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CLASSIFICATION CODE CATEGORY

(Not all categories have programs. Please refer to the INDEX

to HP BASIC Program Library for available programs in HP BASIC)

200

300

400

500

DATA HANDLING (VOLUME 1)

191 EDITING

132 INFORMATION STORAGE AND RETRIEVAL
183 TARLE HANDLING

184 CHARACTER/SYMBOL MANIPULATION
195 CODE/RADIX CONVERSION

186 DUPLICATION

187 SORTING AND MERGING

108 DATA HANDLING UTILITIES

1#9 MEDIA CONVERSION

118 FILE MANAGEMENT

112 SPECIAL FORMAT DATA TRANSFER
114 PLOT ROUTINES IN HP BASIC

TESTING, DEBUGGING AND PROGRAMMING AIDS (VOLUME 1)

oM TRAC ING

22 INSTRUMENT TEST

2A@3 DISC/DRUM EQUIPMENT TEST

204 MAGNETIC TAPE EQUIPMENT TEST
PAS  GRAPHIC EQUIPMENT TEST

26 MEMORY SEARCH AND DISPLAY

227 DUMPING

20R CORE STORAGE TEST

PM9 CENTRAL PROCESSING UNIT TEST
21®  BREAK POINTS

211 DEBUGRGING AIDS

212 PROGRAMMING AIDS

213  PAPER TAPE FOUIPMENT TEST

214 PUNCH CARD EQUIPMENT TEST

215 PRINTER EAUIPMENT TEST

216 A/D - D/A EQUIPMENT TEST

P17 TELECOMMUNICATIONS EQUIPMENT TEST
P18 SPECIAL DEVICE FEQUIPMENT TEST
219 DATA ACOUISITION SYSTEMS TEST

MATH AND NUMERICAL ANALYSIS (VOLUME i1)

Im MATHEMATICS, GENERAL

302 EXTENDED-PRECISION ARITHMETIC
3M3 COMPLEX ARITHMETIC

3A4 RBCD/ASCIT ARITHMETIC

375 BOOLEAN ALGEBRA

3M6 FUNCTIONS, COMPUTATION OF

307 INTERPOLATION/EXTRAPNLATION

389 CURVE FITTING

31®  NUMERICAL INTEGRATION

311 POLYNOMIALS AND POLYNOMIAL FOUATIONS
312 MATRIX OPERATIONS

313 EIGENVALUES AND EIGENVECTORS
314 SYSTEMS OF LINEAR EOUATITONS

315 SYSTEMS OF NON=-LINEAR ERUATIONS
316 INTEGRAL TRANSFORMS

317 NUMERICAL DIFFERENTIATION

318  ORDINARY DIFFERENTIAL EQUATIONS
319 PARTIAL DIFFERFNTIAL. ENUATIONS

PROBABILITY AND STATISTICS (VOLUME i1}

ant UNTVARIATE AND MULTIVARTATE PARAMETRIC STATISTICS

4A?2  TIME SERIES ANALYSIS

4@ DISCRIMINANT ANALYSITS

4@ 4 REGRESSION ANALYSIS

475 RANDOM NUMBER GENFRATNRS

a@é6  PROBABILITY DISTRIRUTION SAMPLING
407  NON-PARAMETRIC STATISTICS

ans STATISTICS, GENFRAL

4n9  CORRELATION ANALYSTS

41 ANALYSIS NF VARTANCF AND COVARIANCE
411 FACTNR ANALYSTS

aye SCALING

413 GENFRAL PRORARTLITY

SCIENTIFIC AND ENGINEERING APPLICATIONS (VOLUME 1)

S0 SNCTAL AND REHAVIORAL SCTENCES
SAP GENPHYSICS

503 GENLOGY

5P 4 NCFANNGRAPHY

600

700

800

200

505
506
507
50%
SM9
S
S11

512
S13
S14
515
S16
517
SIR
519

PHYSICS

MEDICAL SCIENCES
CHEMISTRY

RINOLOGY

ASTRONNMY AND CFLESTIAL NAVIGATION
PETROLEUM ENGINEERING
HYDRAULIC ENGINEERING
NJCLEAR FNGINEERING
ELECTRICAL ENGINEERING
MECHANICAL ENGINEERING
CIVIL ENGINEERING
CHEMICAL FENGINEERING
AERONAUTICAL ENGINEERING
STRUCTURAL ENGINEERING
SYSTEM THEORY

MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (VOLUME 111)

602
6043
604
625
606
6n7
608
610

PFERT

CRITICAL PATH ANALYSIS
OPTIMIZATINN PROGRAMS

LINEAR PROGRAMMING

DISCRETE SYSTEMS SIMULATION
CONTINUOUS SYSTEMS SIMULATION
FORECASTING TECHNIQUES
DYNAMIC PROGRAMMING

BUSINESS AND MANUFACTURING APPLICATIONS (VOLUME W)

771

102
703
704
105
106
1217
098
199
710
TH1

e
713
714
716
77

718

JOB REPNRTINA

QUALITY ASSURANCE PERFORMANCE ANALYSTS
QUALITY ASSURANCE TESTING
NUMERICAL CONTROL

RILL OF MATERIALS

PAYROLL ACCOUNTING
WORK=IN-PROCESS CONTROL
TNVENTORY ANALYSIS

ACCOUNTS PAYABLE

SALES FORECASTING

ACCOUNTS RECEIVABLE
FINANCIAL ANALYSIS
INVESTMENT ANALYSITS

ECONOMIC ANALYSIS

BUDGETING PROGRAMS

BUSINESS INFORMATION SYSTEMS
BUSINESS SERVICES

EDUCATION (VOLUME IV)

801
810
820
838
833
850
860
863
810
871
872
880
8RS
89@

MATHEMATICS (EDUCATION)
PROGRAMMING AND COMPUTER SCIENCE C(EDUCATION)
ENGINEERING (EDUCATION)
ECONOMICS (EDUCATION)

SCIENCE (EDUCATION)

FINE ARTS (EDUCATION)

SOCIAL SCIENCE C(EDUCATION)
HISTORY C(EDUCATION)

ENGLISH C(EDUCATION)

FOREIGN LANGUAGES (EDUCATION)
READING C(EDUCATION)

BUSINESS (EDUCATION)
EDUCATIONAL ADMINISTRATION
VOCATIONAL (EDUCATION)

UNCLASSIFIED (VOLUME V)

ek}

GAMES
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NAME

BASCAL
BESSEL
CALCOM

CDETER
CROUT1
CRVFT

CTRFFT
CXARTH
CXEXP

DBLFIT

DC-0C

DE-10R
DE-20R
DETER4

EXTPRE
FACTOR
FNCTS

GFFT
GSIME®
INTGR

INTGRS
NEWTON

oc-DC
PARABO

POLFTE
POLY

POLYGN
QUADRA
ROMINT
ROOTER
ROOTNL

ROOTNR

RTCFFT
SOLVIT

SPHERE

TITLE ORDER NO.

BASE CALCULATOR

CALCULATES BESSEL FUNCTION OF FIRST KIND
CALCULATOR PROGRAM WITH OPTIONAL PLOTTER
OUTPUT

COMPUTES VALUE OF COMPLEX DETERMINANT
SOLVES SIMULTANEOUS LINEAR EQUATIONS
LEAST-SQUARES CURVEFITTING

COMPLEX TO REAL FAST FOURIER TRANSFORM
VECTOR ARITHMETIC

VECTOR EXPONENTIATION

LEAST SQUARES FIT TO POINTS WITH
UNCERTAINTIES IN BOTH VARIABLES
DECIMAL-TO-OCTAL CONVERTER

1ST -ORDER DIFFERENTIAL EQUATION

2ND ORDER DIFFERENTIAL EQUATION
DETERMINANTS, CHARACTERISTIC POLYNOMIALS
AND INVERSES OF MATRICES

4B-DIGIT PRECISION MATHEMATICS

FINDS PRIME FACTORS OF POSITIVE INTEGERS
COMPUTES TRIG FUNCTIONS FOR COMPLEX
ARGUMENTS

GENERAL FAST FOURIER TRANSFORM
SIMULTANEOUS LINEAR EQUATIONS

DEFINITE INTEGRAL BY MEANS OF 3-POINT
GAUSSIAN INTEGRATION FORMULA

COMPUTES THE AREA UNDER A CURVE
INTERPOLATION OF NON-LINEAR FUNCTIONS BY
NEWTON*S FORMULA

OCTAL-TO-DECIMAL CONVERTER

EQUATION OF PARABOLA PASSING THROUGH 3
GIVEN POINTS

FITS LEAST-SQUARES POLYNOMIALS
POLYNOMIAL APPROXIMATION

COMPUTES THE AREA ENCLOSED IN ANY POLYGON
ANALYZES A QUADRATIC EQUATION

INTEGRATES A FUNCTION (ROMBERG METHOD)
FINDS THE ROOTS OF POLYNOMIALS

FINDS ROOTS OR FIXED POINTS OF A NON-
LINEAR FUNCTION

LOCATES ROOT OF A FUNCTION WHOSE
DERIVATIVE IS KNOWN

REAL TO COMPLEX FAST FOURIER TRANSFORM
SIMULTANEOUS LINEAR EQUATIONS USING
GAUSSIAN REDUCTION

SOLVES SPHERICAL TRIANGLES

36847
36019
36131

36825
36027
36633
36028
36118
36119
36252

36747
36832
36033
36263

36144
36037
36817

36030
36547
36698

36699
36652

36712
36702

36246
36188
36703
36704
36022
36824
36697

36696

36029
36196

36834
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NAME

ANCOV
ANOVA

ANOVA3
ANVA1

ANVAR]

ANVAR2
ANVAR3

ANVAR 4

BICONF
BINOPO
BITEST
CHIS®

CHISeS

CONLM1
CONLM2

CORREL
CROSS2
CURFIT
EVPI

FC
FISHER
FREQ1
FRQ
FVALUE

GANOVA
GEOMEN
GRANK
GRGPLT
GTASPD
GWBULL
HISTOG
IDA
KR20

LOGRAM
MANDSD

MARKOV
MLREG
MULREG
MULTX
PMSD
POLFIT
PROB

PSRC

REGCOR

TITLE ORDER NO.

ANALYSIS OF COVARIANCE

FACTORIAL ANALYSIS OF VARIANCE (FIVE-WAY,
FOR ANY BALANCED DESIGN)

THREE FACTORIAL ANALYSIS OF VARIANCE
ONE-WAY ANALYSIS OF VARIANCE USING SAMPLE
MEANS AND STD. DEVIATIONS

ANALYSIS OF VARIANCE FOR A RANDOMIZED ONE-
WAY DESIGN

ANALYSIS OF VARIANCE (LATIN SQUARE DESIGN)
ANALYSIS OF VARIANCE FOR A TWO VARIABLES
OF ‘CLASSIFICATION DESIGN

TWO-WAY ANALYSIS OF VARIANCE FOR A TWO-
WAY EXPERIMENT

CONFIDENCE LIMITS

PROBABILITY DISTRIBUTION COMPARISONS
BINOMIAL PROPORTION

COMPUTES PROBABILITY OF CHI-SQUARE VALUES
CHI-SQUARE STATISTICS FOR M*N CONTINGENCY
TABLES

COMPUTES CONFIDENCE LIMITS FOR AN UNKNOWN
POPULATION MEAN

COMPUTES CONFIDENCE LIMITS FOR DIFFERENCE
BETWEEN TWO POPULATION MEANS

CORRELATION COEFFICIENT

CROSS TABULATION AND CHI-SQUARE

PERFORMS LEAST SGQUARES FIT

COMPUTES THE EXPECTED VALUE OF PERFECT
INFORMATION

ANALYSIS OF LOG TAPE

FISHER'S EXACT PROBABILITY TEST

FAST FREQUENCY DISTRIBUTIONS

FREQUENCY BETWEEN BOUNDRIES

EXACT PROBABILITY OF AN F-RATIO WITH
DEGREES OF FREEDOM (M,N)

ANALYSIS OF VARIANCE (2-WAY)

STATISTICS OF GEOMETRIC DISTRIBUTION
RANKING STATISTICS

SIMPLE REGRESSION AND PLOT

SUBJECTIVE PROBABILITY DISTRIBUTION
SUBJECTIVE PROBABILITY - RANDOM VALUES

A HISTOGRAM FORMED FROM A SET OF NUMBERS
INTERACTIVE DATA ANALYSIS

ITEM ANALYSIS AND KUDER-RICHARDSON
FORMULA 20 RELIABILITY

LOG-ON TAPE ANALYZER

CALCULATES BASIC STATISTICS FOR GROUPED
AND/OR UNGROUPED DATA

COMPUTES FOR AN ERGODIC MARKOV CHAIN
MULTIPLE REGRESSION PROGRAM

MULTIPLE REGRESSION/CORRELATION
LEAST-SQUARES FIT, MULTIPLE Y'S PER X
POOLED MEANS AND STANDARD DEVIATIONS

FITS LEAST-SQUARES POLYNOMIALS

COMPUTES BINOMIAL, POISSON AND
HYPERGEOMETRIC PROBABILITIES

POWER SERIES REGRESSION CURVE WITH X-
AXIS OFFSET

REGRESSION/CORRELATION

36294
36870

36271
368171

36039

36040
36172

36173

36691
36041
36692
36042
36043

36694

36693

36689
36860
36038
36688

36120
366086
36864
36191
36720

36501
36845
36541
36542
36549
36551
36855
36755
36137

36001
36748

36701
36661
36178
36186
36863
36023
36718

36793

36854
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NAME TITLE ORDER NO.

REGRES  STEP-WISE REGRESSION 36738

RNDORD  PLACING INTEGERS IN RANDOM ORDER 36264

SCORES  COMPUTES MEAN, STANDARD DEVIATION AND 36136
STANDARD SCORES FOR TEST SCORES

SEVPRO  CHI-SQUARE TEST 36719

STAT@6  CALCULATES SIGN TEST CONFIDENCE INTERVAL 36724

STAT@7  CALCULATES THE CONFIDENCE LIMITS FOR A 36725
SET OF DATA

STAT@8  COMPARES TWO GROUPS OF DATA USING THE 36732
MEDIAN TEST

STAT14  ANALYSIS OF VARIANCE AND F-RATIOS 36738
(RANDOMIZED COMPLETE BLOCK DESIGN)

STAT16 COMPUTES AN ANALYSIS OF VARIANCE TABLE 36729
AND F-RATIOS

STAT17  ANALYSIS OF VARIANCE FOR A BALANCED 36728
INCOMPLETE BLOCK DESIGN

STAT18  COMPUTES ANALYSIS OF VARIANCE TABLE 36727

STAT19  KRUSKAL-WALLIS ONE WAY ANALYSIS OF 36607
VARIANCE

STAT2 MANN-WHITNEY 2 SAMPLE RANK TEST 36052

STAT20  FRIEDMAN TWO-WAY ANALYSIS OF VARIANCE 36608

STAT3 SPEARMAN RANK CORRELATION COEFFICIENTS 36853

T-TEST  TEST OF HYPOTHESES USING STUDENTS T 36170
DISTRIBUTION

TESTUD  TEST UNKNOWN POPULATION MEAN 36722

TVALUE  COMPUTES THE EXACT PROBABILITY OF A T- 36721

VALUE WITH A TWO-TAILED TEST

500 SCIENTIFIC AND ENGINEERING APPLICATIONS

NAME TITLE ORDER NO.
ACNODE AC CIRCUIT ANALYSIS PROGRAM 36057
ACTFIL ACTIVE FILTER DESIGN 36293
ANALAD CIRCUIT ANALYSIS 36856
BEMDES RECOMMENDS CORRECT STEEL BEAM USE 36109
DEBYE COMPUTES DEBYE OR EINSTEIN FUNCTION 36859
FORCST WEATHER FORECASTING PROGRAM 36750
GENFIL DESIGNS PASSIVE FILTERS 36784
HTXFR TWO DIMENSIONAL HEAT TRANSFER 36058
KSWEEP FREQUENCY PLOT OF POLES AND ZEROES IN A 36771
COMPLEX PLANE
LPFLTR DESIGNS LOW-PASS FILTERS 36069
METRIC CONVERTS ENGLISH TO METRIC 36635
MICRO MICROWAVE PARAMETERS CONVERSION 36062
MIXSPR MIXER SPURIOUS RESPONSE PROGRAM 36064
SUNSET SUNRISE-SUNSET PREDICTOR 36180
T-CPL THERMOCOUPLE TABLE PACKAGE 36654
WAVFN COMPUTES AND PLOTS THE RADIAL PART OF 36733

HYDROGEN-LIKE WAVE FUNCTIONS




VOLUME II
CONTENTS

300 MATH AND NUMERICAL ANALYSIS

August 1976

NAME TITLE

BASCAL:BASE CALCULATOR

BESSEL:CALCULATES BESSEL FUNCTION OF FIRST
KIND

BINO :BINOMIAL FUNCTION EXPANSION

CDETER:COMPUTES VALUE OF COMPLEX DETERMINANT

CRVFT :LEAST-SQUARES CURVEFITTING

CTRFFT:COMPLEX TO REAL FAST FOURIER TRANSFORM

CXARTH:VECTOR ARITHMETIC

CXEXP :VECTOR EXPONENTIATION

DBLFIT:LEAST SQUARES FIT TO POINTS WITH
UNCERTAINTIES IN BOTH VARIABLES

DEZIOR:1ST ORDER DIFFERENTIAL EQUATION

DEZ20R:2ND ORDER DIFFERENTIAL EQUATION

DETER4 :DETERMINANTS, CHARACTERISTIC
POLYNOMIALS AND INVERSES OF MATRICES

EXTADD:40 DIGIT PRECISION STRING ADDITION

EXTPRE:40-DIGIT PRECISION MATHEMATICS

FACTOR:FINDS PRIME FACTORS OF POSITIVE
INTEGERS

FNCTS :COMPUTES TRIG FUNCTIONS FOR COMPLEX
ARGUMENTS

GFFT :GENERAL FAST FOURIER TRANSFORM

GSIMEQ:SIMULTANEOUS LINEAR EQUATIONS

INTGR :DEFINITE INTEGRAL BY MEANS OF 3-POINT
GAUSSIAN INTEGRATION FORMULA

INTGRS:COMPUTES THE AREA UNDER A CURVE

LOGICK:BOOLEAN ALGEBRA EVALUATOR

NEWTON: INTERPOLATION OF NON-LINEAR FUNCTIONS
BY NEWTON'S FORMULA

0OCZDC :0CTAL-TO-DECIMAL CONVERTER

PARABO:EQUATION OF PARABOLA PASSING THROUGH 3
GIVEN POINTS

POLFTE:FITS LEAST-SQUARES POLYNOMIALS

POLY :POLYNOMIAL APPROXIMATION

POLYGN:COMPUTES THE AREA ENCLOSED IN ANY
POLYGON

POWERZ2:POWERS OF TWO TABLES

QUADRA:ANALYZES A QUADRATIC EQUATION

ROOTER:FINDS THE ROOTS OF POLYNOMIALS

ROOTNL:FINDS ROOTS OR FIXED POINTS OF A NON-
LINEAR FUNCTION

ROOTNR:LOCATES ROOT OF A FUNCTION WHOSE
DERIVATIVE IS KNOWN

RTCFFT:REAL TO COMPLEX FAST FOURIER TRANSFORM

SIMPLX:SOLVES LINEAR PROGRAM (CONDENSED
TABLEAU METHOD)

SOLVIT:SIMULTANEOUS LINEAR EQUATIONS USING
GAUSSIAN REDUCTION

SPHERE : SOLVES | SPHERICAL TRIANGLES

UHCX :COMPLEX NUMBER CALCULATOR
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MATH AND NUMERICAL ANALYSIS (%00)

CONTRIBUTED PROG RAA“A:IB‘J“L!E;][‘[:

BASCAL
TITLE: BASE CALCULATOR 36847

DESCRIPTION: Given two numbers and their respective bases, the computer will add
them, subtract them, multiply or divide them and put the answer into
a specified base.

INSTRUCTIONS: User must give the computer one of the four commands (add, subtract,
multiply, or divide) the two numbers and their respective bases, and
the base in which the answer is to be printed.

SPECIAL

CONSIDERATIONS: The program will only work for bases 2 to 10. Negative numbers are
acceptable but not decimals or fractions. In division, the quotient
is rounded off to the nearest whole number, .5 and up is rounded to 1.
The program cannot figure out a division problem whose quotient is less
than .5.

ACKNOWLEDGEMENTS: Peter Katz

Ravenswood High School
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RUN
RUN

BASCAL

DO YOU WANT INSTRUCTIONS?YES

THIS PROGRAM IS A BASE CALCULATOR

FIRST YOU TELL THE COMPUTER YOUR COMMAND3

EITHER ADD, SUBTRACT, MULTIPLY, OR DIVIDE,

THEN INPUT ANY TWO NUMBERS AND THEIR RESPECTIVE BASES (2-18),
AND THE BASE IN WHICH YOU WANT THE ANSWER PRINTED.

THE COMPUTER WILL FIGURE OUT THE ANSWER AND PRINT IT

IN THAT BASE.

NEGATIVE NUMBERS ARE ACCEPTABLE, BUT NOT FRACTIONS

OR DECIMALS.

IN DIVISION, THE QUOTIENT IS ROUNDED OFF TO THE NEAREST
WHOLE NUMBER. (.5 AND UP 1S ROUNDED TO 1)

ENTER YOUR COMMAND?ADD
ENTER FIRST NUMBER?-23

AND ITS BASE?S

INPUT THE SECOND NUMBER?78
AND ITS BASE?9

ENTER DESIRED BASE?6

THE SUM IN BASE 6 IS 134

ENTER YOUR COMMAND?S

ENTER FIRST NUMBER?99

AND ITS BASE?10

INPUT THE SECOND NUMBER?34
AND ITS BASE?7

ENTER DESIRED BASE?3

THE DIFFERENCE IN BASE 3 IS 2202

ENTER YOUR COMMAND?M

ENTER FIRST NUMBER?1234
AND ITS BASE?2

INPUT THE SECOND NUMBER?67
AND ITS BASE?9

ENTER DESIRED BASE?S

SOMETHING IS WRONG, START OVER

ENTER YOUR COMMAND?M

ENTER FIRST NUMBER?12

AND ITS BASE?4

INPUT THE SECOND NUMBER?12
AND ITS BASE?S

ENTER DESIRED BASE?6

THE PRODUCT IN BASE 6 IS 110

ENTER YOUR COMMAND?DIVIDE
ENTER FIRST NUMBER?144
AND ITS BASE?10

INPUT THE SECOND NUMBER?2
AND ITS BASE?6

ENTER DESIRED BASE?7

THE QUOTIENT IN BASE 7 IS 132

ENTER YOUR COMMAND?
DONE



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

BESSEL
CALCULATES BESSEL FUNCTION OF FIRST KIND 36019

This program calculates Bessel functions of the first kind (J).

It uses an integration routine based on Simpson's Rule to integrate the
function given in Hardbook of Mathematical Functions, N.B.S. Applied
Math Series #55, Section 4.1.22.

The program will request the order (N), the argument (Z) and the
acceptable error (E). It will return the computed value (J).

To use this program as a subroutine delete lines 9003 through 9008 and
change statement 9067 to RETURN. The calling program must supply

N, Z and E as defined above. The program will return the value of the
Bessel Function, J. To avoid printout delete line 9066.

Variables used: E,F@,F1,F2,F3,F4,F9,H7,H8,HI,
19,J,N,T8,79,X8,X9,Z.

It is meaningless if E < 1072
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RUN

GET-$BESSEL
RUN
BESSEL

WHAT IS THE ORDER?3

WHAT IS THE ARGUEMENT?12

WHAT IS THE ACCEPTABLE ERROR?.801
N= 3 Z= 12 J= +195137

DONE



Doaumentation Date 3/75
MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

' BINO
TITLE: BINOMIAL FUNCTION EXPANSION 36888-18029
DESCRIPTION: This program expands any binomial of form (AX + BY)N, where N can range

from 1 to 15,

INSTRUCTIONS: Instructions are contained in program,

v MENTS: Clifford E. Cuellar, Jr.
ACKNOWLEDGE Reichhold Chemicals Inc.
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RUN

RUN
BINO

PROGRAM COMPUTES COEFFICIENTS FOR POLYNOMIALS OF FORM

(AX+BY)>tN, WHZIRE A & B ARE +-
POSITIVE INTEGER BETWEEN 1 AND 15
YES IS CORRECT RESPONSE TO LAST QUESTIONS

INPUT A,B,N?3,2,3 )
27 Xt 3 + 54 Xt
3

NEXT HIGHER DEGREE?YES
81 Xt 4 + 216 Xr
1 Yt 3 + 16 Yt

NEXT HIGHER DEGREE?NO

NEW VALUES?YES
INPUT A,B,N?4,2,2

16 Xt 2 + 16 Xt

NEXT HIGHER DEGREE?YES
64 Xt 3 + 96 Xt
3

NEXT HIGHER DEGREE?NQ
NEW VALUES?NO

DONE

BINO

NUMBERS AND N IS A

Yt

36

216

43

Xt



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

CALCOM
CALCULATOR PROGRAM WITH OPTIONAL PLOTTER OUTPUT 36131

CALCOM and CALPLT allow the user to perform immediate mode calculations
and other functions. The two proarams are identical other than for
the GRAPH command, which utilizes the HP 7200A Plotter with CALPLT, or
the printing terminal with CALCOM.

The sample run utilized CALPLT (and the HP 7200A Plotter).

See Page 2.

There is a heirarchy of operators with factorialization being performed
first followed by the min and max functions, then exponentiation,
multiplication and division, and finally addition and subtraction.
Paranthesis may be used at any time to override the order in which the
operations are performed.

In addition to performing direct calculations, the user may retain the
results of a calculation as a variable consisting of a single Tetter.

Variables may be used in Tater calculations once they have been defined.
Undefined variables are set to zero.

By using a backslash \ (shift L) the user may perform more than one
calculation per line. The different calculations are performed from
left to right in the command strina.

Steve Poulsen
OMSI
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INSTRUCTIONS

The following symbols, commands, and functions are available:

SYMBOL MEANING EXAMPLE
+ Addition 2+5=7
- Subtraction 5-2=3
* MuTtiplication 2*5=10
/ Division 2/5=.4
+ or Exponentiation 245=32
% Root function A%B=B+(1/A) 2%5=2.236
< MIN function. Value is Tesser number
on either side 2<5=2
> MAX function. Value is greater number
on either side 2>5=5
! Factorialization of number preceding ! 51=120
? Value is supplied by user W=?+3*?/2
AN Allows more than one command per line 2+5NFACTOR 314*W
«or _ Deletes preceding character 2+3 5=7
COMMAND MEANING
BASE n Changes input and output to base n
BASE Changes input and output back to base 10
DEGREES AlTow trig functions to be evaluated in degrees
FACTOR Prime factors number following command
GRAPH Graphs functions following command on teleprinter (or plotter)
LIST Lists variables not equal to zero
RADIANS Allows trig functions to be evaluated in radians
SAME Repeats Tast command string
SCRATCH Sets all variables equal to zero
STOP Stops the running of CALC
ZERO Approximates the points at which the equation following the

command is equal to zero

FUNCTION NAME MEANING

ABS Absolute value of number
cos Cosine of angle

coT Cotangent of angle

CsC Cosecant of angle

EXP "e" raised to a real power
INT Integer part of number

LOG Natural logarithm of number
RND Random number between 0 and 1
SEC Secant of angle

SIN Sine of angle

TAN Tangent of angle

Arc functions are called by placing the prefix ARC in front of the function such
as: ARCSIN, ARCCOT, or ARCCSC.

Hyperbolic functions are called with the prefix HYP such as: HYPSIN, HYPCOS,
HYPSEC, ARCHYPCOT, ARCHYPCSC, HYPARCTAN, or HYPARCCOS.



CALCOM, Page 3

RUN PLTL
") 100
RUN "] 5000
CALPLT ] 9900
PLTT
INTERPRETIVE CALCULATOR PLTL
") 4.99950E+33
49 9991
99 9966
149 9924
0 2+3%(5/2) 199 9867
9.5 249 9793
0 Q=2+3%(5/2) 299 9704
0 Q=2 349 9601
19 399 9483
0 2+3%x(5/2)\@*2 449 9351
9.5 499 9206
19 549 9850
0 ?2+3%(5/2) 599 8883
INPUT DATA?2 649 8705
9.5 699 8519
0 ?+43%(?2/2) 749 8324
INPUT DATA?2 799 8123
INPUT DATA?S 849 7916
9.5 899 71704
0 INT(2+3%(5/2)) 949 7490
9 999 7273
8 ABS(2-3%(5/2)) 1049 7055
5.5 1899 6837
0 CO0S(3.14159 1149 6620
CO0S(3.14159 1199 6407
t 1249 6196
MISSING RIGHT PARENTHESIS 1299 5991
3.14159 1349 5791
0 CO0S(3.14159) 1399 5598
-1 1449 5412
0 ARCTANC-1) 1499 5235
-.785398 1549 5867
0 FACTOR (5272) 1599 4908
2 * 13 1649 4761
0 Q=1024 1699 4624
8 BASE 2\@ 1749 4498
10000000009 1799 4385
0 10010%1001 1849 4284
19100010 1899 4195
0 BASE 1949 4118
0 A=2+2\B=2*3\C=2/5 1999 4054
0 LIST 2049 4002
A 4 2099 3962
B 6 2149 3934
C 4 2199 3918
Q 1024 2249 3913
0 SCRATCH 2299 3920
0 LIST 2349 3936
0 2%2+7¢2 2399 3962
INPUT DATA?2 2449 3997
INPUT DATA?3 2499 48 41
13 2549 4092
@ SAME 2599 4150
2649 4214
INPUT DATA?!L 2699 4284
INPUT DATA?2 2749 4358
[ 2799 4436
0 ZERO Y=X13-Xt2-10%X-8 2849 4516
LOWER LIMIT OF SEARCH?-8 2899 4599
UPPER LIMIT OF SEARCH?8 2949 4683
-2 -1 4 2999 4767
0 GRAPH Y=(SIN(X))/X 3049 4850
LOWER LIMIT OF X720 3899 4933
UPPER LIMIT OF X728 3149 5813
X INCREMENT?.1 3199 5091
X OFFSET?@ 3249 5165
Y SCALING FACTOR?10 3299 5235
PLTL 3349 5302
180 5000 3399 5363
5000 5800 3449 5419
9900 5000 3499 5469

PLTT 3549 5513
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3599
3649
3699
3749
3799
3849
3899
3949
3999
40 49
4099
4149
4199
4249
4299
4349
4399
4449
4499
4549
4599
4649
4699
4749
4799
4849
4899
4949
4999
5849
5899
5149
5199
5249
5299
5349
5399
5449
5499
5549
5599
5649
5699
5749
5799
5849
5899
5949
5999
6049
6099
6149
6199
6249
6299
6349
6399
6449
6499
6549
6599
6649
6699
6749
6799
6849
6899
6949
6999
7849
7099
7149
7199
7249
7299
7349
7399
TA449

5551
5582
5607
5625
5636
5641
5648
5632
5618
5598
5573
5543
5508
5469
5426
5380
5332
5281
5228
5175
5121
50866
5813
4960
4909
4859
4813
4768
4728
4690
4656
4627
4602
4581
4564
4553
4545
4543
4545
4552
4562
4577
4596
4619
4645
4674
4706
A7 40
4776
4814
4853
4893
4933
4973
5813
5852
5090
S126
5161
5194
5224
5251
5276
5297
5315
5330
5341
5349
5353
5354
5351
5344
5335
5322
5306
5287
5266
5242

7499
7549
7599
7649
7699
7749
7799
7849
7899
7949
1999
8049
8099
8149
8199
8249
8299
8349
8399
8449
8499
8549
8599
8649
8699
8749
8799
8849
8899
8949
8999
9049
9899
9149
9199
9249
9299
9349
9399
9449
9499
9549
9599
9649
9699
9749
9799
9849
9899
9948
9998
PLTT
0 STOP

DONE

5216
5189
5159
5129
5098
5066
5834
5002
4970
4939
4910
4881
4854
4828
4805
4784
4765
4749
4735
4725
4717
4712
4710
4711
4714
4721
4730
4742
4756
4772
4791
4811
4833
4857
4881
4907
4933
4960
4986
5013
5839
5864
5089
5112
5134
5155
5173
5190
5205
5217
5228
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TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYS1S (30U)

CONTRIBUTED PROGRAM BASIC

CDETER
COMPUTES VALUE OF COMPLEX DETERMINANT 36025

This program computes the value of a complex determinant using the
Crout method.

Before running the program supply the following data beginning in line
9900:

9900 DATA N

9901 Rll’Ill""’RlN’IIN

99-- RNl,INl,...,RNN,INN

where:
N = = Order of the Determinant
Rij = Real part of the element in the ith row and jth column
Iij _ Imaginary part of the element in the ith row and jth

column

The maximum value of N is 23.

F. B. Hildebrand, Introduction to Numerical Analysis; McGraw-Hill,
1956, pp. 429-439.
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RUN

GET-S$CDETER

9988 DATA 2

9981 DATA 1,1,9,0
99082 DATA 0,0,1,-1
RUN

CDETER

COMPLEX DETERMINANT EVALUATOR

1 1 [ 4
] %] 1 -1

REAL C IMAGINARY C
2 [}



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

CROUTT
SOLVES SIMULTANEQOUS LINEAR EQUATIONS 36027

SoTves M sets of N by N Linear Equations. Uses the Crout Algorithm with
row interchange,

Ay Ay Kot AR = BBy s sBYy
AorXythgXote o thXy = BopsBogs. o sByy
Ay Xy A Xt AL X

N] ] N2 2 NN N = BN]’BNZ,."’BNM

Data Requirements are:

N = No. of Coefficients
M = No. of Sets
Aij . Coefficient of the ith Row and jth variable

Data should be entered starting with 1ine 9900 as follows:
9900 DATA N,M

"9902 DATA Al]’A12""’A1N
9904 DATA AZ]’AZZ""’AZN
99-- DATA ANl’ANZ""’ANN

99-- DATA B B

1128120+ 2By

----------

99-- DATA BN]’BNZ”"’BNM

In case N or M has a value greater than 10 change the dim statements in
line 9003,9004.

"MATRIX OF COEFFICIENTS IS SINGULAR.", message means the set of
equations designated by the A,'s is linearly dependent. Thus the set
of equations has no solution.

An explanation of the Crout algorithm can be found in: Hildebrand,
Introduction To Numerical Analysis; McGraw-Hill, or in most texts on
Tinear equations.
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RUN

GET-SCROUT1

9900 DATA 452,151515155515251515-6595,-15352,15-15100,228,190,150
9981 DATA 100,168,-130,130

RUN
CROUT1

ANSWER SET 1

20 30. 40 18
ANSWER SET 2
19 50 20. 20

DONE



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM ]E!M“L!E;][][:

CRVFT
LEAST-SQUARES CURVEFITTING 36633

This is a program to perform least-square fits to several useful functions.
It allows storage and manipulation of up to 100 data points of x, y, and
Ay, the error in y. The fitting functions are linear in the unknown co-
efficients. The values of coefficients and their associated error are
returned.

The COMMANDS are logically broken into four categories:
1. Data Manipulation

CLEAR clears out the arrays, resets the default options,

DELETE deletes a given datum,

ENTER allows entering of new data, either to replace old
data or to extend the numbers of points,

INSERT allows inserting of new datum at a given index,

LIST lists the data,

READ reads the data from a previously written file,

REPLACE replaces a given datum with a new one,

SORT sorts the data into ascending order,

TITLE allows entry of an alpha title for the data,

WRITE stores the data on a disc file; the data file should

be named DATFIL and should be five records long; if
a different file is desired, the user may change the
files statement - which is statement 1003.

2. Fit options

FIT instructs the program to do a fit-DEGREE requests the
degree of the fit-and prints the results,
FUNCTION selects the functional form for the fit; choices are:

Polynomial, SINe, COSine, CSN-alternate cos and sin,
and EXP; the default option is POLY,

UNWEIGHT gives the data points equal weights; the default option
is WEIGHT,
WEIGHT computes weights on the basis of the absolute errors;

the default option is WEIGHT.
continued on following page

The algorithm for fitting is based on:
A Practical Guide to the Method of Least Squares by P. Cziffra and
M. Moravesik, UCRL-8523 Rev. 1959.

FOR INSTRUCTIONAL PURPOSES
Suitable Courses: Physics Lab

Student Background Required: Familiarity with least squares

This program is used in the introductory Physics lab course to perform
weighted least squares fits to experimental data.

Lawrence E. Turner
Pacific Union College
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INSTRUCTIONS continued

3. Print options

TABLE in addition to printing the coefficients, a table of the data is given, the default
option is TABLE,
NOTABLE eliminates the data table from the results; the default option is TABLE,
4. General
HELP produces a listing of COMMANDS,
SHOW prints important parameters of the data and the state of various option flags.

For all commands the first three characters are sufficient.

RUN

OPE-DATFIL,S
RUN
CRVFT

LEAST SQUARES ANALYSIS

COMMAND ?HELP
CRVFT COMMANDS:
1« DATA MANIPULATION

CLEAR
DELETE
ENTER
INSERT
LIST
READ
REPLACE
SORT
TITLE
WRITE

2+ FIT OPTIONS
FIT

FUNCTION
UNWEIGHT

WEIGHT

3. PRINT OPTIONS

TABLE
NOTABLE

4. GENERAL
HELP

SHOW
STOP

COMMAND ?CLEAR

COMMAND ?ENTER

NUMBER OF POINTS?S

ENTER: X, Y., AND DY

1 78,3501
2 21,251
3 72,553
4 23,183,542
5 24,1651

COMMAND ?TITLE



ENTER TITLE: ?TEST DATA k*xk*kkkkxk

COMMAND ?SHOW

TITLE: TEST DATA *kkkkkkkkx
5 POINTS STORED
WEIGHTED

TABLE
FUNCTION: POLY

COMMAND ?WRITE

COMMAND ?FIT

DEGREE?2
TEST DATA kkdokkk*kk

FIT OF DEGREE 2 FUNCTION: POLY

5 DATA POINTS

X A(K) DA (K)
2 1.13321E-22 «278468
1 1.27618 «111699
2 680237 2.63165E-02
DEG OF FREE: 2 ’ CHISQ = 1.25314

X Y DY

a 2 .l

1 2 .ol

2 5 «3

3 12 .2

4 16 ol
COMMAND ?

DONE

VAR = ,526568
F(X) R
1.18321E-22 -1.12321E-22
1.96745 332547
5.28435 -.284348
996172 3.82843E-22
15.9996 4.425325E-34

CRVFT, Page 3



MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

. CTRFFT
TITLE: COMPLEX TO REAL FAST FOURIER TRANSFORM 36028
. This program will find the time function, f(i), given a complex line spec-
DESCRIPTION: t;gm f(ng, i.e., the inverse Fourier transform. The mathematical relation-
ship is:
N-1 Jin 21
f(i) =t F(n)e N
n=o0

where F(n) are complex numbers. There are some special requirements on
the set of F(n) such that f(i) comes out real for all values of i. It is
necessary and sufficient that F(n)=F*(N-n) for this to be true. Almost
half of the line spectrum F(n) is therefore redundant and can be eliminate
This is done in this program--only F(0) through F(N/2) are read as input.
F(N/2+1) through F(N-1) are inferred by the complex conjugate relationship
One more condition must be adhered to. F(0) and F(N/2) must be pure real.
If this condition is not met, the output will be erroneous. The user
specifies the number of data points to be read, and gives the complex values
of F(n) at each of these points. The program, using a specialized version
of the Cooley-Tukey algorithm, computes and prints the corresponding time
function f(i).

INSTRUCTIONS: Line 100 must be changed to read 100 LET G=(g) where g is an integer
representing the size of the transformation to be made. It is desired to
transform a data set of F(n) consisting of N complex elements (almost half
of which are redundant and are not included as data). g is simply
(Tog2(N)-1), an integer. Thus, if we knew 16 harmonic values of a function
we would specify 9 of them (F(0) through F(8)) and we would set G equal to 3.

The complex values F(n) are written in data statements in the order:

(1ine numbers) DATA F(0) F(0). F(1) F(1)

etc.
imag’ ’

real’ real’ imag

The output of the program consists of a set of time interval numbers and

the value of the time function at each interval. N such values are given
(The time function is periodic and repeats after this interval.)

Line numbers #1 to #99 are reserved for data statements.

SPECIAL

CONSIDERATIONS: The initial data are read into a matrix. This matrix is operated
on to yield the final data, so that the original data is lost.

ACKNOWLEDGEMENTS: Peter K. Bice

Hewlett-Packard/Microwave
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RUN
TAPE

page 2

18 DATA 8+50001,0

11 DATA =-¢5,2.51367

12 DATA =-¢5,1.20711

13 DATA =-+5,+748303

14 DATA =¢5,500001

1S5 DATA =¢5,.33409

16 DATA =+500001,.207107
17 DATA =¢5,9.94568E-02
18 DATA -+500001,0

190 LET G=3

RUN
CTRFFT

VRN DWN -

100001
2

3'
4.20001
S.00001
6+00002
7.00002
8.00002
9.00001
18.

11

!2.

13

14.

15.

16



MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM ]E‘J‘!L!E;][‘[:

CXARTH
TITLE: VECTOR ARITHMETIC 36118
DESCRIPTION: This proaram allows a user-to nerform the four basic arithmetic operations

(addition, subtraction, multiplication, and division) on vectors (complex
numbers). The operands may be entered in either polar coordinates with

the angle in dearees or cartesian coordinates. The resultant of the
opberation is expressed in both polar and cartesian coordinates. The proaram
may be repeated at will without leavina the RUN mode.

INSTRUCTIONS: Follow the instructions given by the nrooram. After the mode, data, and
oneration are entered, the operation is executed and the result printed.
The user may then specify that he wants to do another operation, or stop

execution of the program.

SPECIAL
CONSIDERATIONS: NONE

ACKNOWLEDGEMENTS: Dennis I. Smith
Montana State University
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RUN

-RUN
CXARTH

TH1S PROGRAM WILL PERFORM ARITHMETIC OPERATIONS
ON VECTORS EXPRESSED IN EITHER POLAR OR CARTESIAN SYSTEMS

WHEN ASKED °*MODE?* TYPE 1| FOR POLAR COORDINATES
TYPE 2 FOR CARTESIAN COORDINATES

WHEN ASKED °'OPERATION?* TYPE ! FOR ADDITION

TYPE 2 FOR SUBTRACTION

TYPE 3 FOR MULTIPLICATION

TYPE 4 FOR DIVISION
WHEN ASKED 'AGAIN?* TYPE @ TO STOP THE PROGRAM

TYPE 1 TO CONTINUE THE PROGRAM

ALL ANGLES INPUT AND OUTPUT ARE IN DEGREES
ANSWERS ARE GIVEN IN BOTH POLAR AND CARTESIAN FORMS

MODE?2
X #123
Y #176
X #274
Y #2728
OPERATION?1

RESULTANT X = 7

RESULTANT Y = 14

RESULTANT MAGNITUDE = 15.6525
RESULTANT ANGLE = 63.435

AGAIN?1

MODE?1

MAGNITUDE #1213.65
ANGLE #1237.5
MAGNITUDE #2?3.456
ANGLE #2?5.67
OPERATION?4

RESULTANT X = 3.35569
RESULTANT Y = 2.08385
RESULTANT MAGNITUDE = 3494965
RESULTANT ANGLE = 31.83
AGAIN?0

DONE



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM ]E;ME!LSE;][‘::

CXEXP
VECTOR EXPONENTIATION 36119

This program will raise a complex number expressed in cartesian
coordinates to a real power or a complex power {also in cartesian
coordinates). The operands are entered and the operation is
executed. The resultant is typed in cartesian coordinates. The
proaram may be repeated at will without leaving the RUN mode.

Follow the instructions given by the program. After the type of
exponent and the operands have been entered, the operation is
executed and the result printed. The user may then specify that he
wants to do another operation, or ston execution of the proaram.

None

Dennis I. Smith
Montana State University
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RUN

RUN
CXEXP

THIS PROGRAM WILL RAISE A COMPLEX NUMBER
TO ANY REAL OR COMPLEX POWER.

WHEN ASKED °‘POWER?’

WHEN ASKED ‘AGAIN?°*

POWER?1

REAL PART?92
IMAGINARY PART?93
EXPONENT?16

RESULTANT REAL PART
RESULTANT IMAGINARY

AGAIN?1

POWER?2

REAL PART?38
IMAGINARY PART?72

EXPONENT REAL PART?2

TYPE 1| FOR REAL EXPONENTS

TYPE 2 FOR COMPLEX EXPONENTS
TYPE @ TO STOP THE PROGRAM
TYPE 1 TO CONTINUE THE PROGRAM

= T7+32797E+33
PART = 6.35338E+32

EXPONENT IMAGINARY PART?5.3

RESULTANT REAL PART
RESULTANT IMAGINARY

AGAIN?0

DONE

= 19.7511
PART = 7.32445



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

DBLFIT
LEAST SQUARES FIT TO POINTS WITH UNCERTAINTIES 36252
IN BOTH VARIABLES

This program does a 1st degree least square fit where there are uncertain-
ties in both the dependent and independent variables. This differs from
POLFIT (HP 36023) and CURFIT (HP 36038) which assume that there are only
uncertainties in the dependent variable. The equations were derived using
the least-squares method in the following manner. The desired set of N
points were assumed to be of the following form:

(P, + 18X, Q + iay) i=1ltoN

where (P + iAx, Q -+ iAy) is the calculated point corresponding to the measured
point (Xi’ Yi)' Taking the sum  of the squares of the distances [rom the calcu-
lated points to the measured points yields the following equation which should be
minimized:
N . 2 . i i 2
Z (PO+ iaX - Xi) + (QO+ iayY - \.l)
i=1

Differentiating with respect to P , AX, Q( , AY and setting the derivitives equal
to zero yields two independent pairs of simultancous cquations:

N
d/dp_ = .Z(PO-# iAX -X)=0
i=1
N
d/dax = o, PP+ 1AX-X) =0
i=1

continued on following page

To use, enter data on line 400 as follows:
400 DATA N (where N = number of data points to be read)
401 DATA (X(1), Y91), X(2), Y(2),....» X(N), Y(N).

The output of the program provides the coefficients for calculating the
desired set of points and a table providing the measured X and Y coordinates,
the difference of the measured and calculated values and the distances from
the measured to the calculated points.

None

Frank Phelan
University of California at San Diego
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DESCRIPTION continued

N
d/dQ = 3. (Q +iaY-Y)=0
o] i =1 o) 1

N
dMAY:Z:(QjJAX—HVO
i=1 -

Solving for AX and Po yields:

N N N
N oX)- X &) X0
i=] i=1 i=1

AX =
N ) N N
NY W) X o Yo
i=) i=] i=1
N N
2 x)-ax 2 (D
P = i=1 ! i=1
(o]
N
Similarly: N N N
RPN VD DN VD D)
AY = i=1 il i=1
y N N
2 ~ )
N 2@ S oa Yo
i=1 il i=1
N N
Q= 2 O~ ay 3 @)
i=1 i=1
N
Note: N .
ote S NON o+ 1)
i) = )
i=]
~ 20 N(N+ 1) (2N 4+
¢ - NMEE DN
i=1
RUN
409 DATA 10
419 DATA 4,557595558,859,105,12511514,13,15,14,18,15,19
415 DATA 16,19,17,19
5@@ END
RUN
DBLFIT

CALCULATED POINTS I=1 TO 1@

X-CALC. (I) = 2.8
Y-CALC. (I> = 3.93333
X-ACTUAL DIFFERENCE

4 -.163636

7 1.47273

5 -1.89091

8 - 254545

10 .381819

11 1.81828E-02

13 «654547

+ 1 x 1.36364
+ 1 = 1.61212
Y-ACTUAL DIFFERENCE

5 -+.545455

9 1.842 42

8 -.769698

9 -1.38182

12 6.05965E-03
14 «393938

15 -.218182

DISTANCE

«569472
243587

2.04156
1440507
+381867
«394358
«689953



DISTANCE

DONE

290911
-7.27253E-0@2
~+436361

AVERAGE
8.82149E-07

~7.15256E-@7
107499

-B862226
1.01038
«693047

141697
« 557575
=1.85455

1.20533
« 562298
1.14126

DBLFIT, Page 3



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM ]E‘h“L:E;][‘::

DCz2oc
DECIMAL-TO-OCTAL CONVERTER 36747

This program converts decimal integers in the range of @ to plus or minus
262143 to their corresponding octal equivalents.

Attempted conversion of a number that is out of range or not an integer
will cause an error diagnostic message to be printed followed by program
termination.

Load and run program. When "DECIMAL?" is printed, enter the decimal
number to be converted and press the RETURN key.

The program will perform the conversion and print the word "OCTAL" fol-
lowed by the octal equivalent of the decimal number entered.

Following this, "DECIMAL?" will be printed again, allowing another decimal
number to be entered as described in first paragraph.

To terminate the program, enter § when "DECIMAL?" is printed.

To use this program as a subroutine to another BASIC program, delete lines
8930 through 8990; the variable Z will now have to be defined by the main
program.

The main program uses the subroutine by first setting Z to the decimal
aumber to be converted followed by a GOSUB 990@. On return, Z will have
been replaced by the octal equivalent of the decimal number originally
in Z.

Carl Davidson
HP, Automatic Measurement Division
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RUN

RUN

DCz0C

DECIMAL 2?1024
OCTAL 2000

DECIMAL 232768
OCTAL 100000.

DECIMAL 2@

DONE



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

PSR IOR.
DE-10R
FIRST ORDER DIFFERENTIAL EQUATION 36032

This program solves the initial value problem for a first order
differential equation by the second order Runge-Kutta method.

The initial value problem is of the form:
YA
Y(Xo)

F(X,Y)
Y

0

Enter the differential equation Y~ = F(X,Y) in Tine 8900 as follows:
8900 DEF FNF(Y) = F(X,Y)
and enter the data in Tine 9900 as follows:

9900 DATA Xo» Yo» Bs H, L

where: X0 = the initial X value
Y0 = the value of Y evaluated at X0
B = the upper limit of integration

= oy
fl

the integration of step size

L = the step size of X for print out

None
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RUN bt IoR
GET-$SDE-10R

8900 DEF FNF(Y)=-X/Y
9900 DATA 0,1,.01,.10,1

RUN
DE-18R
VALUE OF X VALUE OF Y
0 1
o1 « 994988
2 «979796
3 «95394
v 4 «916516
) « 8660217
6 -8008002
7 «714145
.8 « 600004
9 « 435896
1 3+64845E-02

DONE



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

DE220R,
DE-20R

SECOND ORDER DIFFERENTIAL EQUATION 360323

This program solves the initial value problem for a second order
differential equation by the second order Runge-Kutta method.

The initial value problem is of the form:
Y'' = F(X,Y,Y')

Y(Xo) = Yo

Y (XO) = Y0

The function Y'' must be entered in Tline 8900 by
DEF FNF(X) = f(X,Y,Z)

where Z = Y',

Enter the data in Tine number 9900 as follows:
9900 DATA XO,YO,YO',B,H,L

where: XO = the initial X value

Y0 = the value of Y evaluated at XO
Yo‘ = the value of Y' evaluated at X0
B = the upper 1imit of integration

H = the integration step size

L = the step size of X for print out

None
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RUN

RUN

DE-28R

Dtz 10R,

VALUE OF X VALUE OF Y VALUE OF Y°*
2 /] 1

el 9.59594E-82 «928758
2 « 187501 «910593
3 «27965 « 94011
o4 «376964 1.01333
S « 483667 11275
6 *« 603758 1.28089
o7 «741113 1.4727
8 +899566 1.70292
9 1.08299 1.9723
1 129537 2.28224
1.1 154085 2.63478
1.2 1.82382 3.08326
1.3 2.14897 3.47897
1.4 2+52134 3.97778
1.5 2.94641 4453356
1.6 3.43011 S«15146
1.7 3.97895 5.83737
1.8 4. 60005 6059788
19 5.30124 Te 4404
2 6.89111 8.37317
2.1 697914 9.40539
2.2 Te¢97577 18.5473
2.3 9.089255 11.8101
2.4 10.3422 13.2066
2.5

STOP
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MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

DETER4
DETERMINANTS, CHARACTERISTIC POLYNOMIALS AND 36263
INVERSES OF MATRICES

This program will generate the determinant of an n by n matrix, as well
as the characteristic polynomial and the inverse of the matrix. The
determinant is equal to the constant term of the characteristic polynomial,

The first input called for is the order (size) of the matrix, i.e. if the
matrix is 4x4 you would input a 4. This number must be less than or equal

to 20. Then input the elements of the matrix itself, first the elements in
order of the first row of the matrix (separated by commas), then the
elements of the second row, and so on. There may be a slight delay before
the determinant is printed out if the order is larger than four, or if the
system is heavily loaded. Then, after the characteristic polynomial is
printed, the user is asked if he wants the inverse of the matrix. The
response to this question (YES or NO) may be abbreviated to the first letter.
Again there may be a delay before the inverse (if any) is printed.

Matrix Z is the input matrix, Y and X are used for intermediate calculations,
W is used to store the traces of the powers of Z and the coefficients of
the characteristic polynomial, and V is used to store the inverse of Z.
(These are all matrices.) Common variables used: 2z, 20, Z1, 22, Z3, 27,
28, and Z9. String variable used: 1Z%.
Reference:
Finkbeiner, Daniel T., II, Introduction to Matrices and Linear
Transformations. San Francisco: W. H. Freeman and Company,
2nd ed., 1966., pp 173-176.

Phillip Short
Burnsville Senior High School



DETER4, Page 2

RUN

RUN
DETERA4

THE DETERMINANT, CHARACTERISTIC POLYNOMIAL

AND THE INVERSE OF MATRICES

WHAT IS THE ORDER OF THE MATRIX?3
NOW ENTER THE MATRIX.
2150525,3,455555657

THE DETERMINANT OF :

1 2 2
3 4 5
5 6 7
IS -6

THE COEFFICIENTS OF ITS CHARACTERISTIC

-1 12 1 -6

DO YOU WANT THE INVERSE OF THIS MATRIX

THE INVERSE IS

«333333 -2 1.33333
-.666667 ) -.166667
333333 1 -.666667

POLYNOMIAL ARE

s ?YES

VERIFICATION - THE PRODUCT OF THE MATRIX AND ITS INVERSE IS @

«999999 "] %]
[} 1 [
a 0 l.

DONE

RUN

DETERA4

THE DETERMINANT, CHARACTERISTIC POLYNOMIAL

AND THE INVERSE OF MATRICES

WHAT IS THE ORDER OF THE MATRIX?S

NOW ENTER THE MATRIX.

215=25,35-2,22,25,=1515322515152,15151,-4,-3,-2,-5,3,-2,2,2,-2

THE DETERMINANT OF :
1 -2 3
2 -1 1

1 1 2



IS 118

THE COEFFICIENTS OF ITS CHARACTERISTIC POLYNOMIAL ARE

-1

-2 -30

83 204

DO YOU WANT THE INVERSE OF THIS MATRIX

THE INVERSE IS

-+101695
-.237288

+186441
-+.152542

«118644

VERIFICATION -
1

[}

DONE
RUN
DETER4

THE DETERMINANT,

«237288

~e279661

-+101695

~+144068

«38983

THE PRODUCT OF THE MATRIX AND ITS INVERSE IS

2

1

1.69492
«788136
~+440678
-+957627

«355932

2

[\

118

T ?Y
«711864
«161017
-+.305085
-.432203
«169491

(]

CHARACTERISTIC POLYNOMIAL

AND THE INVERSE OF MATRICES

WHAT IS THE ORDER OF THE MATRIX?4

NOW ENTER THE MATRIX.

?215151515354,5,6,1+2,3,4,10,0,~-1,-2

THE DETERMINANT OF :

1

3

1

THE COEFFICIENTS OF ITS CHARACTERISTIC POLYNOMIAL ARE

-6 -17

-27 [

DO YOU WANT THE INVERSE OF THIS MATRIX
THE MATRIX IS SINGULAR,

DONE

s ?Y
AND THEREFORE HAS NO INVERSE.

-+59322

-5.08475E-02
«254237
«610169

-+474576

DETER4, Page 3
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INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

Doaumentation Date 3/75
MATH AND NUMERICAL ANALYSIS (300)

lCONT~RIBUTED PROGRAM‘BASIC

. EXTADD
40 DIGIT PRECISION STRING ADDITION: 36888-18040

EXTADD is an extraction from EXTPRE, 40 DIGIT PRECISION STRING
ARITHMETIC, It has been found from several users of EXTPRE that 90%
of the programs written to utilize EXTPRE need only the part which
does addition, and that 28, which returns the number of digits in the
result, is not needed. This subroutine has been written to fulfill
that need, and runs about 7% to 9% faster than EXTPRE.

A, A1, A2, A3, A4, A5, A6, A9
B, C, D, A(*), B(*), C(*)
0§, Y$, 2§

This subroutine begins at statement number 9000. It is intended to be
appended to a user's program. The subroutine performs arithmetic oper-
ations on the contents of two strings, Y$ and Z$. The result is returned
in Z§. Leading or embedded blanks, a minus sign, commas, and a decimal
point may or may not be contained in Y$ and/or Z$ when they are passed

to the subroutine.

Variables used are:

When the subroutine is called, the variable D must contain a number
between 0 and 6 which indicates the largest number of digits to the
right of the decimal point which the user desires.

An example of a calling -sequence for this subroutine is as follows:

211 Y$ = "36243163.123"
212 78 = "1234567.89"
213 D=3

214 79 =2

215 GOSUB 9000

216 PRINT 2§

Statement 216 will cause 361188595.233 to be printed on the user's
terminal.

A marginal increase in subroutine execution speed may be achieved by
removing 1ine 9001 D$="0123456789" and inserting 1t at the top of the
calling program (it need only be done once, instead of for each call, as
is now done, if the user does not use it anywhere else in his program.)

It 1s not necessary to set Z9 to indicate the type of operation as in
EXTPRE, since EXTADD does only addition. This instructions are
eliminated in both the subroutine and its calling program.

If more than addition is to be done, use EXTPRE.

Stephen S. MacKenzie
Hewlett-Packard/Atlanta, Georgia
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ACKNOWLEDGEMENTS:

Doatmentation Date 3/75
MATH AND HUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

EXTPRE
40-DIGIT PRECISION MATHEMATICS 36144

‘This time-shared BASIC subroutine 1s designed to be appended to a time-

shared BASIC program to enable a user to do calculations with up to 40
digits of precision.

Variables used are:

A, A1, A2, A3, A4, A5, A6, A9
B, B1, B2, B3, B4, BS

¢, 01

D, Z8; 29

A(*), B(*%. c(*)

» ’

A marginal increase in subroutine execution speed may be achieved by
removing 1ine 9001 D$="0123456789" and inserting it at the top of the
calling program (it need only be done once, if the user does not use it
anywhere else in his program.)

An additional 5% to 7% improvement in speed can be achieved by deleting
Tines 9032-9036 and changing 1ine 9031 to REM. This should be done
only if the variable Z8, which returns the number of digits in the
result, is not needed by the user.

INSTRUCTIONS continued on page 2

If only addition is to be done, the user should use the subroutine
EXTADD. '

David Sanders (Original)
Hewlett-Packard/Cupertino

Stephen MacKenzie (Modification, Rev. B)
Hewlett-Packard/Atlanta, Georgia
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ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROG Rl\hﬂ:lE‘&‘!L!E;][‘::

. EXTPRE
40-DIGIT PRECISION MATHEMATICS 36144

This time-shared BASIC subroutine is designed to be appended to a
time-shared BASIC program to enable a user to do calculations with
up to 40 digits of precision.

See Page 2

The subroutine uses the followina variables:

Array Variables: A(16), B(16), C(16)

Strings: Y$(72), 2$(72), D$(10)

Simple Variables: A, Al, A2, A3, A4, A5, A6, A8, A9,
B, B1, B2, B3, B4, B5, C, D, R, W,
Cl, 78, 79

A1l necessary arrays and strinas are dimensioncd within the sub-
routine, and should not be dimensioned by the us=2r.

David Sanders
Hewlett-Packard/Cupertino
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INSTRUCTIONS

This subroutine begins at statement number 9000. It is intended to be appended to a user's program.
The subroutine performs arithmetic operations on the contents of two strings, Y$ and Z$. The
result is returned in Z$. Leading or embedded blanks, a minus sign, commas, and a decimal point
may or may not be contained in Y$ and/or Z$ when they are passed to the subroutine.

When the subroutine is called, the variable Z9 must contain the value 1, 2, 3, or 4. These values
indicate to the routine to perform the following operations:

1

Addition (Y$ + Z§)

2 - Subraction (Y$ - Z$)
3 - Multiplication (Y$ * Z§)
4 - Division (Y$ / Z$)

Any other value of Z9 will cause a diagnostic to be issued.

When the subroutine is called, the variable D must contain a number between 0 and 6 which
indicates the largest number of digits to the right of the decimal point which the user desires.

An example of a calling sequence for this subroutine is as follows:
211 Y$ = "36243163.123"
212 1% = "1234567.89"
213 D= 3
214 79 = 2
215 GOSUB 9000
216 PRINT Z$
Statement 216 will cause 361188595.233 to be printed on the user's terminal.

The subroutine returns the variable 78, which contains the number of digits in the result (Z$).
If the result is negative, a minus sign is the first character of Z§.

RUN

211 Y$="234567812345.432"
212 Z$="111111111111.1"
213 D=5

214 29=1

215 GOSUB 9009

216 PRINT Zs

217 STOP

APPEND-EXTPRE

RUN

EXTPRE

345678923456.53200

DONE
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ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

FACTOR
FINDS PRIME FACTORS OF POSITIVE INTEGERS 36037

This program will find the prime factors of a number.

The program will request the number to be factored and print out all
prime factors and their multiplicity.

Input a zero (@) or negative number to terminate execution.

The number to be factored must be a positive integer less than 32768.
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RUN

RUN
FACTOR

PROGRAM TO FIND PRIME FACTORS OF A POSITIVE INTEGER.
TO TERMINATE EXECUTION INPUT A ‘@°.

WHAT NUMBER IS TO BE FACTORED?77

THE PRIME FACTORS OF 77 ARE:
PRIME MULTIPLICITY

WHAT NUMBER IS TO BE FACTORED?147

THE PRIME FACTORS OF 147 ARE:

PRIME MULTIPLICITY
-5--- -; ......
7 2

WHAT NUMBER 1S TO BE FACTORED?2
DONE
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DESCRIPTION:

INSTRUCTIONS:

SPECIAL
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ACKNOWLEDGEMENTS:

MATH AND NUMERICAL ANALYSIS (300)

CONTRIBUTED PROGRAM BASIC

) FNCTS
COMPUTES TRIG FUNCTIONS FOR COMPLEX ARGUMENTS 36017

This program computes the values of SIN, COS, TAN, SINH, COSH, TANH for
a complex argument.

The argument has the form
Z=A+iB

The program will request the values of A and B (in radians) during
execution, then print out the real and imaginary parts of each function.

None
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RUN

GET-$SFNCTS

RUN

FNCTS

ENTER THE REAL AND IMAGINARY PARTS OF THE ARGUMENT
RE(Z)= ?3

IM(Z)=

22

SINC(Z): RE= 530921 IM=-3.59057
COS(Z): RE=-3.72455 IM=-.511822
TAN(Z): RE=-9.88436E-03 IM= 965386
SINH(Z): RE=-4.16891 IM= 9.1545
COSH(Z)>: RE=-4.18963 IM= 9.10923
TANH(Z): RE= 1.00324 IM=-3.764082E-03

DONE
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ACKNOWLEDGEMENTS:
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GFFT
GENERAL FAST FOURIER TRANSFORM 36030

This program is an efficient algorithm for finding the Fourier
transform of a function. The expression which is evaluated is:

N_'I s
1 -jin ar
F(n) = VL, Flie N

where the f(i) are in general complex.

The Cooley-Tukey algorithm is used, which allows dramatic savings
in time and storage over conventional methods.

The user first specifies in line 100 how many (complgx) data input there
are by letting G = log, of this number. j.e., LET G=3 implies that
there are 8 complex ingut values. There must be an integer power of two
input values.

The program reads the input values from a DATA tape in the order:
Real(1), Imag(1), Real(2), Imag(2), ...,etc. The transform is then taken
and printed out as:

Harmonic Real UJ”Imag
Number Part Part

Line numbers #1 to #99 are available from data statements.

The number of input data must be an integer power of two. The input data
are complex. If they are pure real, another routine is avajlable which
will find the transform more efficiently.

Inverse transforms can also be taken with this routine. The inverse
transform is:
N-1 jin 2n
f("l) = 5 F(n)e —
"n=o N
To take such a transform, merely (1) remove lines 150 and 160, and (2)
change the sign on line 250.

Peter K. Bice
Hewlett-Packard/Microwave
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RUN

GET-GFFT

TAPE

12 DATA 28,28

11 DATA 5¢65686,-1356569

12 DATA @,-8.00001

13 DATA -2.34315,-5.65686
14 DATA -4,-4

15 DATA =-5¢55686,-2.34315
16 DATA -8.00001,0

17 DATA =13+656955+65686

100 LET G=3

RUN
GFFT
[} -9.29832E-06 +J-8+10623E-06
1 «999991 +J «99999
2 2 +J 1499999
3 3. +J 3.
K] 4.00001 +J 4.00001
5 S.00001 +J 5.00001
6 680001 +J 6.00001
7 Te +J 7.00001

DONE
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ACKNOWLEDGEMENTS:
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GSIMEQ
SIMULTANEOUS LINEAR EQUATIONS 36547

This program allows the user to specify a set of simultaneous linear

equations in standard algebraic format. Some of the variables may be
exogeneous (i.e., determined outside the system of equations). There
must be as many endogeneous variables (i.e., those determined within

the system of equations) as there are linear equations.

Each variable must be represented by a simple alphabetic character. As
many as 20 variables can be included. A1l parameters must be specified
explicitly. The program solves the system then prints the solution
equations.

None

Graduate School of Business
Stanford University
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RUN
GSIMEQ

DO YOU WANT INSTRUCTIONS?YES

I WILL ASK YOU FOR EXOGENEOUS VARIABLES AND
ENDOGENEOUS VARIABLES. EACH VARIABLE CONSISTS
OF A SINGLE ALPHABETIC CHARACTER. YOU MAY SEPARATE
VARIABLES WITH COMMAS OR BLANKS ~- FOR EXAMPLE:
EXOGENQUS VARIABLES: G.I
IF THERE ARE NO EXOGENEOUS VARIABLES, ANSWER --
EXOGENEOUS VARIABLES: NONE
I WILL THEN ASK YOU FOR YOUR EQUATIONS.
YOU MAY USE ANY LINEAR EQUATION WITH CONSTANTS
(NOT VARIABLES) AS PARAMETERS.
MULTIPLICATION MAY BE EXPLICIT (*) OR IMPLICIT.
DO NOT PLACE A MINUS SIGN IMMEDIATELY AFTER '='.
HERE ARE SOME EXAMPLES -~
C+1+G=Y
C=.9Y
1=100-~.2%Y
HERE GOES -~

EXOGENEOUS VARIABLES: G
ENDOGENEOUS VARIABLES: C.,I1.,Y

I AM GOING TO ASK YOU FOR 3 EQUATIONS
EQUATION: C=.7Y+50

EQUATION: I=.1Y-18
EQUATION: C+I+G=Y

C = 190.00 + 3 +58%G
I = 18.60 + 0.50%G
Y = 2080.00 + S «88x%G

DONE
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INTGR
COMPUTES A DEFINITE INTEGRAL BY MEANS OF THE THREE 36698
POINT GAUSSIAN INTEGRATION FORMULA

This program computes a definite integral by means of the three point
Gaussian integration formula.

Enter the integrand, FUNC (Q), in Tine number 9100 using Z as the depen-
dent variable. For example:

9100 LET Z = FUNC (Q)
Enter the input data in line number 9200, as follows:

9200 DATA A, B, K

where A = the lower Timit of integration
B = the upper limit of integration
K = the number of intervals desired between A and B for the

computation

Note: The larger K is, the smaller the interval size, and, hence, the
more accurate the resulting answer will be.

The program begins at line number 9000.

The following variable are used in the routine:
Z, Q, 71, 72, 73, 74, 75, Q1, Q2, Q3
Q, W are array names

I, J are used for internal looping

None

Babson College
Babson Park, Massachusetts
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RUN

9108 LET Z=EXP(®)

9200 DATA 0,1,10

RUN

INTGR

THE INTEGRAL FROM 0 TO 1 FOR 18

DONE

INTERVALS IS 1.71828
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CONTRIBUTED PROGRAM ]E‘M‘!L!E;][‘::

INTGRS
COMPUTES THE AREA UNDER A CURVE 36699

This program computes the area under a curve, its movement, its center
of gravity along the y-axis, and its center of gravity along the x-axis,
using Simpson's rule for numerical integration.

Enter data beginning in Tine number 9900, as follows:

9900 DATA S, F
9901 DATA X], Y], X2, YZ’ "'Xn’ Yn
where: S = a spacing factor applied to all the x-values giving the dis-
tance between points on the x-axis
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