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PREFACE

The FORTRAN IV Math Routines described in this manual are part of an integrated programming
system available for the GE-625/635 computer system. The numbers assigned to the writeups
are the same as those assigned to the actual programs which they explain. The numbering system
is described on the following page.

As is true of all programs for the GE-625/635, The FORTRAN IV Math Library Routines are
upward compatible. Any program described in this manual can be executed by any central
processor in the GE-625/635 Series of computer systems,

The FORTRAN IV Math Library Manual is distributed in loose leaf form to facilitate the in-
corporation of additions and changes. As soon as new programs are completed, corresponding
writeups will be made available to users. When changes become necessary, change pages will
be distributed. Revised pages will be identified by the date at the top of the page, and revisions
within pages will be identified by a bar in the margin beside the sentence or sentences changed.

Suggestions and criticisms relative to form, content, purpose, or use of this manual are invited.
Comments may be sent on the Document Review Sheet in the back of this manual or may be
addressed directly to Engineering Publications Standards, B-90, Computer Equipment Department,
General Electric Company, 13430 North Black Canyon Highway, Phoenix, Arizona 85029.
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NUMBERING SYSTEM

The FORTRAN IV Math Routines included in this publication are each assigned a number in
accordance with a numbering system used for all 600-Series programming routines. For example,
XP1--Exponential--Integer Base and Exponent is assigned the number CD600D2.001. This
number is described to illustrate the numbering system.

c

D600!

D2

fﬁl

The last three digits, which always follow a decimal point, make a sequential
listing of the routines in the order they are made available to the Program
Library. The sequence is within the classification of the number and letter to
the left of the decimal point.

The digit before the decimal point makes a grouping of routine types within
the alphabetic classification described in the following paragraph. The Math
Routines are classified in eight categories:

Programmed Arithmetic

Elementary Functions

Statistical Routines

Operations on Matrices, Vectors and Simultaneous Equations
Polynomial and Special Functions

Curve Fitting and Other Approximations

Operations Research

Numerical Integration and Differentiation and Solutions of Differential
Equations

PR o ELN -

The alphabetic letter inthe center of the number classifies the routines according
to the following list:

A. Diagnostic Routines
Service Routines
Internal Data Manipulation
Math Routines
Input/Output Routines
Assembly Systems
Generators
Compilers/Translators
Simulators

Service Systems
Special Systems

.

- .

- EEEEDOW

.

~

The 600 means that the programs are programmed for use on the GE-600
Series Computer Systems.

The CD means that the program was originated by the General Electric

GE-600 SERIES

Computer Equipment Department.

PROGRAMMING ROUTINES
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GE 600 Mathematical Routines and Scientific Lanquages

SIMEQ - Solves system of linear equations in either real
single or double precision. t(f?ﬂ“‘”h7 )

MINV - Matrix inversion routine( Mi7H Liaeaey: CPLOGDYosT )

POLY = Finds roots'of a polynomial in either real single or

double precision.(CpP@E -(I1§2)

LSPF - Least squares polynomial curve fit (CPé& -//&S )

DIFFEf - Solves first order differential equations((FE-/1EE)
EIGNP - Handles Eigenvalues & Eigenvectors!| ( 7¢ - //t b )

P - Linear Programming System which includes a comprehensive

FORTRAN-like control language, matrix generator, report
writer, transportation and decomposition algorithens, etc.
{ cPar- IHJ; 12221262 ,126%5 (264 5 12¢7 )

SIMSCRIPT- Event oriented. Simulation Language. Available-first-
quarter—of-1966. ( CPB ~121k )

BMD - UCLA Statistics Package (CPE~ /81 )
a. Description & Tabulation - Data Editing Routines (11)
b. Multi-Variate Analysis
1) Factor analysis
2) Discriminant Analysis for Two Groups
3) n (1} 1} Several 1]
4) Canonical “

5) Principal Component Analysis

6) Regression on Principal Components



10.

c. Regression Analysis

1)
2)
3)
4)
5)

6)

d. Time
1)

2)

Simple Linear Regression

Step-Wise "

Multiple Regression with Case Combinations
Periodic " and Harmonic Analysis
Polynomial

Asymptotic "

Series Analysis
Amplitude & Phase Analysis

Autocovariance and Power Spectral Analysis

E. Variance Analysis

1)
2)
3)
4)
5)
6)

7)

ALGOL -

Analysis of Variance for One-Way Design
" " i " Factorial "
% " Covariance for 2t e
" " " with Multiple Covariance
General Linear Hypotheses
" & tt with Contrasts

Multiple Range Tests

"Full" implementation of Algol-60 (ePB-1087 )



11. PL/1 - New Programming Language - Version 1

(designed for both scientific and commercial

problems) . ~AVaIIHbTE‘IIrEt—pErt_Gf‘IQS6*

HeDuLeEp AMPLEMEN 7N Tre )
12. JOVIAL - Jules Own Version of an International Algebraic
Language. Avai}abie—ftr9t~qua§%er—%966-( PB-1157)

13. FORTRAN IV -Standard ASA FORTRAN IV and is compatible with
IBM's FORTRAN IV. Mathematical routines include:

a. FDMD Double Precision Modulus

b. FDXP

Double Precision Exponential

c. FDSQ - Double Precision Square Root

d. FDSC - Double Precision Sine and Cosine

e. FDAT - Double Precision Arctangent

f. FDLG - Double Precision Logarithm

g. XPl - Exponential Integer Base and Exponent

h. XP2 - Exponential Floating Point Base, Integer
Exponent

i. XP3 -, Exponential Real Base and Exponent
j. FDX1l - Exponential Complex Base, Integer Exponent

k. FDX2 - Exponential Double Precision Base and

Exponent
1. FXPF - Real Natural Exponential
m. FLOG - Real Logarithm
n. FATN - Real Arctangent

o. FSCN Real Sine and Cosine



FTNH
FSQR
FCAS
FCAB
FCXP
FCLG
FCSQ

FCSC

Real Hyperbolic Tangent

Real Square Root

Complex Multiplication and Division
Complex Absolute Value

Complex Exponential

Complex Logarithm

Complex Square Root

Complex Sine and Cosine

Pl g
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CD600D1. 001

FDMD--DOUBLE-PRECISION MODULUS

PURPOSE
To compute A = X (mod Y) for DMOD(X,Y) in an expression.
METHOD

1. Y =0, then A =X. Otherwise, compute
Z = the greatest integer < %(1 and give

Z the same signasthatof X. ThenA=X-Y * Z,
Y

2. A, X, and Y are double-precision numbers, with values

127 127-26‘1 inclusive.

from -2 to 2
3. A is accurate to 63 binary positions.
USAGE

1. Calling Sequence--CALL DMOD(X,Y)
2, FDMD uses 16 words.

3. No error conditions,

RESTRICTIONS

None.

@En@@@ gE@u Eg PROGRAMMING ROUTINES
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CD600D1, 001

COMPUTE X (MOD Y) FOR DOUBLE PRECISION X AND Y

GE-600 SERIES

Z= greotest
integer £ 2

",

£ = greotest
Integer §-2

(% = ~INT(¥))

Y

Answer = x o Y’E‘

PROGRAMMING ROUTINES




CD600D1. 002

FDXP--DOUBLE-PRECISION EXPONENTIAL

PURPOSE
To compute g for EXP(X) in an expression.
METHOD

1. Use the same method as in FXPF--Real Natural Exponential, CD600D3. 001,

except that 2F =1+F logez +(F logez }2 +...+ (F loge2 )13
= B

2. Xande> are double-precision numbers, with |X| < 88.028
3. ex is accurate to 16 decimal positions.

USAGE

1. Calling Sequence--CALL DEXP(X)

2, FDXP uses 68 words.

3. The error condition is:

FXEM Error #19 if |X| > 88.028. Then eX =%,
RESTRICTIONS

The subprogram FXEM must be in memory.
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CD600D1. 002

COMPUTE eX FOR DOUBLE PRECISION X

| Answer =0 @

Y = X*leg, € Call .FXEM.
\E\‘--or #19
\
I = greatest Answer = X
integer £ Y

F ] B
2=1+A, Xt dh X

I \

Answer = o o L
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CD600D1. 003

FDSQ--DOUﬁLE-PRECISION SQUARE ROOT

PURPOSE
To compute Rfor DSQRT(X) in an expression.
METHOD

1. Use the same method as in FSQR--Real Square Root, CD600D3. 006

except that Pg=1 * (Pz + F) and VX = 2A_1 * (P3 + F).
2 P P
2 3
2. Xand Jfare double-precision numbers, with values of X from

137_ 264 inclusive,

Oto2
3. ﬁ is accurate to 18 decimal positions.
USAGE
1. Calling Sequence--CALL DSQRT(X)

2. FDSQ uses 50 words.

3. The error condition is:

FXEM Error #22 if X <0. Then VX = JIX] .
RESTRICTIONS

The subprogram FXEM must be in memory.

BE-600 SERIES PROGRAMMING ROUTINES
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CD600D1.003

COMPUTE (X FOR DOUBLE PRECISION X

Normalize X

Call .FXEM.,

Answer = 0
Error #33

@ BEGIN
I= Exponevd' of X

F=Mantissa of X

Is I even? F = F
No o
Yes
L 4 N
H= -1 H= I-l|
E x
-
Po.—.%.‘_li Po-_'F“"?
\
i

Pa;—.%_*(Pz+ %‘)

L

knswurzZ':‘(?; r.";‘.
3

PROGRAMMING ROUTINES
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CD600D1. 004

FDSC--DOUBLE-PRECISION SINE AND COSINE

PURPOSE

To compute sin X or cos X for DSIN(X) or DCOS(X) in an expression,
where X is in radians.

METHOD

1. Use the same method as in FSCN--Real Sine and Cosine, CD600D3. 004,
with the following exceptions:

a. Do not make X < 1 a special case. Use g instead of 0.3 as the
256 2
breakpoint.
b. Use a Taylor Series approximation instead of a Continued Fraction:

sinX=X-X3+§5_-... orcch=1-X2+§i—...

B 5 2 &

Include enough terms in the series untilz_n_ < first term.
LY

(When first term = 0, include only the first term in the series.)
18
10
2. X, sin X, and cos X are double-precision numbers with |X| < 254.

3. The answer is accurate to 18 decimal positions.
USAGE

1. Calling Sequence--CALL DSIN(X) for sin X
CALL DCOS(X) for cos X

2. DSCN uses 98 words.

3. The error condition is:

FXEM Error #23 if iXIg 254. Then the answer is 0.

RESTRICTIONS

The subprogram FXEM must be in memory.

@E" 6@@ SE @ [| Eg PROGRAMMING ROUTINES
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CD600D1.004

COMPUTE SIN X OR COS X FOR DOUBLE PRECISION X

L X=X+T
e §

M = |X|

Call -FXEM.
Error #2173

I-= grectest Arnswer =0
integer < %

Is I even?
Yes

Na

4

X=-X

=

M= M = ITur
<

SINE
Sy=b; Sy=6 o
< g;:M: .T2=M

J’z
=3

M -™M Si=2; 5;=2

SETUP

o T
i o8

Answer = S;

Answer = =S4

Sa'_-S“I'T
4

S| =S|+8
A

S,=5,+S,

PROGRAMMING ROUTINES
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CD600D1, 005

FDAT--DOUBLE-PRECISION ARCTANGENT

PURPOSE

To compute the principal value of arctan X or arctan Y (in radians) for DATAN(X)
or DATAN2 (Y,Z) in an expression. Z

METHOD

1. Use the same method as in FATN--Real Arctangent, CD600D3. 003
with the following exceptions:

a. The intervals are 0°- 7.5°, 7.5°- 22,.5°, 22.5°- 37.5°,
37.5°-52,5°, 52,5°- 67.5°, and 67,5°- 82.5°, For 82.5°- 90°,
compute ¢ - arctan 1 , where arctan 1 is in the first interval.

2 X X

b. For 0°-7.5°, T = ALG * X. Otherwise, T = ALI - BETAI.

GI+X
2
el arctanX=N1+ Clz*T ,whereC14—B+T,
Cra" C1g %
B 2 . 2 . 2
C=By+T% Cy=B,+T%, Cy =Bg+T",Cq=Cy*Cy- Ay
Cg =A™ CpCig=C™ By Cyg =Cip~-03™ Gy,

2. X, Y, and Z are double-precision numbers, with values from

- (2127) to (2127 - 264> inclusive. The answer is a double-precision number.

3. The answer is accurate to 16 decimal positions.

USAGE

1. Calling Sequence--CALL DATAN(X) for arctan X
CALL DATAN2(Y,Z) for arctan ¥
Z

2. FDTN uses 204 words.

3. The error condition is:

FXEM Error #24 if Y=0and Z =0. Then arctan%’_= 0.

RESTRICTIONS

The subprogram FXEM must be in memory.
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CD600D1. 005

COMPUTE ARCTAN X OR ARCTAN%_FOR DOUBLE PRECISION X, Y, AND Z

ERR
TE51/
2 Call .FXEM.
Erroy # 24
'

>
I
i<
>
(=
ey
<
]
]
<

> /—-.__\
START o An=wer = V S RETURN)
/
M=]X]| N A
Xil
Set+ I from arctan M: !
0( 0"~ 7.5 1{7.%*-22.5] LI=0D
2nsas) 3@sns] < z
4(515% -'-1,;']’5&1?—!151
V=V-§
z = Ay
M
N
<
] Pe” N

> 5 P,
<Mz tan B1.5% ™,

1

XX¥3 i

s T B -~ > o f = C

hoE Eﬁa";— B, +2 C‘ = Clac‘ - A.' 5 .Cs - A"‘_-s Cu_ L" -A_I*_‘ 5 \.-I\I-r_ _.5«- 5_ |
Cy= B"‘!‘l > &= Boet Cyp = C# - ] e P T e
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CD600D1. 006

FDLG--DOUBLE-PRECISION LOGARITHM

PURPOSE
To compute Iogex for DLOG(X) or log, ;X for DLOG10(X) in an expression.
METHOD

1. 10g2X = log2 (2I*F] =X long, where X = 21* F.

(log,X)
2. IogeX = loge2 = (Iogzx] * (log e2)

=1% Iogez + (long) * (loge2)

(logy F)
=] %* loge2 - 1oge2

=T logez * logeF

3. Let A = most significant 5 bits of Fandlet Z = F - A
F+A

Then log_F = log A + 2* (z AT

3 11
4. log X = (logeX) * (logme)
5. X and log X are double-precision numbers; values of X range from

127_,64

2-129 to 2 inclusive.

6. 1log X is accurate to 16 places.

USAGE

1. Calling Sequence--CALL DLOG(X) for logex
CALL DLOG10(X) for 18g, X

2. FDLG uses 120 words.
3. The error conditions are:
a. FXEM Error #20 if X =0, Then log X =0.
b. FXEM Error #21 if X <0, Then log X = log [X| .

RESTRICTIONS

The subprogram FXEM must be in memory.

GE-600 SERIES PROGRAMMING ROUTINES
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CD600D1. 006

COMPUTE logeX OR logjgX FOR DOUBLE PRECISION X

Se+t
loo

Set
It

Normalize X

Call .FXEM.
Evrvror #2120

Call .FXEM,
Error #12|

UNITY W

Answer =0 I=Exponent of X
F=Mantissa of X

- ﬁ:mos\- 5i3m'fn'c
five bit+s of F

M
i
m
|
>

>

fe—vi

IDg‘_, F= “’ScA"'

li(i+£+-~+-z_"
3 1]

INDIC

logX =log, F +Inles2 | °

] A!‘.“wcrt |eg,_l @

Answer=log Koy e @

PROGRAMMING ROUTINES
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CD600D4. 001
June 1964
Page 1

.
11

A [

FCAS--COMPLEX MULTIPLICATION AND DIVISION

PURPOSE

To compute (A, B) * (C. D) or EA, B) in an expression,
C, D)

METHOD
1. (A,B)*(C.D)=(A*C-B*D,A*D+B*()

2. (A,B)=(A,B)*(C, -D)=(A*C+B*D,B*C-A*D)

(C, D) c? p? c? 4 p?

3. If(A. B) = (0. 0). then the quotient = (0, 0). Otherwise,
divide the numerator by A * C and the denominator

A
by C%: (A, B)= C *(1+B_*Q,§—g),whereé=A*C.
(. D) L+ (D)2 A CA C e o
VG
4, Before computing (A, B) , replace the numerator by
(C, D)
(-B, A) if |A| < |B! , and the denominator by (-D, C)
if IC] < |D| . Adjust the quotient (X, Y) accordingly:
a. If1A|~ IBl and IC| > |D/, then the result = %X, Y).
b. If |A| > IBl and IC| <1D/, then the result = (-Y, X).
c. If |Al - |Bl and (Cl| ~|DI|, then the result = (Y, -X).
d. If |Al < |Bl and ICl <iDI, then the result = (X, Y).
5. A, B, C,D, X, and Y are real numbers, with values from _2127 to
2127-2100 inclusive.

6. The answer is accurate to 8 decimal positions.
USAGE

1. Calling Sequence--CALL ;CFMP, (R, S) for R * S
CALL.fCFDP. (R, 8) for R/S
where R = (A, B) and S = (C, D)

BE-G00 SERIES PROGRAMMING ROUTINES



CD600D4. 001
June 1964
Page 2
2. FCAS uses 94 words. -
3. The error condition is only in division:
FXEM Error #25 if (C, D) = (0, 0). Then (A, B) =(0.0).
(C, D)

Iv. RESTRICTIONS

The subprogram FXEM must be in memory.

@[E., @@@ SE R [] E S PROGRAMMING ROUTINES
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O+ 0¥C
CD600D4. 001
June 1964
Page 3

COMPUTE (A, B) * (C, D) OR (A, B) /(C, D) FOR COMPLEX (A, B) AND (C, D)

|

X = A%C—Bxp
Y = AxXD+ BxC

L

Answer = (X,Y)

(A,B)=(-B,A) @

N=N+I|

(C,D)=(-D,C)
N=3

Call FXEM,
Erroy #2S

ASC

ur+1

Answer = (C,C)

X= Ve {TeU+1)

@ Y= va(T-u)

JIs N=2or3?

Negadc C(X4N-2):

Yes | ¥==X f N=2
Y=-Y 1t N=3

No

FINIS
Arnswer= (X,Y) Answer= (Y X)

4
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1I.

b/
CD600D4. 002
June 1964
Page 1

FCAB--COMPLEX ABSOLUTE VALUE
s e ey

PURPOSE
To compute |Z| for CABS(Z) in an expression.
METHOD

1. Compute W = VX% + Y 2 (where Z = (X, ¥) ) as follows:

a. HY=0,then W= [X|

2
b. ¥Y/0and [X| < [¥|,then W = [¥] * “(%S)

c. Y < Oand |X| > [Y],then W = |X]| * '1+(X)2

X
2. 1zl =(W, 0)
3. W, X, and Y are real numbers; values of X and Y range from _213’? to
2127—2100 inclusive. Hence, both Z and |Z| are complex numbers.

4. W is accurate to 8 decimal positions.

USAGE

1. Calling Sequence--CALL CABS (Z)

2, CABS uses 36 words. <

3. No error conditions.

RESTRICTIONS

The subprogram FSQR must be in memory.

@Ea @@ SE @ |] ES PROGRAMMING ROUTINES



CD600D4, 002
June 1964

Page 2
coMPUTE V x2:¥2 FOR COMPLEX (X, ¥)

X=X

| Y=|Y|

Y:X Exchange valucs
< for X and Y

PRECD

- - W
Ar\%—wﬂ' =(K;¢_)
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CD600D2. 001

FXP1--EXPONENTIAL--INTEGER BASE AND EXPONENT

PURPOSE
To compute IJ for I**J in an expression,
METHOD

1. For positive values of J, let k_...k k k. be the binary representation of J, where
0=sm < 34. m ke

_ kg + 2%k, + 4%k, 4.+ zm*km)

1 2
e e N ¢ 1 N S

= the product of those powers of I above for which kn =1, where 0 < n = m,

Then IJ

2. For negative values of J, IJ =0 if/I|41. Use the method above with J (mod 2)
if|I|= 1.

5 to 235-1 inclusive.

3. I, J,and I'I are integers with values from ~23
4, The algorithm uses integer multiplication (M PY) exclusively.
B, IJ is accurate to 35 binary positions.

USAGE

1. Calling Sequence--CALL .FXP1 (I,J)
2. FXP1 uses 52 words.
3. The error conditions are:
a. FXEM Error #1 f 1=0andJ =0. ThenI’ =0.

b. FXEM Error #2 if T=0and J <0. ThenT® =0.

RESTRICTIONS

The subprogram FXEM must be in memory,

@ED(B@@ SEE“ES PROGRAMMING ROUTINES
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CD600D2. 001

COMPUTE I’ FOR INTEGERS I AND J

ERRI

Call .FXEM,

Answer = |

Coll ,FXEM.
Ervor # 121

UNIT
3 F=1
of JT/2
=VEN
Is T even? J=3/2 (igrnoring I = IxT
es ary remander)
No
v

GE-BO0 SERIES

Answer = F

PROGRAMMING ROUTINES
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CD600D2. 002

FXP2--EXPONENTIAL--FLOATING-POINT BASE, INTEGER EXPONENT

PURPOSE
To compute AK for A**K in an expression.
METHOD

1. For positive values of K, use the same method as in FXP1--Exponential--Integer Base
and Exponent, CD600D2. 001.

2. For negative values of K, proceed with [K| as above, and then take the reciprocal
of the result.

3. K is an integer with values from -235 to 235-1 inclusive; A and AK are floating-point

27, 4127 _,64

numbers with values from -21 277 inclusive.

4. AKX isaccurate to 8 decimal positions for . XP2.
or 16 decimal positions for .DXP1.

USAGE

1. Calling Sequence--CALL .FXP2 (A, K) for Real A
CALL .FDXP1 (A, K) for Double-Precision A

2. FXP2 uses 60 words.

3. The error conditions are:
a. FXEM Error #3 if A =0and K =0. Then AK = 0.
b. FXEM Error #4 if A =0and K <0. Then AK=0.

RESTRICTIONS

The subprogram FXEM must be in memory.

@ E., @@@ SE @ u E g PROGRAMMING ROUTINES
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COMPUTE AK' FOR FLOATING POINT A AND INTEGER K | c
: ! 1] ERRY | | | | | L S

Answer =0 |

T
|t =t . { .
b : . | . , 1 :
Answer = | @

i+
EVEN
‘W’.(igho"fﬂg A=A%A

any remainder)

Answer = F

@Eu @@@ gEE [] Eg PROGRAMMING ROUTINES
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FXP3--EXPONENTIAL--REAL BASE AND EXPONENT

PURPOSE

To compute AB for A**B in an expression,

METHOD

B (B*log A)
1. aPa(el98edy ., .

127_,100

127 to 2 inclusive.

2. A, B, and AB are real numbers with values from -2 2
3. AB is accurate to 7 decimal positions.

USAGE

1. Calling Sequence--CALL .FXP3 (A, B)

2. FXP3 uses 50 words.

3. The error conditions are:
a. FXEM Error #5 if A < 0and B # 0. Then AP = |A|B.
b. FXEM Error #6 if A =0and B =0. Then AP =0,

¢. FXEM Error #7 if A =0and B<0. Then AP = 0.
RESTRICTIONS

The subprograms FLOG, FXPF, and FXEM must be in memory.

BE-600 SERIES PROGRAMMING ROUTINES
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'COMPUTE AP FOR REAL A

Call .FXEM.
Ervor #&* S

AND B

1

| | ERR2.

Call ALZG
+o compute lo

= Bx |ogcA

N

Call EX
Compute

P +o

ec

C
Answer =€

&E-600 SERIES

; Evrror 1#-'7

{Call (FxemN

Answer = O
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FDX1--EXPONENTIAL--COMPLEX BASE, INTEGER EXPONENT

PURPOSE
To compute AK for A**K in an expression.
METHOD

1. Use the same method as in FXP2--Exponential--Floating Point Base,
Integer Exponent, CD600D2. 002.

2. A is a complex number (X, Y), with values of X and Y from

127 127 ,100

-2 to 2 2 inclusive. K is an integer, with values from

_235 to 235

- 1 inclusive.

3. AK is accurate to 8 decimal positions.
USAGE

1. Calling Sequence--CALL .FCXP1 (A, K)

2. TFDXI1 uses 68 words.

3. The error conditions are:
a. FXEM Error #14 if A =(0,0) and K = 0.
Then AX = (0,0).
b. FXEM Error #15 if A =(0,0) and K < 0.
Then AX = (0,0).

RESTRICTIONS

The subprograms FCAS and FXEM must be in memory,.

@J E & @@@ gE IE n Eg PROGRAMMING ROUTINES
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COMPUTE AK FOR COMPLEX A AND INTEGER K

Call .FXEM.

Error # 14
TESTA TESTK —{
A:0 Answer -(Oﬂ
T
UNIT
F= (1,0) Call .FXEM.
Ervor +# IS
= Answer= (U, O)
%
M= | k| RETURN

5 M= M/2 figncr{na A=AXA "n
esh Gny remainder) Compley Mede

LSBP ¥ EVEN ey
Is M even?

Zph

DISP

F=A%F in
Ccmplgx Mode

Answey = F |,

CBﬂr\plux M-n

Answer =

in

Complax Mo de

RETURHN

@ [E = @@@ gE @ [l ES PROGRAMMING ROUTINES
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FDX2--EXPONENTIAL--DOUBLE-PRECISION BASE AND EXPONENT

PURPOSE

B ;
To compute A~ for A**B in an expression.
METHOD

1. Use the same method as in FXP3--Exponential--Real Base and
Exponent, CD600D2.003.

2. A, B, and AB are double-precision numbers, with values from

il to l27-264 inclusive,

-2 2
3. AB is accurate to 16 decimal digits.
USAGE

1. Calling Sequence--CALL .FDXP2 (A, B)

2. FDX2 uses 52 words.

3. The error conditions are:
a. FXEM Error #16 if A - 0 and B # 0. Then AP = |a| B,
b. FXEM Error #1Tif A =0and B=0. Then AP =0,

c. FXEM Error #18 if A=0and B<0. Then AP =0.

RESTRICTIONS

The subprograms FDLG, FDXP, and FXEM must be in memory.

@] E S (B@@ gE E U Eg PROGRAMMING ROUTINES
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COMPUTE AP FOR DOUBLE PRECISION A AND B

ERR2

Call .FXEM.
Error #17,

Answer = O

=L =
Answey = | Call «FXEMm, |
Error #I8

Call .FXEM.
Error # 1b

Call DLEG
o compute logehA

C=8B=*% 'OSQA

4
Call DEXP
+o comp be ec

C

Answer = @

GE-BO0 SERIES

PROGRAMMING ROUTINES

~929.



CD600D2. 006
GENERAL @ ELECTRIC Getoner 9%
COMPUTER EQUIPMENT DEPARTMENT rage !

REAL AND DOUBLE-PRECISION LOGARITHM, BASE 2 (ALGT)

PURPOSE

Real and Double-Precision Logarithm (ALGT) computes A = log, X in a FORTRAN
expression.

METHOD

The double-precision log X is divided by log 2 and the result returned. Because of the
hardware representation, this result is valid for both double and single precision.

USAGE
ALGT is designed to be used as a FORTRAN IV function:
A = ALOG2(X) for single precision:

A =DLOG2(X) for double precision.

RESTRICTIONS
The argument for ALGT must be = 0.
If X =0, FXEM Error #20 is returned and log X =0,

If X < 0, FXEM Error #21 is returned and log X =1log, |XI| .

GE-600 SERIES TS
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GENERAL @D ELECTRIC Gotone 1665
COMPUTER EQUIPMENT DEPARTMENT i

ARCSINE AND ARCCOSINE (ASIN)

PURPOSE

Arcsine and Arccosine routine (ASIN) computes sin=1X or cos-'X in a FORTRAN IV
expression.

METHOD

The arcsine or arccosine is calculated by computing the complementary function (sine or

cosine), and calling ATAN2 (sin,cos) to get the resulting angle in radians. The computation
is done entirely in double precision.

USAGE

ASIN is used as a FORTRAN IV function in the following ways:
® A = ASIN(X) for real arcsine;
® A = ACOS(X) for real arccosine;
° A = DASIN(X) for double-precision arcsine;

° A = DACOS(X) for double-precision arccosine.

GE-600 SERIES -
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TANGENT & COTANGENT (TANG)

P URPOSE

The Tangent and Cotangent routine (TANG) computes tan X or cot X in a FORTRAN IV
expression.

METHOD

Using double-precision arithmetic, tan X and cot X are computed from the trigonometric
identities:

° Tan X = sin X/cos X

® Cot X =cos X/sin X
If the divisor is zero, the largest possible floating-point number is returned.

USAGE

TANG is used as a FORTRAN IV function in the following ways:
® A = TAN(X) for real tangent;
® A = COT(X) for real cotangent;
® A = DTAN(X) for double-precision tangent;

@ A =DCOT(X) for double-precision cotangent.

RESTRICTIONS

TANG produces FXEM Error #23 if [X | 284,

GE-600 SERIES -
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HYPERBOLIC SINE AND COSINE (SINH)

PURPOSE

The Hyperbolic Sine and Cosine routine (SINH) computes sinh X or cosh X in a FORTRAN IV
expression,

METHOD
Sinh X and cosh X are computed, using double-precision arithmetic, from the definitions:
° Sinh X =0.5(e* - e-%)

® Cosh X =0.5(e* +e-¥)

USAGE

SINH is used as a FORTRAN IV function in the following ways:
® A = SINH(X) for real hyperbolic sine;
° A = COSH(X) for real hyperbolic cosine;
° A = DSINH(X) for double-precision hyperbolic sine;

<] A = DCOSH(X) for double-precision hyperbolic cosine.

RESTRICTIONS

SINH produces FXEM Error #19 if Ix|> 88.028.

GE-600 SERIES e
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e i e e e e )
FXPF--REAL NATURAL EXPONENTIAL

I PURPOSE
To compute ex for EXP(X) in an expression.
11, METHOD

X

log,e

1. X=2 % =2 2 F = 2lea ¥ where
I = greatest integer < X*logze and I+F = X*Iogze

X*logye _ o I+F

2. Then2F =14+ 2+F
D+C*FP-F+ B
li‘3 + A
where A = 87, 417497202
B = -617. 9722695
C= 0.03465735903
and D=  9.9545957821

3. Xand ex are real numbers; X < 88.028

4, ex is accurate to 8 decimal positions.
I11. USAGE

1. Calling Sequence--CALL EXP(X)

2. FXPF uses 56 words.

3. The error condition is: X
FXEM Error #8 if X > 88.028. Thene =X,

1v. RESTRICTIONS

The subprogram FXEM must be in memory.

GE-600 SERIES PROGRAMMING ROUTINES
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COMPUTE e* FOR REAL X

Arnswer =0

I-= greataest Answer = X

2 =+ 2%F |
D4CaF'-F+ B
Pl

-n

Answer = 21& 1'
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}mﬁﬁm LOGARITHM
RTTTET ORI

PURPOSE

To compute log X for ALOG(X) or ALOG10(X) in an expression.

METHOD

1. log,X = log, (2% F =1+ log,F, where X = 2'*F.

(log,X)

2. logeX = logez = (logzx) * (loge2), and similarly log, X = (logzx) * (log102).

Pe"4
3. log X =727*(A+ 2B -1/2,where Z=____ 2 and
zZ - C

F++ ¥2
2
A = 1.2020070087
B = -2, 6398577031
C = 1.6567626301

4. Xand log X are real numbers; values of X range from

2'1 29 to 2127-2100 inclusive.

5. log X is accurate to 8 decimal places.
USAGE

1. Calling Sequence--CALL ALOG(X) for log X
CALL ALOG10(X) for 1og1 OX

Pl
2. FLOG uses 64 words.

3. The error conditions are:

a. FXEM Error #9 if X =0. Then log X = 0.

b. FXEM Error #10 if X < 0. Then log X = log X! .
RESTRICTIONS

The subprogram FXEM must be in memory.
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COMPUTE logex OR logmx FOR REAL X

@

L = loge2 L= log,,2

Ldas

ERRL

Call .FXEM, X = =X
Error #10

Ancwer = O [T = Exponert of X
F = Martissa of X

Y = 2‘ .ﬁ."-_B__)
2L
Y= leg.Fed)

L

log, X=I+Y=-4

INDIC

Answer = L% log, %
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FATN--REAL ARCTANGENT
s mr

I. PURPOSE

To compute the principal value of arctan X or arctan ¥ (in radians) for ATAN(X)
or ATAN2(Y,Z) in an expression, Z

I, METHOD

1. Compute arctan X as follows:
a. For positive values of X:

(1) 1 X 5227 then arctan X =z,
2
(2) X <2_27, then arctan X = X,

27

3) M2™ <X« 227, then set I from the interval containing arctan X:

0 for 0°-10°, 1 for 10°-30°, 2 for 30°-50°, 3 for 50°-70°, and 4 for 70°-90°,

Then arctan X = Ny + T
2
T + K3 - K2
T2+ K1
where T=9 . X forI=0
55 n
T= AI e 1 for 1=1,2,3,4

X+CI

and the constants A] BI CI NI Kl Kz K3 assume appropriate values.
2 ’ i ] L] ?

b. For negative values of X, arctan X = -arctan [X] .

2. Compute arctan Y as follows:
Z
a. IfZ=0,thenarctanY =y for ¥>0,
Z

and arctanY = - ¢ for Y < 0.

Z 2
b. If Z# 0, then X = ¥; compute arctan X as above.
Z
c. If 250, then arctan Y = arctan X.
Z

d. If Z< 0, then arctan ¥ = arctan X+y for ¥>0,

Z
and arctan Y = arctan X-5 for Y<0,
z

@IE“@@@ SE [l ES PROGRAMMING ROUTINES
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3. X, Y, and Z are real numbers with values from _2127 to 2

The result is a real number.
4. The answer is accurate to 8 decimal positions.

USAGE

1. Calling Sequence--CALL ATAN(X) for arctan X
CALL ATAN2(Y, Z) for arctan Y
Z

2. FATN uses 98 words.

3. The error condition is:
FXEM Error #11 if Y=0and Z2 = 0.
Then arctan ¥ =0,
Z

RESTRICTIONS

The subprogram FXEM must be in memory.

GE-600 SERIES

127 ,100

2 inclusive.
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COMPUTE ARCTAN X OR ARCTAN Y FOR REAL X, Y, AND Z
z

Answer = O @
Q=0

ERR
TEST
Z: Call .FXEM.

Ervov # 1

SPEC
Q, =T V = -E Ar\swe,r‘ = T | RETURN
X=Y
y
SIGNX
X= ..\': X:=0 V==V
z /,- <
2 o
Y v
W
START W Argwer = V lalals
M= x| | sy
] N
l LARGE
o~ e .__1.'; " e R
C“x - T L /;) g > = = =R ).'p\
P b e '
|<
V=M >
Cet I from antanbl] |
C (g-10), | (ic-30), i
2 (26~ 50), 2(sC-1d) |
ov 4 (75°-90) -

V= NI+ T

T Ky+_Ka
M4Cy i T
IT =arc farn M
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e e e =
FSCN--REAL SINE AND CONSINE

PURPOSE

To compute sin X or cos X for SIN(X) or COS(X) in an expression, where X is
in radians.

METHOD

1. Compute sin X as follows:
a. For positive values of X:
(1) Replace the value of X by the value of X - I*y, where I is the
greatest integer < X, noting that sin (X + ng) = (-1 )™ sin X.

m
Now if X > 7, then replace the value of X by the value of » - X
2
and proceed, noting that sin ( - X) = sin X,

(2) UX<2™® thensinX=X. 2% cx20.3,
+ X%,

thensi.nX=X*{A1+B
—1— 4

Cl+]-§2
If X > 0.3, then replace the value of X
by the value of y - X, noting that
2

cos (= - X) = sin (X). Then compute
2 *
cos(x)=D_2*X2+__ug_)gz_
A2+Bg 4»}(2
Cz+x2

b. For negative values of X, sin X = - sin [X] .

2. Compute cos X = sin (X+y).
2

27

3. X, sin X, and cos X are real numbers, with [X] < 2

4, The answer is accurate to 8 decimal positions.

GE-600 SERIES PROGRAMMING ROUTINES
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USAGE

1. Calling Sequence--CALL SIN(X) for sin X
CALL COS(X) for cos X

2. FSCN uses 100 words.

3. The error condition is:

FXEM Error # 12 if [X] > 227

Then the answer is 0.

RESTRICTIONS

The subprogram FXEM must be in memory.

PROGRAMMING ROUTINES
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COMPUTE SIN X OR COS X FOR REAL X

M= x|

Call -FXEM,
Ervrov # 12

I= greotest
integer ¢ M
=5

Answer = O

GS i e.verb_} X:—-X
No{

V=D-2#M% E -z xM3
At _Eo M7
C, 4M

rs
= cos M

CD600D3; 004
June 1964
Page 3

RETURN

Answer = X @

‘ P\rﬂ,-.\ler ==X @

PROGRAMMING ROUTINES
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II.

Iv.

FTNH--REAL HYPERBOLIC TANGENT

PURPOSE

To compute tanh X for TANH(X) in an expression.

METHOD

1. For positive values of X:

a. HX-12,thentanh X =1

CD600D3, 005
June 1964
Page 1

2*X
b, IHf0.17 < X <12, then tanh X = -1
2*X
e +1
c. If 0.00034 ngD.IT, then tanh X = F
A+F2"‘ (B+ c
D+l"‘2
where F=A*X
A= 5.77078016
B= 0.0173286795
C = 14.1384114

and D = 349. 669989
d. If X <0.00034, then tanh X = X

2. For negative values of X, tanh X = -tanh [X] .

3. X and tanh X are real numbers; values of X range from -21

inclusive.
4, tanh X is accurate to 8 decimal positions.
USAGE

1. Calling Sequence--CALL TANH(X)
2. FTNH uses 48 words.

3. No error conditions.

RESTRICTIONS

The subprogram FXPF must be in memory.

27 to 2121‘_ 100

2

PROGRAMMING ROUTINES
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COMPUTE TANH X FOR REAL X

M= |x|

L
V=M=4anhM V:___.._z L 5
A+F *(B*ﬁ
(V= +anh M)
Y
LARGE

v='=1‘ﬂhhM_,_,—4

<
Call EXP V=™ [= a4
4o compute € er 4

SIGN

'

1

Answer = V

@E" @@@ SE [l Eg PROGRAMMING ROUTINES
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FSOR--REAL SQUARE ROOT

PURPOSE
To compute /X for SQRT(X) in an expression.
METHOD

1. IfX=0,then /X =0. Otherwise, let X = 2% A+,
where 1/4 < B < 1. ThenVX = ZA* \/E= ZA'I* (2‘\[5).
First Approximation: P_ = 1/4+Bif1/4 < B<1/2,

or P0=1/2+B/2ifl/2§B<l.

CD600D3. 006
June 1964
Page 1

i * . i
Then P, = % (Po-t-g), P2 = % * (Pl + B), and finally

1
4] 1

[X=2A14(p, +B).
P
2
1
2, Xand ﬁ are real numbers; values of X range from -2
inclusive.

127 ,100

21 to 2

2

3. /X is accurate to 8 decimal positions. The last iteration is in

double precision.
USAGE
1. Calling Sequence--CALL SQRT(X)
2. FSQR uses 46 words.

3. The error condition is:

FXEM Error #13 if X < 0. Then (X = /IX| .
RESTRICTIONS

The subprogram FXEM must be in memory.

PROGRAMMING ROUTINES
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COMPUTE /X FOR REAL X

Normalize X

ERR

Call .ern.\ R X = -X

Error #0I3 '

Anewer = 0

I= exponent of X
F= mantisse of X

T= T even’? F = E
No -
Yes
y
H = _i._l H= I-1
%:!;_.,.Ji P.:F-I-:i'.

GE-800 SERIES e
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FCXP--COMPLEX EXPONENTIAL

PURPOSE
To compute ez for CEXP(Z) in an expression.
METHOD

1. o m e(x' Y) (where Z = (X, Y) )
C X4 0

= (cos Y, sin Y)

X

=(ex* sin (Y +%), e™ * gin Y)

2. Zand ez are complex numbers, with

27 27

X £88.028, [¥] < 2%, and |Y+3|< 27,
3. ez is accurate to 7 decimal positions.
USAGE

1. Calling Sequence--CALL CEXP (Z)

2. CEXP uses 54 words.

3. The error conditions are:

Z

a. FXEM Error #26 if X ~ 88.028. Thene™ = Z.
b. FXEM Error #27 if [Y| > 227
orif |Y+3| > 227 Thene? = z.

2

RESTRICTIONS

The subprograms FXPF, FSCN, and FXEM must be in memory.
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COMPUTE eZ FOR COMPLEX Z = (X, Y)

REAL

Ancwer = (X,Y)] @

Call .FXEM,
Ervor #26

Call SIN 4o
con:p te sinly +2

A= exn':.‘ino +T)
= €%k cosY

Call SIN 4o

comps € sin

B=eXx sinY

FInNIS |

Ancwer= (A 5 B)
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e e casecia
FCLG--COMPLEX LOGARITHM

PURPOSE
To compute logeZ for CLOG(Z) in an expression
METHOD

1: logeZ = loge (X, Y) (where Z =(X, Y))

=(log 12| , arc tan—% )

2., Zand logeZ are complex numbers; values of X and Y range from

2127 ¢ 9127 5100 5 isive.

3. logeZ is accurate to 7 decimal positions.
USAGE
1. Calling Sequence--CALL CLOG(Z)

2. FCLG uses 40 words.

3. The error condition is:

FXEM Error #28 if Z = (0, 0). Then logeZ = (0, 0).
RESTRICTIONS

The subprograms FATN, FCAB, FLOG, and FXEM must be in memory.

GE-600 SERIES PROGRAMMING ROUTINES
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COMPUTE log,Z FOR COMPLEX Z = (X, Y)

Call .FXEM.
Error #2838

Call CABS 4o
r,owp\dt\ﬁ +y*

A = KV @
< Call ALYG to >
compube fos.é\

A= IosgA

Answer = (0,0)

1
|
|
J

Call ATANL +o
Cnnp\.ﬂg arc"’\h}

B=arc +an I.

A\’\‘S\uer = [A, E)
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FCSQ--COMPLEX SQUARE ROOT

& PURPOSE

To compute JE for CSQRT(Z) in an expression.

II. METHOD

1.

Let Z=(X, Y). Y =0, thenset A =/[X| and B =0. Otherwise,

compute R = [ [X] + |Z|
2

and set A =+Rifeither X-00r Y30,
or =-Rifboth X <0and Y <0,

Compute B= Y . Then {Z =(A, B) if X 50,
2%A
or ﬁ:(B,A)iIX< 0.

2. Zand ﬁ are complex numbers; values of X and Y range from
--2127 to 2127-2100 inclusive.
3. \Z is accurate to 8 decimal positions.
I1I, USAGE
1. Calling Sequence--CALL CSQRT (Z)
2. CSQRT uses 50 words.
3. No error conditions.
Iv. RESTRICTIONS

The subprograms FCAB and FSQR must be in memory.

@E-600 SERIES ERosiMaN AT
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COMPUTE YZ FOR COMPLEX Z = (X, Y)

m>
no

compute |13

A*= IX|+121

Call SQRT *o

Compute
INDIC
Are X and Y A= -A
b et nesaﬁue? Yes.
No

»
*
>

Answer = (A,B)

Answer = (B, A) @
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———rrase e T
FCSC--COMPLEX SINE AND COSINE

PURPOSE

To compute sin Z or cos Z for CSIN(Z) or CCOS(Z) in an expression, where
Z is in radians.

METHOD

1. Sin 2

sin (X, Y) (where Z =(X, Y) )

sin X * cos (0, Y) + cos X * sin (0, Y)
(sin X * cosh ¥, 0) + (0, cos X * sinh Y)
=(sin X * cosh Y, cos X * ginh Y)

2. cosZ =sin(Z +%

27

3. Z, sin Z, and cos Z are complex numbers, with [X| < 227, X +%| <2
and |¥l < 88.028.

4, The answer is accurate to 7 decimal positions.

USAGE

1. Calling Sequence--CALL CSIN(Z) for sin Z
CALL CCOS(Z) for cos Z

2. FCSC uses 72 words.

3. The error conditions are:
a. FXEM Error #29if IXI »2%, |[x+Z|52%,
or eY = 0. Then the answer is (0, 0).

b. FXEM Error #30 if [¥| > 88.028.
Then the answer is (0, 0).

RESTRICTIONS

The subprograms FXPF, FSCN, and FXEM must be in memory.
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COMPUTE SIN Z OR COS Z FOR COMPLEX Z = (X, Y)

N
Call EXF 4= %
tr.mF..'i( &) f:

Coll .FXEM.S
Errev #47/
Wt ERR2Y
N ¥
\ { Coll .FXem. coshY= € * Y
Evror # 30, 2
CALLM
Answer = (0,0)
sinh Y=coshY = L
eY
'
fRET-R.N

Call SIN 4o
compe sinX
S

! Call SIN 4o
Y compule sin(X+3)

A= sin X % corhY|

W

B=sin X+ ey
=cos X #¥sinhY

Answer=(A B!

RETURN

@ IE o 6@@ SE [I E 8 PROGRAMMING ROUTINES



FXPF--REAL NATURAL EXPONTIAL

PURPOSE
To compute &X for EXP(X) in an expression.
METHOD

X
log,e X*log, e
i, &=t * .= 27 oM F - 9hoF where
I = greatest integer < X*logze and I+F = X*logze

2. Then ZF=1 + 2*F
D+C*F° -F+ B
1-"2 + A
where A = 87.417497202
B =-617.9722695
Ci= 0.03465735903
and D = 9.9545957821

3. Xand eX are real numbers; | x| < 88.028
4, eX is accurate to 8 decimal positions.
USAGE

1. Calling Sequence--CALL EXP(X)

2. FXPF uses 56 words.

3. The error condition is:
FXEM Error #8 if |X| > 88.028. Then if X> 88. 028,
if X<-88, 028,

RESTRICTIONS

The subprogram FXEM must be in memory.

CD600D3. 001

ex
X

X
e 0

nu

PROGRAMMING ROUTINES

GE-600 SERIES
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X

COMPUTE e FOR REAL X

Answer =0

I = greatest Answer = X
integer S Y

2 =l+__ 2x%F
D+CnF*-F+ B
P

Answer = 21n 2F

@E“ @@@ SEE [, ES PROGRAMMING ROUTINES
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FLOG--REAL LOGARITHM

PURPOSE

To compute log X for ALOG(X) and log, (X for ALOG10(X)C.

METHOD

1. logzx = log, (21*]:“) =1+ 1og2 F, where X = ZI*F.

(log,X)
2. log X =log 2 2 (10g2X} * (logez), and similarly log, X = (logzx) # (1og102).
F-"2
3. log,X=2Z*(A+ B - 1/2, where Z = 2 and
72 E4 V3
= & —
2
A = 1.2920070987
B = -2. 6398577031
C= 1.6567626301

4, X and log X are real numbers; values of X range from

-129 5127 5100

2 2 2 inclusive.

5. log X is accurate to 8 decimal places.
USAGE

1. Calling Sequence--CALL ALOG(X) for logeX
CALL ALOG10(X) for log, X

2. FLOG uses 64 words.

3. The error conditions are:

a. FXEM Error #9 if X =0, Then log X = 0.

b. FXEM Error #10 if X < 0. Then log X = log IXl .
RESTRICTIONS

The subprogram FXEM must be in memory.

@ E > @@@ gIE IE l] Eg PROGRAMMING ROUTINES
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COMPUTE logeX OR long FOR REAL X

L = loge2

'\

L= leg,2

LZ&Ges v

Normalize X

Call . FXEM,

ERRL

Call .FXEM, X = =X
Error %10

Answer (] I =Expenert of X
F = Martissa of X

Y= Z*A+ B

L
(Y = log,F+d) ™5

T \

log, X=T+v-4

INDTC

Answer = L% "°9,K

GE-GO0 SERIES

PROGRAMMING ROUTINES
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FATN--REAL ARCTANGENT

PURPOSE

To compute the principal value of arctan X or arctan Y (in radians) for ATAN(X)
or ATAN2(Y,Z) in an expression. Z

METHOD

1. Compute arctan X as follows:
a. For positive values of X:

(1) X 3227, then arctan X =,

21 2

(2) If X <27“', then arctan X = X,

(3) 1If 2_27 <X < 227, then set I from the interval containing arctan X:

0 for 0°-10°, 1 for 10°-30°, 2 for 30°-50°, 3 for 50°-70°, and 4 for 70°-90°,

Then arctan X = NI + S 4

T2+K

3+ K
T2+K

where T=9 . X forI=0
55 B
T=Ap+ I for 1=1,2,3,4
X + CI

and the constants AI BI CI NI K1 K2 K3 assume appropriate values.
t ] ? ? L ? ]

b. For negative values of X, arctan X = -arctan [X] .

2. Compute arctan Y as follows:
Z
a. IfZ =0, then arctan ¥ =z for Y= 0,
2

Z
and arctan Y =

m for Y <0,
Z 2
b. If ZZ0, then X = Y; compute arctan X as above,

Z
c. If Z- 0, then arctan Y = arctan X.
Z

d. I Z<0, then arctan ¥ = arctan X+y for Y>0,
Z

and arctan Y = arctan X-5 for Y<0.
Z

@E“ 6@@ gE[E |] ES PROGRAMMING ROUTINES
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127,127 _,100

3. X, Y, and Z are real numbers with values from -2 1 to 2 inclusive.

The result is a real number.

4, The answer is accurate to 8 decimal positions.

USAGE

1. Calling Sequence--CALL ATAN(X) for arctan X
CALL ATAN2(Y, Z) for arctan ¥
Z

2. FATN uses 98 words.

3. The error condition is:
FXEM Error #11 f Y=0and Z =0.
Then arctan Y = 0.
Z

RESTRICTIONS

The subprogram FXEM must be in memory.

@Eu @@@ gE LTR ﬂ ES PROGRAMMING ROUTINES
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COMPUTE ARCTAN X OR ARCTAN Y FOR REAL X, Y, AND Z CD600D3. 003

Z
Answer = 0O @

z ERR

Call .FXEM.,
Evrvov # 11

sPeC _
Q= V=-§ Answer =
= X=VY
A
34
SIGNX
 GE T X:z0 V==Y
z <
[2
b /
=0 = L 4
START V¥ An;n[l‘ =V SMALL
M= |X| | v=v-q
l } )
LARGE
-~ 2 ,1';.
<\ B - e /=1 > ey >
g ) - S PR A e AT |
[¢ 1
.
/r:\ % Bl {  v=M R
o /<—’ N
FIRST
Set I fram -ﬂ""mth ' !
€ (0-10), | (¢-30), T=Zdxm |
2 (20~30), 2(sc’-7d), = >
or 4 (7¢'-90)
#+ _ALC
T
Vengr__ T |
T=Ap4_tx = St TheKy+_Ka
Ml | ] TR,
! I. =arc farn M

PROGRAMMING ROUTINES

GE-C00 SERIES
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FSCN--REAL SINE AND COSINE

PURPOSE

To compute sin X or cos X for SIN(X) or COS(X) in an expression, where X is
in radians.

METHOD

1. Compute sin X as follows:
a. For positive values of X:
(1) Replace the value of X by the value of X - I*y, where I is the
greatest integer < X, noting that sin (X + ng) = (-1)"* sin X.
Now if X > x, then :eplace the value of X by the value of v - X
and proceec:l!, noting that sin (5 - X) = sin X.

2 UX<2 8 thensinx=%x. 128 x20.3,

T 2

thensz-X"'(A1+BI +_4X_).
C1+x2
If X > 0.3, then replace the value of X
by the value of g - X, noting that
2

cos (¢ - X) = sin (X). Then compute

2 %
cos(x)=n_3¢x2+_E:M._
Ay+B, X

Cz + xz

b. For negative values of X, sin X = - sin |X] .
2, Compute cos X = sin (X+g).
2
3. X, sin X, and cos X are real numbers, with [X| < 227,

4. The answer is accurate to 8 decimal positions.

@E o @@@ SE [E [I Eg PROGRAMMING ROUTINES

~30~



CD600D3. 004

USAGE

1. Calling Sequence--CALL SIN(X) for sin X
CALL COS(X) for cos X

2. FSCN uses 100 words.

3. The error condition is:

FXEM Error #12 if |¥X] > 227'

Then the answer is 0.
RESTRICTIONS

The subprogram FXEM must be in memory.

@ E & @@@ gE |J_[% U E S PROGRAMMING ROUTINES
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COMPUTE SIN X OR COS X FOR REAL X

X=X+

A

M= x|

ERR
Call .FXEM, Answev = 0 RETUR
Z Error #12
<

I=greatest
in+ < M
€9 3 &

‘Is = even?’ 5 X=-=X
Neo
Yes

|
V=D-20M5% £ =520 4M3
M=nr_mn A _Eo 4M Answer = X |
| Jg I = L e

=cos M
- -
SINE V= MK(M E m&)
| cur o’
i =<inM
V=M=‘.th Arswer = =X ] @

BE-600 SERIES PROGRAMMING ROUTINES
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FTNH--REAL HYPERBOLIC TANGENT

PURPOSE

To compute tanh X for TANH(X) in an expression.

METHOD

1. For positive values of X:
a. IfX-12,thentanh X =1

b, H0.17 < X <12, then tanh X =

c. 1£0.00034 < X < 0.17, then tanh X =

where F=A*X
A= 5.77078016
B= 0.0173286795
C= 14.1384114
and D = 349. 669989

d. U X <-0.00034, then tanh X = X

2. For negative values of X, tanh X = -tanh [X| .

3, Xand tanh X are real numbers; values of X range from —21

inclusive,

4. tanh X is accurate to 8 decimal positions,

USAGE

1. Calling Sequence--CALL TANH(X)
2. FTNH uses 48 words.

3. No error conditions.

RESTRICTIONS

The subprogram FXPF must be in memory.

2*X

EZ‘X

CD600D3. 005

B+ C
D+F2

27 £ 127 _,100

2 2

PROGRAMMING ROUTINES

GE-600 SERIES
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COMPUTE TANH X FOR REAL X

M:IX'

V=M=+anhM

e

A+ l‘-"k(B +D_+GF1)

<

Cafl’ EXP V== 4an M
46 compute t‘-!l‘l. e +1

GE-600 SERIES

(V= +onh M)
N 4
LARGE
V=l=4ant M| ¥
SIGN
X:0 vV = =V

E4
N

h

Answer m V|

PROGRAMMING ROUTINES
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FSQR--REAL SQUARE ROOT

PURPOSE
To compute y X for SQRT(X) in an expression.
METHOD

1. HEX=0,then /X =0, Otherwise, let X = 22 Axp,
where 1/4 <B<l. Theny X = 9hs VB = 2A-14 (2*\/B).
First Approximation: P_ = 1/4+Bif1/4 - B<1/2,

or P0=1/2+B/2if1/2§13<1.

Then P, = 1 *(P_ +B), P, = 1 * (P1 + B), and finally
2 ° P 2 P

0 1
[x =221+ (p, +B).
P
2
2, Xand \E are real numbers; values of X range from “2127 to 21 27-2100

inclusive.

3. J—X_ is accurate to 8 decimal positions. The last iteration is in
double precision.

USAGE
1. Calling Sequence--CALL SQRT(X)
2. TFSQR uses 46 words.

3. The error condition is:

FXEM Error #13 if X < 0. Then (X = VIX| .
RESTRICTIONS

The subprogram FXEM must be in memory.

@JE“ 6@@ SIEIE |] IES PROGRAMMING ROUTINES
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Page 2
COMPUTE /X FOR REAL X

Answer = 0 |

Normalize X

Call .FXEM.
Error #I13

?
BEGIN J!

I= exponerdt of X
F= mantiscq of X

' I= T even?

Yes
H =§_|
2.2
> gt

No

F = E
=y

v
H= I-1!
P,:F-r*

PROGRAMMING ROUTINES

GE-600 SERIES
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Page 1
COMPUTER EQUIPMENT DEPARTMENT

UNIFORM RANDOM NUMBER GENERATOR (URAN)

PURPOSE

Uniform Random Number Generator (URAN) creates a list of random numbers between 0 and 1. 0
with a period of 2°7,

DESCRIPTION

URAN uses a mixed congruential method:

R, +,=(a+1)R + 8

n

The values of o = 2° and 8 = 262035034724 chosen have been shown experimentally to yield good
results.

CALLING SEQUENCE
The following calling sequence is used:

CALL URAN(START, N, RANDOM)

where: START is a starting value (changed by URAN to prevent repetition on subsequent
calls).

N is the number of values to be generated.

RANDOM is the name of a vector in which random numbers will be stored.

BE-600 SERIES i
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FCAS--COMPLEX MULTIPLICATION AND DIVISION

PURPOSE

To compute (A, B) * (C, D) or (A, B) in an expression.
(C, D)

METHOD
1. (A,B)*(C,D)=(A*C-B*D,A*D+B*C)

2. (A,B)=(A,B)*(C,-D)=(A*C+B*D,B*C-A*D)

(C;/D) . C2 -|~D;a C2 + 02

3. If (A, B) =(0. 0), then the quotient = (0, 0). Otherwise,
divide the numerator by A * C and the denominator

A
by c% (A, B)= C *(1+g*g,g-g),wlzereé=A‘C.
(c, D) 1+(Q)2 A°C A € c c?
v C
4. Before computing (A, B) , replace the numerator by
(C, D)

(-B, A) if |A| < |Bl , and the denominator by (-D, C)

if |Cl < |D| . Adjust the quotient (X, Y) accordingly:

a. If1A|~ IB| and IC| ~|D!, then the result = (X, Y).
b. If |A| - |Bl and |C| - |D/|, then the result = (-Y, X).
c, Hjale IB| and [CI - DI, then the result = (Y, -X).
d. If |A| - |Bjand ICl <|D!, then the result = (X, Y).
5. A, B, C, D, X, and Y are real numbers, with values from -2127 to
2127_5100 4 c1usive.

6. The answer is accurate to 8 decimal positions,
USAGE

1. Calling Sequence--CALL .FCFMP (R, 8) for R * 8
CALL .FCFDP (R, S) for R/S
where R = (A, B) and S =(C, D)

GE-G00 SERIES PROGRAMMING ROUTINES
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Cheoon4. ool

[ 2~

F(AS uses 94 words.

4., The error condition is only in division:

FXI5M Error 25 if (C, D) = (0, 0). Then (A, B) = (0.0).

(c, D)
RESTRICTIONS
The subprogram FXEM must be inomemaory.
- - A > () 3 2

-38-



COMPUTE (A, B) * (C, D) OR (A, B) /(C, D) FOR COMPLEX (A, B) AND (C, D) CD600D4. 001

FCFMP I

l

X = A¥C—Bxp
Y = AsD+ BxC

Answer = (X))

(C,D)=(-D,0)
N=3

(A,B)=(-8,A)
N=N+1

-FXEM.
H 15

Call
Er'r’c\ ¥

A

X= V¥ :."4-'.,'+t_:l
Y= Va{T-u) l

|

[RETURN
’j": 1T M -2)
Is N =2 or 3?7 )
X=—X + N=2
Y==Y ik N=%
FINIS
Ancwer= (X,Y) l t\naw er= (Y X)
| -
AT Ny
| RETLRN

PROGRAMMING ROUTINES

GE-600 SERIES
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FCAB--COMPLEX ABSOLUTE VALUE

PURPOSE
To compute |Z| for CABS(Z) in an expression.
METHOD

1. Compute W = X y? (where Z = (X, Y) ) as follows:
a. HY=0,then W= [X]|

x\ 2

b. HY~+0and [X < [¥] ,then W = [¥] * “(‘i’r‘

/ 2
c. Y Oand [X| > |¥],then W = [X] * 1+(1)

X
2. |Z] = (W) returns a real value in EAQ

3. W, X, and Y are real numbers; values of X and Y range from -2127 to

12'?-21'30 inclusive. Therefore Z is a complex number, but |2| is a real number.

2
4, W is accurate to 8 decimal positions.
USAGE
1. Calling Sequence--CALL CABS (Z)
2. CABSuses 36 words.
3. No error conditions.

RESTRICTIONS

The subprogram FSQR must be in memory.

@Ea (8@@ SERIES PROGRAMMING ROUTINES
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COMPUTE V X2+¥2 FOR COMPLEX (X, Y) CD600D4. 002

EKLhange valueg
for X and Y

@ E a @@@ g[E Lﬁn) I] E S PROGRAMMING ROUTINES
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FCXP--COMPLEX EXPONENTIAL

PURPOSE
To compute eZ for CEXP(Z) in an expression,

METHOD

1. ez = e(x' Y), where Z = (X, Y)
XK. 0D

PR (cos Y, sin Y)

=[ex * sin (Y +%), X * sin Y]

2. Zand ez are complex numbers, with

X £88.028, [Y] < 2°7, and [¥ +Z|< 2°T.

3. ez is accurate to 7 decimal positions.
USAGE

1. Calling Sequence--CALL CEXP (Z)

2. CEXP uses 54 words.

3. The error conditions are:

a. FXEM Error #26 if X~ 88.028. Then eZ =%,

b. FXEM Error #27 if [¥] > 22

¥
or if |Y +%] > 227, Thene? -=z.

RESTRICTIONS

The subprograms FXPF, FSCN, and FXEM must be in memory.

BE-600 SERIES PROGRAMMING ROUTINES
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CD600D4. 003

COMPUTE eZ FOR COMPLEX Z = (X, Y)

REAL

Answer =(X.Y) @
)

Call .FXEM.
Ervor #26

ERRZ

Call FXEM.
Error #*27

Call SIN +o
comp: te sin(y+D)

A = eXwsinf) +1)
= €%k casY

Call SIN 4o

compy € £in Y

B=eXusinY

FINIS

Arswer= (A, B)

@E & @@@ gE R |] Eg PROGRAMMING ROUTINES
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FCLG--COMPLEX LOGARITHM

PURPOSE

To compute logeZ for CLOG(Z) in an expression

METHOD

1. logeZ = loge (X, Y) (where Z = (X, Y) )
=(log 12| , arc tan—;% )

2. Zand logeZ are complex numbers; values of X and Y range from

17 127-2100 inclusive,

-2 to 2
3. logez is accurate to 7 decimal positions.
USAGE

1. Calling Sequence--CALL CLOG(Z)

2. FCLG uses 40 words.

3. The error condition is:

FXEM Error #28 if Z = (0, 0). Then logeZ = (0, 0).
RESTRICTIONS

The subprograms FATN, FCAB, FLOG, and FXEM must be in memory.

BE-G00 SERIES PROGRAMMING ROUTINES
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COMPUTE log,Z FOR COMPLEX Z = (X, Y)

Call ATANL 4o

compute

Y

B=arctan L

+an Y
Gre X

Answer = (A, B)

Call «FXEM.
Evrror #2118

CD600D4. 004

Answer = (0,0)

PROGRAMMING ROUTINES

GE-600 SERIES
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FCSQ--COMPLEX SQUARE ROOT

PURPOSE
To compute VZ for CSQRT(Z) in an expression.
METHOD

1. LetZ=(X, Y), HY =0, thenset A =y|X| and B =0, Otherwise,

compute R = [ [X| + |Z
2

and set A=+Rifeither X-00rY .0,
or A=-RifbothX<-0and¥Y 0.

Compute B= Y. Then JZ =(A, B) if X >0,
2*A
or E=(B, A)if X< 0.

2. Zand ﬁare complex numbers; values of X and Y range from

-2127 to 21 27-210‘J inclusive.

3. | Z is accurate to 8 decimal positions.
USAGE

1. Calling Sequence--CALL CSQRT (Z)

2, CSQRT uses 50 words.

3. No error conditions.
RESTRICTIONS

The subprograms FCAB and FSQR must be in memory.

GE-G00 SERIES PROGRAMMING ROUTINES
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COMPUTE YZ FOR COMPLEX Z = (X, Y)

REAL

Call SgRT +o> >
comprite yiIXI

£

m>

Call CABS 4o

compuite | Zl

A= IXI+1=l

Call SQRT o
Compute

INDIC

Are X and Y A= -A
both neqative? Yes

No

Answer= (A,B)

Answer = (B, A) @

@[E“ 6@@ gElE [l Eg PROGRAMMING ROUTINES
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FCSC--COMPLEX SINE AND COSINE

PURPOSE

To compute sin Z or cos Z for CSIN(Z) or CCOS(Z) in an expression, where
Z is in radians

METHOD

1. SinZ=sin(X, Y) (where Z = (X, Y))
sin X * cos (0, Y) + cos X * sin (0, Y)
(sin X * cosh Y, 0) + (0, cos X * sinh Y)
=(sin X * cosh Y, cos X * sinh ¥)

nn

2. cos Z =sin(Z +%

3. Z, sin Z, and cos Z are complex numbers, with |X| < 227, X + %l < 227,
and [Yl < 88.028.

4. The answer is accurate to 7 decimal positions.
USAGE

1. Calling Sequence--CALL CSIN(Z) for sin 2
CALL CCOS(Z) for cos Z

2. FCSC uses 72 words.

3. The error conditions are:
a. FXEM Error #29 if X »2%", [x+Z|52%,
or eY =0, Then the answer is (0, 0).
b. FXEM Error #30 if [¥| > 88.028.
Then the answer is (0, 0).

RESTRICTIONS

The subprograms FXPF, FSCN, and FXEM must be in memory.

BE-600 SERIES PROGRAMMING ROUTINES
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COMPUTE SIN Z OR COS Z FOR COMPLEX Z = (X, Y)

Call EXF +4n

e pote & Y

\
/

Coll .FXEM.
Eerev # 29

ERRZ W/
N v, |
s { Coll .FXEM. coshY= € Y E¥
Evvror %30, 2
CALLM

Answer = (0,0)

inhY=coshY o~ _L
sink Y ~
t

Call SIN 4o
comp e sin X

Call SIN +o
compule sin(X+1)

[P

A= sim X xcochY

W

B=<in {X'ﬂpk sinhY
=cos X #sinhY

Answer=(A,B]

BE-600 SERIES EEQSEAOIIG oy
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MATRIX INVERSE ROUTINE (MINV)

PURPOSE

The Matrix Inverse Routine (MINV) obtains the explicit inverse of a matrix whose elements are
FORTRAN REAL numbers.

DESCRIPTION

The inverse is computed by the method of decomposition and back-substitution outlined in SIMEQ:

A Set of FORTRAN Subroutines for Solving Linear Algebraic Systems, CPB-1167. MINV calls
three routines of SIMEQ (DECOM, INVRS, and SOLV).

CALLING SEQUENCE
The following calling sequence is used:
CALL MINV (A,IMAX,N,INTR, DET)

where: A is the matrix to be inverted; A is dimensioned (IMAX, IMAX) in a
DIMENSION statement.

N is the actual number of rows and columns stored in A.

INTR is a working vector used by MINV; its dimension must be at least N,

]_Z)ET upon return contains the fractional portion of the determinant, with an
integer power of 10 in INTR(N), so that determinant = DET*10. 0**(INTR(N)).

RESTRICTIONS

The inverse replaces the original contents of matrix A.

GE-600 SERIES e
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COMPUTER EQUIPMENT DEPARTMENT

MATRIX ADDITION ROUTINE (MADD)

PURPOSE

The Matrix Addition routine (MADD) performs addition of two real matrices.

USAGE
The matrices A and B and the result C are assumed to be stored as i by j matrices in m by
n arrays. Associated with each matrix is a dimension vector of four integers (i, j, m, n).
The calling sequence to MADD is:

CALL MADD (A,IA,B,IB,C,IC,IND) to calculate LC] = [A] + [B]

with IA, IB, and IC being the dimension vectors of A, B, and C, respectively.

IND is an error indicator set as follows:
] IND = 0 for correct results;
[] IND =1 if results would have been larger than m, by n.;

° IND = 2 if the dimensions are not consistent.

Consistent dimensions are i, =i, =i_ andj, =j, =j..

BE-600 SERIES —— g
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MATRIX SUBTRACTION ROUTINE (MSUB)

PURPOSE

The Matrix Subtraction routine (MSUB) performs subtraction of two real matrices.

USAGE

The matrices A and B and the result C are assumed to be stored as i by j matrices in m by
n arrays. Associated with each matrix is a dimension vector of four integers (i, j, m, n).

The calling sequence to MSUB is:
CALL MSUB (A,IA,B,IB,C,IC,IND) to calculate [c]1 =[A] - [B]

with IA, IB, and IC being the dimension vectors of A, B, and C, respectively.

IND is an error indicator set as follows:
] IND = 0 for correct results;
° IND =1 if results would have been larger than m_ by n.;

® IND = 2 if the dimensions are not consistent.

Consistent dimensions are i, =i, =i, andj, =j, =]..
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MATRIX MULTIPLY ROUTINE (MMPY)

PURPOSE

The Matrix Multiply routine (MMPY) calculates the product of two real matrices.

USAGE

The matrices A and B and the result C are assumed to be stored as i by j matrices in m by
n arrays. Associated with each matrix is a dimension vector of four integers (i, j, m, n).

The calling sequence to MMPY is: )
CALL MMPY (A,IA,B,IB,C,IC,IND) to calculate [C] = [A] x (B]

with IA, IB, and IC being the dimension vectors of A, B, and C, respectively.

IND is an error indicator set as follows:
® IND = 0 for correct results;
® IND =1 if results would have been larger than m_ by n_;

° IND = 2 if the dimensions are not consistent,

Consistent dimensions are j, =i,,1, =i,,andj, =j,.
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MATRIX TRANSPOSE ROUTINE (MTRN)

PURPOSE

The Matrix Transpose routine (MTRN) transposes a matrix.

USAGE

The matrix A and its transpose C are stored as i by j matrices in m by n arrays. Associated
with each matrix is a dimension vector of four integers ( i, j, m, n).

The calling sequence to MTRN is
CALL MTRANS (A, IA,C, IC, IND) to form [C] = [A]T

with IA and IC being the dimension vectors of A and C, respectively.

IND is an error indicator set as follows:

a IND = 0 for correct results;
° IND = 1 if results would not have fit within an m¢ by n. array.
® IND = 2 if the dimensions are not consistent.

Consistent dimensions are i, = j¢ and j¢ = ic.

GE-6G00 SERIES —RoTTINES



CD600D4, 014
GENERAL @ ELECTRIC St

Page 1
COMPUTER EQUIPMENT DEPARTMENT

MATRIX MOVE ROUTINE (MMOV)

PURPOSE

The Matrix Move routine (MMQOV) moves a submatrix to another matrix,

USAGE

The sending matrix A and the receiving matrix C are stored as i by j matrices in m by n
arrays. Associated with each matrix is a dimension vector of four integers (i, j, m, n).
The calling sequence to MMOV is:

CALL MMOV (A,IA,C,IC, IS, JS, IR, JR, 1, J, IND) to move an I by J submatrix whose

upper left element is A,,, ,, into an area whose upper left element is C,,, sa.

IND is an error indicator whose value is 0 for normal execution and 1 if this call would
have stored any elements beyond C ,, ,.
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BESSEL FUNCTIONS SUBROUTINE (BESSL) T

PURPOSE

The Bessel Functions subroutine (BESSL) calculates the two Bessel Functions of the first
kind quickly and accurately. This method is particularly adapted to the problem of
calculating more than one order for a given X. For p = NMIN, NMIN+1,...,NMAX, where
NMIN and NMAX are zero or positive integers, and for X > 0, either Jp(X) or Ip(X) is
calculated depending on a parameter ITYPE,

METHOD

The method used by BESSL is discussed in an article by Irene Stegun and Milton Abramowitz. *
It consists of three steps for Jp which are:

A, Kk is chosen the larger of 1.5X and NMAX,
then k = k+10 for sufficient accuracy,

then Jk+2 =0

Jk+1 = g, an arbitrarily small constant which is 0. 1000E-10
in this program.

B. The recursion formula

Jp =ﬂ%;l)‘ Jp+l - Jp+2

is used to generate Jp for p =k down top =0.
C. The results can be normalized, since

¥
Jo+2~ . J2m =1,
m=1 /2

therefore a constant ¢ =Jo + 2 E;:l I2m

is determined and then
Jp =Jp/c for p = NMIN, NMIN+1,..,,NMAX

The procedure for Ip is essentially the same except that in step B the recursion formula is:

I = 2(p+1) To+l + Tp+2

TPortions of this routine have been reprinted from C. B. Chandler's "BESSL - Bessel
Functions Subroutine, " TIS No. 64TIP5, issued by the Telecommunications & Information
Processing Department of the General Electric Company at Schenectady, New York,

*Stegun, Irene A., and Abramowitz, Milton, "Generation of Bessel Functions on High Speed
Computers, '"Mathematics and Other Aids to Computation, 1957, 11:255-257.
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and in step C the normalization is due to:

Io+2n51=1 Im = e*

k
and therefore the constant ¢ =(To+2 Z_,  Tm)/e*.

USAGE
The calling sequence for this routine is:
CALL BESSL (ITYPE,X,NMIN,NMAX, BESJI)

where ITYPE = 1 for Bessel Function Jp(X);
ITYPE = 2 for Modified Bessel Function Ip(X);
X = independent variable > 0;
NN]-III = 0, 1, 2,... giving range of orders of Jp(X) or Ip(X) desired;

BESJI() = a vector where answers are stored in increasing order, The
maximum size of this vector is determined by the user.

RESTRICTIONS

The generated Jp (or Ip) must fall within the limits 10~28 and 10+28, If either » 10+238

then ITYPE is set equal to zero and control is transferred to RETURN, If Jp (or Ip) < 10-238
then that term is set equal to zero and the program continues. The user can check on
overflow by branching on ITYPE although normally overflow will not occur.
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INTERPOLATION ROUTINE (INTP)

PURPOSE
Using a vector of X values in ascending order and a corresponding vector of Y values, the

Interpolation routine (INTP) finds, by three-point interpolation, the value of Y for a given
value of X,

METHOD
The routine first finds the first X equal to or greater than the given value (X,). I there
is no X meeting this requirement, exit is made with a dummy Y value of plus bits, If X_
is one of the end points of the X vector, the next value is choosen as X,. The preceding X
is chosen as X, and the following as X,, Assuming a curve of the form

Y =a +bx + cx?

to pass through these three points, the unkﬁown constants a, b, and ¢ can be expressed in
termsof X,, Y, ,X_,Y,,X,,Y

e
Substituting these known values and the given value of X yields a value of Y.

USAGE
INTP is called by a sequence of the form:
CALL INTPL (X,Y,N,XVAL,YVAL)

where X and Y are the vectors required, each of dimension N,
XVAL is the given X value, and the interpolated value of Y will be stored by INTP into YVAL,

RESTRICTIONS

The vector of X values must be stored in ascending order.
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