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TECHNICAL MEMORANDUM X- 64744

COMPUTER USER'S MANUAL FOR A GENERALIZED CURVE
FIT AND PLOTTING PROGRAM

SECTION 1. INTRODUCTION

The use of graphically displayed data is often quite beneficial to engi-
neers, scientists, and other decision makers. Such graphs can be in the
form of reporting charts, presentation viewgraphs, and technical illustrations.
A program has been developed for the IBM 1130' computing system (with a
1627 plotter) that enables a non-computer oriented individual to easily gen-
erate a plot of a set or sets of numerical data on 8.5 X 11 in. standard? paper.
This program is entitled the Generalized Curfit and Plotting (GECAP) program.
This computer program has various output options in which it can display the
data in different forms. These options include discrete, linear, continuous,
and histogram types of output plots. The continuous option also performs a
least-squares curve fit (Regression Analysis) on the input data, A statistical
analysis of variance test determines the best-degree polynomial fit, and a
printout of the polynomial coefficients is given.

Graph titles, coordinate labels, and symbol identification are included
on each plot. The user of the program needs only to supply two instruction
cards and the necessary data to be plotted.

The rest of this manual contains information about the use and opera-
tion of GECAP. Five example plots and associated input data are illustrated.
These examples demonstrate various combinations of the input options avail-
able to the program. A brief summary of the program description is included
along with Fortran listings of the coded subroutines. Modification of the pro-
gram can be easily undertaken by experienced programmers since the logic

1. This program can be readily converted over to the other computing sys-
tems with minor modification.

2. Any type of paper may be used; however, this size is most common in
written reports and viewgraphs.




operations within the program listing have been well illustrated. A compre-
hensive list of various error messages is also contained within the program

logic.

SECTION [1. CONTROL CARDS, INPUT DATA
AND OPERATING INSTRUCTIONS

A. Control Cards

The following is a description of the control cards necessary for the
program.

° Control Card 1 may be either a cold start card or a job card
A cold start card is mandatory each time a different disc is changed out of
the computer. A job card has the following form:

// JOB

@ Control Card 2 is an execution card and has the following form:

// XEQ GECAP 1

@ Control Card 3 initiates the segmentation of the program in order
to minimize the core requirements for GECAP. This card has the following

forms:

*LOCALGECAP, LABEL, HIST, ERRO

B. Input Data

The following is a description of the data cards necessary for the
program.

° Case Card

The format for this card is (A4, 12, 1IX, A2, 12, 3X, 5A6, 3X,
12, 3X, 12)



Columns 1-4: Punch the letters CASE.

Columns 5-6: Punch the number of the case. (Punch 1 if the
first case, 2 if second case, etc.)

Columns 8-9: Punch the letters OF.

Columns 10-11: Punch the total number of cases to be plotted
per graph.

Columns 15-44: These spaces are reserved for the name or
label the user may wish to place on each individual data set.?

(Optional, leave blank if not needed)

Columns 48-49: These columns are reserved for the exponent
used to label the x axis.? (Optional, leave blank if not needed)

Columns 53-54: These columns are reserved for the exponent
used to label the y axis.? (Optional, leave blank if not needed)

Columns 55-80: These columns should always be left blank.

An example of this card is given as follows:

Columns
1-4 6 89 11 15-44 48-49 53-54
CASE 1 OF 4 TEST RUN 24D -1 -1
° Program Instruction Card

This card contains information about how the grid should be
drawn and how the data should be plotted. The format for this card is
(6F10.4, 4A1) :

3. This name will be printed below the x axis and will be preceded by a data
symbol corresponding to the data mark symbols on the curve of interest.

4. These exponents will cause the last labeled 'tic' mark on each axis to be

|l
followed by a 'x 10%%P , Where exp is the input value. (-9 = exp = 99).
Example: 20 x 10!, See Example Case 4 for use of this input variable.




Columns 1-10: XINC - This variable is the numerical incre-
ment between 'TIC' marks for the x axis.

Columns 11-20: YINC - Same as XINC except for the y axis.
Columns 21-30: XMAX - Upper limit for the x axis.
Columns 31-40: YMAX - Upper limit for the y axis.
Columns 41-50: XSTRT - Value assigned to the x origin.
Columns 51-60: YSTRT - Value assigned to the y origin.
NOTE: A restriction of the program requires that none of the
six variables defined above contain more than two decimal places. If more
decimal places are used, an error message will be printed. Execution may
be continued but caution is advised, as invalid results may be generated.
Columns 61: TYPE (1) - Label type (integer or real) to be
placed on the x axis. A 'D' punched will plate integer numbers
on the axis, and either an 'L"' or 'C' punched will place real
numbers on the axis.

Column 62: TYPE (2) - Same as TYPE (1) but for the y axis.

Column 63: TYPE (3) - Type of plot to be generated (discrete,
continuous, linear, or histogram). The options are specified

as follows:

Punch Option

D This punch will cause the discrete option to be
executed. Only the input data is plotted and the
points are not connected in any manner.

C This punch exercises the continuous plot option.

After the individual points are plotted, the program
calculates a best-fit function using the least-
squares method and then plots the calculated
function. (See Appendix A for details.)




Option

This punch causes the program to plot each indivi-
. dual point and at the same time connect each point
to the previous one with a straight line.

H This punch causes a histogram to be generated
from the input.

Column 64: NODAT - Punch any symbol in this column and no
data points will be marked on the grid.

@ An example of this card is as follows:
Columns

1-10 11-20 21-30 31-40 41-50 51-60 61 62 63 64
1.0 2.0 9.0 90.0 1.0 60.0 D C C *

° Title Card

This data card contains the labels for the grid. The format for
this data card is (6A4, A2, 6A4, A2, TA4).

TITLX - This is a string of 26 characters to be placed on the
X axis.

TITLY - This is a string of 26 characters to be placed on the
y axis.

TITLE - This is a string of 28 characters to be placed above
the grid. An example of the title card is as follows:

Columns

1-26 27-52 53-80

PRESSURE CO2 MM-HG EFFICIENCY-PCT. MOLECULAR SIEVE

® Deck of x and y coordinates

These data cards contain the x and y values of the data to be
plotted and are punched according to the format 2F10.4.




When using the continuous or histogram option, the data points must

be entered in the data set in order of increasing x value; that is, X, must be

less than x_; x must be lessthanx , ... X must be less than x . If this
2 2 3 n-1 n

restriction is violated, invalid results will be obtained.
) Data Card
Columns

1-10 11-20
1.53 100. 5

® End Card

An END card must be placed at the end of each data set. This
card has the following form:

Columns

21-23
END

Multiple curves can be plotted on a single graph. Data for each new
set can be stacked behind the previous case by adding a new CASE card and
END card. Figure 1 illustrates a generalized GECAP deck setup. Section IT
shows a variety of different example plots which demonstrate the use of the
different options available to the GECAP user.

C. Operating Instructions

The following is a list of operating instructions for using GECAP on the
IBM 1130.

1. Place disc in position in the disc storage unit.

2, Turn file ON/OFF switch to the ON position.

3. Wait for the FILE READY light to appear on the console typewriter.

4y Press the NPRO button on card reader.

5. Load the GECAP deck.



GENERALIZED GECAP DECK SET=uP

000000000111111111122222222223333333333444444444455555555556666666666777771
123456789012345678901234567890123456789012345678901234567890123456789012345
// JOB OR //%%#%COLD START CARD**%//

// XEQ GECAP 1

#LOCALGECAP» LABELsHIST+ERRO

CASE CARD 1

PROGRAM INSTRUCTION CARD

TITLE CARD

XVALUE(1) YVALUE(1) (THIS CARD BEGINS THE DATA SET FOR CASE 1)
XVALUE(2) YVALUE(2)

XVALUE(N) YVALUEI(N)
END
CASE CARD 2
XVALUE(1) YVALUE(1) (THIS CARD BEGINS THE DATA SET FOR CASE 2)
XVALUE(2) YVALUE(2)

XVALUE(N) YVALUE(N)
END

CASE CARD M
XVALUE (1) YVALUE(1) (THIS CARD BEGINS THE DATA SET FOR CASE M)
XVALUE(2) YVALUE(2)

XVALUE(N) YVALUE(N)
END

==NOTE==MAXIMUM VALUE OF N IS 100

==NOTE==MAXIMUM VALUE OF M (NUMBER OF CASES) IS UNLIMITED.
THE NUMBER OF DATA MARK SYMBOLSs HOWEVER»s IS
LIMITED TO SIXe. THEREFOREs IF DATA MARKS ARE USED»
ONLY THE DATA POINTS FOR THE FIRST SIX CASES WILL
BE LABELED WITH THESE MARKS.

Figure 1. Generalized GECAP deck set-up.

6. Check to see that all 15 sense-switches above the console type-
writer are in the OFF position.

7. Press the START button on card reader.
8. If a Cold Start Card is being used, press the PROGRAM STOP

button, press the RESET button, and then press PROGRAM LOAD button on the
console typewriter.



9. If a JOB card is being used, press the green START button on
the console typewriter.

10,  Wait for user message (1) to appear on the console typewriter.
Press the START button on the console typewriter after this message has
been written on the typewriter.

11, Let the program run. (Error messages may appear on the
console typewriter indicating input errors).

SECTION I11. EXAMPLE CASES

Five example cases are shown in Figures 2 through 16 in an effort to
illustrate the options and combinations of options available in GECAP. Each
example includes the following information:

1. A listing of the input deck.

2. A listing of the printed output.

3. A copy of the output plot.

'Example Case 1 illustrates the linear option with data points marked.
The x-axis is labeled with real numbers and the y-axis is labeled with integer

numbers. Each of the plotted coordinates are connected with a straight line.
Note that the output listing validates the value of the input variables.

00000000011111111112222222222333333353534444444444525555955566600600000 7781111118
123456789012346567890123465678901234567890123456789012345678901224567890123456789Y
/7 JOH 0OR //##%COLD START CARD*%%//

// XEW@ GECAP 1
SLOCALGECAPsLABEL sHIST sERRO
CASE 1 CF 1
le S5e 1. 100 Oe Ue CDL

TEST CASE 1 X=COORDINATE TEST CASE 1 Y=COORDINATE LINEAR OPTIOUN
Ne Oe

le 10
2e 30.
3. 5

be 1387
Se B8le
b6e 100,
Te 54
8e 49
Qe 49,
10e 0e0

END

Figure 2. Listing of input deck for Example Case 1.




Example Case 2 illustrates the discrete option. Both axes are labeled
with integer numbers.

Example Case 3 illustrates the histogram option. Note that the maxi-
mum x value for the case is specified as 20 on the Program Instruction Card
while the maximum x value in the input data is only 19. When the H option
is being used, the value for XMAX on the Program Instruction Card should
always be at least one x increment larger than the maximum value of the
input data.

Example Case 4 illustrates the continuous option with no data points
marked. Also illustrated here is the use of the exponential option to scale
the axis values. Note that the x and y values of the input data are not scaled
down but are within the specified limits of the program instruction card.

Example Case 5 illustrates the continuous option with three cases
plotted on the same graph. The plot includes symobls identifying each of the
three corresponding curves. Notice that in the printed output, a user's
message appears which indicates that the polynomial calculated may not be
accurate. After inspection of the curve on the output plot, it is seen that the
curve is acceptable for most practical purposes. A printout of the polynomial
coefficients is given for each curve along with the square of the errors from
each data point.

X=AXIS INCREMENT = 1.00 Y=AXIS INCREMENT = 5000
X=AXIS LIMIT = 10.00 Y=AXIS LIMIT = 10000
X=AXIS ORIGIN = 000 Y=AXIS ORIGIN = 0«00
NCASES = 1

TYPE( 1) = C

TYPE( 2) = ?

TYPE( 3) = L

*##% [NPUT DATA%#*
TEST CASE 1 X=COORDINATE TEST CASE 1 Y=COORDINATE

CASE 1 OF 1

00000 040000
10000 1040000
240000 300000
3,0000 50000
440000 1348700
50000 810000
600000 1000000
70000 54,0000
80000 4900000
90000 4940000
100000 00000

Figure 3. Listing of printed output for Example Case 1.
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0000000001111111111222222222233333333354444444444555555905566660660606777171717771170
1234567890123456789012345678901234567890123456789012345678%01234567890123456789U
// JOB OR //##%COLD START CARD**%//
// XEQ GECAP 1

*#_ OCALGECAP s LABELHISTSERRO

CASE
2o

TEST
2.
Lo
6o
8.
95
10+
12
l4.
16
18,
20

1 0F 1
10. 20, 200, O 50 DLL
CASE 2 X=COORDINATE TEST CASE 2 Y-COORDINATE DESCRETE OPTION
110,
120,
115456
17042
120,
125.5
130,
105,
190,
200,
160
END
Figure 5. Listing of input deck for Example Case 2,
X=AXIS INCREMENT = 2400 Y=AXIS INCREMENT = 10600
X=AXIS LIMIT = 20400 Y=AXIS LIMIT = 200000
X=AX1S ORIGIN = 0400 Y=AXIS ORIGIN = 50600
NCASES = 1 4
TYPE( 1) = D :
TYPE( 2) = D
TYPE( 3) = D
#uR INPUT DATAR##
TEST CASE 2 X=COORDINATE TEST CASE 2 Y=COORDINATE
CASE 1 OF 1
200000 1100000
400000 12060000
640000 11565600
80000 ’ 1702000
95000 ' 120.0000
100000 12545000
1240000 130.,0000
14,0000 105,0000
160000 19040000
18,0000 2000000
20,0000 160.0000

Figure 6. Listing of printed qutput for Example Case 2.
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QUOVUOUVOULLLLL111112222¢222E8¢33533533353644444444:225525500006b000ovouul (/111111 1x
123456789012545678901234507495123425671890,234567n90 234501590,/ 39450 (090126450 090
CARD® %%/ /

// JOB OR //*#*%COLD START

3
UP T Luis

20400
120400
20400

// XEQ GECAF 1
*LOCALGECAP s LABEL sHIST ot iU
CaSk 1 CF 1
le 204 20U 120 le cVe vl
TEST CASE 3==CFELL MEAN TEasT CAsE 3==FREYUENTY HISTUGKAM
le 25
2e 39,
3. 50
Lo 55
5e 58
6e 60
Te 75
Be 95
Ye 103.98
10, 115424
11, 1165
12. 101
13, 92
14, B4
154 60,
16 42425
17 36,
18, 30.
19, 2204
END
Figure 8, Listing of input deck for Example Case 3.
X=AXIS INCREMENT = 1.00 Y=AXIS INCREMENT =
X=AXIS LIMIT = 20400 Y=AXIS LIMIT =
X=AXIS ORIGIN = 100 Y=AXIS ORIGIN =
NCASES = 1
TYPE( 1) = D
TYPE( 2) = C
TYPE( 3) = H
*#ut [NPUT DATA*##»
TEST CASE 3=--CELL MEAN TEST CASE 3=--FREQUENCY
CASE 1 OF 1
1.0000 2540000
200000 39,0000
3.0000 500000
440000 5540000
50000 580000
640000 6040000
70000 750000 i
840000 9560000
90000 10349800
10,0000 1152400
110000 11645000
120000 1010000
13,0000 920000
1440000 8440000
1540000 6000000
1640000 4242500
17.0000 36,0000
180000 3040000
19.0000 2200400

Figure 9. Listing of printed output for Example Case 3.
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00000000011111011111222222222233335333335L4440406064664045225529290bb000b0060T/IT1TT11/1 18
123456789012345678901234567890123456789012364567890123456/89012345678901c54567890
// JOB OR //#%#COLD START CARD#*%//

// XEQ GECAP 1
*LOCALGECAPS LABELsHISTsERRO
CASE 1 OF 1 =1 =1
Se Se 40 10e Ue =10. CCl*
TEST CASE 4 X=COORDINATE TEST CASE 4 Y=-COORDINATE CONTe OPTIOUNs NU DATA MARKS
O 10
1.05 995
1e¢92 982
2479 9461
3667 934
4e54 8.99
Set] 8e57
6628 8409
Telb Te55
8.03 6.95
8690 6429
9¢77 559
10e65 4eB5
11652 4407
12439 3426
13,26 2e42
l4e14 le56
15.01 0e70
15671 0e0
16476 =105
1763 =1e91
18450 =2+76
19.38 =3¢58
20425 =4e38
21e12 =515
21499 =5488
22486 =6e56
23,73 =7¢19
24460 =777
25447 =8¢29
26634 =875
27621 =-9¢14
28,08 =9e46
28,085 =970
2972 =9.88
30659 =9.98
31446 ~=10400

END

Figure 11. Listing of input deck for Example Case 4.
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X=AXIS INCREMENT = 500 Y=AXIS INCREMENT =

X=AXIS LIMIT = 40.00 Y=AXIS LIMIT =
X=AXIS ORIGIN = 0.00 Y=AXIS ORIGIN =
NCASES = 1

TYPE( 1) = C

TYPE( 2) = C

TYPE( 3) = 9

TEST

16

#RINPUT DATA®#»

CASE 4 X=COORDINATE TEST CASE 4 Y=COORDINATE
CASE 1 OF 1
060000 100000
1.0500 99500
19200 98200
27900 9.6100
3¢6700 93400
4e5400 8¢ 9900
504100 845700
602800 840900
71600 745500
840300 649500
849000 642900
9¢7700 505900
106500 448500
115200 * 440700
123900 342600
1362600 204200
1461400 1le5600
150100 07000
157100 040000
167600 =10500
176200 =1e¢9100
18,5000 -2.7600
193800 =3¢5800
2002500 -443800
211200 =-5.1500
2169900 -58800
2208600 -6¢5600
2347300 =7.1900
246646000 =T7e7700
2544700 =-862900
2603400 -8¢7500
2702100 =-9¢1400
2800800 =94600
288500 =9, 7000
297200 -9.8800
305900 =9¢9800
3144600 =10.0000

Figure 12. Listing of printed output for Example Case 4.
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*CO=-EFFICIENTS FOR POLYNOMIAL OF DEGREE

10 000709097832
0003862024605
=06051973071545
0¢000391693861
0000002719892
04 000002066409
=06 0000000705663
0« 000000000697

T *

*#CALCULATED VALUES AND SUM OF ERRORS SQUARED FOR 7 DEGREE POLYNOMIAL®#*

FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
" FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR

SUM

POINT 1 YCALC
POINT 2 YCALC
POINT 3 YCALC
POINT &4 YCALC
POINT 5 YCALC
POINT 6 YCALC
POINT 7 YCALC
POINT 8 YCALC
POINT 9 YCALC
POINT 10 YCALC
POINT 11 YCALC
POINT 12 VYCALC
POINT 13 YCALC
POINT 14 YCALC
POINT 15 YCALC
POINT 16 YCALC
POINT 17 YCALC
POINT 18 YCALC
POINT 19 YCALC
POINT 20 YCALC
POINT 21 YCALC
POINT 22 YCALC
POINT 23 YCALC
POINT 24 YCALC
POINT 25 YCALC
POINT 26 YCALC
POINT 27 YCALC
POINT 28 YCALC
POINT 29 YCALC
POINT 30 YCALC
POINT 31 YCALC
POINT 32 YCALC
POINT 33 YCALC
POINT 34 YCALC
POINT 35 YCALC
POINT 36 YCALC
POINT 37 YCALC

LD D I LI OO TN T TN [ I T T T N 1}

U NR RN R ENNE BN R RN DR RN

OF SQUARES OF ERRORS FOR CURVE=FIT =

10000709 DIFF#%2 =
9947923 DIFF##2 =
96819390 DIFF*#2 =
94615908 DIFF#%2 =
94335927 DIFF*%#2 =
8988198 DIFF##2 =
84572699 DIFF#%#2 =
84092588 DIFF#%#2 =
Te544891 DIFF%#%#2 =
66946120 DIFF#%2 =
66294849 DIFF*#%2 =
56595945 DIFF#%2 =
44845912 DIFF#%2 =
46067449 DIFF*%2 =
3258165 DIFF#%2 =
26424215 DIFF#%#2 =
16562073 DIFF%%2 =
06697891 DIFF#%2 =

~0e001492 DIFF##2 =

=16049323 DIFF*%#2 =
=1.909124 DIFF#%2 =
~2¢754392 DIFF#%#2 =
=-34588137 DIFF#%#2 =

-44385229 DIFF#%2 =

~-56149389 DIFF*%2 =

=-54875004 DIFF##2 =

-6e556761 DIFF#%#2 =

-7+189656 DIFF##2 =

-T7e769007 DIFF##2 =

=86290437 DIFF#%2 =

=8e6749856 DIFF#%#2 =
=9s143423 DIFF*#2 =
=9.467486 DIFF#%#2 =
=-9.693488 DIFF*#%2 =
-96876957 DIFF#%2 =
~-9,980715 DIFF##2 =
-10,000982 DIFF#%2 =
0000513523724
Figure 12. (Concluded)

04000000502803
0.000004313210
04000000371601
0000034915439
0.000016588005
0000003247140
0000007289361
0000006702353
0000026091918
0000015053024
0000023513143
0+000035346223
04000016704003
0000006506254
04000003365522
0000017769932
0000004300971
0000004445361
0.000002226602
0.000000457832
0000000767067
0000031449202
0000066218449
04000027344544
0000000372938
0000024950876
0,000010490893
0000000118064
0+000000985816
0+000000191150
0,000000020600
0,000011718138
04000056053369
0000042395776
04000009259824
0000000511452
0000000964853
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000000000L11L11111102222224442333335333336444004u0405059500002606000000b00TFT /1711011178

123456785012365675901236556 790 1123656 /-0 J23656737 ;23020718931 23496T7850 1234507890
// JOB OR //%%#%COLND START CARD%*%*//
// XEQ GECAP 1

# L OCALGECAP S LABELHIST+ERRO
CASE 1 OF 3 EXAMPLE CURVE 1
ol «10001 o8 lel OeU JeU CcCC
TEST CASE 5 X=COORDINATE TEST CASE 5 Y=COORDINATE MULTIPLE CONTINUOUS OPITION
0604000 Ve 00164
006000 0e00883
008000 0s02758
0410000 Ve 06336
0612000 0s11892
0414000 0619338
0416000 Ce28254
0e18000 0e38022
0620000 OUets 7972
0622000 0e57508
0624000 Oe66188
0426000 0e73748
028000 0e800UHB5
0630000 OeB85216
0032000 OeB89247
0434000 0692331
0636000 0694630
038000 0696305
0¢40000 0697501
0442000 0498337
0¢44000 0698913
0646000 0e99301
048000 0699560
END
CASE 2 OF 3 EXAMPLE CURVE 2
0612000 0s01022
0¢14000 002879
0e16000 0605832
0+18000 0610040
0420000 0615527
0422000 0622173
0624000 0629730
0626000 0.37858
028000 0646193
0630000 Oe54363
032000 0662076
0434000 0069098
0436000 0675305
0438000 0680622
0440000 085065
0642000 OeB88680
0e¢44000 0e¢91556
046000 093806
0448000 095526
050000 0e96817
0652000 0697769
054000 0498463
0456000 0498959
0458000 0699311
060000 0699555
END

Figure 14. Listing of input deck for Example Case 5.
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CASE 3 OF 3

0422000
0e24000
Qe 26000
0628000
030000
032000
034000
04326000
0638000
0640000
0e42000
0644000
0e¢46000
0648000
050000
0652000
0654000
0656000
0e¢58000
0660000
0662000
0664000
0666000
068000
0e¢ 70000
0672000
0«74000
0476000
Qe 78000
080000

EXAMPL
0s01197
0603007
Qe05566
Oe08968
0el3234
OelB8334
Oe24188
Oe30617
ODe37426
Oes4415
0e51360
O0e58064
0e64370
Oe70159
O0e75377
0e 79961
083909
QeB7246
0690018
0e92280
0694100
0e95543
096671
0e97540
0698202
0e98698
0e 99067
De99338
0699535
0e99677

E CURVE 3

END

Figure 14. (Concluded).




X=AXIS INCREMENT = 0.10 Y=AXIS INCREMENT = 010

X=AXIS LIMIT = 0.80 Y=AXIS LIMIT = 110
X=AX1S ORIGIN = 000 Y=AXIS ORIGIN = 000
NCASES = 3

TYPE( 1) = C

TYPE( 2) = C

TYPE( 3) = c

#RHINPUT DATA*%%

TEST CASE 5 X=COORDINATE TEST CASE 5 Y=COORDINATE
CASE 1 OF 3
00400 0.0016
00600 0.,0088
00800 060275
061000 060633
061200 001189
0¢1400 01933
061600 062825
01800 063802
002000 0e4797
-0e2200 065750
002400 0.6618
062600 07374
002800 08008
0e¢ 3000 0.8521
003200 08924
003400 09233
003600 09463
063800 069630
064000 09750
0e 4200 09833
04400 069891
Q064600 09930
064800 069956

Figure 15. Listing of printed output for Example Case 5.

21




#CO=EFFICIENTS FOR POLYNOMIAL OF DEGREE

=06039928562066
24680569725111
=654717747807502
718.222608089447
-2499.070896148681
1838.338735103607
65134944360733032
=109100395404815673
-2377.100768089294
91384639202117919

#CALCULATED VALUES AND SUM OF ERRORS SWUARED FOR 9 DEGREE POLYNOMIAL®#*

FOR POINT 1 YCALC
FOR POINT 2 YCALC
FOR POINT 3 YCALC
FOR POINT 4 YCALC
FOR POINT 5 YCALC
FOR POINT 6 YCALC
FOR POINT 7 YCALC
FOR POINT 8 YCALC
FOR POINT 9 YCALC
FOR POINT 10 YCALC
FOR POINT 11 YCALC
FOR POINT 12 YCALC
FOR POINT 13 YCALC
FOR POINT 14 YCALC
FOR POINT 15 YCALC
FOR POINT 16 YCALC
FOR POINT 17 YCALC
FOR POINT 18 YCALC
FOR POINT 19 YCALC
FOR POINT 20 YCALC
FOR POINT 21 YCALC
FOR POINT 22 YCALC
FOR POINT 23 YCALC

SUM OF SQUARES OF ERRORS FOR CURVE=FIT =

22

0.,001927 DIFF##2 =
0.008772 DIFF##2 =
0026791 DIFF#%#2 =
0.063058 DIFF##2 =
06119515 DIFF#%#2 =
06194297 DIFF*%*2 =
06283006 DIFF#%#2 =
0¢379886 DIFF#%2 =
OQe478844 DIFF#*%#2 =
0e574275 DIFF*%2 =
0e661666 DIFF®%#2 =
0e737961 DIFF##2 =
0eB801681 DIFF#%#2 =
0e852820 DIFF*%#2 =
06892541 DIFF#%*2 =
06922735 DIFF#*2 =
06945499 DIFF#%2 =
06962653 DIFF*#2 =
06975387 DIFF*#2 =
Oe 984216 DIFF#%*2 =
06989394 DIFF#%#2 =
06992002 DIFF*#2 =
06995954 DIFF#*%#2 =

0000008348206

Figure 15. (Continued).

0e000000082703

0000000003316
0000000621963
0000000091133
0.000000354491
0000000841481
0000000217405
0.000000111237
0000000766828
04000000647926
0000000045699
04000000231697
0000000691816
0000000436204
0000000005145
0000000330597
0000000640990
0000000157419
0000000142702
0000000716604
000000006980L5
0000001015472
0000000125563



*HRINPUT DATA**x

TEST CASE 5 X=COORDINATE TEST CASE 5 Y=COORDINATE

CASE 2 OF 3

041200 040102
0s1400 060287
0+1600 0.0583
0.1800 0e1004
0.2000 Jelbb2
0+2200 062217
02400 02973
02600 03785
0.2800 0e4619
0« 3000 0e5436
063200 06207
043400 066909
063600 067530
043800 068062
064000 0.8506
0¢4200 O0e«8868
0e 4400 09155
044600 09380
0¢4800 069552
045000 0e9681
05200 069776
065400 069846
065600 049895
0¢5800 0e9931
066000 049955
##HUSERS MESSAGE#*#* THE POLYNOMINAL CALCULATED MAY OR MAY NOT BE THE BEST FITTED
CURVE

Figure 15. (Continued).
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#CO=EFFICIENTS FOR POLYNOMIAL OF DEGREE 9=

00733166191959

=17¢548953562974
157.079668283462

-6184872270822525

2964712045907974

93786129894256591
=440794530563354492
907064581665039062
=90827897857666015
3603564444580078125

#CALCULATED VALUES AND SUM OF ERRORS SQUARED FOR 9 DEGREE POLYNOMIAL®

FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR

-SUM

POINT 1 VYCALC = 0.011873 DIFF*%2 =
POINT 2 YCALC = 04026310 DIFF#%#2 =
POINT 3 YCALC = 06056916 DIFF#%#2 =
POINT & YCALC = O0el0l147 DIFF*#2 =
POINT 5 VYCALC = 0e157209 DIFF*#2 =
POINT 6 YCALC = 06223401 DIFF#%#2 =
POINT 7 YCALC = 06297697 DIFF##2 =
POINT 8 YCALC = 0e¢377576 DIFF#*#2 =
POINT 9 VYCALC = 0e 460065 DIFF#%#2 =
POINT 10 YCALC = 06541940 DIFF##2 =
POINT 11 VYCALC = 06620046 DIFF#%#2 =
POINT 12 VYCALC = 06691631 DIFF®#%2 =
POINT 13 VYCALC = Ce754671 DIFF#%2 =
POINT 14 YCALC = 00808083 DIFF##2 =
POINT 15 VYCALC = 0e851795 DIFF*#2 =
POINT 16 VYCALC = 0886659 DIFF##2 =
POINT 17 VYCALC = 0e914176 DIFF##2 =
POINT 18 VYCALC = 06936084 DIFF#%2 =
POINT 19 YCALC = 00953881 DIFF*#2 =
POINT 20 YCALC = 00968385 DIFF##2 =
POINT 21 YCALC = 06979562 DIFF#%2 =
POINT 22 VYCALC = 0986698 DIFF#%2 =
POINT 23 VYCALC = 06989476 DIFF##2 =
POINT 24 YCALC = 06990075 DIFF#%2 =
POINT 25 VYCALC = 06996855 DIFF#%2 =
OF SQUARES OF ERRORS FOR CURVE=FIT = 0.,000060306266

Figure 15. (Continued).
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0000002733528
0000006146741
0000001969616
0000000558885
0000003763071
0000002793994
0000000157887
0000001006416
04000003477294
04000002853150
0000000509448
0000000425034
0000002630334
0000003472011
0000001312294
0000000019819
0000001914500
0000003901386
0000001901406
0000000046550
0000003508122
0000004279220
0000000012949
0000009207652
0000001704946




*#%®INPUT DATA%*%

TEST CASE 5 X=COORDINATE

0e¢2200
02400
062600
062800
03000
03200
063400
03600
0e3800
064000
064200
0e 4400
0e4600
0e¢4800
05000
05200
065400
065600
0+5800
066000
0e 6200
066400
066600
06800
0e7000
067200
067400
067600
07800
08000

CASE 3 OF 3
0e0119
060300
0e0556
040896
O0el323
0e1833
062418
De3061
Oe3742
Debb4l
0e5136
05806
De6437
067015
0e7537
067996
0e8390
DeB8724
069001
069228
069410
069554
09667
069754
069820
069869
069906
069933
069953
0e9967

Figure 15. (Continued).

TEST CASE 5 Y=COORDINATE
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*CO=EFFICIENTS FOR POLYNOMIAL OF DEGREE 9%

=0+848485231399
204262203224003

=1974173971712589
10594880441665649
=37504140005111694
97004356727600097
=175204517059326171
200044520645141601
=127074314575195312
33984905395507812

#CALCULATED VALUES AND SUM OF ERRORS SQUARED FOR 9 DEGREE POLYNOMIAL®*

FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR

SUM

POINT 1 YCALC = 06012745 DIFF#%#2 =
POINT 2 YCALC = 0+029356 DIFF#%#2 =
POINT 3 VYCALC = 04054756 DIFF#%2 =
POINT & YCALC = 0¢089296 DIFF##2 =
POINT 5 YCALC = 0el32728 DIFF#%#2 =
POINT 6 YCALC = O0e184288 DIFF®##2 =
POINT 7 YCALC = 0.242783 DIFF*#2 =
POINT 8 YCALC = 0306682 DIFF##2 =
POINT 9 YCALC = 0e374215 DIFF##2 =
POINT 10 VYCALC = Oe443483 DIFF##2 =
POINT 11 VYCALC = 0512575 DIFF##2 =
POINT 12 VYCALC = 0579674 DIFF##2 =
POINT 13 VYCALC = O0e 643161 DIFF##2 =
POINT 14 VYCALC = 0,701712 DIFF##2 =
POINT 15 VYCALC = Qe 754354 DIFF#%#2 =
POINT 16 YCALC = 0800516 DIFF##2 =
POINT 17 VYCALC = 04840033 DIFF*%#2 =
POINT 18 VYCALC = 0¢873110 DIFF##2 =
POINT 19 VYCALC = 06900291 DIFF##2 =
POINT 20 YCALC = 06922329 DIFF#%2 =
POINT 21 VYCALC = 06940093 DIFF##%#2 =
POINT 22 VYCALC = 06954434 DIFF##2 =
POINT 23 VYCALC = 064966066 DIFF#%#2 =
POINT 24 VYCALC = 0e975456 DIFF##2 =
POINT 25 VYCALC = 0982819 DIFF#%2 =
POINT 26 VYCALC = 06988129 DIFF#%#2 =
POINT 27 YCALC = 0991351 DIFF##2 =
POINT 28 YCALC = 0+992795 DIFF#%2 =
POINT 29 VYCALC = 06993799 DIFF##2 =
POINT 30 VYCALC = 06997637 DIFF#%#2 =
OF SQUARES OF ERRORS FOR CURVE=FIT = 0.,000017800973

Figure 15. (Concluded).
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0000000601850
0000000509098
0000000815690
0000000146885
0000000151046
0000000899720
0000000816801
0000000262453
0000000002024
04000000444 748
0000001050407
0000000933148
0000000289499
0000000015045
0000000341927
0000000821663
0000000889492
0000000423290
0000000012349
0000000221075
0000000822142
0000000990398
0000000414041
0000000003223
0000000639291
0000001321069
0000000464910
0.,000000341957
0000002402732
0000000752988
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SECTION IV. PROGRAM MESSAGES

A. User Messages

The following two user-messages have been included in GECAP.

#eav POSITION PLOTTER PEN APPROXIMATELY 3 |INCHES FROM THF #w##
#wwe R|GHT EDGE OF THE PLOTTER, « o o PRESS START . ., .  wwew

This message appears on the console typewriter at the beginning of
each execution of the program. Its purpose is to instruct the user to make
sure the plotter pen is in a proper position relative to the plotting paper. To
continue execution the green PROGRAM START button on the console type-
writer must be pressed. (The plot origin is established at this position. )

2. ‘**USERS MESSACE*#* THE POLYNOMINAL CALCULATED MAY
'OR MAY NOT BE THE BEST FITTED CURVE

This message occurs when a statistical test in BESFT has not been
satisfied. Execution will continue and the user may determine if the calculated
polynomial is acceptable for his purposes. (See the section on program limi-
tations for more information. )

B. Error Messages

GECAP was designed such that input to the program was made as simple
as possible. However, various restrictions within the program logic may
result in erroneous output if invalid input is used. In order to aid the GECAP
user in detecting these errors, various messages are printed on the console
typewriter, which indicate some of the common errors that occur from
incorrect program instructions or input data. The following list describes
these messages and gives the course of action taken by GECAP during their
occurrence.

1. ®ee*ERROR#+#+ CASE CARD INPUT VARIABLE IX |NCORRECT
*NUMBER OF CASES HAS BEEN SET EQUAL TO 1 *\FXECUTION RESUMED
\
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This message indicates that an error has been made in the format of
the CASE card. Execution will continue, setting the number of plots equal
to 1.

2. #»#«#ERROR**++END POINT OF X AXIS IS LESS THAN STARTING PCINTwews
#wx*EXECUTION DISCONTINUEDww#w+

This message indicates that an error has been made when specifying
the limits for the x axis. Execution will be discontinued at this point.

3« wea#ERROR#»#+END POINT OF Y AXIS IS LESS THAN STARTING POINTewss

*#***xEXECUTION DISCONTINUED#**#»*

This message indicates the same thing as message 4 except for the
y axis. Execution will be discontinued.

4. weeERROR### NUMBER OF TIC MARKS EXCEEDS LEGIBILITY LIMITwww
STANDARD FIX-UP TAKEN, EXECUTION CONTINUING

This message indicates that the values specified for labeling the axes
calls for more than 20 'tic' marks or labeling intervals. The program will
internally readjust the increments so that 10 "tic' marks are placed on the
axes and scale values are recalculated. Execution will continue. The user
may increase the increment value XINC or YINC to eliminate this error.

O« wwwe ERROR. . MORE THAN 100 DATA POINTS ON INPUT ###w
~#wex  EXECUTION CONTINUING WITHOUT REMAINING POINTS ##

A limit of 100 data points has been established for this program.
If this restriction is violated, the program will discard the extra data points
and continue execution with the first 100 values. This message will be printed
out for each input data card over 100.

#w«*ERROR*w##THE VALUES SPECIFIED FOR LABELING THE AXES
6. REQUIRE MORE PRECISION THAN THAT ALLOWABLFE IN GECAP..ccevcon.
.+.CHECK GECAP USER MANUAL FOR DETAILS... '
THIS ERROR MAY BE INSIGN!FICANT IN SPECIAL CASES...!IF EXECUTION
IS STILL DESIRED PRESS START,..IF NOT, PRESS STOP
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This message indicates that more than two decimal places were
requested on the program instruction card. In some cases this error will
cause invalid results. If execution is desired, the green START button on .
the console typewriter must be pressed. Six different input parameters
(XINC, YINC, XMAX, YMAX, XSTRT, YSTRT) are checked by the program
and any one of these values could cause this message to appear. The START s
button must be pressed each time the message appears, and, only after all
six values have been checked, will execution of GECAP be resumed.

7. «#wwERROR*w#+A DATA POINT WAS FOUND TO EXCEED THE LIMITS OF THE AXES..,w#ws ’
*#**EXECUTION DISCONTINUED*#w =

This message indicates that one of the input coordinates does not
fall within the user defined limits of the coordinate axes. Execution will be
discontinued.

8 e«s«ERROR##+« | NCORRECT PLOT OPTION WAS USED FOR

® . VARIABLE TYPE(1).****«CHECK GECAP USER MANUAL FOR DFTAILS.....
w«#*TYPE IN THE DESIRED OPTION FROM THE CONSOLE TYPEWRITER
(C,D,H, OR L), ***«PRESS (EOF) BUTTON TO CONTINUE EXECUTION#*ewes

9. #**« ERROR**++ [ NCORRECT PLOT OPTION WAS USFD FOR
VARIABLE TYPE(2),.#+##**CHECK GFCAP USER MANUAL FOR DFTAILS.....
#+#««TYPE IN THE DESIRED OPTION FROM THE CONSOLF TYPEWRITER
(C,D,H, OR L). ##*#PRESS (EOF) BUTTON TO CONTINUE EXECUTION##ww«

10. #x** ERROR**»» | NCORRECT PLOT OPTION WAS USED FOR
VARIABLE TYPE(3).**#+CHECK GECAP USER MANUAL FOR DETAILS.....
#«++TYPE IN THE DESIRED OPTION FROM THE CONSOLE TYPEWRITER
(C,D,H, OR. L). ###+PRESS (EOF) BUTTON TO CONTINUE EXECUTION###w«

Messages 8, 9, and 10 appear when incorrect symbol options were
placed in columns 61, 62, or 63 of the Program Instruction Card. When this
message appears, the correct symbol should be typed in from the console
typewriter. To resume execution, the EOF button on the typewriter should be
pressed.

30
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11. ###ERROR##% ERROR IN ROUTINE CURFe EXECUTION CONTINUING

This error message occurs in routine CURF and indicates that an
error resulted while calculating the coefficients for the least squares poly-
nominal. Execution will continue.

SECTION V. PROGRAM DESCRIPTION

A. General

GECAP was designed exclusively for the IBM 1130 computing system.
This system was chosen because it is common among industrial and govern-
mental facilities, and therefore, provides easy access to the user. Core
requirements for this program are 8K words of storage.®

This program has been constructed to provide the user with a rapid
and accurate method of plotting a set of data on a grid without having to write
any programming instructions. The program reads in information concerning
starting values for the coordinate axes, upper limits for the axes, and step
increments between 'TIC' marks for the axes. These values are used to
calculate scale values for the grid. The scale values calculated by the pro-
gram are based on the assumption that the plot is small enough to fit an
8.5 X 11 in. sheet of paper. User titles are read in for the x and y axes and
also for the grid, and placed at the proper location on the graph.

Several different types of plots are available. The user selects the
type of plot, the program generates the requested graph for the given data
set. The supplied information and the input data is written on the printer for
user reference.

Numerous options concerning the type of plot and the method of labeling
the axes are available to the user.

Labeling the axes:

1. Either or both of the coordinate axes may be labeled with integer
or real numbers.

5. The program is actually larger than 8K but by the use of the LOCAL and
LINK system overlay routines, the program is within the 8K limitation of the
1130 computer system.
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2. The user may wish to indicate that his labeled values on the
axes are scaled to a power of 10. If so, an option is available which will
label the last 'TIC' mark on each axis in such a manner as to indicate

this scaling factor (ex: 20 x 10-1),
Type of plot:

1. The data may be plotted as individual points marked by symbols
on the grid.

2, The data may be plotted as individual points with straight lines
connecting each point to the previous point.

3. A histogram option is available which generates a histogram
~ from the user-supplied frequency information.

4. An option may be used which plots the points individually and
then performs a least-squares curve fit on the supplied data. The program
uses a statistical test® to determine which degree polynomial best fits the
data and then plots the curve. The coefficients of the calculated polynomial
along with the errors associated with the differences from the calculated
curve and the actual data are displayed on the printout.

5. The user may not desire data point symbols on his graph. If so,
an option is available, applicable to any of the above options, which causes no
data point marks to be placed on the grid.

6. Multiple cases may be plotted on the same grid for options 1, 2,
4, and 5.

Te If data point marks are used, one permits the data symbols to be
labeled.

After each set of data is plotted on the grid, the plotter pen is moved
to a point below the x axis. The symbol associated with that set of data is
drawn and followed by a user-specified name for that particular data set.

Only six curves may be labeled in this fashion as the IBM 1130 plotter routines
are limited to six different symbols for data point marks.

6. See Appendix A,
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B. Program Structure

GECAP is built primarily in two sections. The mainline, GECAP, and
supporting routines LABL, ERRO, and HIST perform the operations concerned
with drawing and labeling the grid, plotting the individual data points, and
generating a plot for all options except the least-squares curve-fit option.

The curve-fit option is contained in the second main routine, BESFT, which
calculates the polynomial coefficients and plots the corresponding function
on the grid. The program is built in this manner due to limited core require-
ments within the IBM 1130 computing system. The maximum amount of core
storage available on this system is 8,000 words of core storage. Since
GECAP and BESFT each require approximately 8,000 words of core storage,
it is impossible to execute the program with both routines in core together.
Execution is achieved through the call LINK system routine which, in effect,
stores only one routine in core at a time. If the continuous option is used,
GECAP will call BESFT. When this is done, BESFT is brought into core.
BESFT executes its function and returns to GECAP. When GECAP returns
to core only the values for the variables stored in common will be retained.

Routines: The following is a list of routines called by the mainline
GECAP.

1. LABEL - This routine draws and labels the grid and places the
titles on the graph.

2. HIST - This routine generates a histogram plot from the input
data.

3. ERRO - This routine contains all GECAP error messages and is
called only when an error is found in the input data.

4. BESFT - This routine determines the best degree of polynomial
through a statistical ANOVA test and plots the least squares function on the
grid.

5. F - This function calculates the value of the dependent variable
from the polynomial equation found in the curve fit analysis.

6. CURF - This routine calculates the coefficients for all degree
polynomials (up to the 11th degree) which fit the data.
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Ts FINSH - This routine checks to see that all plotting has been
completed before further execution of the program proceeds. If the plot buffer
is empty, then the program continues; if not, the program waits for all plotting
to be completed before continuing.

NOTE: The routines LABEL, HISTO, and ERRO are placed in a system
monitor control, LOCAL. This causes these routines to be placed in core
only when they are called by the mainline GECAP. At all other times these
routines are stored on the disc. The purpose of this monitor control is to
prevent the amount of core storage used by GECAP from exceeding 8K words.

C. Program Restrictions and Limitations

1s As previously stated, use of a system routine (CALL LINK) and
" a system monitor control (LOCAL) have been made in order to limit the
amount of core storage required by GECAP. The user should be cautious
when making program modifications, for these changes could drive core
requirement over the 1130 computer capacity.

2.  When executing the continuous (C) or histogram (H) options, the
data must be input in order of increasing x value (xi < Xi+1 < Xi+2 < Xi+3’ etc).

3. The statistical test in BESFT does not always guarantee that the
best degree polynomial has been selected by the program. It is possible that
the curve selected may be accurate for the given data points but not the best
"eye balled' curve. This circumstance may be avoided by using more data
points and by spacing these points evenly with respect to the x axis.

4. A maximum of 100 data points may be input for any case using
any option.

5. The maximum degree equation which will be calculated for any
case using the continuous option is an 11th degree polynomial. For cases
where less than 11 data points are input, the maximum degree polynomial
calculated will be (N-1) where N is the number of data points.

D. PROGRAM MODIFICATIONS FOR OTHER COMPUTING SYSTEMS

This program may be modified to run on other systems by making a
few minor changes on large computers, rather than calling BESFT through
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a CALL LINK system routine. BESFT should be a subroutine called by
GECAP and placing a GO TO statement after BESFT sending it to the beginning
of GECAP. The system monitor, LOCAL, may be deleted. The plotter
routines must be changed as these routines are unique to each computing sys—
tem. Also, the input/output unit numbers for all READ and WRITE statements
must be changed to correspond to the particular installation.
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APPENDIX A

DETERMINATION OF THE BEST FIT POLYNOMIAL

One of the problems associated with plotting out the results of a least-
squares curve-fit is the determination of the degree of polynomial that best
fits the empirical data. One possible method is to calculate the least-squares
coefficients for as many polynomial equations as one desires, and then plot
out each of the different power curves. Selection of the plotted curves can
be made against the input data by using the "eye ball" technique.’ In many
cases this is the best method since the analyst has some prior information
about the shape of the curve, or because higher degree polynomial coefficients
.cannot be determined due to a lack of enough data points.

However, a routine has been included in GECAP that statistically
determines the best degree of polynomial to be plotted. The test procedure
is mathematically defined as follows:

Given a set of n data points X, y;; Xy, Y93 X3, Y33 + eee Xn’ yn; one
can determine the least squares coefficients bm’ for an mth degree polynomial,
assuming m < n-1. An equation of this type is defined in the following form:

- 2 L
ym(xi)—bo+b1 Xi+b2Xi+”' bmxi

The problem is to determine what value of m will give a statistically
good fit. (i.e., Does the addition of a higher order term to the polynomial
equation fit the data significantly better than without using it?)

A test can be set up that will solve this problem on a probabilistic
basis. The test uses the ratio of the difference of two independent estimates
of the error variance against a single estimate of the error variance. Mathe-
matically, this can be defined as the following F statistic:

2 - 82
_ Sm—l m
m-1 g2
m

7. The '"eye ball' technique (as named by the author) is simply a method in
which someone determines the shape of the approximate curve by placing a
french curve over the given data and estimating what a good fit would look like.
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where

'21 (v, (%) -y,)*
Sin - n-(m+1)

is the residual variance after fitting the data with the mth degree polynomial
and ‘

Y (v (%) -y
i=1
m-1 n- (m)

is the residual variance after fitting the data with the m-1th degree polynomial.

The null hypothesis Sin =0 (i.e., the test can be stated as the mth

degree polynomial is not significantly better than the m-1th degree polynomial
or the null hypothesis bm = 0) is tested for significance at the 5-percent

rejection level
where

F >F
m-1 0.95, vy, vy

Vy = n-m-1

to determine if the mth degree curve has a smaller error variance than the

m-1th polynomial. If the value of F is less than Fa o then it is
’ 19 2
assumed that the mth degree is satisfactory. This test is also performed

for the m-2th error variance. After two successive tests show no significant
in the F values, then it is assumed that the mth degree polynomial is a good
fit. 8

It should be pointed out that this test will not always satisfy the user of
GECAP in all possible cases. However, it works well when the data to be
fitted is evenly distributed along the x axis and the data has less than two

8. The corresponding polynomial coefficients are printed out and the mth
polynomial function is plotted on the graph.
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inflection points. For data reflecting many (3 or more) inflection points,
the desired polynomial fit should have at least 30 or more coordinate values
per curve as input to the GECAP Program.

More information on this subject can be obtained from the books
Probability and Statistics for Engineers by I. Miller and J. Freund, page 245,
and/or Probability and Statistics in Engineering and Management Science by
W. Hines and D. Montgomery, pages 332 and 356.

38




APPENDIX B

PROGRAM LISTING

The following program listing is included for those users wishing to
modify the existing program to suit a special need. The listing has been well
commented so that a programmer can isolate any individual logic operation
within a routine. Information on the IBM 1130/1800 plotter subroutines can
be obtained from the IBM System Reference Library, Form C26-3755-0.
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// FOR

#]O0CS(1132 PRINTERSPLOTTERTYPEWRITERsCARD 9KEYBOAKD )
#ONE WORD INTEGERS

#EXTENDED PRECISION

C GCAPOUOLU
Ce#n# GECAP REVISION C» 09705772 GCAPOUU LV
¢ GCAPQU 2V
CRRBBEEREABAE AR AREBERARER AR R AR AR AR AR FRRA R AR R A AR IR E R A A A R A Ak h R A% *GCAPOO 3V
C OCAPOU4GY
CH#u®%2PROGRAMMED RY Be Re BEADLE 11 (9/7171) GCAPUULU
C Be De DOLERHIE (12/71) GCAPUUBV
C Je We OWEN (9/712) GCAPOU TV
C Re As SCHLAGHECK (9771 TO 9/72) GCAPOQBY
C GCAPOO90
CR M2 I I WA I I R Pt AN N K Ko MR T BN RF e ok R R, taxwkewi GCAPOLOO
CCCCCCLCCCCCCCCCCCCCCLaiCClLCClClulllel e CCLCllCleelil el CClGCAPOLILY
C PROGRAM GECAP 15 A GENERALIZED CURVE==FIT ANuU PLOT PRCGRAM GCAPOL 2V
C FOR USE IN FLOTTING A WIDE VARIETY OF CATA ON A GRID SMALL GCAPOUL 30
< ENOUGH TO FIT CN AN 8 1/2 X 1. SHEET OF PAPEtKe NUMEROUS GCAPOLl4U
C OPTIONS ARE SUPPLIED TU THE USERs IN URDER FUR HIM 7O OBTAIN GCAPOLS0
C A PLOT OF HIS DATA SET. GCAPOLlbU
C GCAPOL 70
C OPTIONS'! GCAPO180
C GCAPOL90
€ 1 = EITHER OR BOTH OF THE AXIS ON THE GRID MAY BE NUMB= GCAP0O200
< ERED IN FITHER INTEGEK OR KEAL NUMBER FORMe IGCAPOZIU
C GCAPO22V
C 2 = THE DATA MAY Bt PLOTTED IN ANY ONE OF FUUR WAYS GCAPOZ 30V
C (1) DISCRETELY =THE DATA IS PLOTTED AS INDIVIDUALGCAPQZ&U
< POINTSswWITH THE POINT SYMBOLS DIFFERING FROM GCAPOZ25V
C CASE TC CASE. GCAPQOZ260
[ (2) = LINEARLY = THE DATA POINTS ARE CONNECTED BY GCAPQ270
C STRKAIGHT LINESe GCAP028O
< (3) = CONTINJYOUSLY = THE INDIVIDUAL POINTS ARE GCAP0290
C ORIGINALLY PLOTTED AS THE DESCRETE POINTS»BUTGCAPO300
C THE POINTS UNDER GO A LEAST=SQUARES CURVE=FITGCAPO310
C AND THE CALCULATED FUNCTION IS PLOTTEDe GCAPO0320
C (4) = HISTOGRAM = THE DATA POINTS ARE NOT PLOTTED GCAPO0O330
C INDIVIDUALLY » BUT A HISTOGRAM IS GENERATED GCAPOQ34U
C FROM THE INPUT DATA. GCAPO0350
C GCAPQ360
C 3 = MULTIPLE CASES MAY BE PLOTTED ON THE SAME GRID WITH= GCAPO3 7V
C OUT INPUTTING ADDITIONAL GRID INFORMATIONe THIS GCAPO380
C OPTION DOES NOT ALLOW FOR DIFFERENT TYPE PLOTS ON GCAPQ390
C THE SAME GRID. GCAPO400
C i GCAPOQ&4 11U
C =NClEseeAN OPTION FOR NO DATA POINT MARKS IS GCAPQ&42V
C AVAILABLE FOR ANY TYPE OF PLOTe GCAPO430
C =NOTE===1F DATA POINT MARKS ARE USEDs» AN OPTION MAY GCAP0440
s BE USED TO LABEL EACH CURVE INDIVIDUALLY. GCAPO450
C =NOTE===]F THE USER DESIRES TO SHOW THAT HIS LABELED GCAPOQ460
C VALUES ARE RAISED TO A POWER OF 10s AN OPTION EXISTS GCAPO0470
C WHICH LABELS THE LAST 'TIC' MARK ON THE AXIS IN SUCH GCAP0480
C A MANNER TO INDICATE HOw THE VALUES SHOULD BE READe GCAPO0490
C GCAPO0500
ddaddddeddddddadddddadadddadadeddsdadedddddqeqaddddedaddddddddddadEdadadaadacler Tl Bio]

INTEGER TYPE(3)sDESC GCAP0520

INTEGER CONT GCAP0O530

INTEGER P»sR GCAPO540

INTEGER HISTOBLNK GCAPO550

INTEGER O+ERR GCAPO560
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INTEGER TEN(2) GCAPGCS TV

DIMEANSTIUN XNAME(5) GCAPOS80
COMMON TITLX(T)oTITLY (7)) oTITLL(T) GCAPOS9V
COMMON XVALU(10Z)sYVALUILLUL) GCAPO600
COMMON K] o XMAY. s YMAAX s X INC o XSTRT GCAPRPUb LU
COMMON YSTRT#XSCLE»YSCLE LCAPUGZV
COMMON NCASE» [CASE GCAPQO63U
COMMON NOCDAT GCAPUb4L4U
DATACONT/Z'C'/ GCAPOb6OU
DATADESC/'D!'/ GLAFPUOLU
DATALINEZ'L'/ GCAPLOTU
DATAHISTO/'H'/ GCAPObLBU
DATAXCHV/'END'/ GCAPUbLY Y
DATABLNK/' '/ GCAP U UV
DATABLANK/! ¥ GCAPUTILV
DATAACK/'OF '/ GCAPQ ¢V

ICODE = O OCAPUT3UV

J =0 GCAPOT4U

K =0 GCARPUT5V

R = 2 GCAPQO bV

P = 3 GCAPOTTU
TYPE(3)=1 GCAPOTBY

IDUMY = LINE GCAPOTIU

c GCAPQB0O0
Cx#%#% READ IN THE INFORMATION ABUUT THE WNUMBER OF CA3ESs THE LABELS FOR GCAPOB1U
C##% THE CURVESs AND THE EXPONENTS FOR THE X AND Y AXES GCAPOB 2V
C GCAPOB 30
10 READ(R$20)TITLZ9ICASE sAsNCASE » (XNAME(O) 90=15)sTEN(L)sTEN(2) GCAPOB4O

20 FORMAT(A4s1Xs1191X9A391193Xs5A0693X91293X912) GCAPOBSU

IF (NCASE=1)40930430 GCAP OB 60

30 IF(A=ACK) 40950940 GCAPUB TV

40 ERR=1 GCAPOB8BU
CALL ERRO(TYPEZERRsK9YINC) GCAPOB90

50 CONTINUE GCAPOY OV
IF(ICASE=1)70+70+60 GCAPO910

60 IF(NCASE=ICASE)B8209370,370 ) GCAPOY 2V

C GCAPO930
Cx#%%  THIS IS THE CONSOLE MESSAGE FOR THE USER GCAPO940
(<l GCAPOY50
70 WRITE(1+80) GCAPOY6L

80 FORMAT (' #%%% POSITION PLOTTER PEN APPROXIMATELY 3 INCHES FROM THEGCAPO970

1 #%xnt /9t #ma#x RIGHT EDGE OF THE PLOTTERe e s o PRESS START o GCAPO980O

20 o nuwn'y//) GCAPOY YO
PAUSE GCAPLlUUUV

C GCAP101UV
C#%*#* READ IN THE INFORMATION ABOUT THE GRID GCAP1020
C GCAP10O 3V
READ(R$90)XINCoYINCoXMAX s YMAX s XSTRT s YSTRTTYPE(L) o TYPE(2)9TYPE(3)9GCAPLO4O
1INODAT GCAP1050

90 FORMAT(6F10e094A1) GCAP1060

C GCAP1U70
Ce»#  PRINT OUT THE INPUT DATA GCAPlO8V
C GCAP1Q90
WRITE(P»100) GCAP1100

100 FORMAT(1H1) GCAP1110
WRITE(P9110)XINCoYINCIXMAXs YMAXIXSTRTsYSTRT s NCASE GCAP1120

110 FORMAT (/9" X=AXIS INCREMENT ='9F10e295Xs 'Y=AXIS INCREMENT ='3F1l0¢2GCAP1130
lo/9' X=AXIS LIMIT = "9F10e295Xs 'Y=AXIS LIMIT = "FlUe29/9"' X=GCAP1ll4&4uU
2AXIS ORIGIN = "9F1l0e295Xs 'Y=AXIS ORIGIN = '"Fl0e29/9"'" NCASES GCAPL1150

3 = '9110) GCAP1160

C GCAP1170
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C##x  CHECK THE VALUES FOR LAESLING THE AXES TO SEE [F THE STARTING oCAllbu
Cu##®  POINTS ARE LESS THAN THE CND POINTS OGCAPL1G
C GCAR 12T
IF(XMAX=XSTRT)122¢120+130 GCAP L. i

120 ERR=2 GCAPL122w

CALL ERRO(TYPESERRKsYINC) GCAP L2320

GO TO 150 GCARP L1240

130 IF(YMAX=YSTRT)140y140sl06C GCAP L ZbHU

140 ERR=3 GCAPLZ260U

CALL ERRO(TYPESERRsKsYINC) GCAP L2 TV

150 STOP GCAPL1280

160 ERR=4 GCAP129vV

CALL ERRO(TYPESERRsKsYINC) GCAP L300

C GCAP131u

Cu#% CONVERT ALPHA=-NUMERIC INPUT DATA TO NUMERIC VALUES GCAP1322

C OCAP1330U

DO 260 K=1,3 GCAP1340

WRITE(Ps170)KsTYPE(K) GCAP135u

170 FORMATI(' TYPE('s]124') = Y96XsAL) GCAP136u

IF(TYPE(K)=CONT) 19091505190 GCAPL137y

180 TYPE(K) = 1 GCAP1380V

GO TO 260 GCAP1390

190 IF(TYPE(K)=DESC)21292009210 GCAP14U0

200 TYPE(K) = 2 GCAP L4 1V

GO TO 260 GCAPL42V

210 IF (TYPE(K)=HIST0)230+2209230 GCAP1430

220 TYPE(K)=4 GCAPLl44 U

GO TO 260 GCAP 1450

230 IF (TYPE(K)=LINE125052404250 GCAPl4b6y

240 TYPE(K)=3 GCAPLl&TG

GO TO 260 GCAP148Y

250 ERR=5 GCAP14S0

CALL ERRO(TYPESERRKsYINC) GCAP1500

260 CONTINUE GCAP151i0

G GCAP1520

Ca#% READ IN TITLES FOR THE X AND Y AXIS AND ALSO THE GRAPH TITLE GCAP1530

C . GCAP1540

READ(R 27O (TITLX(I)oI=197) s (TITLY(J)9J=LsT) s (TITLE(K)sK=1s7) GCAP1550

270 FORMAT (6A4LsA296ALA2sTAGL) GCAP 1560

280 CONTINUE GCAP1570Q

CHRE MMM I I TN W NN RN I TN W FI R TR R RE R REXRRFR AR ARERA RS R AR XGCAPLOBO

¢ GCAP1590

C THIS SECTION COMPUTES THE VALUES FOR THE GRID FROM THE SPECIFIED GCAP1600

G USER INFORMATION& GCAP 1610

G GCAP1620

INCX = XINC#*10, GCAP1630

INCY = YINC#10, GCAP1640

IXI = INCX/1D GCAP1650

IYI = INCY/10 GCAP166U

IF((IYI*#10)=INCY)300+290+300 GCAP1670

290 IF((IXI®#10)=INCX)310+320+310 GCAP1680

300 IYI = IYI+1 GCAP1690

GO TO 290 GCAP1700

310 IXI = IXI + 1 GCAP1710

320 NXTCS = (XMAX=XSTRT)/XINC GCAP1720

C GCAP1730

C THIS IF TEST LIMITS THE NUMBER OF 'TIC' MARKS FOR THE X=AXIS GCAP1740

C GCAP1750

IF(NXTCS-20)340o3“0|330 GCAP1760

330 ERR=6 GCAP1770

CALL ERRO(TYPESERRKsYINC) GCAP1780
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GO TO 280 GCAP1790

340 NYTCS = (YMAX=YSTRT)/YINC GCAP1800

C GCAP1810
C THIS IF TEST LIMITS THE NUMBER OF 'TIC' MARKS FOR THE Y=AXIS GCAP1820
C ' GCAP1830
IF(NYTCS = 2013605360+350 GCAP1840

350 ERR=7 GCAP1850
CALL ERRO(TYPESERRsKsYINC) GCAP 186U |

GO TO 280 GCAP1870

360 CONTINUE GCAP1880
CALL LABEL (TYPESTENsIXIsIYIoINCXsINCYsNXTCSsNYTCSsYINC) GCAP189V

370 CALL SCALE(XSCLEsYSCLEsXSTRT»YSTRT) GCAP1900

C GCAP1910
Ce#x READ IN DATA POINTS AND PLOT THEM GCAP1920
C GCAP1930
Ki=1 GCAP1940

CALL EPLOT(1sXSTRTsYSTRT) GCAP1950

380 READ(Rs390)XVALU(KI) s YVALU(KI) »XCH GCAP1960
390 FORMAT(2F10439A3) GCAP1970
IF (XCH=XCHV) 40044905400 GCAP1980

400 IF(YVALU(KI)=YSTRT)4409410+410 GCAP1990
410 IF(YVALU(KI)I=YMAX)420+4200440 GCAP2000
420 IF(XVALU(KI)=XSTRT)44054305430 GCAP2010
430 IF(XVALU(KI)=XMAX)45094509440 GCAP2020
440 ERR=9 GCAP2030
CALL ERRO(TYPEsERRsKsYINC) GCAP2040

450 CONTINUE GCAP2050
460 IF(KI=101)470+4804480 GCAP2060
470 KI = KI + 1 GCAP2070

’ GO TO 380 GCAP2080

C GCAP2090
Ce## A LIMIT OF 100 DATA POINTS IS ESTABLISHED FOR THIS PROGRAM GCAP2190
C i GCAP2110
" 480 ERR=8 GCAP2120
CALL ERRO(TYPESERRsKsYINC) GCAP21 30

GO TO 380 GCAP2140

490 NCK=TYPE(3) GCAP2150
GO TO (500551055104830) sNCK GCAP2160

500 JFK = 1 GCAP2170
GO TO 520 GCAP2180

510 JFK = 2 GCAP2190
520 GO TO(5405530) s JFK GCAP2200
530 ICODE = 2 GCAP2210
540 JG=KI=1 GCAP2220
C -— GCAP2230
IF(TYPE(3)=3)550+5604550 GCAP2240

550 IF(NODAT=BLNK)730,560+730 GCAP2250
560 DO 630 LBJ=1yJG GCAP2260
IF(TYPE(3)=3)600+570+600 GCAP2270

570 IF(LBJ=1)600+580,590 GCAP2280
580 CALL EPLOT(1sXVALUI(LBJ)sYVALU(LBJ)) GCAP2290
IF (NODAT=BLNK 16309610630 GCAP2300

590 CALL EPLOT(2sXVALU(LBJ) »YVALUILBJ)) GCAP2310
IFINODAT=BLNK 63056105630 GCAP2320

600 CALL EPLOT(1sXVALU(LBJ)sYVALUILBJY)) GCAP2330
CALL EPLOT(29XVALUILBJ) »YVALU(LBJ)) GCAP2340

610 II=ICASE=-1 GCAP2350
620 CALL POINT(II) GCAP2360
630 CONTINUE GCAP2370
C GCAP2380
C##s LABEL THE CURVE GCAP2390
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640

650
660
670

680"

690

700
710
720

(o rm e c e m e e e o e e e m e e — e - o - - ————— - s e o o e e .t S -

730
7490

750
760

770
780

790
800
810

C
Cowd

C
820

830

// DUP

DO 640 0=1+5
IF(XNAME(Q)=ULANK) 65096409650
CONTINUE

GO TO 730

X=(XMAX )= (XMAX=XSTRT) /(445)
Y=YSTRT=(e5)/(YSCLE)={a2)*([]1)/(YSCLE)
CALL EPLOT (1leXsY)

CALL EPLOT (2sXsY)

CALL POINT(II)

X3 (XMAX)=(XMAX=XSTRT)/(5)
Y=Y=(e05)/(YSCLE)

CALL ECHAR (X9Yselsels0e0)
WRITE (79720) (XNAME(Q)s0=1is5)
FORMAT (5A6)

WRITE(P»740) TITLXsTITLY

FORMAT(///914Xs? *%k INPUT DATA%XR%Y 5/ /s IXsOANSALs4Xsb6AGAZY/ /)

WRITE(Ps750) TITLZ»ICASEsAsNCASE
FORMAT(20XsAbsl291XsA2+12)

KI = KI =1

DO 780 I=1yKI

WRITE(P»770) XVALU(T) s YVALU(I)
FORMAT(7XsF10e4914Xs7F10e4)
CONTINUE

KI = KI + 1

CALL EPLOT(1sXSTRTsYSTRT)
CONTINUE
IF(ICODE=2)800+8105810

CALL FINSH

CALL LINK(BESFT)
IF(NCASE=ICASE) 8205820510

SET THE PEN FOR THE NEXT PLOT

CALL EPLOT(19sXMAXsYSTRT)
CALL SCALE(1e091¢090¢09040)
CALL EPLOT(1946¢05040)

CALL EXIT

CALL HIST

ICODE=2

GO TO 730

END

#DELETE GECAP

*STORE

WS UA GECAP
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GCARP24Q
GCAPZ24 L2
GCAP242)
GCAP2430
GCAPZ2440
GCAP2450
GCAP24E Y
GCAPZ24 7D
GCAP2480
GCAP2490
GCAP2500
GCAP2510
GCAP2529
GCAP2530
GCAP2544
GCAP2550
GCAP2560
GCAP257Q
GCAPZ58YU
GCARZ59Y
CCAP260Q
GCAP2510
GCAP2620
GCAP263V
GCAP2640Q
GCAP2650
GCAP266U
GCAP26TV
GCAP2680
GCAP2690
GCAP2700
GCAP2710
GCAP2720
GCAP2730
GCAP2740
GCAP2750
GCAP2760
GCAP277Q
GCAP2780
GCAP2790
GCAP2800C
GCAP2810
GCAP2820



// FOR
#ONE WORD INTEGERS
#EXTENDED PRECISION

C
Cous
Cuun
C
C

Conn
C

Caes
Cran
CHue
CHus

Cuus

Cuun

10
20

30
5Q

60
70

THIS SUBROUTINE DRAWS THE GRIDs LABELS THE GRID»

PLACES THE TITLES IN POSIT{ONe

SUBROUTINE LABEL(TYPESTENsIXIsIYIoINCXsINCYsNXTCSINYTCSsYINC)

GECAP REVISION C» 09/05/72
INTEGER TYPE(3)+TEN(2)

COMMON TITLX(7)sTITLY(7)sTITLE(T)

COMMON XVALU(101)sYVALU(101)
COMMON KIoXMAXsYMAX9XINC»XSTRT
COMMON YSTRTsXSCLEsYSCLE
COMMON NCASEs ICASE

COMMON NODAT

THE LENGTH OF THE X AND Y AXES ARE GOVERNED BY THE NEXT TWO STATE=

LABLOOQOO
LABLOCLD
LABLOO2U
LABLOO3U
LABLOU4O
LABLOOSV
LABLOO6D
LABLOO7U
LABLOOBY
LABLOOSO
LABLO10OV
LABLOLl1u
LABLO1l2u
LABLO13V
LABLO1l 4V
LABLO150V
LABLOl60V

MENTS « FOR LONGER AX15s CHANGE THE NUMBERS IN THE FOLLOWING STATELABLG170

=MENTS SO THAT THE ACTUAL LENGTH OF THE AXIS
IN THE DIVIDEND OF THE STATEMENTS

XSCLE = 845/(XMAX = XSTRT)
YSCLE = 640/(YMAX=YSTRT)
YINT = =42/YSCLE

XINT = =432/XSCLE

DRAW THE GRID

CALL EPLOT(1+06500)

CALL EPLOT(2906904)

CALL SCALE(XSCLE»YSCLE+Oe90e)

CALL EGRID(190e90esYINCINYTCS)
CALL EPLOT(150e904)

CALL EPLOT(2900906)

CALL EGRID(O90e90esXINCINXTCS)

LABEL THE GRID

NXTCS = NXTCS + 1
NYTCS = NYTCS + 1

X = XINT

XNUM = XSTRT

INIT = XSTRT

NUM = XSTRT#10

IF (TYPE(3)=4)20+10+20
X=(XINT I+ (XINC)/(24)
NXTCS=NXTCS=1

DO 80 I=1yNXTCS )
CALL ECHAR(XsYINTselse19040)
IF(TYPE(1)=2)60+30+60
WRITE(7»40) INIT

FORMAT.( 1'%}

FORMAT(15)

INITeINIT+IXI

GO TO 70

WRITE(7+520) XNUM

CONTINUE

(IN INCHES

wiLL BE LABLOLS8Y

LABLO190
LABLCZOU
LABLO21D
LABLOZ20
LABLGC230
LABLOZ4U
LABLO0250
LABLOZ6U
LABLO279
LABL0280O
LABLO290
LABLO30V
LABLO310
LABLO320
LABLO0330
LABLO0340
LABLO0350
LABLO0360
LABLO370
LABLO380
LABLO0390
LABLO0400
LABLO4 1V
LABLO420-
LABLO430
LABLO440
LABLO0450
LABLO460
LABL0470
LABLO0480
LABL0490
LABLO500
LABLO510
LABLO520
LABLO530
LABLO540
LABLO550
LABLO560
LABLO570
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X=X+XINC LABLO580

NUM=NUM+ INC X LABLO0590
XNUM = FLOAT(NUM) /10 LABLO6QU
80 CONTINUE LABLO61D
C LABLO620V
Cw##% PLACE EXPONENT AT THE END OF THE X AXIS LABLO630
C LABLO64U
IF(TEN(1))905270990 LABLO650
90 IF(TYPE(1)=2)17091009170 LABLO660
100 X=XMAX+e¢2/XSCLE=XSTRT ) LABLO670
Y=YINT : LABLO68Y
IF(TYPE(3)=4)12091109120 LABLO690
110 X=X=XINC/2e LABLO70u
120 CALL ECHAR (X9Yselsels0e0Q) LABLOT71U
130 WRITE (7+300) LABLO720
XaX+s4/XSCLE LABLO730
IF(TEN(1))160+1604140 LABLO740
140 IF(TEN(1)=10)15C916Cs160 " LABLO750
150 X=X=¢l/XSCLE : LABLO760
160 Y=Y+405/YSCLE LABLO770
CALL ECHAR (X3Yselp9el90s0) . LABLO78Y
WRITE (7+310)TEN(L) ' LABLO790
GO TO 270 _ LABLOS&DU
170 X=XMAX+e4/XSCLE=XSTRT LABLOB10O
Y=YINT LABLOB20
IF(TYPE(3)=4)1909180+190 .LABL0830
180 X=X=XINC/2e LABLOB4O
190 CALL ECHAR (XsYselsal90s0) LABLO8B50
200 WRITE (79300) LABLO0B60
210 X=X4+e4/XSCLE : LABLO8T7D
IF(TEN(1))24092409220 LABL08SO
220 IF(TEN(1)=12)23092409240 LABLO890
230 X=X=eal/XSCLE ’ LABLQ90Q0
240 Y=Y+o05/YSCLE LABLO910
250 CALL ECHAR (XsYselsals0e0) LABL0920
260 WRITE (79310)TENI(1) . LABLO930
270 CONTINUE . LABL0940
c LABLO950
Ce## (ABEL THE Y AXIS AND PLACE EXPONENT AT THE END OF THE Y AXIS LABLO960
C ‘ ‘ _ LABLO970
XINT==s6/XSCLE . LABL0980
IF(TYPE(2)=2)2809290+280 ’ LABLO990
280 XINT==,65/XSCLE . LABL1000
290 Y=0.0 ) LABL1O10O
INIT = YSTRT LABL1020
NUM = YSTRT - LABL1030
XNUM= YSTRT LABL1040
DO 540 I=1,NYTCS LABL1050
300 FORMAT('X 10') LABL1060
310 FORMAT(12) : LABL1070
320 IF(NYTCS=1)490+3309490 . ) LABL108O
330 IF(TEN(2))3609492+460 . LABL1090
340 FF=0e0 LABL110O
350 X==s7/XSCLE+FF LABL1110
360 CALL ECHAR (X9Yselsel9060) LABL1120
370 WRITE(79300) LABL1130
380 X==o3/XSCLE LABL1140
390 22=Y+¢05/YSCLE LABL1150
400 CALL ECHAR(X9ZZsel9e19060) LABL1160
410 WRITE(79310)TEN(2) LABL1170
420 XINT=XINT=o¢7/XSCLE+FF LABL1180
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430
440
450
460
470
480
490

500

510
520
530

540

Cran

550

560
570

// DUP

IF(TYPE(2)=2)440+4904640
XINTeXINT=405/XSCLE

GO TO 490
IF(TEN(2)=12)47093404340
FF=¢1/XSCILE

GO TO 350

CONTINUE

CALL ECHAR(XINTsYseloels»0aC)
IF(TYPE(2)=2)51Cs5009510
WRITE(7+50)INIT

INIT = INIT +1YI

GO TO 530
WRITE(79520) XNUM
FORMAT(F6e2)

CONTINUE

Y =Y + YINC

NUM = NUM + [NCY

XNUM = XNUM + YINC
CONTINUE

PLACE THE TITLES ON THE GRAPH

X = 264/XSCLE

Y = =1le/YSCLE

CALL ECHAR(XtYnlSulSo0.0)
WRITE(79550) (TITLX(L)sL=1s7)
FORMAT (7A4)

ANG = 3614157/240

X = =468/XSCLE
IF(TYPE(2)=2)56095709560
X==473/XSCLE

Y=1e0/YSCLE

CALL ECHAR(X»Ys4159e159ANG)
WRITE(79550) (TITLY (M) yM=1s7)
X = 2¢5/XSCLE

Y = 6e¢5/YSCLE

CALL ECHAR(X5Y56294290,0)
WRITE(79550) (TITLE(N)sN=1s7)
CALL EPLOT(190e904)

CALL EPLOT(290e904)

RETURN

END

*DELETE LABEL

#*STORE

WS UA LABEL

LABLLLI9O
LABLL20u
LABL1210D
LABL122Y
LABL123V
LABL1Z240
LABL1250
LABL1260
LABL1274
LABL128D
LABL1290Q
LABL130O
LABL1310O
LABL1320V
LABL133U
LABL1340
LABL135V
LABL136UV
LABLL1370
LABL138Y
LABL1390
LABL1400
LABL141D
LABL142V
LABL143u
LABL144V
LABL1450
LABL1460
LABL1479
LABL148Y
LABL1490
LABL1500
LABL1510
LABL1520
LABL1530
LABL1540
LABL155V
LABL1560
LABL157D
LABL1580
LABL1590
LABL160OV
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// FOR
#ONE WORD INTEGERS
#*EXTENDED PRECISION

(4 ERROO0QO
Ce#®  THIS SUBROUTINE CONTAINS ALL ERROR MESSAGES FOR GECAP AND IS ERRO0010
Ce##® CALLED ONLY BY GECAP ERRO0020
C ERRO0030
SUBROUTINE ERRO(TYPESERRsK»YINC) ERROOV&C

C ERROCOS5U
Ce#%.  GECAP REVISION C» 09/05/72 ERRO0060
c ERRO0079
INTEGER TYPE(3)sERR ERRQ0080
COMMON TITLX(7)eTITLY(T7)sTITLE(T) ERRO00Q90
COMMON XVALU(101)sYVALU(101) ERRO0100
COMMON KI9sXMAXsYMAX9XINCsXSTRT ERROOL110
COMMON YSTRTsXSCLEs»YSCLE ERROO0120
COMMON NCASE s ICASE ERROO130
COMMON NODAT ERROQ140

GO TO (10930950970521092509270+2804300)9ERR ERROO150

10 WRITE (1s20) ERROO160

20 FORMAT (/9! ##%#%ERROR##%* CASE CARD INPUT VARIABLE IS INCORRECT 's/ERROO170

1ls "#NUMBER OF CASES HAS BEEN SET EQUAL TO 1 + EXECUTION RESUMED#*') ERRO0180
NCASE=] ERROJ190

GO TO 320 ERRO0200

30 WRITE(1940) ERRQ0210

40 FORMAT( /9! ##unERROR®***END POINT OF X AXIS IS LESS THAN STARTING PERR00220
JOINTHBawt /! ## ¥ *EXECUTION DISCONTINUED*#%#%1) ERRO0230

GO TO 320 ERRO02490

50 WRITE(1960) ERRO0250

60 FORMAT( /9 '####ERROR*#*#END POINT OF Y AXIS 18 LESS THAN STARTING PERR0O0260
LOINT*#awt g /40 #%#x*EXECUTION DISCONTINUED®##*" ) ERROO2 70

GO TO 320 ERR0O0280

C ERRO0290
Co#e CHECK THE NUMBER OF DECIMAL PLACES IN THE VALUES USED FOR LABELINGERROO0300
Ces#s THE AXES AND WRITE OUT AN ERROR MESSAGE IF MORE THAN TwO ERROO0310
Ce### DECIMAL PLACES ARE USED ) ERRO0320
C ERRO0330
70 NCXI=IFIX(XINC) ERROQ340
CNX= (XINC=NCXI)%*(1004) ERROQO350
NCX=IFIX(CNX) ERRO0360
IF(CNX=NCX)80+90+80 ERRO0370

80 WRITE(19190) ERROO0380
PAUSE ERRO0390

90 NCYI=IFIX(YINC) ERROOQ400Q
CNY=(YINC=NCYI)#*#(100,) ERRO0410
NCY=IFIX(CNY) ERROQ0420
IF(CNY=NCY) 10051105100 ERRO0430

100 WRITE(19190) ERRO0440
PAUSE ERRO0450

110 NXX=IFIX(XSTRT) ERRO0460
XXX= (XSTRT=NXX)#(1004) ERRO0470
IXX=IFIX(XXX) ERRO0480
IF(XXX=1XX)12091309120 ERRO049%0

120 WRITE(19190) ERRO0500
PAUSE ERRO0510

130 NYY=IFIX(YSTRT) ERRO0520
YYY= (YSTRT=NYY)#(1004) ERRO0530
IYY=IFIX(YYY) ERRO0540
IF(YYY=1YY)14041505140 ERRO0550

140 WRITE(19190) ERRO0560
PAUSE ERROO570
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).

150 NXM=]FIX(XMAX) ERROO580

XXM= ( XMAX=NXM)*(1004) ERRO0590
IXM=IFIX(XXM) ERRO0600
IF(XXM=IXM)1609170+160 ERRO0610
160 WRITE(1s190) ERRO0620
PAUSE ERRO0630
170 NYM=IFIX(YMAX) ERRQQ640
YYM=(YMAX=NYM)#*(1004) ERROO65V
IYM=IFIX(YYM) ERRQO660
IF(YYM=1YM)180,200+180 ERRO0670
180 WRITE(1s190) ERRQO0680
PAUSE ERRO0690

190 FORMAT (2Xs ' #*##ERROR****THE VALUES SPECIFIED FOR LABELING THE AXESERROO700
1'9/9'REQUIRE MORE PRECISION THAN THAT ALLOWABLE IN GECAPessseseeessERROO71D
2'9/9'ee e CHECK GECAP USER MANUAL FOR DETAILSees's/s»'THIS ERROR MAY ERRO0Q720
3BE INSIGNIFICANT IN SPECIAL CASESeseIF EXECUTION's/s'IS STILL DESIERRCO730

4RED PRESS STARTessIF NOTs PRESS STOP!') ERROQ740
200 GO TO 320 ERRQO750
210 WRITE(19220)K ERROV760
220 FORMAT (2Xy ' #%##ERROR*##* INCORRECT PLOT OPTION WAS USED FOR's/»! ERROO770

LVARIABLE TYPE('"sI1ls")en#n*CHECK GECAP USER MANUAL FOR DETAILSeseesERRO078D
2'9/ 9 ' #%#¥%TYPE [N THE DESIRED OPTION FROM THE CONSOLE TYPEWRITER ERRO0790
3'9/9'(CsoDsHs OR L)e *#%##PRESS (EOF) BUTTON TO CONTINUE EXECUTION*ERROO8OQU

LARRRD ) ERRCO8 10
230 READ (69240)TYPE(K) ERROC82V
240 FORMAT(A1) ERROOQB3y
K=K=] ERROOB4 U
GO TO 320 " ERROO0850
250 WRITE(19260) ERROO0860
260 FORMAT(/9' #%#ERROR*** NUMBER OF TIC MARKS EXCEEDS LEGIBILITY LIERROO870
IMIT#%%1,y /' STANDARD FIX=UP TAKENs EXECUTION CONTINUING') ERROO8B8O
NXINC = XMAX/10. ERROOBSO
XINC = NXINC ERR0O0900
GO TO 320 ERROQ910
270 WRITE(1+260) ERR0O0920
NYINC = YMAX/10. ERRO0Q930
YINC = NYINC ERRO0940
GO TO 320 ERRO0950
280 WRITE(1s290) ERROQ960Q
290 FORMAT (/9! #%%%x ERRORe o MORE THAN 100 DATA POINTS ON INPUT ##*#x%!,ERRO0970
179"  #u%%  EXECUTION CONTINUING WITHOUT REMAINING POINTS#*%!) ERRO0980
GO TO 320 ERRO0990
300 WRITE(19310) ERRO1000
310 FORMAT (2Xs'*##%##ERROR#*%#*A DATA PQINT WAS FOUND TO EXCEED THE LIMITERRO1O1l0
1S OF THE AXESeao*##%1,/,! ##%¥EXECUTION DISCONTINUED*#*##!') ERROL020
GO TO 330 ERRO1030
320 RETURN ERRO1040
330 STOP ERRO1050
END ERRO1060
// DUP
#DELETE ERRO
#STORE WS UA ERRO
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// FOR
#ONE WORD INTEGERS
#EXTENDED PRECISION

C
Coan

C

C
CHa®

c

THIS SUBROUTINE GENERATES A HISTOGRAM PLOT FROM THE INPUT DATA
SUBROUTINE HIST
GECAP REVISION Cy» 09/05/72

COMMON TITLX(7)eTITLY(7)sTITLE(T)

‘COMMON XVALU(101)9YVALU(1I1)

150
160
170
180
190
20Q.
210
220
230

/7 DUP
#DELET
*STORE

COMMON K19 XMAX9sYMAXsXINCoXSTRT
COMMON YSTRTsXSCLEsYSCLE

COMMON NCASE»s ICASE

NPTS=KI=1

Z2=XVALU(2)=XVALU(1)
IF(XVALU(1)=XSTRT)230+60+40

CALL EPLOT (1leXVALU(1)sYVALUI(L1))
CALL EPLOT (2sXVALU(1)sYSTRT)

DO 100 I=1sNPTS

CALL EPLOT (loXVALU(I)sYVALU(I))
PLUS=XVALU(1)+Z

CALL EPLOT (2sPLUSs»YVALULI)
CONTINUE

CALL EPLOT (19XSTRT2»YSTRT)
NPTS=NPTS=1

DO 200 I=1sNPTS

IF (YVALU(T)=YVALU(I+1))180s150+150
CALL EPLOT (1sXVALU(I+1)sYVALU(LI))
CALL EPLOT (2sXVALU(I+1)sYSTRT)

GO TO 200

CALL EPLOT (leXVALU(I+1)sYVALUII+1))
CALL EPLOT (2sXVALUI(I+1)sYSTRT)
CONTINUE

CALL EPLOT (lsPLUSsYVALUI(I))

CALL EPLOT (29PLUSs»YSTRT)
RETURN

END

E HIST

WS UA HIST

50

HISTO000
HISTOJ010
HISTO0020
HISTOO3U
HISTO040
HISTOQ5u
HISTO06V
HISTOQO70
HISTOQRO
HISTO0090 -
HISTO1Q0
HISTO119
HIST0120
HISTO130
HISTO0140
HISTO150
HISTO160
HISTO1l70
HISTV18U
HISTOL1l90
HISTO200
HIST0210
HISTUZR20
HIST0230
HIST0240
HIST0250
HIST0260
HISTOR70
HISTO0280
HIST0290
HISTO300
HISTO310
HIST0320
HISTO0330
HIST0340
HIST0350




// FOR
#]10CS(1132 PRINTERIKEYBOARDSTYPEWRITERsCARDSPLOTTER)
#*EXTENDED PRECISION
#ONE WORD INTEGERS
. C
Ce%x GECAP REVISION Cs 09705772
C
C-——— ———————————————————————————————————————————————————————————————————
. C PROGRAM BESFT WAS DESIGNED TO SUPPLY A BEST=FIT LEAST SQUARES
C FUNCTION TO A GIVEN SET OF INPUT DATAs IT WAS DESIGNED TO BE
- C USED EXCLUSIVELY WITH PROGRAM GECAP. THE TWO MAINLINES ARE
C TIED TOGETHER BY THE USE OF SYSTEM ROUTINE LINKe
Ce T R S S R S —— -
INTEGER PR
DIMENSION A(12s13)9SUM(20) sWORK(20) s IHLD(20)sV(10)
DIMENSION F1(49)sF2(49)
COMMON TITLX(T7)sTITLY(T7)sTITLE(T)
COMMON X(101)»sY(101)
COMMON KI sXMAXsYMAX 9 XINC9sXSTRT
COMMON YSTRTeXSCLE»YSCLE
COMMON NCASE s ICASE
DATAA/156%Q4/
DATAF1/1610918659100197¢7196e6195069995659950329501214096948494475
1906406704660 946549404994e459404114038944359403294430940289402604024
2462304621 94020944189401794e16940159461494413940129441194010504410»
3440994¢0894¢0759460794e0659440694005594060594404594404944035/
DATAF2/200691960996559606949567995elb94eTlbsbattb694e269441C9269893489
193081936749 3668930639365993055926529304993e4793e4493e4293e4093439
2363793035936349363393022930319302993628593¢289302793e2693e2593e24»
3302359362393422513622136215936219302059362093e19593e1993e185/

<
Ce#n RE=-ESTABLISH THE ORIGIN ( SEE MAINLINE GECAP )
<

CALL SCALE(XSCLEsYSCLEsXSTRTsYSTRT)

Kl = KI =1

ERROR = Qs

SAVELl = 0.

SAVE2 29999999,

SAVE3 =9999999,

NSUB1 = O

NSUB2 = O

NX=e] -

NCOUT=0

NCT=0

P =3

R = 2

10 CONTINUE

Cew# BEGIN CURVE=FIT ITERITION

20 NX = NX + 1
NY = NX + 1

Ce## LIMIT THE DEGREE OF POLYNOMIAL TO ONE LESS THAN NUMBER OF POINTS
Ce#%  ON INPUT

IF(NX=KI)309200,200
30 IF(NX=9)40+409200
40 CALL CURFI(XsYsKI sNXsNY3sAsSUMsVIWORKs IHLDE)
IF(E)T70970+50
WRITE(P»60)

BSTFOO00
BSTFO010
BSTFOO2V
BSTFO030
BSTFOO04Q
BSTFOU50
BSTFOO60 .
BSTFQO70
BSTFOO8U
BSTFOO9U
BSTFO120
BSTFOL110
BSTFO1l2VL
BSTFO130
BSTFOl40
BSTFO150
BSTFOl60
BSTFQ170
BSTFO0180
BSTFO190
BSTF0200
BSTF0210
BSTF0R220
BSTFC230
BSTFL249
BSTFO250
BSTF0260
BSTF0270
BSTF0280
BSTF0290
BSTF0O300
BSTF0310
BSTFO320
BSTF0330
BSTF0340
BSTFO0350
BSTF0360
BSTFO0370
BSTFO380
BSTF0390
BSTF0400
BSTF0410
BSTF0420
BSTF0430
BSTF0440
BSTF0450
BSTF0460
BSTF0470
BSTF0480
BSTF0490
BSTFO0500
BSTFO0510
BSTF0520
BSTF0530
BSTFO0540

BSTF0550
BSTF0560




C

60 FORMAT(//s' **xERROR*** ERROR [N ROUTINE CURFe EXECUTION CONTINUIBSTFO57U
ING') BSTF0580
70 CONTINUE BSTF0590
ERROR = 0,0 - BSTF0600
SIGSQ = 040 BSTFO0610
c - BSTF0620
C##% CALCULATE ERRORS FOR THIS POLYNOMIAL AND SUM THEM UP BSTF0630
C BSTF0640
DO 80 KK = 1sK] BSTF0650
YCALC = F(ASNXsX(KK)) BSTF0660
SI1GSQ = ABS(Y(KK)=YCALC)#*#2, - BSTF0670
80 ERROR = ERROR + SIGSQ BSTF0680
90 CONTINUE BSTF0690
100 ERRORSERROR/(KI=(NX+1)) BSTFO70U
NSUBLl = NX BSTFO710
NSUB2 = NY BSTFO720
SAVE1sSAVE?2 BSTFO730
SAVE2 = SAVE3 BSTFO740
SAVE3 = ERROR BSTFO750
110" TEST1=ABS(SAVE2=ERROR)/ERROR BSTFO760
TEST2=ABS (SAVE1=-ERROR ) /ERROR BSTFO770
I=KI=(NX+1) BSTFO780
IF(1=49)130+130,120 BSTFO790
120 1=49 BSTF0800
130 IF(TESTI=F1(1))150+140s140 BSTFO810
140 NCOUT=0 BSTFO0820
GO TO 160 BSTF0830
150 NCOUT=1 BSTF0840
160 IF(TEST2=F2(1))180s1705170 BSTFO0850
170 NCT=NCOUT BSTF0860
GO TO 20 BSTF0870
180 IF(NCT=1)170+1905190 BSTF0880
190 NSUB1=NX BSTF0890
NSUB2 = NX+ 1 BSTF0900
GO TO 220 BSTF0910
BSTF0920
C##% COMPUTE THE BEST=FIT CO=EFFICIENTS BSTF0930
4 BSTF0940
200 WRITE(P»210) BSTFU950
210 FORMAT(LlX»s! *#*USERS MESSAGE***¥ THE POLYNOMINAL CALCULATED MAY OR BSTF0960
LMAY NOT BE THE BEST FITTED CURVE') BSTFO970
220 CALL CURF(X9Y9sK]sNSUBLsNSUB29sAsSUMsV sWORK s IHLULE) BSTF0980
WRITE(P»230) BSTF0990
230 FORMAT(1H1) BSTF1000
WRITE(P»240)NSUB1 BSTF1010
240 FORMAT(/s' #CO=EFFICIENTS FOR POLYNOMIAL OF DEGREE'y3s'#!)- BSTF1020
DO 260 K=1ysNSUB2 : BSTF1030 -
J = NSUB2+1=K BSTF1040
WRITE(P#250)A(Jsl) BSTF1050
250 FORMAT(F20e12) BSTF1060
260 CONTINUE BSTF1070
WRITE(Ps270) BSTF1080
270 FORMAT(/////) BSTF1090
WRITE(Ps280INSUBL BSTF1100
280 FORMAT(' #CALCULATED VALUES AND SUM OF ERRORS SQUARED FOR',12,' DEBSTF1110
1GREE POLYNOMIAL*') BSTF1120
SIGSQ = 0.0 BSTF1130
ERROR = 040 BSTF1140
DO 300 I=1,KI BSTF1150
YCALC = F(ASNSUBLsX(I)) BSTF1160
SIGSQ = ABS(Y(I)=YCALC)#*#%2, BSTF1170

52

L3



290
300

310

Crun

WRITE(P»290) I 9YCALC»SIGSQ

FORMAT(' FCR POINT'sI3s' YCALC ='sF20e6910Xs'DIFF##2

ERROR = ERROR + SIGSQ
WRITE(P»310)ERROR

= '9F20.12)

FORMAT(//9' SUM OF SQUARES OF ERRORS FOR CURVE=FIT ='3F20s12)

WRITE(P»230)
PLOT THE CALCULATED FUNCTION ORN

XBEGN=X (1)
STEP = XBEGN

'YI = F(AsNSUBLsSTEP)

320
330
340

350
360
370

Cann

380

CALL EPLOT(1sSTEPyYI)
STEP = o1#XINC
XLAST=X(KI)

XI=XBEGN

XI=XI+STEP
IF(XLAST=X1)33093309340
XI=XLAST

YI= F(ASNSUBLsXI)

CALL EPLOT(2sXIsYI)
IF(XLAST=X1)35093509320
CONTINUE

IF (NCASE=ICASE) 38043805370
CALL EPLOT(lsXSTRTsYSTRT)
CALL FINSH

CALL LINK(GECAP)

SET UP THE PEN FOR THE NEXT PLOT

CALL EPLOT(leXInrI)
CALL EPLOT(1sXMAXsYSTRT)

‘CALL SCALE(160914050609040)

// DUP
#DELET
#STORE

CALL EPLOT(194409040)
CALL EXIT
END

E BESFT
WS UA BESFT

THE SUPPLIED GRID

SEE MAINLINE

BSTF1180
BSTF1190
BSTF1200
BSTF1210
BSTF1220
BSTF1230
BSTF1240
BSTF12590
BSTF1260
BSTF12790
BSTF1280
BSTF1290
BSTF1300
BSTF1310
BSTF1320

"BSTF1330

BSTF1340
BSTF1350
BSTF1360
BSTF1370
BSTF1380
BSTF1390
BSTF1400
BSTF1410
BSTF1420
BSTF1430
BSTF1440
BSTF1450
ESTF 1460
BSTF1470
BSTF1480
BSTF1490
BSTF1500
BSTF1510
BSTF1520
BSTF1530
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// FOR
*EXTENDED PRECISION
#ONE WORD INTEGERS
FUNCTION F(AsinsX)
C
Cxxx "GECAP REVISION Cs 029705/72
C
C
Cu### FUNCTION F CALCULATES A Y VALUL
CH#® SQUARES CO=-EFFICIENTS
C
DIMENSION A(12+13)
10 F =A(N+191)
L =N
IFIN)I20940+920
20 DO 30 I = 1N
F= A(Lol)*X®*%] + F
30 L=L -1
40 RETURN
END
// DUP
#DELETE F
#*STORE WS UA F

FRCii A GIVEN

X VALUE USING THE LEAST

FOO0V
FOO1lu
FQUdu
Fuu3v
FOO&U
FUuubu
Foueu
FUO79
FOuBY
FOO9U
FOLUY
FO110
FOl2v
FOl4V
FO159
FoL60
FO17v




// FOR

*ONE WORD INTEGERS
*EXTENDED PRECISION
SUBROUTINE CURF

NN NONNDNDNNONNNNOODNDNDNNDNDNONNNNNNNONONDNNDNNNDNNNNNONNNANNOONNONNONNN

*
*
*

(XsYsNIMsMXsA9SUMsVsWORKsIHLDSE)

GECAP REVISION C»s 09/05/72

CATEGORY
MATHEMATICAL
PURPOSE

FIT TABULAR DATA TO POLYNOMIAL OF TYPE Y=AQ+AL®X+A2#X**#2+ees
DESCRIPTION

THIS SUBROUTINE WILL FIT N DATA POINTS IN X AND Y TO A
POLYNOMIAL OF THE TYPE Y=AO+AL%X4A2¥X*%#2+00o+AMUX%*My
WHERE N IS GREATER THAN OR EQUAL TO M+ls THE COEFFICIENTS
AOsAlsesssAM ARE DETERMINED BY THE METHOD OF LEAST SQUARESs
THE ROUTINE MAY BE RUN IN EITHER SINGLE OR DOUBLE PRECISION

ARITHMETIC

INPUT
1

2

9

10
QUTPUT

b

REMARKS

SUM
'

WORK
IHLD

A

THE DATA POINTS NEED NOT BE EQUALLY SPACED.

FIRST LOCAT+ON OF AN ARRAY CONTAINING N
INDEPENDENT VARIABLE DATA POINTSe

FIRST LOCATION OF AN ARRAY CONTAINING N
DEPENDENT VARIABLE DATA POINTSe

NUMBER OF DATA POINTS TO BE FITTEDe

DEGREE OF POLYNOMIAL TO WHICH DATA IS TO BE
FITTEDs

VARIABLE DIMENSION INTEGERe MUST BE EQUAL TO
MAXIMUM M USED PLUS 1.

A TWO DIMENSIONAL ARRAY USED BY CURFIT TO SOLVE
THE LEAST SQUARES NORMAL EQUATIONSe A MUST BE
DIMENSIONED TO (MXsMX+1) IN THE CALLING PROGRAMe
A TEMPORARY STORAGE AREAe MUST BE DIMENSIONED
TO (2#MXx) IN CALLING PROGRAMe

A TEMPORARY STORAGE AREAes MUST BE DIMENSIONED
TO (MX) IN CALLING PROGRAM.

SEE 8 ABOVE.

SEE 8 ABOVEs

A(lsl) CONTAINS THE COEFFICIENT AMs A(251)
CONTAINS AM=1lseeesA(M+1s1l) CONTAINS A0 OF THE
EQUATION Y=A0+AL1*¥X+A2¥X*¥*2+0 60 +AM¥XH%M,

ERROR CHECKe IF E=0s90eKe IF E=le AN ERROR
HAS OCCURED IN THE CALCULATION OF THE
COEFFICIENTSs

THIS ROUTINE CONTAINS A METHOD OF SCALING WHICH PREVENTS
OVERFLOW IN CASE THE DATA POINTS ARE LARGEs AND PREVENTS
LOSS OF ACCURACY IN CASE THE INDEPENDENT DATA POINTS
AGREE TO SEVERAL SIGNIFICANT FIGURES.

REFERENCES
INTERNAL TECHNICAL NOTE NOe TN=65-01
LEAST SQUARES POLYNOMIAL CURVE FIT NOe 2

BILLY Ge

GIBBS

SCIENTIFIC DIGITAL PROGRAMMING BRANCH
ARMY COMPUTATION CENTER
REDSTONE ARSENALs ALABAMA

CONTACT

CHIEFs THEORETICAL PROBLEMS SECTION
SCIENTIFIC DIGITAL PROGRAMMING BRANCH

ARMY COMPUTATION CENTER

CURFO0000
CURFO0010
CURF0020
CURFO0030
CURF 0040
CURF0050
CURF 0060
CURF0070
CURF 0080
CURF 0090
CURF0100
CURFO110
CURFO0120
CURFO0130
CURFO140
CURFO150
CURFO0160
CURFO170
CURFO180
CURFO190
CURF0200
CURF0210
CURF0220
CURF0230
CURF0240
CURF0250
CURF0260
CURF0270
CURF0280
CURF0290
CURFO0300
CURF0310
CURF0320
CURF0330
CURF0340
CURF0350
CURF0360
CURFO0370
CURF0380
CURF0390
CURF0400
CURF0410
CURF 0420 °
CURFOQ430
CURF 0440
CURF 0450
CURF 0460
CURF 0470
CURF0480
CURF0490
CURF0500
CURF0510
CURF0520
CURF0530
CURF 0540
CURF0550
CURF0560
CURF0570
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SUBROUTINE CURF (XsYsNsMsMXsA9sSUMV s WORKsIHLDE)
DIMENSION X(1)sY(1)oSUM(1)sVI(1)sA(1291)sWORKI(1)sIHLD(1)
E = 0.0
LS = 2*M + ]
LB =M+ 2
Lv = M + 1
XH = ABS(X(1))
DO 20 I=2sN
IF(XH= ABS(X(1)))10920520
10 XH= ABS(X(I1))
20 CONTINUE
DO 30 I=1sN
30 X(I)=X(I)/XH
FHH=X(1)
DO 50 I=2sN
IF(FHH=X(I))50950+40
40 FHH=X(1)
50 CONTINUE
DO 60 I=1sN
60 X(I)=X(I)=FHH
DO, 70 J= 2s LS
70 SUM(J) =0,
SUM(l)= N
DO 80 J=1lsLV
80 V(J)=Q0,
DO 100 I=1,yN
P=l,
VIil)= V(1)+ Y(])
DO 90 J= 2LV
P = X(I) #* P
SUM(J) = SUM(J) + P
90 VI(J) = VI(J) + Y(1)* P
DO 100 J= LBsLS
P = X(I) = P
100 SUM(J) = SUM(J) + P
KK = LV .
DO 120 I=leLV
L =1
DO 110 K=1lsLV
A(KesKK) = SUMI(L)
110 L = L+1
120 KK = KK = 1
DO 130 I=1,sLV
130 A(IsLB) = Vv(I)
DO 140 I=1sLV
140 IHLD(I) =]
JJu=LB
DO 280 I=1l,sLV
KK=LV=]
IF(KK) 24092409150
150 LL=KK+1
1JJu=1
L=1
WORK(1)=A(1s1)
DO 170 II=1lsLL
DO 170 J=1llLL
IF(ABS(WORK(1))=ABS(A(II»J)))160+1705170
160 WORK(1)=A(IIsdJ)
L=J+l=1
IJdJdmsy
170 CONTINUE

CURF0580
CURF0590
CURF0600
CURFO610
CURF0620
CURF0630
CURF 0640
CURF 0650
CURF0660
CURFO0670
CURF 0680
CURF0690
CURFO700
CURFO710
CURFOQ720
CURFO730
CURFO0740
CURFQ750
CURFO760
CURFQ770
CURFO0780
CURFQ790
CURF 0800
CURF0810
CURF0820
CURF0830
CURF 0840
CURF0850
CURF 0860
CURFO0870
CURF 0880
CURF 0890
CURF 0900
CURFO0910
CURF0920
CURFO0930
CURF0940
CURF0950
CURF0960
CURF0970
CURF0980
CURFO0990
CURF1000
CURF1010
CURF1020
CURF1030
CURF1040
CURF1050
CURF 1060
CURF1070
CURF1080
CURF1090
CURF1100
CURF1110
CURF1120
CURF1130
CURF1140
CURF1150
CURF1160
CURF1170
CURF1180




180

190

200
210
220
230
240

250
260

270

280

290

300
310

at

330

340

350
360
370

IF(1JJ=1)2009200+180
DO 190 II=lyLV
Z=Alll,1)
A(TLel)=A(I1s100)
A(ITslJd)=2
1Y=IHLDI(])
IHLD(1)=IHLDI(L)
IHLD(L)=1Y

DO 230 L=1yKK
IF(ABS(A(191))=ABS(A(L+151)))210+230,230
DO 220 J=1l,yJJ
2=A(19J)
AllsJd)=A(L+19J)
AlL+1lsJ)=2

CONTINUE

Jd=Jd=1
IF(A(191))25094309250
DO 260 J=1,JJ
WORK(J)=A(1leJ+1)/A(191)
KK=JJ+1

DO 270 K=14M

DO 270 J=2,4KK
AlKsJ=1)=A(K+1loJ)=A(K+1e1l)#WORK(J=1)
DO 280 J=1lsJJ
A(LVeJ)=WORK(J)
LB=LV=1

DO 310 I=1,yLB

L=I+1

DO 310 J=LsLV
IF(IHLD(I)=IHLD(J) 131093105290
IY=IHLDI(])
IHLD (I ) =IHLD(J)
IHLD(J)=1Y

DO 300 K=1,s1

2=A(IsK)
AllsK)=A(J9K)
AlJesK) =2

CONTINUE

DO 320 I=1sN
X(I)=X(I)+FHH

NN=LV

.DO 380 I=1l,LV

SUM(1)=0,0

NN=NN=1

KK=NN+1

IF(KK=M) 33093304380
L=M=KK+1

DO 370 K=KKsM
II=K=NN

SIGN=1,

FAC=1e
IF(II=0)340+360+340
SIGNs(=1)#»]1]

IF=K

DO 350 J=1,11

Z=J

WORK(1)=]F
FAC=FAC*WORK(1)/2
IF=1F=1
SUM(1)=SUM(1)+FACHSIGN#FHH*#]I*#A(Ls1)
L=L=1

CURF1190
CURF1200
CURF1210
CURF1220
CURF1230
CURF 1240
CURF1250
CURF1260
CURF1270
CURF1280
CURF 1290
CURF1300
CURF1310
CURF1320
CURF1330
CURF 1340
CURF1350
CURF1360
CURF1370
CURF1380
CURF1390
CURF 1400
CURF1410
CURF 1420
CURF 1430
CURF 1440
CURF1450
CURF 1460
CURF1470
CURF 1480
CURF 1490
CURF1500
CURF1510
CURF1520
CURF1530
CURF1540
CURF1550
CURF1560
CURF1570
CURF1580
CURF1590
CURF1600
CURF1610
CURF1620
CURF1630
CURF 1640
CURF1650
CURF1660
CURF1670
CURF1680
CURF1690
CURF1700
CURF1710
CURF1720
CURF1730
CURF1740
CURF1750
CURF1760
CURF1770
CURF1780
CURF1790
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380
390

400

410
420
430

AlTe2)=A(Is1)+SUM(])
DO 390 I=lsLV
Allsl)=A(192)

DO 400 I=1,4N
X(I)=X(I)*XH

K=LV+l

DO 410 I=1lsLV

K=K=1

NN=[=1

AlKol)sA(Kol) /(XH*%NN)
RETURN

E=l,

GO TO 420

END

// DUP
#DELETE CURF
*STORE WS UA CURF
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CURF1800
CURF1810
CURF1820
CURF1830
CURF 1840
CURF 1850
CURF 1860
CURF1870
CURF 1880
CURF 1890
CURF 1900
CURF1910
CURF1920
CURF1930



// ASM

// DUP
#STORE

WS UA

FINSH

FINSH

ENT
DC

MDX
MDX
BSC
END

FINSH

5040
%=3
FINSH

AS*A
ASM
ASM
ASM
ASM
ASM
ASM
ASM
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APPENDIX C

SYMBOLS AVAILABLE FOR THE IBM 1130 PLOTTER ROUTINES

Alphabetic Characters A-17
Numeric Characters 0-9

Special Characters

Characters Punch
12-8-3
( 12-8-5
+ 12-8-6
$ 11-8-3
* 11-8-4
) 11-8-5
- 11
/ 0-1
0-8-3
8-5
= 8-6
Space Blank
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