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I. INTRODUCTION 5

This document describes seveiak programs used by MARC in studying and testing
confidence ellipses. All of these programs were developed on a Hewlett
Packard Series 200 c puter, the HP9836, and are written in Hewlett Packard's
BASIC 3.0 progra-mi mlanguage. This a very powerful version of BASIC, and
consequently man t the programming constructs found in these programs are
non-standar4.-Also, the graphics commands are peculiar to this BASIC.

P&( rograms are called Genellipse, Ellsim, and Ellipstuff. The listings and
comments are current as of August 9, 1985. The programs themselves are
subject to change without notice.

.'Genellipse is an r4liPse graphing and combinatibn4 1rogram. It allows the
user to specify up to twenty confidence ellipses, combine ellipses, graph
ellipses, and test ellipses for combination. It has been used primarily to
explore the geometric properties of the combination method, but has also been
used to create figures for a number of other reports.

Ellsim is a confidenoe ellipse simulation" program. It has been used to
explore the robustness and properties of the statistical test (which is used
to decide whether or not to combine two ellipses). In It, two normal data
distributions are specified, corresponding to two emitters. Confidence
ellipses are generated, tested, and combined, and various descriptive
statistics are compiled. In addition, there is a routine to calculate the
power of the statistical test in certain cases.

Ellipstuff is an Wellipse routine library,mwhich contains a large number of
routines to make working with ellipses easier. As such, both Genellipse and
Ellsim contain all of these routines, but they are also listed separately. If
more programs need to be written, these are the routines to build them with.

Each of these programs is listed below, along with a short description of
their use. This Is a supplement to the report "Testing and Combination of
Confidence Ellipses: A Geometric Analysis," submitted to JPL by MARC on
August 5, 1985. Refer here any questions concerning confidence ellipses, the
combination method, or the statistical test used.



II. GUIDE TO GENELLIPSE: Ellipse Graphing Program

Genellipse stands for General Ellipse graphing, and can also combine ellipses
and test two ellipses for combination. The program makes extensive use of the
Ellipatuff Library Routines.

When Genellipse is executed, the following menu is displayed on the screen:

GENERAL ELLIPSE GRAPHER

(A) -- Enter Ellipse Mean Point (Center)
(B) - Enter Ellipse Shape (Covariance Matrix)
(C) -- Enter Ellipse Shape (Axes and Orientation)
(D) - Combine Two Ellipse (JPL Method)
(E) -- Graph an Ellipse
(F) -- Clear Graphics Screen
(G) -- Choose Plotter
(H) - Set Graphics Screen Bounds
(I) - Calculate Acceptance Test Statistic (Chi-square)
(J) -Draw Axes
(X) - Exit Program

Enter your choice:

These options will be dealt with one by one.

(A) - Enter Ellipse Mean Point (Center)

This option prompts the user to enter the center point for one or more
ellipses. The program first asks for the ellipse (1-20), and then for
the mean point. This will repeat until all means have been entered.
When the user is through entering means, pressing the return key In
response to the question "Getting mean point for Ellipse #" will return
the user to the menu shown above.

(B) -- Enter Ellipse Shape (Covariance Matrix)

There are two ways of specifying the shape of a confidence ellipse. The
first is through a covariance matrix. This option will ask for the
ellipse number, and then prompt for the elements of the matrix. It
repeats until all matrices have been entered, Just as option A does.
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(C) - Enter Ellipse Shape (Axes and Orientation)

The other way of specifying the shape of a confidence ellipse is
geometrically. This option prompts for the ellipse number, Just as those
above, and then asks for the axes lengths and orientation in degrees of
the ellipse. It repeats until all ellipses have been entered, Just as
option A does.

(D) -- Combine Two Ellipses (JPL Method)

This option combines confidence ellipses using the method described in
"Testing and Combination of Confidence Ellipses: A Geometric Analysis."
The option prompts for the numbers of the two ellipses to be combined,
and then for the number of the resultant ellipse. For example, suppose
the user had entered ellipses 1, 2, 3, and 7 out of 20, and wanted to
combine 2 and 3. The resultant ellipse could be given number 4, 5, 6, or
8 through 20. Further, If either of ellipses 1 or 7 were no longer
needed, the resultant ellipse could be given either of numbers 1 or 7 as
well. This would, of course, erase the ellipses originally stored in
these slots.

(E) -- Graph an Ellipse

This option prompts for the number of the ellipse the user wishes to
graph, and continues asking for ellipses until all desired have been
graphed. The process is similar to that in option A. The ellipse will
be graphed on the current graphics device (See option G). Other options
related to graphing are G, H, and J.

(F) -- Clear Graphics Screen

If the CRT screen is the current graphics device, choosing this option
will erase all ellipses currently drawn on It.

(G) -- Choose Plotter

This options allows the user to select the current graphics device. This
program is currently written to graph on the CRT screen and on an HPT7TOA
two-pen plotter. Consequently, if selected, the program will ask "Do you
want to (D)raw, (E)rase, Plot with Pen (0), (1), (2)?" Choosing "D" will
cause It to do all graphing on the screen. Choosing "E" will cause It to
graph on the screen In "black" - so that an ellipse may be erased
without clearing the whole screen. Choosing (1) or (2) will cause it to
graph on the plotter, using the specified pen. Choosing (0) causes the
plotter to put away the pen that its using, and then sets the CRT screen
to be the graphics device.

(H) - Set Graphics Screen Bounds

This option Is used to scale the graphics screen. Default scaling is -50
to 50 on the X-axis and -50 to 50 on the Y-axis. When this option is
chosen, It will first present the "limits" of any ellipse: that is, how
far the ellipse extends in the X and Y directions, so that a reasonable
screen size may be chosen. The program prompts for the number of each
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ellipse, just as in option A. Press the return key after all desired
ellipse limits have been seen. The program will then ask for the screen
bounds: Minimum X value, Maximum X value, Minimum Y value, Maximum Y
value.

(I) -- Calculate Acceptance Test Statistic (Chi-square)

This option prompts the user for two ellipse numbers, and then performs
the statistical test described in "Testing and Combining Confidence
Ellipses: A Geometrical Analysis." The value of the test statistic is
printed on the screen. If It is less than or equal to the 95% Chi-square
value, 5.991, then the test accepts; otherwise the test rejects.
(Actually, the test may be run at any confidence level desired. However,
the ellipses used in this program are assumed to be 95% confidence
ellipses, and If the test is performed at any other level the geometrical
results shown in "Testing and Combining..." concerning the test will not
necessarily hold true.

(J) - Draw Axes

This option draws a set of axes on the current graphics device, and
labels them according to the current screen bounds (see Options G and H).

4
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III. GUIDE TO ELLSIM: Ellipse Simulation Program

Ellsim stands for Ellipse Simulator, but can also find analytical estimates
of statistical power. It uses the Ellipstuff Library extensively.

See the report "Testing and Combining Confidence Ellipses: A Geometric
Analysis" for a description of simulation and how it has been applied to the
ellipse combination problem. This is the program used to generate the
results in section V of that report. Note that in this program, sensor error
is assumed to follow a bivariate normal distribution about the true location
of the emitter. When location estimates are derived from lines of bearing,
however, this assumption may be unrealistic.

When the program is run, it will present the user with the following menu of
choices:

Ellipse Combination Program Driver

(A) -- Specify True Covariance Matrices
(B) -- Specify True Mean Parameters
(C) -- Specify Observations
(D) -- Call Simulation Generator
(E) - Call Power Generator
(X) -- Exit Program

Enter your choice:

Options A, B, and C are used to specify the two data distributions.

Option A prompts for the means of two bivariate normal distributions.
Setting the means to be equal is equivalent to having only one emitter.
Setting them apart is equivalent to having two emitters.

Option B prompts for the covariance matrices for the two bivariate normal
distributions.

Option C prompts for the sample sizes to be used for each distribution. Note
that any confidence ellipses generated will have covarianoe matrices equal to
those specified in option B, divided by these sample sizes.

Options D and E call the Simulation Generator and the Power Generator
respectively. These will be discussed Individually.
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(D) -- The Simulation Generator

Choosing this option leads to another menu: the simulation menu. It appears
as follows:

Enter the Letter of your choice:

(A) Reset the Random Number Seed
(B) Simulate using true Covariance Matrices
(C) Simulate using estimated Covariance Matrices
(D) Display Results on the Printer
X) Exit Program

Enter Your Choice:

These options will be dealt with one by one

(A) -- Reset the Random Number Seed

This option allows the user to start the random number process with a
given seed; this is generally not necessary, but is useful for purposes
of debugging.

(B) - Simulate using true Covariance Matrices

This option will prompt the user for the number of simulations (generally
100 or more), and then proceeds in this manner: for each simulation it
generates the number of observations specified by the sample size entered
earlier. It estimates the emitter locations from these observations, and
calculates confidence ellipses. It tests to see if these ellipses may be
combined. Finally, it checks to see if the combined ellipse contains the
true location of the emitter(s). When all simulations are done, it
compiles these results. See "Testing and Combining Confidence Ellipses"
for more information.

(C) -- Simulate using estimated Covariance Matrices

The process here is the same as that outlined for option B, except for
one addition: the covariance matrices used in the confidence ellipses
and statistical test are estimated. However, the formulas for the
ellipses and test assume that the covariance matrices are known. Thus,
this option is used to explore what happens if estimated matrices are

mistakenly used. Note that the estimates are made using the "S
2 "

statistic. This is the usual way of estimating variance-covariance from
a data set, but is different from the methods used in most if not all of
the position fixing algorithms we have seen.

'V6



(D) -- Display Results on the Printer

When either option B or option C has been completed, the results of the
simulations are shown in the screen. If a hardcopy is desired, selecting
this option will cause the results of the last simulation run to be
output on the printer.

X) -- Exit Program

This option will exit the Simulation Generator, and return to the
original menu.

I7
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(E) -- The Power Generator

The power of a statistical test is essentially the probability that the test
will reject when it ought to. That is, it is the probability that the
statistical test will say that there are two emitters when in fact there are
two emitters. In the problem at hand, however, the power is not a single
quantity; in fact, there is a different power value for each pair of
emitters. If the emitters are close together, the power of the test will be
low; if they are far apart, the power will be close to 1.

This option works in the following way, for convenience sake. It uses the
covariance matrices and sample sizes specified from the main menu, but allows
the user to enter the distance between the two emitters. It calculates the
power, and then asks for another distance. To return to the main menu, enter
0 for the distance.
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IV. GUIDE TO ELLIPSTUFF: Ellipse Routine Library

Ellipstuff is a library of subprograms and functions written to facilitate
confidence ellipse research for JPL. It covers such things as defining
ellipses, combining ellipses, testing ellipses for combination, and graphing
ellipses.

To use Ellipstuff, simply include it in within a program. Genellipse and
Ellsim are examples of this.

Confidence ellipses and how they are stored

A confidence ellipse is defined by two things: a point estimate, or mean,
and a covariance matrix. Thus, both of these pieces of information must be
stored for each ellipse. In addition, it is often necessary to have the
inverse of the covariance matrix on hand as well. Ellipstuff stores ellipses
in a matrix with 40 slots, allowing the storage of 20 covariance matrices
with their inverses. In general most of the Ellipstuff routines deal with
the Inverses themselves, but In case it is necessary to use them explicitly,
the ellipses are stored in slots 1 through 20 and the inverse covariances are
stored in slots 21 through 40. By convention, the inverse of the covariance
matrix for the ellipse in, say, slot 3, is stored in slot 23, and so on.
Examine the routines for more programming information.

Ellipstuff User Routines

The slots specified in the following routines should be between 1 and 20
inclusive.

Getellmean(Ellipse)
This command prompts the user to input the mean (center point) for
the ellipse in slot Ellipse.
Example: Get ell mean(l)

Getcovariance(Ellipse)
This command prompts the user to input the covariance matrix for the
ellipse in slot Ellipse.
Example: Get covariance(2)

Get axes(Ellipe)
This command prompts the user to input the shape of the ellipse
(lengths of the semi-minor and semi-major axes, and the orientation)
which Is then converted to a covariance matrix.
Example: Get axes(3)

9



Test(Ellipsel, Ellipse2, Work, Teststat)
This command runs a chi-square test on the ellipses In slots
Ellipsel and Ellipse2 in order to see If they may be combined. The
value of the test-statistic is returned in Test stat. Work is the
number of any unused slot, to be used for scratch work.
Example: Test(3,4,20,Some.variable)

Combine ellipse(Ellipsel, Ellipse2, Combo)
This command combines the ellipses and point estimates in slots
Ellipsel and Ellipse2, and stores the combined ellipse in slot
Combo.
Example: Combineellipse(3,4,5)

Draw ellipse(Ellipse, Xmin, Xmax, Ymin, YmaxProb constant)
This draws the ellipse in slot Ellipse on the current plotting
device (see Choose plotter). Xmin, Xmax, lin, and Ymax specify the
screen dimensions. The default values are (-50,50,-50,50).
Prob constant is zero minus the chi-square cutoff associated with
the confidence level. (The cutoff is P--2LN(1-Alpha), where Alpha
is the confidence level. For some reason, all of the programming
was done in terms of -P-2LN(1-Alpha). Thus, for 95% ellipses,
Prob constant - -5.991).
Example: Drawellipse(2,-1O,1O,-20,20,-5.991)

Dispextremes(Ellipse)
This command displays the extreme x and y points calculated by
Get bound for the ellipse in slot Ellipse. This is designed to aid
in choosing the Xmin, Xmax, Tmin, and Ymax values required by
Draw ellipse.
Example: Disp_extremes(I)

Display cov(Ellipse)
This command displays the covariance matrix of the ellipse in slot
Ellipse on the crt screen (not graphically). It may also be used to
display the inverses in slots 21 through 0.
Example: Display_cov(11)

Choose_plotter
When first initialized, Ellipstuff assumes that all graphing will be
done on the CRT. Choose~plotter is called to allow the program user
to select which device to use. Note: this program was written on a
system with two graphics devices-a CRT screen and an HP7470A two
pen plotter. hooseplotter presents the user with 5 options:
D)raw - graph on the CRT in the normal fashion (DEFAULT).
E)rase - graph on the CRT in "black". This may be used to erase

things.
1) - graph on the plotter using Pen 1.
2) -- graph on the plotter using Pen 2.
0) - put away the current plotter pen and select the CRT.
Example: Choose plotter

10



Ellipstuff Low Level Routines

These are routines which are used in building user routines. Since these
must deal with inverse covariance matrices also, the slots specified may run

from 1 to 40. The user will generally not use these, except when adding to
the Ellipstuff module.

Invert(Source, Destination)
This command inverts the covariance matrix in slot Source and puts
the inverse in slot Destination.
Example: Invert(3. 23)

Addcovariance(Ellipsel, Ellipse2, Summer)
This command adds the covariance matrices stored in slots Ellipsel
and Ellipse2, and stores them in slot Summer.
Example: Add covariance(1,2,3)

Get bounds(Ellipse, Prob constant)
This command calculates and saves the extreme x and y points for the
ellipse in slot Ellipse.
Example: Getbounds(3, -5.991)

11



A. GENELLIPSE: Ellipse Graphing Program

Genellipse is an "ellipse graphing and combination" program. It allows the
user to specify up to twenty confidence ellipses, combine ellipses, graph

ellipses, and test ellipses for combination. It has been used primarily to

explore the geometric properties of the combination method, but has also been

used to create figures for a number of other reports.
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110 !* GENERAL ELLIPSE GRAPHER .
120 1*'
130 I' This program uses the general ellipse generation and graph-0!
140 1* Ing routines found In the file ELLIPSTUFF. Its purpose of
150 2' Is to graph general ellipses and Combinations of ellipses. *1
160 10 *!
170 to Will Duquette May 13, 1985 o
I8SO e.0000..eue....e~he~~ee...e.e.0e.
190 COM /Ellipses/ MatrxC22,40).Xbar(20).Tbar(20).Major axisCZO).Hinor axis(
20). ThetaC(20) AngleC(20). Emin x(2O).Emax x(20).Eminjy(2O).EoIx2))
191 REAL Xfin,XmaxTin,!ax.Prob constant
200 Init prog:!
210 GIhIT
220 OCLEAR
230 1 These variables define the size of the screen. For beat reaults,
2140 1 the lengths at the X and Y aXes Should be about the sam.
250 Xmin-50
260 Emax-SO
270 Imin-O
280 TMaX-50
281 Prob, constant-2LOG(.I
290 1 D1sp lay the menu
300 Menu top:!
310 Cleoarsoreen
320 PRINT *GENERAL ELLIPSE GRAPHER"
330 PRINT
3140 PRINT " ------------ - -

350 PRINT " (A) - Enter Ellipse Mean Point (Center)"
360 PRINT 0 (I) - Enter Ellipse Shape (Covariance MatI
370 PRINT " (C) - Enter Ellipse Shape (Axes and Orientation)"
380 PRINT 0 (D) - Combine Two Ellipses (JPL Method)"
390 PRINT * (E) - Graph an Ellipse"
400 PRINT " (F) - Clear Graphics Screen"
401 PRINT " (G) - Choose Plotter"
410 PRINT 0 (H) - Set Graphics Screen Bounds"
420 PRINT (1C) - Calculate Acceptance Test Statistic (Chi-square)*
1421 PRINT W .) - Draw Axes"
430 PRINT ( X) - Exit Program"
1440 PRINT
450 PRINT "Enter your choice:"
460 DISP "Choose an option:";
470 INPUT Option$
480 SELECT Option$
490 CASE "A"Offa" I Get ellipse mean points.
500 Clearscreen
510 PRINT "Getting mean point for Ellipse#";
520 MEEAT
530 EllipseuG
5140 DISP "Enter the ElIpse* (1-20)"1
550 INPUT Ellipse
560 PRINT Ellipse
570 IT Ellipse<.20 AND 1llipoeO0 THEN CALL Get_0llmeanCEllIps*)
580 UNTIL ElLpso-G
590 CASE "I"."b" I Get ellipse covariance matrices
600 Clearsoreen
610 PRINT "Getting Shape (Covariance Matrix) for Ellipse#"..
620 REPEAT
630 Ellipso-0
6140 DISP "Enter the Ellipse# (1-20)0;
650 INPUT Ellipse
660 PRINT Ellipse
670 IP llpso<-20 AND EllipseO THEN CALL Getowerilance (Ell ipse)
680 UNTIL 11lipaI-
690 CASE "C","o" I Get ellipse axes and orientation
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700 Clearscretn
710 PRINT "Getting Shape (Axes anid orientation) for Ellipse#";
720 REPEAT
T30 Ellipse-O
7430 DISP "Enter the Ellipse# (1-20)"t
750 INPUT Ellipse
760 PRINT Ellipse
770 IF Ellipse<-20 AND Ellipse>0 THEN CALL Got axes(Ellipse)
780 UNTIL Elllpse-O
790 CASE -D-,"G" I Combine ellipses
Goo0 Clearsoreen
810 PRINT "Combining two ellipses"
820 PRINT
830 Ellipsel-0
8410 EllipseZ.0
850 Elllps*3&0
860 PRINT "Ellipse 1 0";
870 DISP "Enter the first Ellipse# (1-20)w;
880 INPUT Ellipsel
890 PRINT Ellipsel
900 PRINT wellipse 2 tw;
910 D1SP "Enter the second Ellipse# (1-20)";
920 INPUT Ellipse2
930 PRINT Ellipse2
9110 PRINT "Combined Ellipse #w;
950 DISP "Enter the combined Ellipse# (1-20)";
960 INPUT Ellipse3
970 PRINT Ellipse3
980 IF Ellipsel (-20 AND Ellipsel>0 AND Ellipse2<.20 AND Ellipsel)0 AND Ell
ipse3<-20 AND Elllps*3>0 AND ElliPse3OElliPsel AND Ellips30EllIPse THEN
990 Combine ePllipse(Ellipsel .EllIpse2.EllIP3e3)
1000 END IF
1010 PRINT "New Mean Point: *,Xbar(KL1pse3).", w,Ybar(EllIPS03)
1020 PRINT
1030 PRINT "Nev Covariance Matrix:"
10130 DisplaY_ cov(Ell1Pse3)
1050 Psuseabit
1060 CASE Ee" I Graph ellipses
1061 REPEAT
1070 Clearscreen
1080 PRINT *Graphing Ellipse#";
1100 Ellipse-0
1110 DISP OEnter Ellipse# (1-20)":
1120 INPUT Ellipse
1130 PRINT Ellipse
11130 IF EILpe<-2O AND EJlipse>O THEN
1150 PRINT
1160 PRINT "Center Point (";Xbsr(Ellipseh;". ";Thsr(Ellipse);")w
1170 PRINT
1180 PRINT "Covariance Matrix:*
1190 Display 00v(Ellipse)
1200 PRINT 'ajr: ";Major %xis(Ellipseh" Minor: "-.Minor auis(Ellip

1210 PRINT "Orient: wsAng1e(Ell1Pae)
1220 Invert(Ellipse.ElliPse+20)
1230 Get bouands(Elllps. Prob constant)
1250 Drsaw ellipse(EllipsexmTnXmax.Ymin,!aax,Prob constant)
1260 ALPHA ON
1280 ED IF
1281 UNTIL EILp80-0
1290 CASE *F".,"t" I Clear the graphic$ screen
1300 OCLEAR
1301 CASE IG","s" I Choose the plotter device
1302 Oioos " lotter
1310 CASE "H"."" I set the screen boundaries
1320 Clearscreen

A- 3



1330 PRINT "Setting Screen Boundarie....'
13110 PRINT
1350 REPEAT
1360 Ellipse-0
1370 DISP 'Display extreme Points for Ellipse# (1-20)";
1380 INPUT Ellipse
1390 IF EllipaeeO AND Ellipse<-20 THEN
11100 Invert(Ellipse,Ellipse+20)
14110 Get bounds(Ellipse.Prob constant)
11120 Diispextremes(Elllpse)
14130 END IF
14410 UNTIL Ellipse-0
11150 PRINT
11160 Get xit
14170 PRINT "Minimum X value: "
11180 DIS? *Enter the minimum X value";
11190 INPUT Xmin
1500 PRINT Xmin
1510 PRINT "Maximum X value.-"
1520 DISP 'Enter the maximum x value";
1530 INPUT Xmax
15110 PRINT Imax
1550 IF Xmin>-Xmax THEN Get-x
1560 GetJYf
1570 PRINT "Minimum Y value:
1580 DISP "Enter the minimum Y value";
t590 Uipur rmin
1600 PRINT Ymin
1610 PRINT "Maximum Y value: '
t620 018? *Enter the maximum r valuen;
1630 INPUT Ymax
16110 PRINT Ymax
1650 IF f41n>-YaX THEN GetjY
1660 CASE n"."i" I Calculate the chi-squaare acceptance test statistic
1670 Clearsoreen
1680 PRINT "Calculating Acceptance Test'
1690 PRINT
1700 Ellipsel-0
1710 EllipaeZ-0
1720 Swork-0
1730 PRINT "Ellipse 1 0';
17110 DISP "Enter the first Ellipse# (1-20)";
1750 INPUT ElOse
1760 PRINT Ellipsel
1770 PRINT "ellipse 2 9";
1780 D15? "Enter the second Ellipse# (1-20)";
1790 INPUT Zllipse2
1800 PRINT Ellips*2
1810 PRINT *Scratch Work 00;
1820 D18? "Enter the scratch work 0 (1-20)";
1830 INPUT Swork
18110 PRINT Swork
1850 IF tlipsoic-20 AND EllIps*1>0 AND EILiPs*2<-20 AND Ellipael>0 AND Swo
rk(-20 AND 3W~rk>0 AND Svork(>Elllpsol AND Sworkc>Ellips*2 THEN
1860 Test(EIlipsel ,Ellipse2,Swork.Test stat)
1870 END IF
1880 PRINT
1890 PRINT "The Test statistic is ";Toot stat
1900 PRINT
1910 PRINT
1920 Pauseabit
1921 CA3E OJ","J" I Draw In the axes
1922 GRAPHICS ON
1923 CSIZZ 2
1925 MOVE 0.0
1926 DRAW 0.100
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1927 MOVE 100.0
1928 DRAW 0.0
1929 LABEL '(w;Xfin;".:TYmin:")*
1930 LORO 7
1931 MOVE 100,0
1932 LABEL Xmaz
1933 LORG 3
19314 MOVE 0.100
1935 LABEL Ymax
1936 LORG 14
1937 MOVE 50.0
1938 CSIZE 3
19140 LABEL *X-Axis (in kilometers)"
19141 MOVE 0.50
19142 DEG
19143 LOIR 270
19414 LABEL "Y-Axis (in kilometers)"
19145 LORG 1
19146 LDIR 0
19147 RAD
19149 CASE "X"."x" I We can stop now
1950 Clearareen
1951 PRINT *That's All. talks!"
1960 STOP
1970 CASE ELSE
1980 PRINT CHR$(7)
1990 END SELECT
2000 OOTO Menu top
2010 END
5000 1
5010 1 SUBDROUTINES: Taken trom ELLIPSTUFF
5020 1
5030 SUB Invert(Srce,Dest)
50140 1 This routine inverts any covariance matrix in Mainx and places
5050 1 the inverted matrix in Dest.
5060 CON /Ellipses/ Matrx(2.2.140),Xbar(20).Ybar(20).IMajor axis(20).Minor ax
is(20).Theta(20).Angle(20).Emin x(20),Emax x(20).Eminj(20)Emx-y(20)
5070 Det-Matrx(1.1,Srce)eratrx(2,2,Sc-e).4ltrx(1,2,Srce)etqatrx(l.2.Srce)
5080 Matrx(1 .1,Dest)-matrx(2.2,Srce)/Det
5090 Mstrx(2,2,Deat)-Natrx(1,1 ,Srce)/Dt
5100 MatriCI ,2,Dest)--Matrx(1 .2,Srce)/Det
5110 Matrx(2,1,Dest).-Matrx(2.1,Srce)/Det
5120 SUED I End ot SUB Invert
5130 1
51140 1 GET BOUNDS
5150 1
5160 SUB Get bounds(ElLpee.Prob constant)
5170 1 T~is subroutine calculatee the X And Y limits for the given Allipse

5180 CON /gllipos/ Mtrx(2.,40).Xbar(20).Thar(20).Majar axia(20).Minor ax
is(20),Thet&(2O).Angle(20).Zmin x(20).Emax x(20) .2min_(2O).lai~acj(20)
5190 REAL Tempt .Temp2.Teup3.Tewp4,Te~j5
5210 Tempiallatrx( 2.2.lipwe20 )*prob constant
5220 TempZ.Ntrxil ,2.lllipe20)eOtri~(1 ,2.Ellipse20)-Hatrx( 1.1.Elllpae'20

5230 Teup3m(Tom I /Temp2)(.5)
52140 Te"plsalatrx(0 ,I .2l1ips#20) 0Prob-consta nt
5250 Temp5a(Te"p4/Teup2)^G5)-
5260 gfin$E~llI pse) --TempS Ybar (9111p se)
5270 Eexjy( Ell ipse) )TempS #Ybar (ElliLpse)
5280 Rlin x(9lips)w-TemP3.Xbar(Ellipae)
5290 Ians xll Ips Pa)-Tep3 Xbar (2lli Pao)
5300 SUBIND I End ot GET 30OUNDS
5310 1
5320 I CHOOSE PLOTTER
5330 
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53140 SUB Chooseplotter
5350 1 Subroutine to choose the desired plotter device
5360 REPEAT
5370 Go on-I
5380 DIDP *Do you want to (Draw, (E)ra3e, Plot with Pon (0). (1). (2)?*

5390 LINPUT Message$
51400 SELECT Message$
51410 CASE -D",Rd"
51420 PLOTTER IS 3,"INTERNAL"
51430 GRAPHICS ON
51440 PEN 1
51450 Go on-i
51451 CASE 70 -
51452 PLOTTER IS 705*.HPGLR
51453 GRAPHICS ON
514514 PEN 0
51455 Go on-i
51460 CASE 71-
51470 PLOTTER IS 705 * HPGL"
51480 GRAPHICS ON
51490 PEN I
5500 Go on-1
5501 CASE TV,
5502 PLOTTER IS 705."HPGL"
5503 GRAPHICS ON
5504 PEN 2
5505 Go on-1
5510 CASE 7EW .N*

5520 PLOTTER IS 3,"INTERNAL"
5530 GRAPHICS ON
55140 PEN -1
5550 Go on-1

*5560 CASE ELSE
5570 PRINT CHR$(T)
5580 END SELECT
5590 UNTIL Go on-i
5600 SUBEND
5610 1
5620 1 GET ELL MEAN
5630 1
56140 SUB Get ell mean(Ellipse)
5650 1 This subroutines prompts the User for the man of an ellipse.
5660 COM /Ellipses/ Katrx(2.2.140).Xbar(20).Ybar(20).Major axis(20).Minor ax
is(20) .Theta(20) .Angle(20) .1mm x(20) ,Eaax x(20) ,Eain y(20) ,Eaaxy(20)
5670 Clearscreen
5680 PRINT TAOXY(l.1O),VKHAT IS X-BAR tor ELLIPSE *;Ellipse;"?";
5690 INPUT Xbar(Ellipse)
5700 PRINT Xbar(Ellipse)
5710 PRINT TABX!(li.1);"WHAT IS Y-BAR for ELLIPSE ";Ellipse;"?";
5720 INPUT !bar(Ellipse)
5730 PRINT Ybar(Ellipse)
5710 Pauseabit
5750 SUBEND
5760 1
5770 I GET COVARIANCE
5780 £
5790 SUB Get covariance(Ellipst)
5800 t This routine gets the covariance matrix for an ellipse
S810 COM /Ellipses/ Matrx(2.2,140),Xbar(20).Ybar(20).Major axis(20).Minor ax
ia(20).Theta(20).Angle(201 .Eain-x(2O).Euaxz(20).Euin_.(20).Eaa-Y(2O)
5820 Clearbcreen
5830 FOR K-I TO 2
58140 PRINT TABXT(.3#K4-6)s"ENTER ELEMENT (K".;:)IN THE COVARIANCE
MATRIX FOR ELLIPSE0";gllip9e:": ";
5 8 5 0 
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5860 PRINT Natrx(K*9K.Ellipse)
58T0 NEXT K
5880 PRINT TADXY(1,3*9);"ENTER ELEMENT (0.2) IN THE COVARIANCE MATRIX FOR E
LEMENT#O;I;": 1
5890 INPUT Matrx(1,2.ElliPse)
5900 Matrx(2.1,Ellipse)-iKatrx(l,2,Ellipse)
5910 PRINT Matrx(1,2,Ellipse)
5920 Pauseabit
5930 SUDE4D
59410 1
5950 1 PAUSEABIT
5960 1
5970 SUB Pauseabit
5980 1 Pause and wait for a carriage return
5990 DISP -Type ENTER to continue...;
6000 INPUT Garbage$
6010 SUIEND
6020 SUB Clearsoreen
6030 1 Clear the screen
60410 PRINT CHR*(12)
6050 SUBEND
6060 i
6070 1 GET AXES
6080 1
6090 SUB Get axes(Ellipse)
6100 1 This3 subroutine gets an ellipse in terms of the axes and the
6110 1 angle of orientation. These are converted into a covariance
6120 1 matrix.
6130 COM /Ellipses/ Matrx(2.2.*10),Xbar(20),Thar(20).Major axis(20).Minor ax
is(20).Theta(20),Angle(20),Emin x(20)Eaxx(20).Emin y(20).Emaxy(20)
61410 Prob contant-2LOG( .05)
6150 Clearscreen
6160 PRINT "WHAT IS THE RADIUS OF THE MAJOR AXIS OF ELLIPSE ";Ellipse;"

6170 INPUT Major axis(Ellipse)
6180 PRINT Majoiraxi3(Ellipse)
6190 PRINT "WHAT IS THE RADIUS OF THE MINOR AXIS OF ELLIPSE ";Ellipse;"

6200 INPUT Minor axis(ElliPae)
6210 PRINT Minor: axis(Ellipse)
6220 PRINT "WHA77IS THE ANGLE (IN DEGREES) OF THE MAJOR AXIS OF ELLIPSE ";E
ilipse;" :0
6230 INPUT Angle(EllIPse)
62410 PRINT AngleC Ellipse)
6250 1 Convert to Covariance Matrix
6260 Theta(Ellipse)-PI"Angle(Ellipse)/180
6270 Matrx(1 ,1,Ellipse)-(Major ax13(Ellipse)*COS(Theta(Ellipse)))^2*(Minor_

6280 Matrx(2,2,Ellipse)-(Major axls(Ellipse)'SIN(Theta(Ellipse)))^2+(Minor-
axis(Ellipse)'COS(Theta(Ellipse) ) )^
6290 Matrx(2.1,Ellipse)-((Major axi3(Ellipse))^2-(Minor axis(Ellipse))2)"C
OS(Theta(Ellipae) )*SIN(Theta(EllipaeT)
6300 Matrixi ,2,Ellipse)-Matrx(2.1 .Ellipse)

46310 FOR J-1 TO 2
6320 FOR K-1 TO 2
6330 Matrx(JK.Ellipse)-Matrx(J,KEllipse)/(-Prob constant)
63410 NEXT K
6350 NEXT J
6360 PRINT

6370 Pauseabit

6380 1UDI
64100 1 DISPLAY COV

64820 SUB Display cov(Ellipse)
64830 1 D iays the covariance matrix for an ellipse
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64410 CGI /Ellipses/ ftatrx(2.2.40) .Xbar(20). Ybar(20),lMajor axis(20),Minor ax
isC2O).Theta(20).Angle(20).Ein-x(20),Emax-x(20).Emirny(2)Emx_y(20)
61450 FOR 1-1 TO 2
61460 FOR J.1 TO 2
64I70 PRINT Matrx(I.J,Elllpse);" 11;
64180 NEXT J
61490 PRINT
6500 NEXT I
6510 SUBF24D
6520 1
6530 1 ADD COVARIANCE

N 65410 1
6550 SUB Add covariance(First.Secorxd.Sumer)
6560 I 7Kis subroutine can be Used to add Summer-First+Second
6570 CON /Ellipses/ Matrx(2.2.110),Xbar(20).Ybar(20).Major axis(20).Minor ax
1s(20).Theta(20).Angle(20),Emin-x(2O),Emax-x(20).Emin y(20).Emx_y(20)
658o INTEGER 1,J
6590 FOR I-1 TO 2
6600 FOR J-1 TO 2
661o Matrx(I,J,Summer)-Matrx(I,JFirst).Matrx(I,.4Second)
6620 NEXT J
6630 NEXT I
66140 SUBEND
6650
6660 I COMBINE-ELLIPSE
6670 i
6680 SUB Combine ellipse(Firsrt,SecondCombo)
6690 t This routine finds the "JPL" combination of the First and Second
6700 61elPses.
6710 COM /Ellipses/ Matrx(2.2,140).Xbar(20).YThar(20).Major ax13(20),Minor ax
1s(20),Theta (20). Angle (20) ,Emin-x(ZO), Emax x(20) ,Emin-y(20) .Evax_y(2O)
6720 REAL Sxl .Sx2
6730 ! Calculate the now covarlance matrix.
67140 Invert(FirstFirst*20)

*6750 Invert(Second.Socand*20)
6760 Add covariance(First.20,Second.20,Combo.20)
6770 Inv7@irt(Combo*20,Combo)
6780 1 Calculate the new mean point.
6790 Sxl.#.atrx(,1First.20)*Xbar(First)+M~atrx(1,2*First.20)"Ybar(First)
6800 Sxl.Sxl .Matrx(1 .1 .Second*20)"Xbar(Second)*Matrx(1 ,2,Second.20)'Ybar(Se
cond)
6810 Sx2-Matrx(2,l ,First.20)'Xbar(First)*Matrx(2,2,First.20)"Ybar(First)
6820 Sx2-Sx2.flatrx(2. Second+20)*Xbar(Second)*Matrx(2,2,Second+20)'Ybar(Se
cond)
6830 Xbar(Couibo)-Matrx(1 ,1 ,Combo)'Sxl.Itatrx(1 ,2,Coub~o)*Sx2
68140 Ybar(Combo)-Natrx(2.1 .Combo)*Sxl.Katrx(2,2,Combo)'Sx2
6850 SUBEND
6860 i
6870 i Disp-ExTRDEs
6880 1
6890 SUB Diap~xtreMes(Ellipse)
6900 I This routine displays thie extreme x and y values for the specified
6910 I ellipse
6920 CON /Ellipses/ Matrx(2,40).Xr--,'(20),Yhar(20).Major-axi(20)tMinor ax
13(20),Theta(20),Angle(2),Emin x(20),Emax-x(20).Emin y(20),Emaxy(20)
6930 PRINT "E# ";Ellipse;". "
69140 PRINT "Xmin ";Emin x(ElliPse);
6950 PRINT "~Xmax ";Fiax-x(Ellipse);
6960 PRINT " Y Tin ";Emin y(Ellipse);
6970 PRINT "; Tax ":Emaxy(Ellipse)
6980 SUSEND
6990 SUB Draw .1llPse(Ellipse.XminXaaxYmin.max.Prob constant)
7000 i This routine draws one (1) ellipse on the current plotter device.
7010 COM /Ellipses/ Matrx(2.2,140).Xbar(20).Ybar(20).Major axi3(20).Minor ax
1s(20),Theta(20).Angle(20).Eminx(20),Emax-xC20),Emin y(20).Emaxy(20)
7020 INTEGER Sign
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7030 REAL Xpoint,Upoint,Ypoint.Tempi .Temp2,TemP3.Temp4,Tenp5
7060 GRAPHICS ON
7070 1 Draw top halt at the ellipse
7080 Sign-i
7090 GOSUB Draw halt
7100 1 Draw bottom halt ot the ellipse
7110 Sign--i
7120 GOSUB Draw halt
7130 1 Finish u~p
7140 MOVE (Xbar (Ellipse) -Xmin) *10O/ (Xmax-Xmin), (Ybar (Ellipse) -Ycin) *I 0,(Ym
ax-Ym)
7150 DRAW (Xbar(Ellipse)-Xmin)*100/(Xmax-Xmin),(Ybar(Ellipse)-Ymin)'100/(Ym
ax-Ym)
7160 1 Okey, dokey. we're done here.
7170 SUBEXIT
7180 Draw-halt: I Draw halt ot the ellipse
7190 1 If Sign-i. then draw top halt; it Sign-i. then bottom halt.
7200 FOR Xpoint-Emin -xEllipse) TO Emax-x(Ellipse) STEP .1
7210 GOSUB Draw-1 point
7220 NEXT Xpoint
7230 Xpoint-Emax x(Ellipse)
7240 GOSUB Draw 1 point
7250 RETURN
7260 1
7270 1 Compute each point and draw the new line. (It's here since we call
7280 1 it twice
7290

*7300 Draw I_point:1
*7310 UOpoint-xpoint-Xbar(Ellipse)

7320 Templ-Matrx(1 ,2,Ellipse.20)'Upoint
7330 Temp2-Templ*Templ-Matrx(2,2.ElliPse+20)*(Matrx(i .1.Ellipse.20)*Upoint*
Upoint.Prob constant)
7340 IF Temp2<10^(-1O) THEN Temp2-0
7350 Ypoint-(-Tempi +Sign*SQR(Temp2)) /Matrx(2,2. Ell ipse.20) +Ybar (Ellipse)
7360 IF Xpoirit<-Emin x(ElliPse)#.O01 THEN
7370 MOVE (Xpoint7Xmin)*1OO/(Xmax-Xmin) ,(Ypoint-Ymin)'100/(Ymax-Ymin)
7380 ELSE
7390 DRAW (Xpoint-Xmin)'100/(Xmax-Xmin) ,(Ypoint-Ymin)'100/CYmax-Ymin)
7400 END IF
7410 RETURN
7420 SUBEND
7430 1
7440 1 TEST
7450 1
7460 SUB Test(First.SecondWork,Test val)
7470 1 This routines calculates the acceptance test criteria tor First and
7480 I Second. Work is Used as a "scratchpad".
7490 COM /Ellipses/ Matrx(2.2,40),Xbar(20).Ybar(20).Major ax13(20),Mlnor-ax
Ls(20).Thota(2O),Angle(2O).Emin x(20),Emax x(20).Eminy(20).Emix_y(20)
7500 Add covariance( First ,Eecond,WorkT
7510 Invwert(WorlcWork+20)
7520 Oittx-Xbar(First)-Xbar(Second)
7530 Ditty.Ybar(First) -Ybar(Second)
7540 Tempt -Matrx(1 .1.Work.20)*Dittx.Matrx(1I,2.Work.20)'Ditty
7550 Temp2.Matrx(2.1 ,Work.20)*Dittx.Matrx(2,2,Work.20)'Ditty
7560 Test-val-DttxTinpl .Ditty'Temp2
7570 SUBEND
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B. ELLSIM: Ellipse Simulation Program

Ellsim is a "confidence ellipse simulation" program. It has been used to
explore the robustness and properties of the statistical test (which is used
to decide whether or not to combine two ellipses). In it, two normal data
distributions are specified, corresponding to two emitters. Confidence
ellipses are generated, tested, and combined, and various descriptive
statistics are compiled. In addition, there is a routine to calculate the
power of the statistical test in certain cases.
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1000 - -
1010 Ellipse Simulation Driver 1
1020 !
1030 1 This is a simple simulation program for the ellipse
1040 combination test. Only the Normal distribution is 1

1050 1 supported.
1060 1
1070 I Original: 1/17/85 Updated: 7/29/85

1080 ---- -----------------
1090
1100 1
1110 1 7/29/85
1120 Top ofjproiram: I

1130 "I Use Fast Math card
1140 CONTROL 32.2;1

1150 1 Specify common variables between the different subprograms
1160 COM /Ellipses/ Hatrx(2,2,140),Xbar(20),Ybar(20).

M ajor axli(20),Minor axi

s(20).Theta(20),Angle(20),Eminx(20),Emx x(20),Emin y(
20),Emaxy(20)

1170 COM /Driver/ Obs(2)
1180 Driver menu: !
1190 Clearsoreen
1200 PRINT "Ellipse Combination Program Driver"
1210 PRINT

1220 PRINT "MA - Specify True Covariance Matrices"
1230 PRINT "(B) - Specify True Mean Parameters"

1240 PRINT "(C) - Specify Observations"

1250 PRINT "(D) - Call Simulation Generator"
1260 PRINT "E) - Call Power Generator"
1270 PRINT "X) - Exit Program"
1280 PRINT
1290 Get choice: I
1300 INPUT "enter your chol.c:O.0p.ions
1310 SELECT Option$

1320 CASE "A"."a"
1330 Clearscreen
1340 CALL Get covariance(l)
1350 CALL Get-covarianoe(2)
1360 CASE ""."-"
1370 Clearscreen
1380 CALL Get ell mean(l)

1390 CALL Getellmean(2)
1400 CASE "C"."c"
11410 Clearscreen
1420 GOSUD Get obs
1430 CASE "D-."d-"
11440 Clearscreen
11450 CALL Sim, ellipse
11460 CASE "E","e"
11470 Clearscreen
1480 CALL Power ellipse
11490 CASE "X","x"

-

1500 OTO Endprogram
1510 CASE ELSE

1520 PRINT CHRS(7)
1530 GOTO Get Choice
15140 END SELECT

1550 COTO Driver menu
1560 1 --------------------------------------- -------------

1570 1 SUBROUTINES
1580 1------------ -- ---- -

1590 I
1600 I Get the number of TRIALS (Main Menu Choice "B")

1610 I
1620 Get ob: I
1630 -FOR Imat-1 TO 2
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16110 PRINT "How many observations for ellipse #O;Imat;": ";
1650 INPUT Obs(Imat)
1660 PRINT Obs(lmat)
1670 NEXT Inat
1680 RETURN
1690 EndJprogram:1
1700 END

I71O ----------- --- ----------------------- I
1720 I SUBPROGRAMS AND FUNCTIONS
1730 1
1740 SUB Invert(Srce.Dest)
1750 I This routine inverts any covariance matrix in Matrx and places
1760 1 the inverted matrix in Dent.
1770 CON /Ellipses/ Matrx(2,2,40),Xbar(20).Ybar(20).Major axis(20).Minor ax
1s(20).Theta(20),Angle(20).Emln x(20).Emax x(20).Emin y(20),Emsx y(20)
1780 Det-Matrx(1.1,Srce)'Mtrx(2,2.Srce)-Hatrx(1.2.Srce )wt rx (.2.Srce)
1790 Matrx(1,1.Deat)-Hatrx(2,2.Srce)/Det
1800 1atrx(2,2.Dest)-atrx(1.1 ,Srco)/Det
1810 Matrx(1,2,Dest)--fatrx(I.2.Srce)/Det
1820 Natrx(2.1,Dest)--Hatrx(2,1,Srce)/Det
1830 SUBEND I End of SUB Invert
1840 1
1850 1 GET BOUNDS
1860 1
1870 SUB Get bounds( Ellipse, Prob constant)
1880 1 This subroutine calculates the X and Y limits for the given ellipse

1890 CON /Ellipses/ Matrx(2,2.40),Xbar(20),Ybar(20).Hajor axis(20).Hinor ax
is(20).Theta(20),Anle(20),Emn x(20).Emax x(20),EminY(20),Emaxjy(20)
1900 REAL Temp 1.Temp2,Temp .Temp4,Temp5
1910 TemplMatrx(2,2,Ellipse*20)CProb constant
1920 Temp2eHatrx(1 .2.Ellipse*20) Hatr(1,2.Ellipse.20)-Hatrx(1 .1 ,Ellipse*20
) ,a4trx(2,2,EI1lpae.20)
1930 Temp3-(Templ/Temp2)^(.5)
1940 Temp4-Hatrx( 1 I,Ellipse*20)'Prob constant
1950 Temp5-(Temp4/Temp2)^(.5)
1960 Eminy(Ellipae ) --Temp5 bar(Ellipse)
1970 Emax y(Ellipse)-Temp5.Ybar(Ellipse)
1980 Emin x(Ellipse)--TemP3+Xbar(E11ipse)
1990 Emax x(Ellipse)-TeMp3.Xbar(Ellipse)
2000 SUBEND I End of GET-BOUNDS
2010 1
2020 I CHOOSE PLOTTER
2030 1
2040 SUB Choose plotter
2050 t Subroutine to choose the desired plotter device
2060 REPEAT
2070 Go on-1
2080 D1JP "Do you want to (M)raw. (E)rase, Plot with Pen (0). (1). (2)?"

2090 LINPUT Message$
2100 SELECT Message$
2110 CASE "D-,d"
2120 PLOTTER IS 3,"INTERNAL
2130 GRAPHICS ON
21410 PEN 1
2150 Go on-1
2160 CASE To-
2170 PLOTTER IS 705,"HPGL"
2180 GRAPHICS ON
2190 PEN 0
2200 Go on-1
2210 CASE r1"
2220 PL0TER IS 705,*HPGL
2230 GRAPHICS ON
2240 PEN I
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2250 Go on-I
2260 CASE Z2-
2270 PLOTTER IS 705, "HPGL"
2280 GRAPHICS ON
2290 PEN 2
2300 Go on-i
2310 CASE TE, UeN

2320 PLOTTER IS 3,"INTERNAL"
2330 GRAPHICS ON
2340 PEN -1
2350 Go on-1
2360 CASE ILSE
2370 PRINT CHR$(7)
2380 END SELECT
2390 UNTIL Go on-1
21100 SUBEND
2410 1
2420 1 GET ELL MEAN
2430 1
2440 SUB Got ell mean(Elllpse)
2450 t Thi's subroutines prompts the user for the mean of an ellipse.
2460 COM /Ellipses/ Matrx(2.2.40).Xbar(20),Tear(20) Major axis(20).Mnor ax
is(20).Theta(20).Angle(20).Emn x(20).Emax x(20),Emin y(20),Emaxy(20
2470 Clearscreen
2480 PRINT TABXY(I,10);nWHAT IS X-BAR tor ELLIPSE ";Ellipse-"?";
2490 INPUT Xbar(Ellipse)
2500 PRINT Xbar(Ellipse)
2510 PRINT TABXY(I,11 );"WHAT IS Y-BAR tor ELLIPSE ";Ellipse,"?";
2520 INPUT Ybar(Ellipse)
2530 PRINT Ybar(Elipse)
2540 Pauseabit
2550 SUBEND
2560 !
2570 1 GET COVARIANCE
2580 1
2590 SUB Get covariance(Ellipse)
2600 1 This routine gets the covariance matrix for an ellipse
2610 CON /Ellipses/ Matrx(2,2, 40),Xbar(20),hbar(20),Major ax1s(20),Minor ax
iW(20). Theta(20),Angle(20).,Emin x(20).Emax x(20),Emin y(20),Emxy(20)
2620 Clearscreen
2630 FOR K-i TO 2
2640 PRINT TABXY(,3+K+6);"ENTER ELEMENT (";K;".";K;") IN THE COVARIANCE
MATRIX FOR ELLIPSE#";Ellipse;": ";

2650 INPUT Matrx(K.K.Ellipse)
2660 PRINT Matrx(KKEllipse)
2670 NEXT K
2680 PRINT TABXY(i .3*9);"ENTER ELEMENT (1,2) IN THE COVARIANCE MATRIX FOR E
LEMENT#";I;": ";
2690 INPUT Matrx(1,2,Ellipse)
2700 Iatrx(2,1,Ellipse)-Hatrx(1,2,Ellipse)
2710 PRINT Matrx(1.2,Ellipse)
2720 Pauseabit
2730 SUBEND
2740 1
2750 1 PAUSEABIT
2760 1
2770 SUB Pauseabit
2780 1 Pause and wait for a carriage return
2790 DISP "Type ENTER to continue...";
2800 INPUT Garbage$
2810 SUNEND
2820 SUB Clearscreen
2830 1 Clear the screen
2840 PRINT CHR$(12)
2850 SUBEND
2860 1
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28T0 I GET-AXES
2880 1
2890 SUB Got axes(Ellipse)
2900 1 ThTs Subroutine Sets an e1liPSe in terms of the axes and the
2910 1 angle or orientation. These are converted into a covariance
2920 1 matrix.
2930 CON /Elllpses/ Hatrx(2.2.Jl0).Xbar(20).Ybar(20),Major axis(20),Minor ax
1s(20).Theta(20).Angle(20),Emin x(20),Emax-xC20),Euiny(20).EuaxY(20) -

29410 Prob onstant-21LOG( .55)
2950 Clear croon

*2960 PRINT "WHAT IS THE RADIUS OF THE MAJOR AXIS OF ELLIPSE "*.Ellipse;"

2970 INPUT Major xis(Ellipse)
2980 PRINT Major axWsEllipse)
2990 PRINT *WHAT IS THE RADIUS OF THE MINOR AXIS OF ELLIPSE ";Ellipse-."

3000 INPUT Minor aX13(EIlIP30)
3010 PRINT MInor-axisElliPse)
3020 PRINT "WHAT IS THE ANGLE (IN DEGREES) OF THE MAJOR AXIS OF ELLIPSE ";E
luipe;w 0
3030 INPUT Angle(Ellipse)
30410 PRINT AngleCEllipse)
3050 1 Convert to Covariance Matrix
3060 Theta(Ellipse)-PI"Anle(Ellipse)/180
3070 Matrx0l 1,Ellipse)-(Hajor axis(ElliPse)'COS(Theta(Ellipse)))'2.(Minor_
aX1n(ElliPSO)OSIN(Theta(Ellipse)) )"I
3080 Matrx(2.2.Ellipse)-(Major axis(Ellipse)'SIN(Theta(Ellips)))^2+(Mlnor_
ax13(Ellipae)*COS(Theta(Ellipse) ))^'f
3090 Matrx(2,1 .Elllpse)-((Major axis(Ellipse))^2-(Minora!xis(Ellipse))'2)OC
OS(Theta(Ellipse))*SIN(Theta(EllipseT)
3100 Katrx(1,2.ElliPse)-Matrx(2,1,Ellipse)
3110 FOR Jul To 2
3120 FOR Kul TO 2
3130 Matrx(JKEllipse)"tMatrx(J,K.Ellipse)/(-Prob constant)
31410 NEXT K
3150 NEXT J
3160 PRINT
3170 Pauseabit
3180 SUBEND
3190 1
3200 1 DISPLAY COV
3210 1
3220 SUB Display cSov(Ellipse)
3230 1 Displays the covariance matrix for an ellipse
32410 CON /Ellipses/ Matrx(2.2,lIO).Xbar(20),Thar(20).Major axia(20).Minor ax
is(20).Theta(20),Angle(20).Euin-x(20),Eiax-x(20) ,Euin _Y(20),EuaxY(20)
3250 FOR 1-1 TO 2
3260 FOR Jul TO 2
3270 PRINT Matrx(I,JEllipse);" 0;
3280 NEXT J
3290 PRINT
3300 NEXT I
3310 SUBENO
3320
3330 1 ADD COVARIANCE
33410 1
3350 SUB Add covariance(First.Second.Suminer)
3360 1 This subroutine can be used to add suuier.First+Second'I3370 CON /Ellipses/ Matrx(2,2.110),Xbar(20).Yhar(20).Major axia(20).Hinor ax
is(20).Theta(20).Angl(20).Einx(20).Euax-x(20),Esiny(20).Eaaxy(20)
3380 INTEGER I,J
3390 FOR 1-1 TO 2

S31100 FOR Jul TO 2
3110 Matrx(I.J.Suinr)-Matrx(Z.J,First)Matrx(I.JSecond)
31120 NEXT J

434130 NEXT!I
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34410 SUBEND
31150 1
34160 1 COMBINE-ELLIPSE
34T70 I
34.80 SUB Combine ellipse(FirstSecond.Coubo)
34.90 1 This routine finds the "JPL" combination of the First and Second
3500 I ellipses.
3510 COM /Ellipses/ Matrx(2.2.'I0).Xbar(20).Thar(20),MaJor axis(20).Minor ax
13(20). Theta (20). Angle (20). Emin-x(20). Enaz x(20) Euin _Y(20) Eax y(20)
3520 REAL SxlSx2
3530 1 Calculate the new covariance matrix.
35410 Invert(First,First+20)
3550 Invert(Second .Second+20)
3560 Add covariance(First.20 ,Second.20.Combo.20)
3570 Iftv-rt(Combo+20.Combo)
3580 1 Calculate the new mean point.
3590 SX1-Mtrx(1 ,1.Firat.20)*Xbar(First).Natrx(i .2.First.20)*Tbar(First)
3600 Sx1.Sxl *Matrx(1 . Second+20)*Xbar(Second).Natrx1 ,2.S~cond*20)*Tbar(Se
cond)
3610 Sx2-Natrx(2.i .First.20)*Xbar(First)+NatrxC2.2.First,20)Cmar(First)
3620 Sx2-Sx2*Matrx(2,1 ,Second*20)'Xbar(Second).Matrx(2,2.Second.20)*Ybar(Se
cond)
3630 XCbar(Colsbo)-Hatrx( I.* *Combo)'Sxi *Matrx(l1.2, Combo)'Sx2
36140 Thar(Combo).Matrx(2,i ,Ccabo)*Sx1+atrx(2.2.Combo)'Sx2
3650 SUBEND
3660 1
3670 1 DISP-EXTUDIES
3680 1
3690 SUB Diap epxtremes(Ellipse)

*3700 1 This routine displays the extreme z and y values for the specified
3710 t ellipse
3720 CON /ElliPses/ Matrx(2,2,110),Xbar(20).Ybar(20),Major axis(20).Minor-ax
1s(20).Theta(2).ngle(2O),Emin x(20).E-mx(20).Emin (20),Exy(0
3730 PRINT "ED ";Ellipse:':- ff.
37410 PRINT "Xmin ";Emin xillipse);
3750 PRINT ":Xuax ";Emax-x(Ellipse);
3760 PRINT "; Tin ";Eminj(Ellipse);
3770 PRINT "; max ";Emax_y(Ellipse)
3780 SUUEND
3790 SUB Draw ellipse(Ellip3eXmin,Xmax.Ymin,Ymx.Prob constant)
3800 1 Thi routine draws one (1) ellipse on the current plotter device.
3810 CON /Ellipses/ Matrx(2.2,'40),Xbar(20),Ybar(20).Major axis(20),Minor ax
13(20).Theta(2O).Angle(2).Emin x(20).Emax x(20).EminY(2O),Em4_y(20)
3820 INTEGER Sign
3830 REAL Xpoint.Upoint,YpointTempl ,Temp2.Temp3.Temp11,Temp5
38410 GRAPHICS ON
3850 1 Draw top half of the ellipse
3860 SIgn-I
3870 005133 Draw half
3880 1 Draw bottom half of the ellipse

V3890 Sign-I
3900 008133 Draw half
3910 1 Finish up
3920 MOVE (Xbar(Elllpse)-Xmin)'100/(Xmax-Xain) .(Ybar(Ellpse)-Ymin)*100/(Ym
ax-Tmin)
3930 DRAW (bar (Ell ips)-Xmin) 0100 /(Xmax-Xmin). (Ybar (Ellipse) -Ymin) 0100/ (Ym
ax-Thin)
39410 1 Gcey. dokey, we're done here.
3950 SUBEXIT
3960 Draw half: I Draw halt of the ellipse
3970 1 If Sign-i, then draw top half; if Signs-i, then bottom half.
3980 FOR Xpoint.Emin-x(Ellipse) TO Emax-x(Ellipse) STEP .1
3990 GOSUB Draw I-point
1.000 NEXT Xpoint
11010 Xpoint-Emax xCEllipse)
41020 005133 Draw 1 point
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41030 RETURN
'1040
'1050 1 Compute each point and draw the new line. (it's here since we call
'1060 1Iit twice
41070
'1080 Draw ljoint: 1
'1090 U point.Xpoint-Xbar(Ellipse)
'1100 Templ-Matrx(1 ,2.Ellipse*20)'Upoint
41110 Temp2-Tepl*Tepl-atrx(22.Ellipse420)'(Matrx(1 .1 Ellipse.20)*Upoint'
Upoint+Prob constant)
41120 IT TeImp2<10C-10) THEN Temp2-O
41130 Ypoint-(-Temp1.Sign0SQR(Temp2))/Matrx(2.2.Ellipse.20)*Ybar(Ellipse)
41140 IF Xpoint<-Emin-x(Ellipse)+.001 THEN
'1150 MOVE (Xpoint-Xmin)0100/(Xmx-min). (Ypoint-Ymin)'tOO/CYmax-Ymin)
'1160 ELSE
'1170 DRAW (Xpoint-Xain)0100/(Xmaxmin) .(Ypoint-Yain)6100/(Yaax-Ymin)
'1180 END IF
'1190 RETURN
'1200 SUDEND
'1210 1
'1220 1 TEST
'1230 1
'12110 SUB Test(First.SecondUork.Test Val)
'1250 1 This routines calculates tihe acceptance test criteria for First and
'1260 1 Second. Work is used as a "scratchpad".
'1270 COM /Ellipses/ Matrx(2,2.110),Xbar(20).Ybar(20) Major axisC2O).Minor ax
is(20),Theta(20).Anle(20),Emin x(20).Emax x(20).EuinjY(20).Emaxy(20)
'1280 Add covariance( FirstSecond~workT
'1290 Inviert(Work.Worc+20)
'1300 Oiffx.Xbar(First)-Xbar(Second)
11310 Diffy-Ybar(First)-Ybar(Second)
11320 TemplmHatrx(1 ,1.Work*20)0Diffx.matrx(1 ,2,Worac.20)'Diffy
41330 Temp2-Mtrx(2,1 ,Uork.20)*Diffx.Matrx(2.2,Workc+20)*Diffy
'13110 Test val-Diffx*Teupl Diffy*Temp2
'1350 SUBEDD
'1360 SUB Sim ellipse
11370 1 E1LT~e Combination Simulation Program
'1380 11/16/85 Update 7/18/85
'1390
44150 1 Specify the common variables
44160 I
44170 CLO4 /Ellipses/ Matrx(2.2,110).Xbar(20).Ybar(20).Major ax13(20),Minor axi
s(20).Theta(20),Angle(20),Euin -x(20),Emax-x(20),Emin_y(20),Emax y(20)
'1180 COM /Driver/ Obs(2)
'1190 1 Variable Definitions
'1500 1

'1510 INTEGER Ellnua. Imat. lain, Xaax * lin, Vmax
'1520 INTEGER Mobservations(2)
'1530 DIM Sx(2,10),Xa(5000),Ys(5000)
41560 1
'1570 1 Use of MATRX Array
'1580
'1590 1 MATRIX I is an initial matrix
'1600 1MATRIX 2 Is an initial matrix
'1610 I MATRIX 3 is the theoretical combination of 8 and 9
'1620 1 MATRIX '1 is the estimate of 8
'1630 1 MATRIX 5 Is the estimate of 9
'1640 1 MATRIX 6 Is the combination of 41 and 5
'1650 1 MATRIX 7 is the sum of 3 and 11 (for test)
'1652 I Note that if the True Variance-Covariance is used instead of the
'1653 1 the estimate, this is equal to the sum of 8 and 9.
'16511 1 MATRIX 8 Is MATRIX I divided by sample size
'1655 1 MATRIX 9 is MATRIX 2 divided by sample size
'1660 1 MATRIX 21-29 are the inverses of 1-9
'1670 1
'16 8 0 
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11690 1
11700 GOSUB Init subi
4710 !
1720 1 Main Program Loop
11730 I
4170 main loop: I
1750 Clearscreen
1760 PRINT "Ellipse Simulations"
11770 PRINT
11780 PRINT "Enter the Letter ot your choice:"
11790 PRINT "  (A) Reset the Random Number Seed"
11800 PRINT "  (3) Simulate using true Covariance Matrices"
11810 PRINT a (C) Simulate using estimated Covariance Matrices"
11820 PRINT " (D) Display Results on the Printer"
11830 PRINT " x) Exit Program*
11831 Get option: I
11810 INPUT "Enter Your Choice:".Mainohoice$
11860 SELECT Maincholce$
11870 CASE "A","&
11880 GOSUB Get seed
11890 CASE "3","b"
11900 Use true-i
11910 GOSUtB Simulate
11920 CASE "C",-C-
4930 Use true-0
119410 GOSUB Simulate
11950 CASE D","d"
11960 GOSUB Displayresults
1970 CASE "X","x"
11980 GOTO End sub1
4990 CASE ELSE
5000 PRINT CNR$(7)
5010 GOTO Get option
5020 END SELECT
5030 GOTO Main loop5040 ! .. .---- - ..... . . .. .-

5050 ! Utility Subroutines
5060 l -. . . .-!-- - - - - -

5070 !
5080 I Initialize Program
5090
5100 Init sub1: 1
5101 RANDOM4IZE
5110 Prob constant-2fLOG(.05) I Confidence level parameter
5111 FOR T-1 TO 2
5112 FOR J-1 TO 2
5113 Hatrx(I.J,8)-Matrx(I.J,1)/Obs(1)
51111 Iatrx(I.J.9)-Matrx(I.J.2)/Obs(2)
5115 NEXT J
5116 NEXT 1
5117 Xbar(8).Xbar(1)
5118 Ybar(8)-Ybar(1)
5119 Xbar(9)-Xbar(2)
5120 Ybar(9)-Ybar(2)
5122 1 Set parameters
5230 RETURN
53110 I
5350 1 Generate the new ellipses using random observations
5360 I
5370 Generate new: I'**PLAGOOR
5380 FOR Juat-i TO 2
5390 MOb(Immt)
51100 I Generate the X and Y values
51110 Xaum-O
51120 Youm-O
51130 C ,-SQR(Matrx( ,I.1 Imat))
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51440 A-Sigma(1 ,2.Imat)/Cc
51450 Se..SQRCMatrx(2.2.Imat)-A*A)
54160 FOR I-1 TO M
54170 U1-RMD
51180 U2-RND
51190 X1-SQR(-2%LOG(U1 ))*SIN(2*PI*U2)
5500 YI-SQR(-2'LOG(U2))*COS(2#P16u1)
5510 Xs(I)-Cc*XI.Xbar(Imat)
5520 Y3C I)-A*X1 .BeeOYl *!bar( Imat)
5530 X3UM-XsUm.i1X3(I)
55140 Tsum-ysum+!S( I)
5550 NEXT I
5560 Xbar( Imat+3)Xsum/M
5570 Ybar(Iuat*3).Tsum/m
5580 1 Calculate the variances
5590 MAtrx(1 1 mat+3)-O
5600 Hatrx(2.2,Imat+3)-0
5610 Matrixi .2.Imt+3).0
5620 FOR 1-1 TO m
5630 Matrx(I1.Imat+3).Matrx(I,1,Iuat.13).(X(I)-Xbar(Iat3))'(X(I)-Xba
r(Imat+3))
56140 Matrx(2.2, Imat.3)-Hatrx(2.2, Imat*3)'(Ys(I)-Ybar(Imat+3) )'Crs(I)-Yba
r(Imat+3))
5650t3) Natrx(1.2*Iuat4+3).Htrx(12,at3).(X()-Xbar(Imat.3))*(YS()-Yba

5660 NEXT 1
5670 Matrx(1-.lmata3)-Matrx(1 .1,Imat.3)/((M-1)'N)
5680 Matrx(2,2.Imat.3)-atrx(2.2.It3)/((M-1 )M)
5690 HatrxI.i 2.Imat.3).Matrx(1 ,2.Ilat.3)/((M-1 )'M)
5700 M4atrx(2,1 ,.at.3)-Matrx(1 ,2..Imat.3)
5710 NEXT Imat
5720 RETURN I Generate-new
5730
57140 1 Generate the inverses or our matrices
5750 1
5760 Gen inverses:1
5830 Patchi: 1
58140 IF Use true-0 THEN Patch2
5850 1 To u se the true matrices, COPY them from 8 and 9 into 14 and 5
5860 FOR Imat-8 To 9
5870 FOR 1-1 TO 2
5880 FOR J1-1 TO 2
5890 Matrx(I.JIimat-11).Natrx(I.J.Imat)
5900 NEXT J
5910 NEXT 1
5920 NEXT Imat
5930 Patch2: 1
6151 Combine ellipse(8.9.3)
6152 Combine ellipse(11,5.6)
6170 RETURN I Gen-inverses
64130 1- - - - - -- - - - - - -- -- 1
64450 1 Program Subroutines
61150 1- - - - - - - - - - - - - - - - -
64160 1
61170 1 GET SEED (Menu Menu Choice "C")
61480
61190 Get seed: I
6500 Clearscrten
6510 PRINT "ENTER A SEED (0 to 2^31-2): '
6520 INPUT Seed
6530 Seed$-VAL$(Seed)
65110 PRINT Seed$
6550 RANDOMIZE Seed
6560 PRINT
6570 Pauseabit
6580 RETURN
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6590
6600 I SIMULATE
6610 1
6620 Simulate: I
6630 Clearseren
66410 PRINT TABXY(.1);'" 0~vf*0 0 *f HOW MIANY SIMULATIONS DO YOU WISH TO R
UN? 0;
6650 INPUT Naimulations
6660 PRINT Naluuatlons
6670 N aPccept.0
6680 N reject.0
6690 A~otin1-0
6700 Anotin2-O
6710 Anatinb-O
6720 Rnotinl.O
6730 Knot 1n2-0
674.0 Rnotinb-O
6750 Pauseabit
6760 Clearsoreen
6770 PRINT TADXY(5.3);"NUMBER OF SIMULATIONS- 0n
6780 PRINT TDT5,I CO*SB 0 *3*0
6790 PRINT TABXY(5.5):"ACCEPTED ERROR ELLIPSES- 0R
6800 PRINT TABXY(S.6);'REJECTED ERROR ELLIPSES. OR
6810 PRINT TABXY(S.9);IACCEPTED BREAKOUT"
6820 PRINT TADXYC5.10);"Target One is NOT in Combined Ellipse- 0"
6830 PRINT TAOXY(5.11);'Target Two is NOT in Combined Ellipse- 0"
68410 PRINT TADXY(5,12);Neither Target is in Combined Ellipse- 0"
6850 PRINT TABXY(5,11.);"REJECTED BREAKOUT"
6860 PRINT TAIXY(S.15);nTarget One is NOT in Combined Ellipse- 0"
6870 PRINT TABXY(5.16);"Target Two is NOT in Combined Ellipse- 0"
6880 PRINT TADXY(5,17);*Neither Target is in Combined Ellipse- 0"
6890 FOR Isim-1 TO Nsimulations
6900 GOSUS Generate new
6910 00503 Gen inverses
69140 One in.Matrx(1,1,26)0(XbarC6)-Xbar(8))^2.Hatrx(2.2.26)*(Ybar(6)-Ybar(

6950 One in-One in.2'atrx(1,2.26)(Xbar(6)-Xbar())(Ybar(6)-Ybar())
6960 Two in.Natrx( .1,26)0(Xbar{6)-Xbar(9))'2.Hatrx(2.2,26)*(Ybar(6)-bar(

6970 Two in-Two in.2etMatrx(1,2,26)0(Xbar(6)-Xbar(9))*(Ybar(6)-Ybar(9))
6971 Test(14.5.7.Test2)
6980
6990
7000 PRINT TABXY(28.3);Isim
7010 If Test2<-Prob constant THEN
7020 1 Accept as same
7030 N1 accept.N accept+1
70140 PIINT TABXY(30.5);N accept
7050 IF One in-Prob consatant THEN
7060 AnotTnl Anotiil .1
7070 PRINT TABXY(4.10)aAnotinl
7080 END IF
T 090 IF Two in)-Prob constant THEN
TI100 Anotiln2.Anotin2.1

* 7110 PRINT TABXY(44,11);Antin2
7120 END IF
7130 IF One ln>-Prob constant AND Two ln)-Prob constant THEN
714.0 Anotilnb.Anotinb-t-
7150 PRINT TABX(441.,2Anotinb
7160 END IF
7170 ELSE
7180 N rejeot-N reject.1
7190 PIFINT TABXY(30.6);N reject
7200 IF One in>-Prob constant THEN
7210 RnotTni-Rnoti-h .1
7220 PRINT TA5XY(44,15):Rnotinl
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7230 END if
72410 IF Two in-Prob constant THEN
7250 RnotTn2.Rnoti-iz.1
7260 PRINT TABXT(44,116);Rnotin2
7270 END IF
7280 If One in>-Prob constant AND Two in-Prob constant THEN
7290 Rnatinb.Rnotinb.1
7300 PRINT TABXYC111.17);Rnotinib
7310 END IF
7320 END IF
7330 NEXT Isi.
73140 PRINT TADXY(5,19);w**6 SIMULATION COMPLETE O'
73411 BEEP
7342 BEEP
73113 BEEP
73441 BEEP
7350 Pauseabit
7360 RETURN
7370 1
7380 t Display results
7390 1
74100 Display results:!
71110 Clearscreen
T4120 PRINTER IS 9;UIDTH 132
74121 PRINT
71522 PRINT "'"*"* O"*e.......,..~u....e
7T423 PRINT
74124 PRINT
74130 PRINT "Results: W;
74410 IF Use true-i THEN
74150 PRI~ff "Using TRUE Covariance Matrices"
74160 ELSE
74170 PRINT "Using ESTIMATED Covariance Matrices"
71180 END IF
71190 PRINT

S71191 FOR Imat-1 TO 2
74192 PRINT "Bass Distribution *";Imat
71193 PRINT "Mean: (";Xbar(Isat);", w;Thsar(Imat);"f);O
71194 PRINT "Observations: ";Obs(Imat)
74195 PRINT "Covariance Matrix:"
71196 PRINT " ;Matrx(1.1,Imat);" ";Matrx(l.2,Imat);" *
71197 PRINT "*";Matrx(2.1,Imat);" ";Matrx(2.2.Imat);"
74198 PRINT
71199 NEXT lust
7500 FOR Imat-1 TO 5
7501 PRINT "Ellipse #";Iamt-3
7502 PRINT "mean: ("MXar(Imath", O;Ybar(Iinat);O);"
7501 PRINT 'Covariance Matrix:"
7505 PRINT "* OtMatrx(I.1.Imat);" ';Matrx(l.2.Iaat);" *"
7506 PRINT Of *;Matrz(2.1.lmt);" ":,Matrx(2.2,.amt);' *0
7507 PRINT
7508 NEXT lst
7590 PRINT 'Last Combined Ellipses"
7600 PRINT 'Mean: ("0Xbar(6)". Otlbar(6);O);"
7610 PRINT 'Covarianoe Matrix:"
7620 PRINT"O "iMatrx(1,1.6);" ";Matrx(1,2.6);" C
7630 PRINT "0 R;Natrx(2.1,6);R ";Matrx(2,2.6);" GO
76110 PRINT
7650 PRINT "Simulation Results:"
7660 PRINT "9of sisalationst *;Nsiaulations
T661 PRINT
7662 PRINT "Totals; %of Total; S of Category"
7670 PRINT "Acoepted: "aN accept;" 8;100'N accept/Maimulations
7680 PRINT " Target I NOT in: ";Anotinh,
7681 PRINT ' ;0OAnotin1/NhimulationstO "1;lOOnotiil/N accept
7690 PRINT ' Target 2 NOT in: ";Anotin2;
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7691 PRINT * 0;10O*Anotin2/NsIulationI 9;100"Anotin2/N accept
7700 PRINT " Neither one in: ";Aflotinb;
7701 PRINT " ";100*Anotinb/Nsimulations;" H;1OO9Anotinb/N accept
7710 PRINT "Rejected: W;N rejects" *;100'N reject/Niuulationa
7720 PRINT " Target I NOT in: ";Rnotinl;
7721 PRINT 0" ;100'fRnotin1/Nsimulations:" 0;100*Rnotinl/N reject
7730 PRINT " Target 2 NOT in: ";Rnotin2;
7731 PRINT " 0";1O0'Rnotin2/Nsimulations;" 0;100*Rnotin2/N reject
77140 PRINT 0 Neither one in: R;Rnotinb
77141 PRINT " ";100"Rnotinb/Nsimulations;" N;100'Rnotinb/N reject
7750 PRINT
7751 PRINT
7753 PRINT CHR$(12)
7760 PRINTER IS 1;VIDTH 80
7770 RETURN
7780 End subi:!
7790 SUBEDD
7800 SUB Power ellipse
7810 1 Target Ellipse Chi-square Test Power Calculation
7820 1 Specify common variables
7830 CON /Ellipses/ Matrx(2.2,'I0),Xbar(20),Ybar(20),Major axi3(20).Minor axi
s(20).Theta(2O).Angle(20),Emin x(20).Emaxx(20).Eminy(20).Emaxy(20)
78'40 COM /Driver/ Obs(2)
7850 1 Variable Definition
7870 DIM New uat(2,2.2).Delta(2)
7880 DIM Table(62.2)
7900 t Initialize Program
7910 OOSUB Init sub2
7920 1 MENU LOOPF
7930 Menu loop: 1
79140 Clear screen
7950 GosuSrhower stuff
7960 SUSEXIT
79T0 I
7980 I INITIALIZE THE PROGRAM4
7990 I
8000 Init &1b2 I
8010 Pr-ob constant.2*LOG(.05)
8020 1 Loa in the Power Table
8030 RESTORE Power data
80140 FOR I-1 To 627
8050 FOR J-1 TO 2
8060 READ Table(I.J)
8070 NEXT J
8080 NEXT I
8170 RETURN
8180 1
8190 1 Power calculations: find the non-centrality parameter, Lambda.
8200 1 to use with the tables.
8210 I
8220 Power stuff:!
8230 PuINT -Power Calculations: Non-centrality Parameter"
82140 PRINT
8250 FOR 1-1 TO 2
8260 FOR J-1 TO 2
8270 Power mt(l.J,1 )-Matrx(l,j,1 )/Obs(1 ).Matrx(I..J.2)/Oba(2)
8280 NEXT J
8290 NEXT I
8300 lcompute Inverse of power mat
8310 Dot-Power uat(1 .1I.1I)*Pow@r .atC2.2, I)-Power mat(1 .2.1)*Power uat( .2,1)
8320 Power mat(l .1.2)-Power matT'2,2.1 )/Det-
8330 Plower mat(2.2.2).Power aat(1 .1.1 )/Det
83140 Power n1 2.2)--Pcw@r uat(1 .2.1 )/Det
8350 Power mat(2.1 .2)--Power uat(2.1,1 )/Det
8360 PRINT "Enter the differences in the Mean components:"
8370 PRINT
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8380 PRINT "Mean difference along the X axis: "

8390 INPUT OX Dirrerence:".Delta(i)
81100 PRINT Delta(1)
84110 PRINT "Mean difference along the Y axis: "

84120 INPUT NY Dlfterence:R,Delta(2)
84130 PRINT Delta(2)
84410 1 Calculate parameters
81150 Lambda-O
84160 FOR I-1 TO 2
81470 FOR J-1 TO 2
84180 Lambda-Lambda+Power mat(XJ,2)*Delta(I)*Delta(J)
81490 NEX(T J
8500 NEXT I
8510 PRINT "Lambda - ";Lambda
8520 PRINT
8530 1 Get Linear Interpolation Result
85140 GOSUB Linear interp
8550 PRINT "Linea7 Power: ";Li~ower
8560 1 Get Lagrange Interpolation Result
8570 GOSUD Lagrange~interp
8580 PRINT "Lagrange Power: *;La~power
8590 Pauseabit
8600 IF Delta(i)<>O OR Delta(2)<>O THEN 8360
8610 RETURN
8620 1
8630 1 Linear Interpolation
86410 1
8650 Linear interp: 1
8660 I Find Bounding Values

{8670 Search-i
8680 IF Lambda>-39 THEN

-~8690 Li power-i
8700 RETRN
8710 END IF

*8720 WHILE Lambda)Table(Search.1)
8730 Search-Search+1
87410 END WHILE
8750 IF Lambda-Table(Search,1) THEN
8760 Li,_power-Table(Search,2)
8770 RETURN
8780 END IF
8790 Lambda h-Table(Search,1)
8800 Lambdal-Table(Search-1 .1)
8810 Power hE-Table(Search.2)
8820 Power--Table(Search-1.2)
8830 IF Power h-Power-1 THEN
884o0 Li powrepower h
8850 RA N~RI
8860 END IF
8870 Poweri -Power h'(Laubda-Laubda 1)/CLaubda h-Lambda 1)
8880 Power2-Poel'(ambda h-Lambda) /(Lambda~h-Lambda7 1)
8890 L1_power-Powerl I Power2
8900 RETUn
8910 1 Lagrange Interpolation
8920 Lagrange interp: I
8930 Search-i
89410 IF Laubda)-39 THEN
8950 La ower-1
8960 UR
8970 END IF
8980 WHILE Lambda)Table(Soarch,i)
8990 Search-Search. 1
9000 END WHILE
9010 If fAmbda-Table(Search,l) THEN
9020 La ower-Table(Search.2)
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9040 END IF
9050 Sumer-O
9060 FOR I-Search-3 TO Search.2
9070 Prod-Table(I,2)
9080 FOR J-Search-3 TO Search+2
9090 IF J<>l THEN
9100 Prod-Prod*(Lambda-Table(J,1))/(Table(I.1)-Table(J,I))
9110 END IF
9120 NEXT J
9130 Summer-Sumer+Prod
9140 NEXT I
9i5o La power-Summer
9160 RETURN
9170 IChi-square(2) Power Table. 1st ColuiM is non-centrality parameter,
9180 12nd 13 power. 0.05 signitficance label. From Selected Tables in
9190 IMathematical Statistics. Volume 1.
9200 Power data: !
9210 DATA .0,.05
9220 DATA .1,.0576
9230 DATA .2,.0653
9240 DATA .3..0733
9250 DATA .4..0814
9260 DATA .5,.0896
92T0 DATA .6..0980
9280 DATA .7,.1065
9290 DATA .8,.1151
9300 DATA .9,.1239
9310 DATA 1,.1327
9320 DATA 1.2,.1507
9330 DATA 1.4,.1691
9340 DATA 1.6,.1877
9350 DATA 1.8,.2065
9360 DATA 2.0..2255
9370 DATA 2.2, .2447
9380 DATA 2.4,.2639
9390 DATA 2.6..2831
9400 DATA 2.8,.3024
9410 DATA 3.0,.3215
9420 DATA 3.5,.3690
9430 DATA 4,.4154
94U0 DATA 4.5,.4604
9450 DATA 5,.5037
9460 DATA 6,.5840
9470 DATA 7,.6554
9480 DATA 8..7176
9490 DATA 9,.7T07
9500 DATA 10,.8154
9510 DATA 11,.8526
9520 DATA 12..8832
9530 DATA 13,.9080
9540 DATA 14,.9280
9550 DATA 15,.9440
9560 DATA 16..9567
9570 DATA 17..9667
9580 DATA 18..9715
9590 DATA 19..9805
9600 DATA 20,.9852
9610 DATA 21,.9888
9620 DATA 22..9916
9630 DATA 23,.9937
9640 DATA 24..9953
9650 DATA 25..9965
9660 DATA 26,.9974
9670 DATA 27..9981
9680 DATA 28,.9986
9690 DATA 29,.9989
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9700 DATA 30..9992
9710 DATA 31,99941
9720 DATA 32,.9996
9730 DATA 33..9997
9740 DATA 34,.9998
9750 DATA 35,.9998
9760 DATA 36,.9999
9770 DATA 37,.9999
9780 DATA 38,.9999
9790 DATA 39.1.0000
9800 DATA 40.1.0000
9810 DATA 41.1.0000
9820 DATA 42.1.0000
9830 End sub2: 1
9840 JUSEND
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C. ELLIPSTUFF: Ellipse Routine Library

Ellipstuff is an "ellipse routine library," which contains a large number of
routines to make working with ellipses easier. As such, both Genellipse and
Ellsim contain all of these routines, but they are also listed separately.
If more programs need to be written, these are the routines to build them
with.
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10 1 TEST PROGRAM FOR ELLIPSE ROUTINE LIBRARY
11 1 LIBRARY SUBROUTINES BEGIN ON LINE 1000.
12 1 THIS TEST PROGRAM GETS AN ELLIPSE FROM THE USER AND DISPLAYS IT ON
13 1 THE SCREEN.
20 OCLEAR
30 GRAPHICS ON
31 REAL Prob constant
32 Prob constant.2*LOGC.05)
40 Get illumean(1)
50 1 Get~covariance(1)
60 Get]axes(1
70 Invert(1.21)
80 Get, bounds(lI,prob constant)
81 Colo 3 se~lotter
90 Draw ellipse(1 ,-50,50,-50.50.Prob constant)
100 STOP
110 END
1000 1 ELLIPSE ROUTINE LIBRARY....
1010 1 This file contains standard ellips, routines and data variables,
1020 1Iincluding the following:
1030 1 - Entry of ellipses by covariance matrices.
1040 I - Entry of ellipses by axes and orientation.
1050 5 - Display of ellipses on screen and plotter.
1060 1 - Wx matrix inversion routine tor use with Matrx.
1070 1 - Matrx, an array which stores covariance matrices and their
1080 1 inverses (up to 10 matrices).
1090 1 Axes/orientation to Covariance matrix conversion routine.
1100 1
1110 1 USING MATRX
1120 t Mtrx is designed to hold covariance matrices and their Inverses
1130 1 for 10 ellipses. In general. Matrx(1)...Matrx(20) are the covariance
1140 I matrices and Matrx(21) ...Matrx(i0) are the corresponding inverses.
115 1 This is the convention assumed by a number of these routines.
1160 I In oases where the Inverse is calculate first, put in Matrx(25). say,
1170 1 and then call Invert(25. 5). This will put the covariance matrix In
1180 1 Matrx(5).
1190 I
1200 1 THE ROUTINES ARE CALLED AS FOLLOWS:
1210 1 Invert(Srce.Dest)
1220 1 This command will Invert the covariance matrix in Natrx(Srce) and
1230 1 put the result in Mtrx(Dest)
12410 1 Get BoundsCElllpse, Prob constant)
1250 I This command will get the extreme points of the ellipse. Note that
1260 1 the ellipse's ovariance matrix must have been Inverted.
1270 1 Draw EllipseCEllipse.XminXmaxYminYmaxProb constant)
1280 1 This will draw the given ellipse. The remaining variables define
1290 1 the screen. Note that Get bounds must have been executed.
1300 1 Get Ell Meen(Ellipse)
1310 1 This is an input routine to read in )[bar and Ibar for the given
1320 1 ellipse.
1330 1 Get CovarianoeCEllipse)
1340 1 %his io an Input routine to read In the covariance matrix for the
1350 1 given ellipse.
1360 I Get AxesCEllipse)
1370 1 This io an input routine which reads in the axes and orientation
1380 1 of the ellipse. and converts this to covariance matrix form.
1390 1 Choose Plotter
1400 1 This prompts the user to draw the ellipse on the plotter or the
1410 1 screen.
1420 1 DisplayCov(E~llpse)
1430 1 This coand displays the given covariance matrix.
1431 1 Test(Elipsel ,Ellipse2.Worc.Test Stat)
1432 1 This calculates the acceptance test criteria for the two ellipses.
1433 1 Work is a Matrx entry used as working space.
1434 1 Add CovarianceCEliiosel.glliose2.Summr)
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t1135 1 This adds any two matrx entries Into .a third Matrx entry.
14136 1 Combine EllipseCEllipsel .Ellipse2.Combo)
14137 1 This combines any two matrx entire. into a third Matrx entry.
14138 I Displ xtroee(Ellipse)
11139 1 Th1s displays the extreme X and Y bounds for the ellipse.
14411 1 Also Included are Pauseabit and Clearscreen.
11150 1

11170 SUB Invert(SrceDest)
14180 1 This routine inverts any covariance, matrix In Matrx and places
11190 1 the Inverted matrix in Dest.
1500 CON /Ellipses/ Hatrx(2.2,110).Xbar(20).Ybar(20).flajor axis(20).Hinor ax
is(20).Thsta(2O) .Angle(20).Emin x(20).Emax x(20) .EminY(2O),Emxy(2O)
1510 Det-Hatrx(1 .1.Srce)'Matrx(2,2,Srce)-Matrx(1 ,2.Srce)'Matrx(1 .2.Srce)
1520 Matrx(1 ,1.Dest)-Natrx(2.2,Srce)/Det
1530 Hatrx(2.2.Dest).Hatrx(1 .1 Srce)/Det
15110 Matrx(1 e2.Dest)H-atrx(1 e2.Sroe)/Det
1550 Matrx(2,1 .Dest)--Hatrx(2,1 .Sroe)/Det
1560 SUBEND I End of SUB Invert
1600 SUB Get boundsCEllipme.Prob constant)
1610 1 191a subroutine calculates the X and Y limits for the given ellipse

1620 CON /Ellipses/ Hatrx(2.2.110).Xbar(20).Thmr(20).Major auis(20).fMlnor ax:
is(20).Theta(2O).Angl(2)Ein x(20).Emax x(20).Eminy(2O).Emaxy(2O)-
1630 REAL Tempt .Teu2.Temp3,Tomp4,Tsop5
1650 Tempi -Hatrx(2.2.Ellipse.20)'Prob constant
1660 Temp2-Hatrx(1 ,2.Eflipse.20)'Hatri~(1 ,2,Ellpse.20)-Hatrx(1 .1.Ellipse*20
)*Matrx(2.2.EllIpse#2O)
1670 Tomp3-(Temp/Temp2)(.5)
1680 Temp11-Hatrx(1 ,1 Ellipse.20)*Prob constant
1690 Temp5-(Temp1/Tmp)(.5)
1700 Emnjy(Ellipse)--Temp5.Ibar(Ellipse)
1710 Emax (Ellipse)-Tszp+Ybar(tllipse)
1720 Emin x( Ellips)--Temp3+Xbar( Ellipse)
1730 Emax x(Ellipse)TemP3.Xbar(Ellipse)
17540 SUBEND I End of GET BOUNDS
1780 SUB Choosejplotter
1790 1 Subroutine to choose the desired plotter device (als contained
1791 1 in GRAPHER).
1800 REPEAT
1810 Go on-I
1820 DIISP "Do you want to (Draw. (EWrase, Plot with Pen (0). (1), (2)?"

1830 LINPUT Message$
18110 SELECT Message$
1850 CASE -"O,-d"
1860 PLOTTER IS 3,"INTERMAL"
1870 GRAPHICS ON
1880 PEN 1
1890 Go on-i
1891 CASE rOf
1892 PLOTTER IS 705,"IPGO
1893 GRAPHICS ON
18941 PEN 0
1895 PLOTTER IS 3,"INTERNAL"
1896 GRAPHICS ON
1898 PEN 1
1899 Go on-I
1900 CASE W1-
1910 PLOTTER IS 705,wHPGL"
1920 GRAPHICS ON
1930 PEN I
19110 Go on-i
19541 CASE r*2-
1942 PLOTTER IS 705,"HPGL"
19413 GRAPHICS ON
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1911 PEN 2
1915 Go on-i
1950 CASE T , e.
1960 PLOTTER IS 3.*ITEMNAL"
1970 GRAPHICS ON
1980 PEN -1
1990 Go on-1
2000 CASE ESE
2010 PRINT CHR$(7)
2020 END SELECT
2030 UNTIL Go on-i
2040 SUDID -

2080 SUB Get ell sam(Elllpae)
2090 ! mhTs subroutines prompts t ser for the mean of an ellipse
2100 CON /Zlipses/ Matrx(2,2,40) ar(20),Ybar(20).Major axis(20),Klnor ax
ls(20),Theta(20) .Angle(20),ELin x(20),Emax.x(20) .Eainj(20) ,E.a cy(20)
2110 Clearsoreen
2120 PRINT TAXY(.10);HAT IS X-BAR for ELLIPSE *;Ellipmse?N;
2130 INPUT Xbar(Ellipe)
214a0 PRINT Xbar(llipN)
2150 PRINT TABXY(1,11);*wHAT iS I-BAR for ELLIPSE *;EllLpse;"?";
2160 INPUT Ybar(Ellipse)
2170 PRINT Tbar(ElLpm)
2180 Pauseabit
2190 SUBEND
2230 SUB Oet covartanoe(Ellipse)
2240 I 1lis routine geta the covarlance matrix for an ellipse
2250 CON /Ellpms/ Matrx(2,2.40),Xbr(20).bar (20),Major axis(20),MLnor ax
is(20).Theta(20).Angl E(20) 20in)x(20),gmax(20) .Einy(20).Em~x_y(20)
2260 Cleawsoreen
2270 FOR K-1 TO 2
2280 PRINT TABXY(1.3"K6);"ENTER ELEMENT (";K;*,";K;*) IN THE COVARIANCE
MATRIX FOR LI.PSEP*;EIllpeelg: ";
2290 INPUT Matrx(KK.Ellipse)
2300 PRINT Matrx(KK.EllLpse)
2310 NEXT K
2320 PRINT TABXY(1,3#9);'ENTER ELEMENT (1,2) IN THE COVARIANCE MATRIX FOR E
LIENTtr;I;O: 0:
2330 INPUT Matrx(1,2.Ellipas)
2340 Mtrx(2.1 .Elllpse)-Mhtrx(1,2. ElLpse)
2350 PRINT Matrx(1.2.EllIpse)
2360 Pauseabit
2370 SUBEND
2410 SUB Pauseab it
2420 1 Pause and wit for a carriage return
2130 DXSP *Tpo ENTER to continue...
2440 INPUT Garb ae$
2150 SUBED
2460 SUB Clearsreen
2470 I Clear the screen
2480 PRINT CHR$(12)
2490 SUDEND
2530 SUB Get axes(illpse)
2540 1 ThTs subroutine gets an ellipse in terms of the axes and the
2550 I anIle of orientation. These are converted into a covariance
2560 1 mtrix.
2570 CON /Elllpses/ Matrx(2,2,110).Xbar(20),oar(20) ,Major axl(20),Mlnor ax
Is(20).Theta(20),Angle(20),Eain x(20), Emaxx(20), Enn_y(20).EmZxy(20)
2580 Prob oonstant-2#LOG( .W5)
2590 Clearsoreen
2600 PRINT ' WHA T IS THE RADIUS OF THE MAJOR AXIS OF ELLIPSE "IEllipseO :0

2610 INPUT Major auis(Ellipse)
2620 PRINT Major auis(Ellipse)
2630 PRINT "WHATIS THE RADIUS Or THE MINOR AXIS OF ELLIPSE ";Ellipsetag - 0
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26410 INPUT Minor axWsEllips.)
2650 PRINT Minor axia(Ellipse)
2660 PRINT -WHAT IS THE ANGLE (IN DEGREES) OF THE MAJOR AXIS OF ELLIPSE OiE
iliPs., : 0
2670 INPUT Azile(tllipse)
2680 PRINT Angle(ElLpse)
2690 1 Convert to Covariance Matrix
2700 Theta(ElLpse)-PI*Angle(Ellipse)/180
2710 Matrx(1.1 .Ellipse)w(Major axls(Ellipse)'COS(Theta(ElILpae)))^2.(Minor-

2720 Matrx(2.2.Ellipse).(Major &X13(Ellipse)ISuI(Theta(EllLP3e)))^2*(Minor-
axis(Ellipse)'COS(Theta(Enlip.) ) )'2
2730 MatrxC2. ,Ellipse)-((Major axis(ElliP30))^2-(Minoraxis(Ellipse))'2)*C
0S(Theta(ElLpse) )OSIN(Theta(EllipseT)
27410 Matrx(t .2.Elipse)-Matrx(2,1 .Ellipse)
2750 FOR J-1 TO2
2760 FOR K-1 TO 2
2770 MatrxCJj.E.llipae).Matrx(J.K.Ellipse)/(-Prob Constant)
2780 NEX(T K
2790 NEXT J
2800 PRINT
2810 Pauseabit
2820 SUBEND
2860 SUB Displaycov(Ellipse)
2870 I Displays the covariance matrix for an ellipse
2880 CON /Ellipses/ MatrxC2.2,110).Xbar(20).Ybar(20).Major ax13(20),Minor-ax
Ls(20).Theta(20).Angle(20).Emn x(20),Ex x(20).Ewinjr(20).Emxy(20) -

2890 FOR 1-1 TO 2
2900 FOR J-1 TO 2
2910 PRINT Matrx(I.J.ElliP3*);" 0;
2920 NEXT J
2930 PRINT
29110 NEXT I
2950 SUBEND
2990 SUB Add covarianc*MVrt.Second,Sumer)
3000 1 Ti~is subroutine can be used to add Sumer-FirstSeCond
3010 CCI( /Ellipses/ Matrx(2.2,10),Xbar(20).Ybar(20).Hajor axis(20),Minor ax
L3(20).Theta(20),Angle(2O).Euin x(20).Euax-x(20).Eminj(20).Emaxj(20)-
3020 INTEGER IJ
3030 FOR 1-1 TO 2
30110 FOR Jal TO 2
3050 Matrx(I.JSummer).Mttrx(I.JFirst).Matrx(XJ.Second)
3060 NEXT J
3070 NEXT 1
3080 SUDID
3120 SUB Combine ellipse(Firat.Second.Combo)
3130 1 This ro-utine finds the "JPLO combination of the First and Second
31110 1 ellipses.
3150 CON /Ellipses/ Matrx(2,2.40).Xbar(20),Thar(20).Major aXiS(20).Minor ax
is(2O).Theta(2).Angl(2).Ein x(20).Eaxz(2O).Ebinj(20).Eoaxy(20)-
3160 REAL Sx1 .5x2
3170 1 Calculate the new covariance mtriz.
3180 Invert(FirstFirst20)
3190 Invert(Seoond.Seoond.20)
3200 Add covarianceC First.20,Second.20 .Coubo.20)
3210 Invert(Combo20.Coubo)
3220 1 Calculate the now man Point.
3230 Sx1-Matrz(1 .1 First'20)'Xbar(First).Matrx(1 .2,Firat+20)'Tbar(Firat)
32110 81 Sxl .Nlatrx(1 .1 Second*20)*Xbar(Second).Matrx(1 ,2.Secondi20)SYbar(Se
cond)
3250 Sx2.Matrz(2.1 ,Firat.20)*Xbar(Firut).Matrx(2.2,First.20)'Thar(First)
3260 Sx2-5x2.Mtrx(2,1 ,8econd*2O)*Xbar(Second).Matrx(2.2,Second#20)'Tbar(Sa
oond)
3270 Xbar(Combo)-qwtrx(1 ,1.Combo)*Sxl.Maitrx(1 .2,Combo)'Sx2
3280 Ybar(Como)-matrx(2,1 ,Coibo)'Sul.Matrx(2.2.Combo)'Sx2
3290 SUSU5D
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3330 SUB Dispextreees(Ellipse)
33410 1 This routine displays the extreme x and y values for the specified
3350 1 ellipse
3360 CON /Ellipes/' NAtrx(2.2.110). Xbar(20),Thbar(20). Major axis(20).Minor am
is(20).Thta(20).Anle(20)Einx(20).Eaxx(20,.Eminj(20).Emxy(2)-
3370 PRINT "Et ";Ellipsm:"* 0;
3380 PRINT 'lain ";Coin x(Ellipse);
3390 PRINT 0; Imax R;EMx(Ellipse);
34100 PRINT 0; Ymin ";Emin-y(EllIPse);
34110 PRINT 0; YWaX ";&aaX_(Ell1P3e)
3420 SUB=N
34130 SUB Draw ellipse(Ellipae.Xmin.Xax.Yuin.Ymax.Prob constant)
34410 1 This routine draws one (1) ellipse on the current plotter device.
3450 CON /Ellipseu/ Hatrx(2.2.110).Xbar(20).Ybar(20).Major auis(20).Hinor ax
is(20).Theta(20) .Angle(20),Emin x(20).Eax x(2).EIny(20E~y(20)
34160 INTEGER Sign
34170 REAL Xpoint.Upoint.Ypoint.Tmpl ,Tomp2.Tep3.Tmp1,Teup'5
34180 Get bounds(Ellipse)
34190 Inv_rt(ElLpse.EllIpse+20)
3500 GRAPHICS ON
3510 1 Draw top halt or the ellipse
3520 Sign-1
3530 GOSUB Draw halr
35410 1 Draw bottom halr or the ellipse
3550 Sign-I
3560 GOSUB Draw half
35T0 I Finish up
3580 HOVE (Xbar(Ellipse)-Xmin)O100/(Xmax-Xmin).(Xbar(ElLpe)-min)IO0/m
ax-Yain)
3590 DRAW (Xbar(Ellipse)-Xain)0100/(Xmax-Xmin),(Ybar(Elllpse)-Y21n)'100/CYm
ax-Ymin)
3600 1 Olcey. dolcey, we're done here.
3610 SUBEXIT
3620 Draw halt: I Draw halt ot the ellipse
3630 -1 If Sign-i. then draw top half; it Sign--i, then bottom halt.
36410 FOR Xpoint-Emin x(Ellipse) TO Ebax x(Ellipae) STEP .1
3650 GOSUD Draw 1-point
3660 NEXT Xpoint
3670 Xpoint-Emax x(Ellipse)
3680 GOSUD Draw Tipoint
3690 RETURN
3700 1
3710 1 Compute each point and draw the new line. (It's here since we call
3720 I it twice
3730
37110 Draw ijoiant: 1
3750 iipoint-Xpoint-Xbar(Ellipse)
3760 Teupl-Natrx(1 .2,Ellipu.#20)*Upoint
3770 TeupZ-Templ fTemol -Matrx(2,Z,ElI~pae*20) 0(atrx(I 0. ,Ell ipae*20) *Upoint*
Upoint+Prob constant)
3780 IT Temp2<10-(-10) THEN TempZ-0
3790 Tpointu(-Teupl.Sign*SQR(Teap2) )Matrx(2.2,Ellips*20).Tbar(Ellipse)
3800 IF XpoIntseEaIn s(Ellipue)*.001 THEN
3810 MOVE (Xpoint:-Xein)'1O0/(Xaax-Xmin), (Ypolnt-Yln)'100/(Ymax-Ymin)
3820 ELSE
3830 DRAW (Xpoint-lmin)'100/(Xuax-Xmin). (Ypoint-Ymin)'100/(Imax-Ymin)
3840 am IF
3850 RETURN
3860 SUSEND
3900 SUB Test(First.3scondWork .7.st val)
3910 1 This routines calculates the acceptance test criteria for First and
3920 1 Second. Work Is used as a becratchpad".
3930 CON /Ellipses/ Nstrx(2.2,110).Xbar(20),TharC20),Majcr axls(20).Hinor as
Is(2O).Theta(20).Angle(20).Emin x(20).Emax x(20).Eanjy(20),Emxy20)-
3940 Add covartanoe( First.SFecond.workcT
3950 Invert( Work, Worec.20)
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3960 Dlrrl.Xbar(Flrst)-Xbar(Seccfld)
3970 Dlrrym~bar(F~rst)-Ybar(Second) atx12Wr*0Dfy
3980 Teupl.Iiatrx(1 .1.Work420)*DLtrxltatrx(t.2.Work.20)'Dirry
3990 T..p2oMatrx(2,I .Mark,20)DiffX tX22,oko)lr
4000 Teat ,al.Ditrx*T6.p1 .Dlry*Temp2
8010 SUIEND
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