME) loads A with N val~es from the data file NAME. 
N is the number of elements of A or the n~mber 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 argumert X is often an array with a relational operator. 
The result is usually used as a structured index to produce a new 

. array. 

LOC!'!AX (X) specifies the location of the maximum element of x. 
X must be a 1-dimens iona l 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 nonz~ro (true) element~ 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 logarit~m 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 s~tisfy the condition 
O<Xi<4E60. 

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

X aust· be a 2-diaensional square object. 
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.LT. is the relational operator "less t~an". 
!be periods aust be on both sides of the a.perator. 

MARGINS enables the user to contol the Dargins 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 N and ending with M. 

MARGINS(~) is equivalent to MARGINS(1,M). 
MA~GINS(O,M) is equal to MARGINS (1,M) ·Without control functions. 

MABGINS(O,M) eliminates all carriage control characters that are 
used to control the vertical spacing and to position output on 
the top of a new page. 

MAT is a synonym for MATRIX. 
MAT (N, ft:) defines an N-by-M matrix. 

If no additional arguments are given, the matrix has all 
elements set to zero. 

ftlT(N,M:I,J, ••• ,K) defines an N-by-! matrix and presets the elements. 
The elements are set row by row by use of the values I, J, ••• , K or 
the elements of I,J, ••• ,K if they are structured objects. If a 
complex element 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, t~e matrix has all 
elements set to zero. 

A shortened form is MAT. 
~ATRIX(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 I,J, ••• ,K if they are structured objects. If 
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. 

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 
must be real objects or numbers and can be of any class. 

MAXOFCOL(X) returns the largest element in each column of x. 
X is a 2-dimensional array or a matrix. ~he result is. a 
1-dimensional object of the same family as X with elements 
that are the largest element of each column of X. 

MAXOFBOW(X) returns -the largest element in each row of X. 
X is a 2-dimensional array or a matrix. 'r.he result is 
a 1-dimensional object of the saae faaily as 1 with elements 
that are the largest element of each rov ext X. 
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MELD(I,J, ••• ,K) gives an odometer ordering of elements of I,J, ••• ,K. 
The. -arguments I, J , ••• , K aust be 1-dimensional objects. MELD 
alters the structure of I,J, ••• ,K so that every element in eac~ 
object ·of .the argument list is associated with every element 
of every other object in the list. 

After the statement MELD(I,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-) 
manual or the linkule document. 

MFAM (X) defines a member of the matrix;v;ector family. 
The result has the same struct~re as X. Lf X is 
a 1-dimensional array or a vector, the result is 
a vector. If X is a 2-dimensional arEay or a matrix, 
the result is a matrix. 

MFAM and VFAM are synonyms. 

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 eac~ column 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 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 rov of X. 

"MOVE N,PI,K(I) moves stat"ements N through PI to K,K+I,K+2I,.~. 
~MOVE N,M,K moves statements N through~ to K,K+1,K+2, ••• 
~MOVE N moves statement N to the last position. 
~MOVE N,M ~oves ~tatements N through PI bo the last positions. 
%MOVE is a function available in the EDIT mode. 

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

PIYHELP is the library name for private ftELP documents. 
MYH!LP is· the library naae for private B!L!P docUJieDts that 
are attached to the SPEA~ElSY processor. 
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!YLINKS is the library naae for priwate linkules. 
!YLIRKS is the library naae for private linkules to be attached 
to the SPEAKEASY processor. It is of the same form as the 
system library but contains personal rout~nes. If !YLIHKS 
is an attached library, it will be searched for a given 
member prior to the search of the LINKULE library. 

NAMES prints the names of all currently defined-SPEAKEASY objects. 
The command NAMES is particularly useful in the interactive 
mode since it provides the user vi th a mea.ns of obtaining 
a listing of the names of variables th:at h:e has previously 
defined • 

• NE. is the relational operator "not eqmal to". 
The periods must appear on both sides of the operator. 

NEUMANN(NU,X) returns cylindrical Besse1 fns. of the second kind. 
NU and X are real and nonnegative •. There is a SPEAKEASY 
restiction that (X+NU)<ijOO. 

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

NEWGBAPH causes the next graph to be drawn on a new 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 n~v page. 
The output following the control statement NEWPAGE is printed on 
the top of the next page. 

NEWPAGE is a restricted word. 

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

NOECHO suppresses the1 echoing of input data. 
This command causes just the results to be printea out. This 
statement may occur at any pla6e in the program. 

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

NOELS(X) defines a scalar equal to the number of elements in x. 
If X is undefined, the result is zero. 

A synonym is LENGTH. 

NOLIST indicates that the program is. not to be printed with the output. 
If not specified, NOLIST is default for.t~e .iateractiv~ 
operation; LIST is usually default for.·batch jobs. · 
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NOROOTS(F) gives the number of roots of the function P. 
The number of times the function P changes sign (goes th:rough · 
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 ~perator •. 

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

A synonym is NOBOOIS. 

NUMBERS refers to .numerical data. 
All numerical data are specified in decimal form. The·lack of a 
decimal point impli~s that it belongs just to the right of the 
last digit. 

NU~BERS can be real, imaginary, or complex. 
A terminal I implies that the previous number was imagiqary. 
Examples of. imaginary and complex numbers are: 21. 6I; 6. 1+5. 2I 

Very large or very small numbers may be ex pressed by ending 
the number in E followed by the power of· tO associated with that 
number. 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 arguments I,J, ••• ,K can be either a literal quantity 
or a nonnegative number. For literals, the expression itself 
is used. For numbers, the integer part of the number is used 
as a literal. The various arguments are then joined together 
to compose the name. 

The expression OBJECT(I,J, ••• ,K) mar occur anywhere in a 
SPEAKEASY statement. It is particularly usefull combined with 
the word HENCEFORTH. 

OlHTCLASS .supp.resses the printing of the class. 
If OMITCLis~ is n~t specified~ the cl~ss of fhe resulting 
structured objects is print•d out when they are printed. 
The statement O~ITCLASS suppresses the printing of the class. 

ON.ERROR (X, Y) specifies the action to be taken after an error. 
X may be DU"P or NODUMP. 

The options DUM~ or NODUMP specify whether all defined data is 
to be printed ~r 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 DUftP, fUHUlL .. : 
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.OR. is the logical operator "or". 
The periods aust be on both sides of the operator. 

ORDERED (X) gives the elements of X :iln i·n.creasing order. 
ORDERED(X) defines an object with the same structure as X but 
whose elements are the elements of X arranged in order of 
increasing magnitude. 

A synonym is RANKED. 

ORDEREB(X) gives the indices of the ordered elements of x. 
ORDERER(X) g~ves the indices of the eleme~ts 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 which 

each symbol is plotted. (1 means eve~ay point, 2 means every other 
point, 3 means every third, etc.) A negative value for N indicates 
that only the symbol should appear. l 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. ~e integers 
and their corresponding symbols are: 

0 is a square. 
1 is a circle. 
2 is a triangle. 
3 is a plus(+). 
4 is an X. 
5 is a diamond. 
6 is an arrow pointing upward. 
7 is an X with a bar on top. 
8 is a z. 
9 is a Y. 

10 is an X with a circle. 
11 is an asterisk (*). 
12 is.an X with a bar on top and bottQm. 

PLOTSY~B is used for graphical outpnt. 

PRINT(A,B,C, ••• ,Z) specifies that A,IB,c, ••• ,z are to be printed. 
The user may control the form of output by using the coq.trol 
words MARGINS, SIGNIFICANCE, lUTOTAB, TAB~LATE, and COLWIDTH. 

PRINT is a restricted vord. 

PRINTCLASS prints the class of structured objects. 
PRINTCLASS causes the class of struct;ured objects to be· 
printed when ;the structured objects are printed. 
PBINTCLASS is default. To turn it off, use OMITCL ASS. 

PROD(X} defines the product of the elem~nts of X. 
The result is a scalar. 
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PBODCOLS (X) 11ultiplies the eleEnts in e,ach column of x. 
PBODCOLS (X) defines a 2-diaensional object that is a 
row and is a member of the family of X. ~he element in 
each column is the product of the elements in the 
corresponding column of X. 

PBODROWS(X) m9ltiplies the elements in each row of X. 
PRODBOWS{X) defines a 2-dimensional o~ject that is a column 
and is a member of the family of X. The element in each row 
is the·product of the elements in the corresponding row of 
x. 

PROGRAM NAME gives a name to a program. 
A program is a SPEAKEASY procedure. rramin;g a program enables 
the user to refer to that program by Dame to store 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(F:X) punches the object X on cards in the format F. 
The PUNCH statement gives the user a means of transmitting 
information to other non-SPEAKEASY programs. 

The format P is specified by a statement of the .form 
P= 1 (FORMAT)' where FORMAT is the standard 360-FORTRAN IV format 
excluding fixed-point form (integers)' The P, D, and E 
formats are equally acceptable. 

X is the array to be punched. 

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

RANDOM(X) generates random numbers. 
The result has the same class and structure as X but its 
elements are random numbers between 0.·0 aQ)d 1. Q. 

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

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

A synonym is ORDERED. 

BANKER (X) gives the indices of the ordered elements of x. 
RANKEH(I) gives the indices of the elemenbs of X arranged in 
order of increasing aagnitade. X mas~ be a 1-dimensional 
object. 

1 S.Jnonya is ORDEB!B. 
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BBAD(F:X) reads data fro• cards punched in for.at P and puts 
the• into X.· The READ state•ent enables the user to read infor­
mation that has been punched in some specialized f oraat. 

The format F is specified by a statement of the ~orm 
1"= 1 (FORMAT)' where FORI!AT is the standard 360-FORTRAN IV 
format excluding fixed-point fora (integers) • 

X is the array (structured object) into which the data are put. 
It must exist and its size must be specified. The 
number of cards read is the number needed to fill 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 with 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 a·s X but the 
elements of the result are the real pa<rt of the corresponding 
elements of X. 

A synonym is REAL. 

REAL4 (X) is a .function that returns a real4 number. 
X may be real8, integer4, or integer2. Th·e result is real4. 

REAL8(X) is a function that returns a real8 number. 
X may be real4, integer4, or integer2. Th.e result is real8. 

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

RETURN returns execution to the program calling the stored program. 
The statement executed after the statement RETURN is the one 
following the EXECUTE statement that invoked the stored program. 
A RETURN statement is always implied before the END card of 
any program. 

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

RETURN is a restricted word. 

ROOTS(F:X) finds the roots of the fu~ct~on F.· 
The result is a 1-dimensional array. ·X is a 1-dimensional 
array of the same length as F. Roots deftnes a new object 
whose elements correspond to the zeros of the function 
P. The method of trapezoidal interpolation is used. 

A synonym is ZEROS. 
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BOWlBRAY(N:) defines a 2-dia. 1-coapone~t array that is a row. 
If no further arguments are given, all M-components are set 
egual to zero. 

BOWABRlY(:I,J, ••• ,K) defines a 2-dim. row 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 ar:e used. If a complex 
element is encountered, then a co~plex 2-~imensional row 
array is defined. 

BOWARBAY(N:I,J, ••• ,K) defines a 2-dim. ~-component row array. 
The components are preset by the· element 1ist I,J, ••• ,K. If 
any argument of the element list i:s structured, then the 
elements of that structured object are us~d. If a complex 
element is encountered, then a complelt 2-d imensi anal row 
array is defined. If all M-components are not preset by 
the element list, the unspecified components are set· 
equal to zero. 

ROWliAT (N:) defines a 1-by-M matrix w·hich is a row. 
If no further arguments are given, all N elements are 
set equal to zero. 

ROWMAT(:I,J, ••• ,K) defines a row matrix and specifies the els. 
The element list I,J, ••• ,K.specifies t.he 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. 

ROWliAT(N:I,J, ••• ,K) defines a 1-by-~ 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 row containing the minimum element of X. 

%RUN is equivalent to %COMPILE followed by the command EXECUTE. 
%BUN used in the EDIT mode ret urns the processor from the EDIT 
mode to the MANUAL mode, compiles the ~dibed program, 
and then executes it. 

SE.LECT(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 t~uncated or expanded so 
their final components are those indexed by the elements of the 
control array I. 

For an example, refer to the SPEAKEASY-] manual. 
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SETGAUSS (N,X, If, XLO,XHX) returns Gauss-Legendre coords. and weights. 
SETGAUSS (N, 1, v ,ItO, X Bil defines the If& point Gauss-Legendre 
quadratare coordinates and weights with the coordinates in the 
interval XLO to XHI. The arguments XLO a~d 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 
condition O<N<51. 

X is returned as a 1-dimensional array v,hose elements are 
the coordinates. 

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

For further information about the method of calculation and 
the accuracy, refer to the LINKULE docament. 

SETINFINITY (VAL) specifies an upper li11it to the numbers printed. 
Any number whose absolute value is greater than VAL is printed as 
INF for infinity. The default value is 1.!+30. 

SETJACOBI(N,X,V,A,B,TX,TW) defines Gauss-Jacobi coords. and weights. 
SBTJACOBI(N,X,V,A,B,TX,TW) defines the Ga~ss-Jacobi quadrature 
coordinates and weights for the interval -1 to +1 and gives the 
user an idea of the precision with vhjch the coordinates and weights 
are calculated. The coordinates are the roots of the Jacobi 
polynomial of degree lf and order (A,B). A, B, TX, and Ti are 
optional arguments and may be omitted~: If A and B are omitted, 
the order of the polynomial is 0. 

N is the number of points required. N aust be an integer 
satisfying the condition O<N<51. 

X is returned as a 1-dimensional ar~ay whose elements are 
the roots of the Jacobi polynomial of degree Nand order (A,B). 

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

A and B are real numbers specifying the order of the polynomial. 
A must satisfy the condition A>-1. B 11us~ satisfy the condition 
B>1. The default value for A and B is 0. 

TX is the theoretical sum of the coordinates. 
TV is the theoretical sum of the weights. 
For further information about the method of calculation and 

the accuracy, refer to the LINKULE docume~t. 

SET LAG UEBBE (N, X, W, A) ret urns Gauss-Laguerre co or ds. and weights. 
SETLAGUERBE(N,X,V,A) defines the Gauss-Laguerre quadrature 
integration points X and weights V appropriate for evaluating 
an integral from 0 to infinity. The ~ntegration 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 o~:der A and degree N. 

V is returned as a 1-dimensional array ~ith the weights of 
the integration proceedure. 

A is the order of the polynomial. The 3efauJt is 0. A must be 
a real nuaber greater than -1. A value of A of the ord~r 20 could 
cause overflows in the determinati.on of th:e weights for large values 
of J. 
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SETLEGEMDRB (N, X, If) . retur.as Gauss-Leqendre coord. and v.eights. 
SETL!!GERDRE(N,X,If) returns the :coordin,ates X and weights If 
for the Nth order Gauss-Legendre quadrature formula. 

N is the number of polo ts required. N 11 ust satisfy one of 
the conditions O<N<51, N=64, or N=96. 

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

If is returned as a 1-dimensional arsay whose elements 
are the veigh ts. 

SETLEGENDRE is equivalent to SETGAUSS for O<N<51. 
The only difference is ·that SETLEGENDRE i~clodes N=6~ and 
N=96 while SETGAUSS does not. 

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

SETNULL(VAL) specifies a lover limit to numbers printed. 
Any number whose absolute value is less than VAL is to be 
printed as 0. The default value is 1~E-3B. 

SETPLOT(X,Y,Z) specifies BOX, NOBOX;: SCALES, NOSClLES; LINES, POINTS. i 
X is either BOX or NOBOX. 

BOX means to draw a frame around the graph. 
NOBOX specifies no frame. 

Y is either SCALES or ROSCALES. 
SCALES specifi~s that values at inch intervals are to 
be indicated. NOSCA LE s causes the indica t'ion 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 th~t the points are 
to be marked with crosses and not joined by lines. 

The default options are BOX, SCALES, andl LINES. 
SETPLOT is available only in version GRA•PHEZ. 

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 >O, equal to -1 for elements 
of X <O, and equal to 0 for elements of X equal to 0. 

All the elements of X must be real. 

SIGNIFICAHCE(N) gives the number of significant figures to be printed. 
N is the num~er of significant figures desired. The default is 5 
significant figures. 

SII!EQ (A, B) ,solves a set of simultaneous linear equations. 
A is an N-by-N matrix. B is an N-by-11 matrix of constants. 
The result, X has the same structure as B and is the matrix 
that satisfies the simultaneous lineas equation A•X=B • 
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SIH(X) returns the sine of 1. 
SIM(I) defines an object with the same structure as X but 
the elements of the result are the sioe o~ the 
corresponding elements of X. 

Each element Xi of X must satisfy the condition 
JXiJ<1.E15. 

SINH(X) defines the hyperbolic sine of X. 
SINR(X) defines an object with the saae sbructure as X but with elements 
equal to the hyperbolic sine of the corresponding elements of X. 

The elements Xi of X must be real anp are restricted by the inequality 
)Xi)<170 .. 

SIZE=N,X specifies space for data and must be the first card. 
SIZE=N,X specifies the amount of data spaoe 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. MA~N is default. 

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

SMAT is a synonym for SYMMAT. 
SMAT(N:I,J, ••• ,K) defines a symmetric N-by-N matrix. 

The el~ment list is used to fill the lover triangular part 
by rows. The portion above the diagonal is then filled by 
making the matri.x 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 inde.pendent variables. 
It may be an increasing or decreasing grid. 

A,B, and c are coefficient functions ev~luated on the grid x. 
Y 1 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 
YP is the derivative of the solution on grid X. 

name and need not be the name of a deflined; object. 
omitted, the calculation proceeds unaLtered but Y' 

Temporary restrictions are: 

functional value. 
YP is an optional 
If YP is 

is not saved. 

A and B must be named scalars with the value zero. Only homogeneous 
equations without first derivatives can be solved. An example is 
Z=O; Y=SOLINDB2(X:Z,B,Z:Y1,Y1P:YP). 
X must have an odd number of points. Bo.i~ternal checks are made. 

The 4th order RUnge-Kutta method is used. 
CI'!V 

SPACE (I) skips I lines. . 
SPACE is a restricted vord. 
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SPRBISCL,J) returns the spherical Bessel fn. of the first kind. 
The result is j ~ub L of X (little j).: L must be a nonnegative 
integer. Underflow will occur for excessively large L. X must be 
real and nonnegative. There is a SPEAKEASY restriction that 
(X+l.) <400. 

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

SPHBESN(L,X) returns the spherical Bess~l fn. of the second kind. 
The result is n sub .L of X (little n). L must be a nonnegative 
integer. Overflow will occur for exce:ssiv:el y la qe L. X must be 
real and nonnegative. · There is a SPEAKEASY restriction that 
(L+X) <400. 

Por information on the method of calculation, ~fer to the 
LINKULE document. 

SQRT(X) defines the square root of X. 
SQRT(X) defines an object with the salle st.ructure 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. Otherwise, the square r.oot 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. 
SU!COLS(X) defines a 2-dimensional ob1ect that is a row 
and is a member of the family of X. The element in each column 
is the sum of the elements in the corresponding column of X. 

SUMROWS(X) sums the elements in each ro~ of X. 
SUMROWS(X) defines a 2-dimensional object that is a 
column and is a member of the family ~f 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 
a 11 the elements of x. o 

SUMSQCOLS (X) sums. the squares of the elements in each column. 
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 eleme~ts in the corres­
ponding colu•ns of 1. 
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SUIISQBOVS (X) suas the squares of the ele•nts ia each row. 
SUftSQROWS(I) defines a 2-diaensio~al objeot 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. 

SYKBOLS designate 1athematical 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 opera tor. 

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, where i implies 
the ith element. 
1 is the division operator. 

Por matrices, AlB implies matrix multiplication of the matrix A 
tim·es the inverse of matrix B. 
For vectors, 1 is not defined. 
Por arrays, division is defined element-by-element. 
•• raises to a power. 

•• 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 s~ngle card. 
& designates a continuation of the previous card. 
$ sets off a comment. The comment is written between two $. 

There is an implied S at the end of a card that has a single $ on 
it. 

SYMMAT(N:I,J, ••• ,K) defines a symmetric N-by-N matrix. 
The element list is used to fill the lover triangular part 
by rows. The portion above the diago~l is then filled by 
making the matrix symmetric. If any argument in the element 
list is structured, the _elements of that structured object are used. 

A shortened form is SKAT. 

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, COLWID0H, 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 same structure as X but 
the elements of the result are the ta~gents of the 
corresponding elements of x. 

Each eleaent Xi of X aust satisfy t~e condition 
1Xi1<1.E15. 
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TIPI! gives the tiae fro11 which one. $tar,bs. 
TIN! gives the total ti.e elapsed since th:e start of 
the coaputer run. 

TIPI!(O) gives the elapsed time since th& start of a computer run. 
This form can·be used in SPEAKEASY statements. 

TOT ALI NT (F: X) defines the· definite integral of F over the array X. 
X is a 1-dimensional array. (I1,X2.XJ, ••• ,XN). The result is 
a ~calar equal to the definite integral from 11 to XN. The 
integration is done by the trapezoidal rule. 

A shortened form is TO!INT. 

TOTINT is a synonym for TOTALIMT. 
TOTINT(F:X) defines the definite integr~l ofF over the array x. 

X is a 1-dimensional array (X1.;X2,XJ, •••• XN). The result is 
a scalar equal to the definite integral from X1 to XN. The 
integrat~on is done by the trapezoidal rule. 

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

TBANSP 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 UNITMlT. 
UMAT(N) defines an N-by-N unit matrix. 

All elements are zero except the elem~nts 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 i~luding those along the 
diagonal of X. 

USE MEMBER I OF LIBRARY Y causes the deok 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 p.rovides the user with a simple means of supplying commonly 
used constants or SPEAKEASY programs to th:e processor. 

USE is a restricted word. 
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USEMEftBER(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 XI. 

If the 1 ibrary reference is oait ted, PROCLIB is assumed. 
If the library ftYPROCS is attached, it will be s~rched 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 ftEftBER XX OF LIBRARY YY. 

VABIABLE(I,~ 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 GRID(I,J). · 
VARIABLE~I,J,K) defines the 1-dim. ~rray 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 new incremen·t 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(J,,J,K) only when K is 
such that I+NK=J. 

VEC is a synonym for VECTOR. 
VEC(N:) defines a vector with N coapone~ts. 

If there are no additional arguments, the values of the 
components are set equal to zero. 

VEC(:I,J, ••• ,K) defines a vector and specifies the components. 
The components are preset by the element list I, J, ••• ,K. 
I.f 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 vector is 
defined. 

VEC(N:I,J, ••• ,K) defines an H-component vector with preset els. 
The components are specified 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 ~ncountered, then & complex vectoi 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 1-coapoaent Yecto~. 
If no further arguments are given, all· the co11ponents are set 
equal to zero. 

l vector is a 1-dimensional member of the matrix/Vector 
family. 

A shortened form is VEC. 
VECTOR(:I,J, ••• ,K) defines a vector by presetting the components. 

The components are specified by the elemeqt list I,J,, ••• ,K. 
If any argument in the element list is structured, then the 
elements of t·hat structured object are used. If a complex 
element ·is encountered, a complex vector .i!s defined. 

VECTOR (N:I,J, ••• ,.K) defines an s-component vector with preset els. 
The components are preset by the element bist I,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 elemenb list, the unspecified 
components are set to zero. 

VERSIONS refers to the 
These versions differ in 
efficiency of operation. 

STANDARD 
BABY 
GRAPHEZ 
CONSOLE 
TSO 

various versions of the SPEAKEASY processor. 
their space requirements and in their 

The present versions are: 

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

VFAI1 (X) defines a member of the matrix;v;ector 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 ~atri%. 

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 1 ist 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 new word is 
added to the language. 

VSCALE= (BOTTOM,TOP) specifies the vertical limits of a graph. 
BOTTOM refers to the lower limit and TOP the upper 
limit of the vertical scale. Default values of the 
liaits on the Yertical scale are 0 an~ 8. The scale 
is labeled at inch aarks. 

VSCALB is used for Yersions with graphical output. 
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VSIZE=Y specifies the vertical size of the qra ph. 
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 fo~ WHEREVER. 
WHERE(X) is a conditional statement for array operations. 

X may be a structured object. The associ~ted 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. 

WHBREV!R(X) Y is a conditional statement for array operations. 
X may be a structured object. The associated statement Y mus~ 
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 vith the same structure as X but the 
elements of the result are the integer part of the corresponding 
elements of X. · 

A synonym is INTPART. 

WRITE(F:X) prints the defined object X in the format P. 
The WRITE statement enables the user t·o print information 
in a specific format. 

The format P is specified by a statement of the form 
P='(POR~lT)' where POR"AT is the standard 360-FOBTRAN IV format 
excluding 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. ZEROS defines a new o.bject 
whose elements correspond to the zeros of the function 
F. The method of trapezoidal interpolation is used. 

A synonym is ROOTS. 
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APPENDIX 

HELP documents are written as follows. Each 

word in the· HELP documents is written in a specific format Jar 

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. Eventually, 

the printing of a docwnent will be halted after each paragraph so 
\ 

that the user will have the option of stopping or requesting further 

information. If further info'rmation is requested, the next paragraph 

will be printed; 

·To facilitate obtaining output on various devices, the 

length of each line is lirnited to 72 characters. For uniformity, a new 

paragraph is indented two spaces. Thus a line that begins a new 

paragraph is limited to 70 characters. 

The first line of each document consists of ( 1) the 

word being defined (in capital letters), (2) the arguments of the word 

(in capital letters), and (3) a concise definition of the word. Since 

the first line is the beginning of a paragraph, it is indented two spaces 

so 70 characters are left for the word, argwnent 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. 1£ 

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 b~ing 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 operation 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 

.SPEA!<EASY us~rs at Argonne. 

HELP documents are written in upper and .lower case. 
I 

Co.psequently, 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 El~HT mode. 

The definition of each word must be preceded by a 

card of the form 

. /TO NEWWORD 

The I is in column 1. NEWWORD is the first 8 characters of the 

word being put into the HELP-document library. This card is in 

capital letters. 

An example follows. 
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//JFHELP JOB (F88888,1,1,1),CLASS=C,REGION=85K 
II EXEC SOS 

; //LIBOUT DO DSN=SPEAK.NEW.HELP,DISP=OLD 
/TO MATRIX 

MATRIX(N,M:) defines an N-by-M matrix. 
If no additional arguments are pre~ent, the matrix has all 
elements set to zero. 

A shortened form is MAT. 
MATRIXCN,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 I,J, ••• ,K if they are structured objects. I~ 
a complex element is encountered, then a complex matrix is 
defined. If all the elements are not specified by the element 
1 ist, the unspecified elements are set to zero. 
/TO SUMSQCOL 

SUMSQCOLS(X) sums the squares of the elements in each column. 
SUMSQCOLS(X) defines a 2-dimensional object that is a. row 
and Is a member of the same family as X. The ~lement in each 

.column is the sum of the squares of elements in the corres­
ponding columns of X. 




