


llll-o ............. _l_l_l ....- ............ ..-_-I . -... . ...........-....... ... .....- . .-..-- .. 

*..e . -ir :Pi03 *;..wq e?.!! LIJ  

-....... ....-.............-.-_. ......... .-- ........ ..p__I ......... 



MONTE CARLO TESTS OF THE ELIPGRID-PC ALGORITHM 

J.R Davidson 

Date Published: April, 1995 

Prepared by 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 3 783 1 

-gd by 
Martin Marietta Energy Systems, Inc. 

for the 
U. S. Department of Energy 

under contract No. DE-ACO5-84OR2 1400 

3 445 





CONTENTS 

FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 

TABES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 

ACKNOWEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii 

EXECUTIVESUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix 

1 . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

2 . PREvIouswoRK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

3.THEMONTECARLOALGORITHM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

4 . THE ELIPGRID-MC ALGORITHM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

4.1 OVERVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

4.2 THE RANDOM NUMBER GENERATOR . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

4.3 THE NODE CHECKING ALGORITHM . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

4.4 STATISTICAL ANALYSIS OF MONTE CARLO-CALCULATED VALUES 15 

4.5 PSEUDOCODE FOR ELIPGRID-MC MONTE CARLO ALGORITHM . . . .  16 

5 . MONTE CARLO TESTS OF ELIPGRD-PC RESULTS . . . . . . . . . . . . . . . . . . . .  22 

5.1 TEST OF SINGER'S 90 SINGLE-ANGLE CASES . . . . . . . . . . . . . . . . . . . . .  22 

5.2 TEST OF 150 RANDOM CASES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

5.3 TESTS OF TRIANGULAR GRID CASES NEAR DISCONTINUITY . . . . . .  25 

5.3.1 Test Using Original ELIPGRID-PC Regression Equation . . . . . . . . . . .  25 

5.3.2 The New Regression Equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

5.3.3 Test Using New Regression Equation . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

5.3.4 The New Regression Equation Code . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

6 . LIMITATIONS AM) FURTHER WORK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 

7 . SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 

REFXRENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 



APPENDIX A 

APPENDIX B 

TEST DATA AND RESULTS 

MODIFIED REGRESSION FUNCTION SOURCE CODE 

APPENDIX C ELIPGlUD-MC SOURCE CODE 

iv 



FIGURES 

1 . 

2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 

9 . 

The curve off(x) on a unit square and A.  the area under the curve . . . . . . . . . . . . .  4 

Simple example of the hit or miss Monte Carlo method . . . . . . . . . . . . . . . . . . . . .  5 

Grid configuration for finding hot spots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

Four random ellipses. two of them overlapping sampling nodes . . . . . . . . . . . . . . .  8 

Illustration of the node checking process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

Distribution of results for 90 Singer cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

Distribution of results for 150 random cases . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

ELIPGFUD-PC regression coefficients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

ELIPGRID-PC regression coefficients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

Distribution of results for 80 triangular cases near discontinuity using original 

Distribution of results for 80 triangular cases near discontinuity using new 

TABLES 

A . 1 Input file listing of Singer's 90 cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-1 
A 2  Output file listing of Singer's 90 cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-5 

Input file listing of 150 random cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-7 

Output file listing of 150 random cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-12 

Input file listing of 80 triangular grid cases . . . . . . . . . . . . . . . . . . . . . . . . . . .  A- 15 

Output file listing of 80 triangular cases tested with old regression . . . . . . . . .  A-18 
A.7 Output file listing of 80 triangular grid cases tested with new regression . . . . .  A-20 

A.3 

A.4 

A . 5 

A.6 

V 





ACKNOWLEDGEMENTS 

The author would like to recognize four individuals of ORNL Grand Junction for 

help relating to the Monte Carlo validation of the ELIPGRID-PC algorithm: 

John E. Wilson for a key insight relating to a coordinate transformation equation 

used in the Monte Carlo algorithm. 

Gloria H. Stevens, Project Manager for the ORNL lndependent Verification 

Contract on the Grand Junction Project Ofice Remedial Action Project, for strong 

support of this project. 

Joella Krall for her carekl and thoughtfiil editorial work. 

Phil V. Egidi for his timely help with graphics. 

vii 





EXECUTIVE SUMMARY 

The standard tool for calculating the probability of detecting pockets of contamina- 

tion called hot spots has been the ELIPGRID computer code of Singer and Wickman. 

The IELDPGRID-PC program has recently made this algorithm available for an IB@ PC. 

However, no known independent validation of the ELlPGRID algorithm exists. This 
document describes a Monte Carlo simulation-based validation of a modified version of 

the ELIPGRID-PC code. The modified ELIPGRID-PC code is shown to match Monte 

Carlo-calculated hot-spot detection probabilities to within *OS% for 319 out of 320 test 

cases, The one exception, a very thin elliptical hot spot located within a rectangular samp- 

ling grid, differed from the Monte Carlo-calculated probability by about 1%. These results 

provide confidence in the ability of the modified ELIPGRID-PC code to accurately predict 

hot-spot detection probabilities within an acceptable range of error. 

ix 





1. INTRODUCTION 

Evaluating the need for remedial cleanup at a waste site can involve both finding 

average contaminant concentrations and identifylng pockets of contamination called hot 

spots. The standard approach for calculating the probability of detecting elliptical hot 

spots is based on the ELIPGRID computer program developed by Singer (Singer 1972). 

Recently, Oak Ridge National Laboratory developed ELIPGRID-PC, making the 

ELIPGRID algorithm available for an IBM@ personal computer (PC) or compatible 

(Davidson 1994). 

Although ELIPGND has been available for many years, no known independent 

validation of the algorithm is available. The ELIPGRID-MC program, documented here, 

provides a Monte Carlo simulation-based validation of the ELIPGRID-PC version of the 

ELIPGRID algorithm. 

2. PREvIowswoRK 

The process of moving the ELIPGRID program to the PC environment uncovered 

two problems with the original algorithm. First, the results of running the ELPGRID 

algorithm did not match Singer's (1972) published results for certain rectangular grid cases 

(Davidson 1994). Second, the original ELIPGW algorithm was found to produce nega- 

tive probabilities of missing a hot spot for a range of triangular grid cases (Davidson 1994, 

Appendix C). The approach to resolving these problems is briefly reviewed here. 

The RECT subroutine in ELIPGRID transforms a rectangular grid to a square grid 

using an affine transformation described in detail by Singer and Wickman (1969). How- 

ever, a small portion of the FORTRAN code in the RECT subroutine is not equivalent to 

the mathematical equation it is based on @avidson 1994, Appendix A). By modifjling the 
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FORTRAN code to correspond to the underlying equation, all of Singer's rectangular grid 

test case results were successfdly matched by the ELIPGRID-PC version of ELIPGRID 

@avidson 1994, Appendix B). 

The triangular grid problem relates directly to the L/G ratio, the ellipse semi-major 

axis length, L, divided by the grid size, G, for a given ellipse and grid. For a significant 

portion of the WG ratios between 0.5 and 0.6, the ELPGRID algorithm produced nega- 

tive probabilities of missing existing hot spots. Also, a sharp discontinuity near the WG 

ratio of 0.58 was uncovered (Davidson 1994, Appendix C). The problem was found to be 

confined to ellipses with shapes greater than about 0.85 and less than 1 .O. The shape of an 

ellipse is the ratio of the short axis length to the long axis length (or semi-minor axis + 

semi-major axis). 

ELIPGRID-PC did not provide a modified ELIPGRID algorithm to solve the trian- 

gular grid problem. Instead, a fourth-order polynomial regression equation of the proba- 

bility of missing a hot spot versus the WG ratio was supplied as a substitute for the 

ELIPGRID algorithm in the triangular grid problem region. Also, code was added to 

eliminate negative probabilities from being produced. 

Since the ELIPGRID algorithm had never been independently validated and the 

ELIPGRID-PC program development revealed these rectangular and triangular grid prob- 

lems, an independent test of ELIPGRID was undertaken. One independent test method 

would be to "hide" hot spots in a field and then simply count the number of hits for vari- 

ous sampling grids. The resulting detection probabilities found by direct count would be 

compared with the results analytically calculated by ELIPGRID. However, the economics 

of this empirical test method are certainly prohibitive, while a computer simulation using 

randomly placed hot spots could find the probability of detection very economically. Such 

a simulation method utilizing random numbers to mimic a process or system in nature or 

industry is commonly called a Monte Carlo simulation. This simulation, as related to the 

hot-spot probability problem, is described herein. 



3. THE MONTE CARLO ALGORITHM 

A Monte Carlo method that relates to the problem of determining hot spots is called 

the hit or miss Monte Carlo method. The following is a description of how this method 

works (Yakowitz 1977). 

I f f i x )  is a piecewise continuous real knction such that 0 SAX) s 1 when x is between 

0 and 1, the area A under the curve offlx) can be directly evaluated using A = I,”x) dx 

(Fig. 1). However, the hit or miss Monte Carlo method provides an estimate of A even 

when the integral cannot be evaluated directly. 

If n random points are generated on the unit square, a certain number, n,, will fall on 

or below they =Ax) curve. The hit or miss Monte Carlo algorithm states that as n goes 

to infinity, the fiaction % approaches the true area as a limit, that is 
n 

A simple example of the hit or miss Monte Carlo method is to calculate the area A of 

the region under the unit circle in the first quadrant pig. 2). The hit or miss Monte Carlo 

method gives R = -, where nA is the number of random points such that x + y s 1 

and n is the total number of random points. In other words, the area A is determined by 

generating many random points on the unit square and finding the fraction that falls within 

the desired region. 

nA 

n 
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0 1 

Fig. 1 .  The curve off($ on a unit square and A ,  the area under the curve. 
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4. THE ELIPGRID-MC ALGORITHM 

4.1 OVERVIEW 

The ELIPGRID-MC Monte Carlo method is similar to the hit or miss Monte Carlo 

technique just described. A square, rectangular, or triangular grid of sampling locations, 

such as illustrated in Fig. 3, is used. It is assumed that elliptical hot spots with random 

center points, specified shapes and orientation angles, and minimum sizes are located on a 

grid and by symmetry, that the random center points all fall in one grid cell. Detection of a 

hot spot (a hit) occurs when any portion of an ellipse covers one or more sampling loca- 

tions (grid nodes). 

Thus, if n random centers, all within one cell (Fig. 4), are generated, a certain num- 

ber of the ellipses, n,, will cover at least one grid node and should be considered hits. The 

ELIPGRID-MC algorithm assumes that as n goes to infinity, the fraction 2 approaches 
n 

the true hit probability, P(hit), as a limit: P(hit) = n+m l i m 2  
n 

An ellipse with a random center (x, y) is sampled by any node if 

-+-sip X 2  Y 2  
a 2  b 2  

where a is the semi-major axis of the ellipse and b is the semi-minor axis of the ellipse. 

The formula for an ellipse in standard position, i.e., an ellipse at the origin of the x, y 

coordinate system with its semi-major axis on the x axis, is - + - = 1 . Since the hot 

spot's center need not be at the origin and the semi-major ms can be tilted with respect to 

the x axis, this equation must be transformed through standard transformation ofcoordi- 

nates equations involving translation and rotation of coordinate systems. 

X 2  Y 2  

a' b 2  
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Square Rectangular r Long Axis of Grid +, 

Samples collected at grid nodes 

Triangular 

Fig. 3. Grid configuration for finding hot spots. 
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Fig. 4. Four random ellipses, two of them overlapping sampling nodes. 
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4.2 THE RANDOM NUMBER GENERATOR 

The basis for the Monte Carlo simulation is a valid random number generator that 

can uniformly place the center of the ellipse on a grid cell. Many system-supplied random 

number generators and various published algorithms for random number generators have 

serious flaws. Creating and verifying a random function for ELIPGRID-MC was a first 

step in producing a viable program. 

Park and Miller (1 988) have provided an algorithm for a minimal standard that they 

believe should always be used, unless a random number generator known to be better is 

available. The minimal standard proposed by Park and Miller (1988) is a multipficative 

linear congruential generator with multiplier 16,807 and prime modulus 231 - 1. This 

generator has the following form in Pascal: 

var seed : integer; 

seed := 1; 

function Random : real; 

(* Note: seed can be any integer fiom 1 to rn - 1 *) 

(* Integer Version 1 *) 

const 

a = 16807; 

m = 2147483647; (* prime modulus = 231 - 1 *) 

(* multiplier *) 

begin 

seed := (a * seed) mod m; 

Random := seed I m; 

end; 

Park and Miller (1988) state that this minimal standard "should be tested for correctness, 

not randomness. If the implementation is correct, tests for randomness are redundant." It 

need not be tested for randomness since "the generator has been exhaustively tested and 
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its characteristics are well understood" (Park and Miller 1988). However, any implemen- 

tation is dependent on the arithmetic characteristics of the host computer (such as over- 

flow for integer products) and, therefore, should be checked for correctness. 

A simple but effective test for correctness is to call the random number generator 

10,000 times and then check the current value of seed (park and Miller 1988). If this 

value is exactly 1,043,618,065, the generator is correct. In ELIPGRID-MC, this test is 

pedormed the first time the program is run on a computer. If the result is acceptable, a 

small file, RandTest.Ok is written to the default drive as a note for future program runs. If 

the result is not acceptable, an error message is displayed and the program aborts. For 

details of this process, see the code for fhction TestUnifRandO in file EGhaCMCALPt-g 

in Appendix C, 

CA-Clipper@, the language used for ELIPGRID-MC, does not provide integer nu- 

meric variables as the Pascal function Integer Version l calls for. However, CA-Clipper@ 

stores numeric values in a standard double precision floating point format with numeric 

precision guaranteed up to 16 significant digits (Computer Associates 1992). The use of 

these numeric values in the ELIPGRID-MC random function UnifRand() has been entirely 

satisfactory. All trials have passed the correctness test based on generating the test num- 

ber. The actual code for UniRandO with comments omitted follows: 

Function UnifRandO 

#define nMULTIPLIER 16807 

#define nMODULUS 2147483647 

nSeed := (nMULTIPLIER * nSeed) YO nMODULUS 

return (nSeed/nMODULUS) 

Note that % is the modulus operator in CA-Clipper@. Previous to the first call of 

UnifRandO, nSeed is initialized to 1 with the following statement: 

static nSeed := 1. 
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Thus, the first random number generated will always be 

((16,807 * 1) % 2,147,483,647) + 2,147,483,647 = 16,807 f 2,147,483,647 

= 7.826 x 10". 

4.3 THE NODE CHECKING ALGORITHM 

Another key process of the ELIPGRID-MC program is to determine how many 

nodes and which nodes to check for possible hot-spot detection. An algorithm was 

written to accomplish this. 

Figure 5 illustrates the node checking process with a random ellipse on a square grid. 

With a box drawn around the ellipse, it is Visually clear that no node above point A can 

possibly detect the current ellipse. Similarly, no node to the right of point By no node 

below point D, and no node to the left of point C can detect the ellipse. These maximum 

and minimum box points lead to the maximum and minimum grid rows and columns that 

need to be checked for possible hot-spot detection. The node checking algorithm that 

codifies this intuitive approach is summarized below: 

1. 

2. 

3. 

The maximum grid row and maximum grid column that can contain a node that could 

detect the current ellipse is determined. 

The minimum grid row and minimum grid column that can contain a node that could 

detect the current ellipse is found. 

Each candidate grid node, beginning with the node at the intersection of the minimum 

grid row and minimum grid column, is checked. The coordinates of the current can- 

didate grid node are transformed into coordinates based on the xT, yr  coordinate sys- 

tem, with origin at the ellipse center and xT axis on the semi-major axis of the ellipse. 

The ellipse is in standard position with respect to the x,, y ,  coordinate system, The 

transformed grid node coordinates are labeled (xT, yT). 
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Fig. 5 .  Illustration of the node checking process. 
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4. The transformed node coordinates are substituted into the following equation: 

yr  - + - s l ,  
a2 b 2  

where a is the semi-major axis of ellipse and b is the semi-minor axis of ellipse. Ifthe 

equation is satisfied, the current grid node would detect the elliptical hot spot. The 

number of hits for this simulation run are increment4 and the node checking loop is 

exited. If the equation is not satisfied, the next candidate grid node is checked. 

When all candidate grid nodes have been checked, the node checking algorithm is 

completed, and the next random ellipse is called up. 

To consider Steps 1 and 2 in more detail, the process of finding the maximum grid 

row consists of finding the x, y coordinates of point A in Fig. 5 by first finding the trans- 

formed coordinates xn yr of A and then converting them back into grid coordinate system 

coordinates x, y .  The transformation equations for converting fiom the ellipse coordinate 

system back to the grid coordinate system are (Spiegel 1968): 

where 

xT, y ,  

x, Y 

x, yo 

U 

= coordinates in the ellipse coordinate system, 

= coordinates in the grid coordinate system, 

= coordinates of the ellipse random center point, 

= angle of the ellipse (and the ellipse coordinate system) to the grid. 

By definition of the semi-minor axis of the ellipse, they, coordinate of A is simply 

the length of the semi-minor axis. Using the above transformation equations, it is possible 

to find from y, they coordinate of point A. The closest grid row below this coordinate is 
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the maximum grid row whose nodes must be checked. A similar process is used to find all 

the minimum and maximum grid rows and columns. 

Step 3 is implemented with two for-next loops that step through all possible grid 

nodes, from the node with the minimum row and column to the node with the maximum 

row and column. 

Step 4 transforms the x, y coordinates of the current grid nodes into the ellipse-based 

coordinate system using the following transformation equations (Spiegel 1968): 

Xy = (X - X& co6 a + 0, - y& 6 h l Z  

yT = 0, - yJ eo6 a - (x - XJ sin a ,  

where 

x, Y 

xp, yr = coordinates in the ellipse coordinate system, 

xo, yo = coordinates of the ellipse random center point, 

a 

= coordinates in the grid coordinate system, 

= angle of the ellipse (and the ellipse coordinate system) to the grid. 

Step 5 completes the node checking algorithm. When a node is found that would 

detect the current ellipse, the CA-ClipperQ break() fbnction is used to leave both for-next 

loops of the node checking algorithm. The code then determines the next random ellipse, 

and the node checking process is repeated. If no node is found that detects the ellipse, the 

for-next loops are completed. 

The node checking algorithm is essentially the same for rectangular grids as the 

algorithm just described for square grids. For details, see code in file EGMCMCALPrg in 

Appendix C. The node checking code for triangular grids is separated from that for rec- 

tangular or square grids. Triangular grids have the extra complexity of node columns not 

being in a straight line. For details of how the algorithm deals with the alternating x coor- 

dinates for a given triangular grid node column, see the detailed pseudocode in Sect. 4S 

or the actual code in Appendix C. 
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4.4 STATISTICAL ANALYSIS OF MONTE CARLO-CALCULATED VALUES 

In regard to the statistical analysis of Monte Carlo simulation output data, Law and 

Kelton state that simulation output data are almost never independent and that classical 

statistical analysis based on independent identically distributed observations is not directly 

applicable (Law and Kelton 1982). However, in a series of n simulation runs, if each 

simulation uses a different set of random numbers, it is possible to calculate a confidence 

interval for the mean, p, of the results using 

where 

n 

X ( H )  

fJI-1.1 -cn = t score with n-1 degrees of fieedom for a 100 (1 - a) percent confidence 

= number of siiulation runs; 

= sample mean of the n simulation run results; 
- 

interval for the true mean, p; 

?(n) = sample standard deviation of the n simulation run results. 

In the Monte Carlo code for ELIPGRLD-MC, n is set to a minimum of 10 runs. Each 

run consists of exactly 1,OOO random trials, and the f-score value is based on the value re- 

quired for a 99% confidence interval, i.e., a = 0.01. After 10 runs have been completed, 

the current calculated 99% confidence half-interval for n = 10 runs is compared to 0.005. 

Ifit exceeds 0.005, another run of 1,000 trials is completed. Otherwise, the results are 

printed out. A maximum of 100 simulation runs is allowed. Thus, the maximum total 

number of trials for a series of simulation runs is 100,ooO. For the 320 cases considered 

in this document, 91,000 trials was the maximum number required to reach the 99% confi- 

dence half-interval bound of 0.005. 
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4.5 PSEUDOCODE FOR ELIPGRID-MC MONTE CARLO ALGORITHM 

Pseudocode for ELIPGFUD-MC, a summary or overview of the logic of the code, 

is presented below. The following pseudocode style is adapted from Mathematical 

Modeling (Meerschaert 1993). 

Algorithm: ELPGIUD-MC provides Monte Carlo simulation of ELPGFUD type 

hot-spot hit probabilities. 

Summary: On a square, rectangular, or triangular sampling grid of unlimited size, 

thousands of ellipses are placed at random within one grid cell. The 

number of ellipses that cover a grid sampling node are counted and 

divided by the total number of ellipses to obtain an estimate of the proba- 

bility that the sampling grid will detect a random elliptical hot spot on at 

least one sampling node. The probability of detecting larger hot spots 

using the same sampling grid will be as good or better than this estimate. 

Variables: SemiMajor = Length of semi-major axis of hot spot 

shape = Elliptical hot spot minor/major axis ratio 

Angle 

GSize = Grid size (for rectangular grid, short side) 

RecRatio = Long to short side ratio for rectangular grids 

= Orientation angle of hot spot to grid in degrees 

GTrp = Grid type: 1 = square, 2 = triangle, 3 = rectangle 

NumRuns = Number of runs actually needed to achieve acceptable 

error 
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Constants: MmcRuns = Maximum number of simulation runs = 100 

NumTrials = Number of trials per simulation run = 1,000 

DsrdBound = Desired 99% confidence half-interval = 0.005 

Input: SemiMajor, Shape, Angle, GSize, RecRatio, G t ~ p  

The algorithm is given in summary, then in detailed form. An asterisk or a double 

forward slash indicate a comment that is not part of the actual algorithm. The following 

operator definitions apply: 

:= or = = Assignment operator 

= Test of equality operator 

= Test of inequality operator 

- - 

!= 

.or. = Logical "or" operator 

.and. = Logical "and" operator 

Process: 

* Initialize variables, counters, etc. 

* Loop through as many simulation runs as needed, up to MaxRuns 

for Run = 1 to MaxRuns //MaxRuns is set to 100 in previous code 

* Do each trial for one simulation run 

for Trial = 1 to NumTrials I1 NumTrials is set to 1,000 

* Get coordinates of random center 

* Get node minimum and maximums 

* Check nodes for a hit and count hits 

next Trial 

* If 10 or more runs have been completed, do statistics 

* Exit if bound criteria has been reached 

next Run 
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Output: MeanProb, StdDev, CurBound, TotaITrials 

99% Confidence Interval = MeanProb f CurBound 

Detailed 
Process: I n i t i a l i z e  variables, (only key variables l i s t e d  here) 

Set array of h i t  probabi l i t ies,  one f o r  each run, t o  nul[ 

* The i t h  run h i t  probabi l i ty  i s  NunHits/NunTrials 
aProbHit := 0 // array of h i t  probabi l i t ies  

* L t d ;  i s  hot spot semi-major axis scaled by g r i d  s ize 
Ltd;  := SemiMajor/GSize 
* I n i t i a l i z e  array of  Student's t scores fo r  59% conf. in terva ls  

InitTScores(aTScores) 
* Seed random ndxr generator 
SeecLlnifRand(1) // 1 i s  i n i t i a l  seed 

* ASq i s  square of the scaled semi-major axis 
ASq := LtoG * LtoG 

* BSq i s  square of  the scaled semi-minor axis 
BSq := (LtoG Shape) * (LtoG * Shape) 
* Constants needed t o  speed rp f ind ing min/max X,Y nodes 

These equations from coordinate transformation equations (Spiegel 1968) 
MinXCnst := -LtoG * cos(Ang1e) - LtoG Shape sin(Ang1e) 

MaxXCnst := L td;  * cos(Ang1e) + LtoG * Shape * sin(Ang1e) 

HinYCnst := -LtoG * sin(Ang1e) - LtoG Shape * cos(Ang1e) 
HaxYCnst := LtoG * sin(Ang1e) + L t d ;  Shape * cos(Angle) 

* Loop through as many s i rmlat ion runs as needeel 
f o r  R u n  = 1 t o  HaxRms // WaxRtns i s  set t o  100 i n  e a r l i e r  code 

* NunHits i s  reset here fo r  each run 

NunHits = 0 

* Do each t r i a l  f o r  a s inu lat ion rm 
f o r  T r i a l  = 1 t o  Nunlr ia ls // NunTrials i s  set t o  1,000 i n  e a r l i e r  code 

* Increment t o t a l  t r i a l s  cwn te r  
TotTrials* 

Get coordinates of  randan center, (Ram%, R a m )  

i f  G T y p  I =  TRl-GRID 

For square and rectangular gr ids 
R a d  := UnifRandC) * nRecRatio 

RandY := UnifRandO 



19 

else 

* For t r iangular gr ids 
R a d  vi11  vary from 

* RandY w i l l  vary from = 0.0 t o  = 0.866, i.e., Sin(@) 
R a M  := UnifRendO 

RendY := sin(@) UnifRendO 

0.0 t o  = 1.0 

endif 

* Get node mininuns and maxinuns 
i f  G T y p  == SPR-GRID 

* For square gr ids 

M i n X  := ceiling(MinXCnst + R M )  
RaxX := floor(UaxXCnst + RencDo 
HinY := ceiling(HinYCnst + RandY) 

UaxY := flocK(HaxYCnst 4 Randy) 
e l se i f  CTyp == nTRt-GRlD 

* For tri gr ids 

WinYRou := int((HinYCnst + RendV)/sin(60)) 

M inY  := MinYRw * sin(60) 

MaxYRou :* int((UaxYCnst + RandY)/sin(M))) 
wexy := H a x r ~ w  * sin(@) 

M i n X  := int((HinXCnst + RancD()/O.S) 0.5 
* If nin Y rou i s  even and rain X i s  not an integer, eW 0.5. 

if M i n Y R w  % 2 == 0 . a d .  int(HinX) I =  MiW 
H i m  += 0.5 

ardi f 
HaxX := int((HaxXCnst + RsrwB()/O.S) * 0.5 

e l s e i f  G T y p  = REC-GRID 

* For rect  gr ids 

M i n x  := ceiling((NinXCnst + RendK) 1 RecRatio) RecRetio 

MaxX := f loor(  
HinY := ceiling(WinYCnst + RandY) 

UaxY := floor(MarrYCmt + R a n d Y I  

(UaxXCnst + R s n M )  / RecRatio ) RecRatio 

endi f 
Check nodes f o r  a h i t ;  f i r s t  see i f  e h i t  i s  possible 

i f  MexX < HinX .or. MaxY < UinY 

I f  here, hot spot i s  b e t m n  g r id  l ines, cannot be h i t  

Just loop back to next t r i a l  

loop 
endi f 

Nw sequence throlrgh a l l  possible nodes, looking f o r  a h i t  

* Break out of  sequence when a h i t  occurs 
i f  G T y p  I =  TRl-GRID 

For square and racterguiar gr ids 
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begin sequence 

fo r  XNode = M i n x  t o  MaxX step RecRatio 
f o r  YNcde = M i n Y  t o  MaxY 

Transform nodes x-coord. using transformation equation 
XNodeT := ((XNode - R a d )  Cos)+((YNode - R a d )  * 
S i  n(Ang1e)) 
XNodeTSq := XNodeT * XNcdeT 

* Transform nodes y-coord. using transformation equation 
YNodeT := ((YNode - R e m )  CoS)-((XNode - R a d )  * 
Sin(Ang1e)) 

YNodeTSq := YNodeT * YNodeT 
Check i f  current node i s  inside hot spot 

i f  XNodeTsq/ASq + YNodelSq/BSq *= 1 
* I f  here, had a h i t ,  increment h i t  c m t e r  

NunHits++ 
Break frcm node checking sequence, do another t r i a l  

break 
endif 

next YN& 

next XNode 
end sequence 

* For t r iangular gr ids 
Dlou sequence through a l l  possible nodes, looking f o r  a h i t  

* Break out of  secpencc when a h i t  occurs 

RowsChecked := 0 
begin sequence 

else 

f o r  YNode = M i n Y  t o  MaxY step SIN60 
As ye move up the g r i d  fran rou t o  rou, the X coordinates of  

the nodes alternate by 0.5. On f i r s t  wss, uhen RousChecked 
i s  0, Minx i s  not altered. Thereafter, i t  alternates by 0.5. 
i f  nRousChecked > 0 

i f  MousChecked X 2 == 0 
NinX += 0.5 

else 
M i n x  -= 0.5 

endi f 
di f 
RousChecked++ 
f o r  XNode = M i n x  t o  HaxX 

Transform nodes x-coord. using transformation equation 
XNodeT := ((XNcde - R a d )  * Cos)+((YNode - RandY) * 
SinCAngle)) 
XNodeTSq := XNodeT XNcdeT 
* Transform nodes y-coord. using transformation equation 
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YNodeT := ([YNode - Randrl * Cos)-((XNode - nRandI0 

Sin(Ang1e)l 
YNodeTSq := YNodeT * YNodeT 

* Check i f  current node i s  inside hot spot 
i f  XNodeTSq/ASq + YNodeTSq/BSq <= 1 

NURH i tS++ 
* Break from node checking sequence, do another t r i a l  

break 
d i f  

next XNode 

next YNode 
end sequence 

endif 

next T r i a l  

* Add current h i t  r a t i o  t o  array, anProbHit 

aadd<anProbHit, NunHits/NunTrial) 
* Add current h i t  r a t i o  t o  surming variabLe, ProMlitSm 
ProbHitSun += anProbHitfRunl 

// a d 0  adds an etement t o  an array 

* Check i f  we have reached band c r i t e r i a  

i f  Rm >= 10 
* Get current r a n  prob. of a h i t  
MeanProb := ProbHi tWRm 

* Get current sua of squared dif ferences 
SIlnDfSqrs := 0 

f o r  i = 1 t o  Run 
D i f f  := (anProbHitli3 - HeenProb) 

SunJfSqrs += D i f f  D i f f  

next i 
Get current standard dev. o f  h i t  p robab i l i t ies  

StcDev := sqrt(SurOfSqrs/(Rm-l)) 
* Get degrees of  freedom for  t score array 
DF := see code fo r  detai ls, Bcnerally Rm - 1 
Curswnd := anTScorestDF3 * Stb)ev/sqrt(Rml 
* Check fo r  bwnd convergence 

i f  n C u r B w d  c= rDsrdBound .and. nRm >= 10 
Done, no more rv16 needed 

e x i t  

di f 
endif 

next nRm 

Output: MeanProb, SrdDev, CurBOund, Tot Trials 
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5. MONTE CARLO TESTS OF ELLPGRZD-PC RESULTS 

5.1 TEST OF SINGER'S 90 SINGLE-ANGLE CASES 

As an example of the use of his ELIPGRID program, Singer provided 100 cases of 

input data and the ELIPGRID calculated probabilities (Singer 1972). These cases were 

used as the basis for testing the ELIPGRID-PC code @avidson 1994). Since the Monte 

Carlo procedure is much more time consuming than the ELIPGRID algorithm, Singer's 10 

random-angle cases were omitted from the Monte Carlo tests. However, many single- 

angle tests beyond Singer's 90 cases were also tested. The input test file, TestS90.SIF9 

was taken directly from the Test100.SIF file used for testing ELIPGRID-PC. Table A.l in 

Appendix A is a listing of TestS90.SIF. Table A.2 in Appendix A is a listing of the output 

file, Test90.0ut, produced by ELIPGRID-MC. 

All Monte Carlo tests described here involved these four steps: 

1. Input the test data. 

2. Calculate the probability of not hitting the hot spot using ELIPGRID-PC code. 

3. Calculate the probability of not hitting the hot spot using the Monte Carlo 

algorithm. 

4. Print out both results, their difference, the Monte Carlo-calculated 99% confi- 

dence half-interval, and Y if the ELIPGRID-PC result was within the Monte 

Carlo 99% confidence interval. Print N if the ELIPGRID-PC result was not 

within the Monte Carlo 99% confidence interval. 

The test results using Singer's 90 cases were excellent: 

1. All 90 ELIPGlUD-PC-calculated probabilities fell within the Monte Carlo- 

calculated 99% confidence interval. 
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2. The maximum absolute value of the difference in the percent probabilities of 

missing a hot spot was 0.470%. 

3. The average absolute value of the difference in the percent probabilities of missing 

a hot spot was 0.105%. 

See Fig. 6 for a histogram of the absolute values of the differences for 90 Singer cases. 

5.2 TEST OF 150 RANDOM CASES 

To hrther test the ELIPGRID-PC algorithm, 150 random cases were generated using 

the MinitabQ random hnction. Fifty cases each for square, rectangular, and triangular grid 

were generated. The random values for WG (semi-major axis + grid size) came fkom a 

uniform distribution with a range of 0.01 to 3.0. The random values for the shape ratios 

(semi-minor axis + semi-major axis) came fiom a uniform distribution with a range of 0.05 

to 1 .O. The random values for the hot-spot orientation angles came fiorn a uiGfonn distri- 

bution with a range of 0 to 45" for square grids, 0 to 90" for rectangular grids, and 0 to 

30" for triangular grids. The rectangular grid long to short side ratios came fkom a log- 

n o d  distribution with a location value of 1.3 and a scale value 0.5. Table A.3 in 

Appendix A lists the input file, TestD150.SIF. Table A.4 (Appendix A) lists the output 

file, TestD150.0ut. 

The testing involved the Same steps listed in Sect. 5.1. The results were excellent 

with one exception: 

1. All 150 ELIPGRID-PC-calculated probabilities except one fell within the Monte 

Carlo-calculated 99% confidence interval. 

The maximum absolute value of the difference in the percent probabilities of missing a 

hot spot was 0.460% with the one result excluded. 

2. 
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3. The average absolute value of the difference in the percent probabilities of missing a 

hot spot was 0.090%. 

See Fig. 7 for a histogram of the absolute values of the differences for the 150 random 

cases. 

The one exception can be found in Table A.4 as Target #86. It is for an ellipse with a 

shape ratio of 0.05. This is an extremely thin ellipse, on the minimum limit allowed by 

ELIPGRID-PC for shape ratios. The ELIPGFUD-PC-calculated probability for this case 

differed from the Monte Carlo-calculated value by 1.01%. Although this is not within the 

goal of* 0.5%, it may not represent a large difference from a practical stand-point. How- 

ever, to ensure that the calculated probability for very thin ellipses is within f 0.5% of the 

Monte Carlo result, ELIPGFUD-MC should be used instead of ELIPGRJD-PC. Further 

work with ELPGRID-PC could probably reduce the difference to f 0.5% for even very 

thin ellipses. 

5.3 TESTS OF TRIANGULAR GRID CASES NEAR DISCONTINUITY 

5.3.1 Test Using Original E L I P O - P C  Regression Equation 

The original ELIPGRID code exhibited a sharp discontinuity for triangular grids 

when WG was between 0.85 and 1 .O (Davidson 1994, Appendix C). To deal with this 

problem, ELIPGRID-PC replaced the ELIPGRID algorithm with a series of fourth-order 

polynomial regressions based on the single independent variable L/G for triangular grids in 

the discontinuity region. The series consisted of regressions for seven different ranges of 

hot-spot shapes. ELIPGRID-MC was used to test the results of this regression technique. 

Table A S  in Appendix A lists the input file, TestT080.SIF. Table A.6 (Appendix A) lists 

the output file, TestT080.0ut. 
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The testing involved the same steps listed in Sect. 5.1. The results were fair but not 

on a par with square and rectangular grid results: 

1. 

2. 

3. 

4. 

Only 53 of the 80 ELIPGRID-PC-calculated probabilities fell within the Monte 

Carlo-calculated 99% confidence interval. 

The maximum absolute value of the difference in the percent probabilities of missing a 

hot spot was 2.100%. 

The average absolute value of the difference in the percent probabilities of missing a 

hot spot was 0.464%. 

Twelve absolute values of the differences in percent probabilities of missing a hot 

spot were greater than 1 .O?% 

See Fig. 8 for a histogram of the absolute values of the differences for these 80 triangular 

grid cases. 

53.2 The New Regression Equation 

These results indicated the need for a better regression equation than the one used by 

ELIPGRID-PC. To meet this need, 500 random cases in the discontinuity region were 

generated using the Minitab* random uniform distribution hnction. The range of random 

WG values was 0.49 to 0.60, and the range of random shapes was 0.84 to 0.99. (Random 

orientation angles were also tried; the angle independent variable did not contribute sign6 

icantly to the regression and was removed.) The final fourth-order polynomial regression 

equation with two independent variables is 
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where 

P(0) = probability of missing the hot spot; 

p = one of the 12 regression parameters. The subscripts enumerate for each 

independent variable the current terms factors; 

x1 

x2 

x, 

x2 

= X, - T,, the deviation of the L/G ratio XI fiom its mean; 

= X2 - z2, the deviation of the hot-spot shape X2 fiom its mean; 

= the mean L/G ratio for the 500 random cases; 

= the mean shape for the 500 random cases. 

- 
- 

Note that each independent variable is expressed as a deviation fiom its mean. 

Expressing the independent variables this way reduces the problem of highly correlated 

higher power terms (Neter, Wasserman, and Kutner 1989). Estimated regression para- 

meters were determined using Minitab* release 10.2 on 500 Monte Carlo-calculated 

probabilities fiom the triangular grid discontinuity region. The actual values and the 

means may be found in the code in fbnction Prow-Re&, listed in fife EGMCFort.Prg in 

Appendix B. 

All fourth-order terms included in the equation were shown to be significantly differ- 

ent from 0.0 (allp-values were s 0.001). The adjusted R2 value, the coefficient of deter- 

mination, was 0.99, and the estimated standard deviation about the regression line was 

0.00 1 5 .  

5.3.3 Test Using New Regression Equation 

ELIPGRID-MC was used to test the results of using these new estimated parameters 

in the relevant ELPGRID-PC code. The same 80 cases in or near the discontinuity region 

were used to test the new parameters. Table A.7 (Appendix A) lists the output file, 

TestT8O.Out. 
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The testing involved the same steps listed in Sect. 5.1. The results were greatly 

improved over the previous regression results: 

1.  

2. 

3. 

4. 

Seventy-seven of the 80 ELTPGRZD-PC-calculated probabilities fell within the Monte 

Carlo-calculated 99% confidence interval. 

The maximum absolute value of the difference in the percent probabilities of missing a 

hot spot was 0.480%. 

The average absolute value of the difference in percent probabilities of missing a hot 

spot was 0.122%. 

None of the absolute values of the differences in percent probabilities of missing a hot 

spot were greater than 0.5%. 

See Fig. 9 for a histogram of the absolute values of the differences for these 80 triangular 

grid cases. 

In conclusion, even the three cases that did not fall within the Monte Carlo-calculated 

99% confidence interval had absolute differences of less than 0.5%. Therefore, the new 

regression solved the triangular grid discontinuity problem to within f 0.5% of the true 

value. This should be satisfactory for most, if not all, practical problems involving trian- 

gular grids. 

5.3.4 The New Regression Equation Code 

The ELIPGRID-PC function ProbO-RegrO in file EGPCFort. Prg using the previous 

estimated regression parameters is now obsolete (Davidson 1994, Appendix E). The 

modified fimction with the new regression parameters is provided in Appendix B. It is 

designed to be a drop-in replacement for the original function. 
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6. LIMITATIONS AND FURTHER WORK 

The ELIPGRID-PC algorithm and the Monte Carlo tests are limited to a restricted 

range of elliptical hot-spot shapes and sizes. The elliptical shape range is fiom 0.05 to 1 .O, 

i.e., thin ellipses to full circles. The ellipse size is limited by a maximum LIG ratio of 3.0, 

i.e., the ellipse semi-major axis can be no more than three times the grid cell size. These 

limitations, which grew out of the original ELIPGRID algorithm, will probably be of no 

consequence for most practical situations. For example, the nomographs based on ELIP- 

GRID provided by Gilbert for environmental professionals are considerably more limited 

in ellipse size and shape (Gilbert 1987). However, it should noted that the Monte Carlo 

algorithm itself is not limited in these ways. The Monte Carlo code in ELPGRID-MC 

could be isolated from the ELIPGFUD-PC code, allowing it to calculate detection proba- 

bilities for very long and thin hot spots. 

A limitation of the test data is related to the long-to-short-side ratio for rectangular 

grids. Theoretically, this ratio may be unlimited in size. Actually, for pragmatic testing 

reasons, the greatest ratio actually tested was 11.5. However, since rectangular grids with 

even a 2 to 1 long-to-short-side ratio are inefficient compared to square grids, it is unlikely 

that rectangular grids with ratios beyond 1 1.5 will be of practical concern. Also, note that 

neither the ELIPGRID-PC code nor the ELIPGRID-MC code is bound by this test data 

limit. Hence, rectangular grid cases could easily be hrtker tested with very large long-to- 

short-side ratios. 

The ELIPGRID-PC program not only includes a modified version of ELIPGRID but 

also provides options related to estimating the number of samples needed for a given area 

and the resulting sample cost. The Monte Carlo tests described here do not address this 

aspect of the ELIPGRID-PC program. 

The full source code for ELIPGIRTD-PC is available in the CA-Clipper@ language 

@avidson 1994, Appendix E). However, CA-Clipper@ is a proprietary, platform-specific 

language that is not easily portable to other computer platforms. In contrast, the 
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American National Standards Institute (ANSI) and the International Organization for 

Standardization (ISO) have adopted a C language standard that is not proprietary nor 

platform specific (Schildt 1990). The key algorithms in ELIPGRID-PC could be trans- 

lated into the ANSI C language to provide portability benefits not available with CA- 

Clipper@. 

7. SZTMlMARY 

Singer's (1972) ELIPGRID algorithm as modified in the ELIPGRID-PC code has 

been successhlly tested against an independent algorithm based on Monte Carlo simula- 

tion. The ELIPGRID-PC-calculated results for square grids have been shown to be within 

f 0.5% of the Monte Carlo-calculated results for all cases tested. The ELIPGRID-PC- 

calculated results for rectangular grids have been shown to be within f 0.5% of the 

Monte Carlo-calculated results for all but one (probably rare) test case. The ELIPGRID- 

PC-calculated results for triangular grids in the discontinuity region have been brought to 

within f 0.5% of the Monte Carlo-calculated results through the use of a new fourth- 

order regression equation. All other triangular grid cases tested were within f 0.5% of 

the Monte Carlo-calculated results. 

The ELIPGRID algorithm, as modified by ELIPGRID-PC, has now been indepen- 

dently validated against a set of cases, including all 90 of Singer's (1972) single angle 

cases, 150 random cases, and 80 cases in the triangular grid discontinuity region. Further- 

more, the Monte Carlo algorithm in ELIPGRID-MC is now available for fbrther develop- 

ment and use on the difficult or exceptional cases that tend to arise in the "real" world. 
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TEST DATA AND RESULTS 

Table A.l. Input file listing of Singer's 90 cases 

TestS90.SIF, an SIF format input test f i l e  f o r  Monte Cerlo tes t i f q  of ELIPWIID. 
* This f i l e  uas taken d i r e c t l y  from ELIPGRID-PC test f i l e  Testloo-Sif, 2/6/94. 

The ten randaR angle cases are deleted leaving 30 sq, 30 ret ,  a d  30 tri. 

These 90 cases are o r i g i n a l l y  from Table 1 (Singer 1972) and uere used i n  the 
* ELIPGRID-PC TM t o  compare Singer's published resul ts u i t h  ELIPGRID-PC, see 

Table 0.7. 
* Semimajor 

1000.0 

1250.0 
1250.0 
300.0 
625 .O 

875.0 

625.0 
125.0 

1625.0 

1250.0 
1000.0 
1250.0 
1250.0 
300.0 

625.0 

875.0 

625 .O 

125.0 

1625.0 

1250.0 
1000.0 
1250.0 
1250.0 

300.0 

625.0 
875.0 

625.0 

125.0 
1625.0 
1250.0 
1000.0 
1250.0 
1no.o 

Shape 
0.38 
0.30 
0.50 
0.25 
0.50 

0.31 
0.20 
0.50 

0.15 
0.50 
0.38 
0.30 

0.50 
0.25 
0.50 
0.31 
0.20 
0.50 

0.15 

0.50 
0.38 
0.30 

0.50 
0.25 

0.50 

0.31 

0.20 
0.50 
0.15 
0.50 
0.38 
0.30 
0.50 

Angle 
22.0 

6.0 
38.0 

24.0 
35.0 

7.0 
18.0 
24.0 

11 .o 
0.0 

22.0 

6.0 
38.0 
24.0 
35 .O 

7.0 
18.0 

24.0 
11.0 

0.0 
22.0 
6.0 
38.0 
24.0 
35.0 

7.0 

18.0 
24.0 
11.0 
0.0 

22.0 

6.0 
22.0 

GridSize Type  O r i e n t .  T a r ~ t l D  
800.0 1 0 
800.0 1 0 
800.0 1 0 
800.0 1 0 
800.0 1 0 
800.0 1 0 
600.0 1 0 
800.0 i o 
800.0 1 0 
800.0 1 0 

1000.0 1 0 

1000.0 1 0 
1000.0 1 0 

1000.0 1 0 
1000.0 1 0 
1000.0 1 0 
1000.0 1 0 
1000.0 1 0 
1000.0 1 0 
1000.0 1 0 
1500.0 1 0 
1500.0 1 0 
1500.0 1 0 
1500.0 1 0 
'1500.0 1 0 
1500.0 1 0 
1500.0 1 0 
1500.0 1 0 
1500.0 1 0 
1500.0 1 0 
859.66 2 0 

859.66 2 o 
859.66 2 0 

W61 
f187 

e190 
x147 
#lo 

#19 
#1!6 
#30 
#49 
#104 
#261 
#187 
#190 
#147 

01 0 
#19 
#26 

#30 
#49 
#106 
#261 
#187 
#190 
#147 

#lo 
t19 
a6 
#30 
#49 
#104 
#261 
#187 
1H90 
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Table A.l. (continued) 

625.0 
2.0 

875.0 

2.0 
625.0 
2.0 

125.0 
2.0 

1625.0 
2.0 

1250.0 
2.0 

1000.0 
2.0 

1250.0 
2.0 

1250.0 
2.0 

300.0 
2.0 

625 .o 
2.0 

875.0 
2.0 

425.0 
2.0 

125.0 
2.0 

1625.0 
2.0 

1250.0 
2.0 

1000.0 
2.0 

1250.0 
2.0 

300.0 
625 .O 

875.0 
625.0 
125.0 

0.50 

0.31 

0.20 

0.50 

0.15 

0.50 

0.38 

0.30 

0.50 

0.25 

0.50 

0.31 

0.20 

0.50 

0.15 

0.50 

0.38 

0.30 

0.25 
0.50 
0.31 
0.20 
0.50 

35.0 

7.0 

18.0 

24.0 

11.0 

0.0 

22.0 

6.0 

38.0 

66.0 

35.0 

7.0 

18.0 

24.0 

11.0 

0.0 

22.0 

6.0 

6.0 
25 .O 

7.0 
18.0 

565.69 3 0 

565.69 3 0 

565.69 3 0 

565.69 3 0 

565.69 3 0 

565.69 3 0 

707.11 3 0 

707.11 3 0 

707.11 3 0 

707.11 3 0 

707.11 3 0 

707.11 3 0 

707.11 3 0 

707.11 3 0 

707.11 3 0 

707.11 3 0 

1060.66 3 0 

1060.66 3 0 

859.66 2 0 
859.66 2 0 
859.66 2 0 
859.66 2 0 

24.0 859.66 2 0 

#lo 

#19 

#26 

#30 

#49 

#lo4 

#261 

#187 

#190 

#147 

#lo 

#19 

#26 

#30 

#49 

#lo& 

#261 

#187 

#147 
# l o  
t19 
#26 
In0  
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Table A.l. (continued) 

1625.0 
1250.0 
1000.0 
1250.0 
1250.0 
300.0 
625.0 
875.0 

625.0 
125.0 

1625 .o 
1250.0 
1000.0 
1250.0 
1250.0 
300.0 
625.0 
875.0 
625.0 
125.0 

1625.0 
1250.0 
1000.0 

2.0 
1250.0 

2.0 
1250.0 

2.0 
300.0 

2.0 
1250.0 

2.0 
300.0 

2.0 
625 .O 

2.0 
875.0 

2.0 
625.0 

2.0 
125.0 

2.0 

0.15 
0.50 
0.38 
0.30 
0.50 
0.25 
0.50 
0.31 
0.2 
0.50 
0.15 
0.50 
0.38 
0.30 

0.50 
0.25 
0.50 
0.31 
0.20 
0.50 
0.15 
0.50 
0.38 

11.0 
0.0 

22.0 
6.0 

22.0 
6.0 

25.0 
7.0 

18.0 
24.0 
11.0 
0.0 

22.0 
6.0 

22.0 
6.0 

25.0 
7.0 

18.0 
24.0 
11 .o 
0.0 

22.0 

859.66 
859.66 

1074.57 
3074.57 
1074 -57 
1074.57 
1074.57 
1074.57 
1074.57 
9 074.57 
1074.57 
1074.57 
1611 -86 
1611 -86 
1611 -86 

1611.86 
'1611.86 
1611.86 
1611 -86 
1611.86 
1611.86 
1611 .86 
565.49 

2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
3 0  

#49 
#104 

#261 
#187 
#190 
#147 
#lo 
#19 
#26 
K50 
#49 
#104 
#261 
#187 
#lpo 
#147 
#lo 
11 9 
#26 
KZO 
#49 
#104 
1t261 

0.30 6.0 565.49 3 0 #187 

0.50 38.0 565.69 3 0 #190 

0.25 66.0 565.69 3 0 #1C7 

0.50 38.0 1060.66 3 0 #190 

0.25 66.0 1060.66 3 0 #1g7 

0.50 35.0 1060.66 3 0 # I O  

0.31 7.0 1060.66 3 0 119 

0.20 18.0 1060.66 3 0 U26 

0.50 24.0 1060.66 3 0 



Table A.1. (continued) 

1625.0 0.15 11.0 1060.66 3 0 #49 

2.0 
1250.0 0.50 0.0 1060.66 3 0 dl 04 

2.0 

9.9 9.9 9.9 9.9 9 9 EOF 
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Tabie A.2. Output file gisting of Singer's 90 cases 

1261 

e187 

1190 

b147 

e10 

bl9 

b26 

130 

149 

1104 

126l 

1187 

1190 

1147 

110 

119 

126 

b30 

149 

1104 

b26l 

b187 

1190 

*147 

110 

119 

b2 6 

I30 

14 9 

1104 

12 61 

b187 

b1W 

110 

119 

12 6 

130 

b49 

e104 

126l 

b187 

b1W 

1147 

110 

*19 
1126 

1.2500 

1.5625 

1.5625 
0.3750 

0.7813 

1.0938 

0.7013 

0.1563 

2.0113 
1.5625 

1.0000 

1.2500 

1.2500 

0.3000 

0.6250 

0.8750 

0.6250 

0.l260 

1.6250 

1.2500 
0.6667 

0.0333 

0.8333 

0.2000 

0.4167 

0.5833 

0.U67 

0.0833 

1.0833 

0.8333 

1.1633 

1.454l 

1.454.l 

1.1048 

1.5468 

1.1018 

0.2210 

2.8726 

2.2097 

1. 4142 

1.7678 

1.7678 

0.4243 

0.8839 

1.2374 

0.8839 

800.00 

800.00 

800.00 

800.00 

800.00 

800. 00 

000.00 

800.00 

800.00 

800.00 

1000.00 

1000.00 

1000.00 

1000.00 

1000. 00 

1000.00 

1000.00 

1000.00 

1000.00 

1000.00 

B O O .  00 

s o 0  . 00 
1500.00 

S O O .  00 

l500.00 

I300 . 00 
lsoo.OO 
1500.00 

lsoo.00 

l500.00 

859.66 
859.66 

859.66 

565.69 

565.69 

565.60 

565.69 

565.69 

565.69 

707. 11 

707.11 

707.11 

707.11 

707.11 

707.11 

707.11 

0.38 22.0 

0.30 6.0 

0.50 38.0 

0.25 24.0 

0.50 35.0 

0.31 7.0 

0.20 18.0 

0.50 24.0 

0.15 11.0 

0.50 0.0 

0.38 22.0 

0.50 38.0 

0.30 6.0 

0.25 24.0 

0.50 35.0 

0.31 7.0 

0.20 18.0 

0.50 24.0 
0.15 ll.0 

0.50 0.0 

0.38 22.0 

0.30 6.0 

0.50 38.0 

0.25 24.0 
0.50 35.0 

0.31 7 .0  

0.20 18.0 

0.10 24.0 

0.15 11.0 

0.50 0.0 

0.38 22.0 

0.30 6.0 

0.50 22.0 

0.50 35.0 

0.31 7.0 

0.20 18.0 

0.50 24.0 
0.15 11.0 
0.50 0.0 

0.98 22.0 

0.30 6.0 

0.50 38.0 

0.25 66.0 

0.50 35.0 

0.31 7.0 

0.20 18.0 

0.0000 

0.03ll 

0.0000 

0.8896 

0.0906 

0.3059 

0.6165 

0.9617 

0.0470 

0.0000 

0.06l9 

0.2337 

0.0000 

0.9293 
0.3864 

0 . U U  
0.7546 

0.9755 

0.2499 

0.0000 

0.4694 

0.5107 

0.0266 

0.06B6 

0.7273 

0.6703 

0.8909 

o.Qa91 
0.5307 

0.2198 

0.0000 

0.0000 

0.0000 

0.1510 

0.0646 

0.6166 

0.9617 

0.0000 

0.0060 

0.0022 

0.0000 

0.0000 

0.9293 

0.3882 

0.2DB9 

0.7546 

0.0606 

o . o u 9  
0.0000 

0.8914 

0.09l.l 

0.3080 

0.6189 

0.9609 

0.0489 

0.0000 

0.0656 

0.2349 

0.MH)o 

0.9zn3 
0.3888 

0.4595 

0.7591 

0.9758 

0 . 2 u s  
0.0000 

0.4708 
0.5093 

0.0272 

0.9607 

0.7290 

0.6905 

0.8920 

O.WP1 
0.5311 

0.22oe 
0.0000 

0.0000 

0.oMH) 

0.1536 

0.0669 

0.6176 

0.9609 

0.0000 

0.0606 

0.0018 

0.0000 

0.0000 

0.9340 

0.3880 

0.3011 

0.7545 

o.ow0 
-0.0010 

0.0000 

-0.0019 

-0.0004 

-0.0021 

-0.0024 

0.0007 

-0.0019 

0.0000 

-0.0037 

-0.0012 

0.0000 

0.0011 

-0.0024 

-0.0004 

-0. Do45 
-0.0003 

-0.0020 

o.ow0 
-0.0014 

0.0011 

-0.0006 

-0.6061 

-0.0017 

-0.0021 

-0.0011 

0.0000 

-0. 0004 

-0.0010 

0.0000 

o.oO0o 

0 . ~ 0  

-0. 0017 

-0.0023 

-0.0011 

0.0008 

o.oooo 
o.Oo(10 

0.0004 

0.0000 

0.0000 

-0.0047 

0.0002 

-0.0021 

0.0000 

10,000 

ll.000 

10,000 

21,000 

14,000 

62,000 

78,000 

12,000 

14,000 

10,000 
15,000 

44,000 

10,000 

16.000 

66,000 

82,000 

43,000 

10,000 

52,000 

10,000 

73,000 

91,000 
13,000 

I?, 000 

68.000 

73,000 

31,000 

10,000 

85,000 

56,000 

10,000 

10,000 

10,000 

52,000 

12,000 

71,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,600 

15,000 

72,000 

67,000 

55,000 

0. 0000 

0.0046 

0 - 0000 
0.0050 

0.0048 

0.0050 

0.0050 

0.0040 
0.0046 

0.0000 

0.0049 

0.0049 

0.0000 

0.0050 

0.0050 

0.0050 

0.0049 

0.0035 

0.0050 

0.0000 

0.0050 

0.0049 
0.0046 

0.0049 
0.0050 

0.0050 

0.0050 

0.0017 
0.0010 

0.0050 

0.oow 
0.0000 

0.0000 

0.0040 

0.0046 

0.0050 

0.0048 

0.0000 

0.0000 

0.0011 
0.0000 

0.0000 

0.0048 
0.0050 

0.0049 

0.0049 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

1 

Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
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Table A.2. (continued) 

430 

e49 

e104 

e261 

4187 

4147 

410 

e19 

426 

b30 

449 

4104 

42 63 

4187 

a190 

4147 

e10 

419 

42 6 

430 

e49 

4104 

4262 

b187 

b190 

4147 

410 

419 

42 6 

e30 

449 

4104 

b261 

4187 

4190 

b147 

b190 

b147 

b10 

419 

42 6 

430 

449 

4104 

0.1760 

2.2981 

1.7678 

0.9428 

1.1785 

0.3490 

0.7270 

1.0178 

0.7270 

0.1454 

1.8903 

1.4141 

0.9306 

1.1633 

1.1633 

0.2792 

0.5816 

0.8143 

0.5816 

0.1163 

1.5122 

1.1633 

0.6204 

0.7755 

0.7755 

o.im 

0.3878 

0.5429 

0.3678 

0.0176 

1.0092 

0.7755 

1.7678 

2.2097 

2.2097 

0.5303 

1.1785 

0.2829 
0.5893 

0.8250 

0.5893 

o.ll79 

1.5321 

1.1785 

707.11 

707.11 

707. I1 

1060.66 

1060.66 

859.66 

859.66 

859.66 

859.66 

859.66 

859.66 

859.66 

1074.57 

1074.57 

1074.57 

1074.57 

1074.57 

1074.57 

1074.57 

1074.57 

1074.57 

1074.57 

1621.86 

1621.86 

1 6 l l . 8 6  

1611.86 

l 6 l l . 8 6  

1621.86 

1611.86 

1611.86 

1621.86 

1621.86 

165.69 

565.69 

565.69 

565.69 

1060.66 

1060.66 

1060.66 

1060.66 

1060.66 

1060.66 

1060.66 

1060.66 

0.50 24.0 

0.15 11.0 

0.50 0 .0  

0 .38  22 .0  

0.30  6 . 0  

0.25 6.0 

0 .50  25.0 

0.31 7.0  

0.20 18.0 

0.50 24.0 

0.15 11.0 

0.50 0 .0  

0.38 22.0 

0.30 6 .0  

0.50 22.0 

0.25 6 . 0  

0.50 25.0 

0.31 7 .0  

0.20 18.0 

0.50 24.0 

0.15 11.0 

0.50 0.0 

0.38 22.0 

0.30 6.0  

0.50 22.0 

0.25 6.0 

0.50 25.0 

0.31 7.0 

0.20 18.0 

0.50 24.0 

0.15 11.0 

0.50 0.0 

0.38 22.0 

0.30 6.0 

0.50 38.0 

0.25 66.0 

0.50 38.0 

0.25 66.0 

0.50 35.0 

0.31 7.0  

0.20 18.0 

0.50 24.0 

0.15 11.0 

0.50 0.0 

0.9755 

0.oow 
0.0000 

0.4694 

0.3721 

0 .  8896 

0.1113 

0.2596 

0.6165 

0.9617 

0.0023 

0.0000 

0.0134 

0.1807 

0.0000 

0.9293 

0.3864 

0.4257 

0.7546 

0.9715 

0.1998 

0.0000 

0.4694 

0.4810 

0.0677 

0.9686 

0.7273 

0.6695 

0 .  spas 

O.PB9l 

0.5058 

0.1712 

0.0000 

0.0000 

0.0000 

0.8896 

0.0969 

0.9666 

0.7273 

0.6686 

0.8909 

0.9891 

0.4469 

0.0600 

0.9756 

0.0094 

0.0000 

0.4724 

0.3737 

0.8913 

0.1122 

0.2611 

0.6167 

0.9606 

0.0030 

0.0000 

0.0140 

0.1836 

0.0000 

0.9294 

0.3898 

0.4250 

0.7582 

0.9753 

0.2022 

0.0000 

0.4723 

0.4811 

0.0691 

0.9690 

0.7282 

0.6705 

0.0912 

0.9889 

0.5054 

0.1749 

0.0000 

0.0000 

0.0000 

0.8906 

0.0977 

0.9690 

0.7281 

0.6689 
0.8917 

0. peps 

0.4487 

0.0614 

-0.0001 

-0.0004 

0.0000 

-0.0030 

-0.0016 

-0.0017 

-0.0010 

-0.0017 

-0.0002 

0.0010 

-0.0007 

0.0000 

-0.0006 

-0.0029 

0.0000 

-0.0001 

-0.0034 

0.0006 

-0.0037 

0.0002 

-0.0025 

0.0000 

-0.0029 

-0.0003 

-0.0014 

-0.0004 

-0.0009 

-0.0011 

-0.0003 

0.0002 

0.0004 

-0.0037 

0.0000 

0.0000 

0.0000 

-0.0010 

-0.ocoe 
-0. ooo* 
-0.0008 

-0.0003 

-0.0008 

-0.0007 

-0.0017 

-0.001* 

10,000 

10,000 

10,000 

84,000 
82,000 

37,000 

32,000 

53.000 

81,000 

11,000 

10,000 

10,000 

10,000 

10,000 

24,000 

76,000 

91,000 

56,000 

10,000 

46,000 

10,000 

72,000 

95,000 

31,000 

18,000 

61,000 

81,000 

30,000 

10,000 

89,000 

37,000 

10,000 

10,000 

10,000 

19,000 

32,000 

10,000 

70,000 

85,000 

24,000 

10,000 

66,000 

26.000 

34,000 

0.0041 

0.0030 

0.0000 

0.0050 

0.0049 

0.0050 

0.0049 

0.0050 

0.0050 

0.0048 

0.0017 

0.0000 

0.0046 

0.0049 

0.0000 

0.0049 

0.0050 

0.0050 

0.0050 

0.0034 

0.0050 

0.0000 

0.0050 

0.0050 

0.0049 

0.0049 

0.0050 

0.0050 

0.0049 

0.0030 

0.0050 

0.0050 

0.0000 

0.0000 

0.0000 

0.0050 

0.0048 

0.0041 

0.0050 

0.0050 

0.0050 

0.0020 

0.0050 

0.0049 

Y 

Y 
Y 

Y 
Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 
Y 

Y 
Y 
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Table A.3 Input tile listing of 150 random cases 

TestD150.SIF input f i le ,  11/14/94, 50 each Sq Rec T r i  gr id cases for ELIPGRID-RC. 
* Random values generated by Minitab's RANDOM fvrction. 
* Random value distributions and ranges are: 
* Samimajor/Grid, UNIFORM, 0.01 t o  3.0 
* Shape, UNIFORM, 0.05 t o  1.0 
* Angle, UNIFORU, Sq = 0 t o  45", Rec = 0 t o  90", Tri = 0 to  30' 
* Rectangular gr id long/short ratios, LOGNORMAL, location = 1.3, scale = 0.5 

Semimajor 
76.3 
269.0 
8.0 

231.1 
270.6 
283.4 
96.1 
14.5 
288.8 
50.3 
145.5 
178.5 
282.8 
60.9 
75.2 
179.3 
132.7 
207.8 
153.9 
145.3 
87.6 
73.3 
215.6 
30.5 
122.1 
205.4 
181.9 
1U.3 
165.3 
148.3 
88.8 
100.1 
222.1 
207.7 
57.1 

Shape 

0.36 
0.61 
0.93 
0.65 
0.11 
0.65 
0.40 
0.58 
0.27 
0.20 
0.98 

0.13 
0.11 
0.76 
0.90 
0.83 
0.07 
0.58 
0.85 
0.57 
0.10 
0.93 
0.49 
0.92 
0.12 
0.51 
0.27 
0.62 
0.37 
0.89 
0.42 
0 -82 

0.88 
0.27 
0.08 

Ang 1 e 
2.5 
1.8 
23.6 
14.1 
23.9 
32.5 
25.5 
6.3 
11.2 
0.7 
3.3 
22.0 
14.9 
6.5 
22.7 
24.7 
36.2 
6.7 
2.0 
21.5 
18.4 
31.1 
42.4 
4.3 
16.7 
23.1 
16.6 
39.7 
7.3 
7.1 
24.7 
25.7 
30.9 
1.1 
17.2 

GridSize T y p e  O r i e n t .  TargetlD 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
9 
1 
1 
1 
1 

1 
1 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

# 1  
# 2  
# 3  
# 4  
# S  
# 6  
# 7  
1 8  

# 9  
# 10 
# 11 
# 12 
# 13 
# 14 
# 15 
# 16 

# 17 
# 18 
# 19 
# 20 
# 21 
# 22 
# 2 3  

# 24 
t25 
# 26 
# 27 
w 28 
# 29 
# 30 
# 31 
# 32 
# 33 
#34 
# 35 
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Table A.3. (continued) 

239.1 
152.5 
26.7 
196.4 
187.5 
221.8 
55.5 
284.6 
94.7 
93.4 
187.4 
109.8 
102.1 
69.5 
147.8 
293.0 

5.3191 
214.8 

2.263 
243.8 

7.5820 
124.2 

7.4843 
69.4 

4.5560 
46.3 

5.6421 
66.4 

2.6114 
160.3 

2.2016 
213.8 

2.5606 
157.3 

4 2246 
55.6 

8.8497 
206.2 

2.7193 
87.0 

4.0294 
28.3 

6.0057 

0.94 
0.83 

0.41 
0.57 
0.46 
0.75 

0.97 
0.64 
0.31 
0.70 
0.70 
0.18 
0.46 

0.38 

0.38 
0.56 

0.97 

0.32 

0.42 

0.78 

0.57 

0.74 

0.29 

0.23 

0.11 

0.49 

0.49 

0.97 

0.74 

9.3 
39.6 
17.7 
11.3 
0.3 
7.6 
20.9 
11.7 
39.1 
35.4 
1.8 
27.4 
39.1 
17.3 
41.5 
15.9 

0.0 

58.0 

39.6 

52.9 

4.6 

87.5 

33.6 

77.6 

64.0 

36.6 

87.9 

16.4 

84.5 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
a 

a 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 3 6  
t 37 
#38 

f 39 
# 40 
# 41 
# 42 
It 43 
#44 
It 45 
1146 
t 47 
#48 
# 49 
# 50 
I51 

# 52 

# 53 

# 54 

# 55 

# M  

# 57 

t 58 

# 59 

f60  

# 61 

# 6 2  

#63 

w 6 4  
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Table A.3. (continued) 

283.1 
2.4193 

173.6 
5.7623 

3.7 
1.2288 

57.3 
6.1348 

44.5 
6.1335 

225 .O 

5.6483 
140.9 

3.7445 
202.9 

3.6616 
130.7 

1.7802 
61 -3  

6.w126 
113.2 

1.3975 
218.4 

1.7616 
153.4 

1.4301 
268.6 

1.7451 
253.0 

8.8951 
127.4 

3.3863 

230.0 
5.3417 

277.1 
4.4130 

86.5 
1.5501 

156.1 
7.0607 

144.6 
11 S232 

238.0 

0.09 

0.45 

0.75 

0.15 

0.94 

0.21 

0.06 

0.41 

0.58 

0.80 

0.56 

0.46 

0.35 

0.73 

0.54 

0.43 

0.35 

0.40 

0.30 

0.76 

0.05 

0.0s 

24.1 

61.1 

47.2 

22.9 

24.2 

83.8 

75.2 

38.7 

24.1 

52.2 

30.3 

16.3 

28.9 

85.9 

17.8 

60.8 

2.0 

24.7 

25.5 

21.7 

52.2 

62.6 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

# 65 

166 

# 67 

#68 

# 69 

# 70 

# 71 

# 7 2  

# T J  

# 74 

# 7 5  

# 76 

Y 7 7  

Y 7 8  

1 7 9  

# 8 0  

# 81 

# 8 2  

# 8 3  

5 8 4  

# 85 

# 8 6  
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Table A.3. (continued) 

1.5970 
147.7 

5.1976 
152.1 

3.3424 
29.2 

3.3667 
166.5 

2.8041 
219.3 

4.3854 
167.8 

5.6132 
261.8 

2.5743 
58.5 

2.9013 
141.3 

4.2476 
195.5 

2.a9ii 
146.8 

3.3060 
32.7 

3.5939 
179.7 

4.2808 
13.8 

1.9189 
ai .6 
177.8 
91.9 
17.3 
198.4 
293.3 
224.0 
195.6 
147.5 
163.8 
32.6 
259.7 
227.1 
188.4 

0.19 

0.53 

0.46 

0.89 

0.43 

0.66 

0.46 

0.06 

0.62 

0.40 

0.32 

0.37 

0.59 

0.32 

0.08 
0.33 
0.12 
0.67 
0.92 
0.40 
0.48 
0.11 
0.45 
0.40 
0.58 
0.89 
0.18 
0.46 

16.8 

6.7 

56.3 

2.0 

26.1 

29.9 

17.5 

n.3 

4.2 

37.5 

78.3 

0.3 

19.7 

74.2 

17.3 
3.7 
10.8 
25 -3 
28.4 
24.9 
14.6 
6.8 
26.9 
14.7 
13.9 
22.8 
23.7 
29.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

;Y a7 

# 8 8  

# 89 

# 9 0  

# 91 

# 92 

# 93 

# 94 

#95 

# %  

# 97 

At 98 

#99 

#I 00 

#101 
#102 

#103 

#104 

#105 

#106 

t107 
#108 

#109 

#110 
tlll 
#112 
#113 
#114 



Tabte A.3. (continued) 

107.6 
7.9 
88.9 
55.7 
242.2 
188.2 
13.8 

111.1 
70.9 
za6.9 
275.6 
59.5 
165.1 
76.0 
3.9 

187.5 
138.5 
161 -9 
97.6 
274.1 
30.1 
219.6 
236.6 
181.6 
25.7 
20.9 
224.4 
283.6 
297.8 
148.3 
194.2 
40.7 
211.6 
28.0 
44.0 
58.1 

0.27 
0.73 
0.50 

0.61 
0.88 
0.65 
0.72 
0.47 
0.56 
0.15 
0 -65 
0.75 
0.14 
0.84 

0.09 

0.36 
0.76 
0.18 
0.67 
0.08 
0.16 
0.89 
0.83 
0.26 
0.13 
0.69 
0.68 
0.46 

0.71 
0.27 
0.90 
0 -92 
0.21 
0.77 
0.05 
0.39 

28.8 
2.1 
14.6 
6.0 

11 .o 
7.2 
23.7 
24 -6 
0.3 
9.3 
0.2 
14.0 
10.3 
8.9 

4.9 
26.2 
8.4 
18.8 
23.6 
10.4 
12.7 
9.2 
22.9 
21.3 
12.5 
20.2 
6.5 
10.0 
3.4 
2.3 
27.0 
8.9 
23.0 
10.1 
0.9 

10.3 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

'100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 

2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  

2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  

X115 
#116 
P117 
#118 
I1 19 
f120 
#121 
f22 
#la 
t124 
t125 
#126 

#127 

#I 28 
#129 
#130 
6131 
#132 
#133 
p134 

#135 

t136 
t137 
Y138 
1139 
P140 
f141 
f142 
#143 

t1t4 
#145 
#146 
#147 
#148 

#149 

#I50 
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Table A.4. Output file listing of 150 random cases 
~~ _________ ~ 

Cutplt fm IISPGPTD-Y: Mtr Carlo Test Program Versam: 11/14/94 

111. w.: c : \ m \ r c m ~ i s o . o m  

m a t 4  a: ll/14/01 

Inplt film: TlXTDlS0.8Lp wzpg IIY f-t. 

X i t l e  h: TmstDl50.8IY urplt f i le ,  l l / lb /94 ,  50 ea& Sq b o  X r x  wad oanm far 

4 1  

4 2  

4 3  

4 4  

4 5  

4 6  

4 7  

4 8  

4 9  

+ 10 

4 11 

4 1 2  

4 1 3  

4 14 

15 

4 16 

4 17 

+ 10 

4 19 

4 20 

4 21 

4 22 

4 23 

4 24 

4 25 

4 26 

4 27 

e 20 

+ 29 

+ 30 

4 31 

+ 32 

4 33 

4 34 

4 3 s  

4 36 

4 37 

+ 30 
b 39 

4 40 

4A.l  

4 42 

4 43 

+ 44 

4 4s 

4 46 

0.7630 

2.6000 

0.0000 

2.3U.O 

2.7060 

2.0340 

0.9610 

0.1450 

2.0e00 

0.5030 

1.4550 

1.7850 

2.02eo 

o.mw 
0.7520 

1.7930 

1.3270 

2.0700 

1.53W 

1.4530 

0.0760 

0.7330 

2.1560 

0.3050 

1.2210 

2.0540 

1 , B l D O  

1.2330 

1.€330 

1.4830 

0 .  eoeo 
1.0010 

2.2210 

2.0770 

0.5710 

2.3910 

I. 5250 

0.2670 

1.9640 

1.8750 

2.2180 

0.5550 
2.8460 

0.0170 

0.9340 

1.8740 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100 /I BO 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

0.36 2.5 

0.61 1 .8  

0.93 23.6 

0.65 14.1 

0.11 23.9 

0.65 32.5 

0 .40  25.5 

0.58 6.3 

0.27 11.2 

0.20 0.7 

0.98 3.3 

0.13 22.0 

0.11 14.9 

0.76 6.5 

0.90 22.7 

0.W 24.7 

0.07 36.2 

0.58 6.7 

0.85 2.0 

0.57 21.5 

0.10 18.4 

0.93 31.1 

0 .49  42.4 

0.92 4.3 

0.12 16.7 

0.51 23.1 

0.27 16.6 

0.62 39.7 

0.37 7 .3  

0.89 7.1 

0.42 24.7 

0.02 25.7 

0.88 30.9 

0.27 1.1 

0.08 17.2 

0.01 8.3 

0.03 39.6 

0 . U  17.7 

0.57 l l . 3  

0.46 0.3 

0.75 7.6 

0.97 20.9 

0.64 l l . 7  

0 .31 39.1 

0.70 35.4 

0.70 1.8 

0.4901 

0.0000 

0.981.1 

0.0000 

0.0000 

0.0000 

0.0535 

0.96l7 

0.0000 

0.8411 

0.0000 

0.0005 

0.0000 

0.1903 

0.0000 

0.0000 

0.6228 

0.0000 

o.ow0 
o.wo0 
0.7589 

0.0000 

0.0000 

0.7111 

0.4380 

0.0000 

0.0000 

0.0000 

o.oo00 

0.0000 

0.1026 

0.0000 

0.0000 

0.0000 

0.9181 

0,0000 

4.0000 

0.9082 

0.OoM) 

0.0000 

0.0000 

0.1169 

0.0000 

0.2291 

0.0000 

0.0000 

0.4DO2 

0.0000 

O.oBl3 

0.0000 

0.0000 

0.0000 

0.0560 

0.9624 

0.0000 

0.8449 

0.0000 

0.0006 

0.0000 

0.1920 

0.0000 

0.0000 

0 . 6 l l 9  

0.0000 

0.0000 

0.0000 

0.7613 

0.0000 

0.0000 

0.7327 

0.4384 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.1052 

0.0000 

0.0000 

0.0000 

0. 9188 

0.0000 

O.oo00 

0.0089 

0.0000 

0.0000 

0.0000 

0.1196 

0.0000 

0.2312 

0.0000 

0.0000 

0.0002 

0.0000 

O.oo00 

0.0000 

0.0000 

0.0000 

-0.0025 

-0.0007 

0.0000 

-0.0037 

0.0000 

-0.0001 

0.0000 

-0.0017 

0.0000 

0.0000 

0.0009 

0 * 0000 

0.0000 

0.0000 

-0.0024 

0.0000 

0.0000 

-0.0015 

-0.0004 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

-0.002 6 

O.oo00 

O.oo00 

0.0000 

-0.0007 

0.0000 

0.0000 

-0.0007 

0.0000 

0.0000 

0.0000 

-0.0027 

0.0000 

-0.0021 

0.0000 

0.0000 

85,000 

10,000 

10,000 

10,000 

10,000 

10.000 

12,000 

10,000 

10,000 

52,000 

10,000 

10,000 

10,000 

45,000 

20,000 

10.000 

68,000 

10,000 

10,000 

10,000 

39,000 

10.000 

10,000 

78,000 

w ,000 

10,000 

10,000 

10,000 

10,000 

10,000 

lS , 000 

10,000 

10,000 

10,000 

20,000 

10,000 

10,000 

24,000 

10,000 

10,000 

10,000 

35,000 

10,000 

59,000 

10,000 

10,000 

0.0050 

0.0000 

0.0034 
0.0000 

0.0000 

0.0000 

0.0048 

0.0041 

0.0000 

0.0049 

0.0000 

0.0007 

0.0000 

0.0050 

0.0000 

0.0000 

0.0050 

0.0000 

0.0000 

O.oo00 

0.0050 

0.0000 

0.0000 

O.OOl0  
0.0050 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0050 

0.0000 

0.0000 

0.0000 

0.0050 

0.0000 

0.0000 

0.0049 

0.0000 

0.0000 

0.0000 

0.0049 

0.0000 

0.0050 

0.0000 

0.0000 

Y 

Y 
Y 
Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 

Y 
Y 

Y 

Y 

Y 
Y 

Y 

Y 
Y 
Y 

Y 
Y 

Y 

Y 

Y 
Y 
Y 
Y 

Y 

Y 
Y 
Y 

Y 

Y 
Y 

Y 

Y 
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Table A.4. (continued) 

t 47 

4 48 

4 49 

4 50 

4 51 

I 52 

t 53 

4 54 

t 55 

4 56 

t 57 

t 18 

b 59 

4 6 0  

tu 
4 6 2  

( I 6 3  

4 6 1  

4 6 5  
66 

r 6 7  

4 6 0  

t 69 

I 70 

4 71 

# 72 

4 73 

t 74 

t 7 s  

t 76 

t 77 

t 78 

b 79 

t 80 

4 81 

t 82 

t 83 

t 84 

t 85 

4 86 

I 87 

c 88 

t 89 

* P o  
4 91 

t 92 

t 93 

I 94 

4 9 5  

t 96 

4 97 

4 9 0  
4 99 

I100 

4101 

(1102 

1. OPBO 

1.0210 

0.6950 

1.4780 

2.9300 

2.1480 

2.4380 

1.2420 

0.6940 

0.4630 
0.6640 

1 . 0 3 0  

2.1380 
1.5730 

0.5560 

2.0620 

0.8700 

0.2830 

2.8310 
1.7360 

0.0370 

0.5730 

0.4450 

2.2500 

1.4090 

2.0200 

1.1070 

0.6130 

1.1320 

2.7840 

1. 5,340 

2.6040 

2.5300 

1.2740 

2.9OOO 
2 -7710 

0.0650 

1.5610 

1.6160 

2.3800 
1.4770 

1.5210 

0.2920 

1.6650 

2.1930 

1.6780 

2.6100 

0.5050 

1.4130 

1.9550 

1.4680 

0.3270 

1.7970 

0.1380 

0.8160 

1.7780 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100. 00 

100.00 

100.00 

100.00 

100. 00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100. 00 

100.00 

100.00 

100.00 

100. 00 

100.00 

100.00 

100. 00 

100.00 

100.00 

100. 00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100. 00 

0.18 27.4 

0.46 39.1 

0.38 17.3 

0.38 41.5 

0.56 15.9 

0.97 0.0 

0.32 58.0 

0.42 39.6 

0.78 12 .9  

0.57 4 . 6  

0.74 87.5 

0.29 13.6 
0.23 77.6 

0.ll 61.0 

0.49 16.6 

0.49 87.9 

0.97 16.4 

0.74 84.5 

0.09 24.1 

0.45 61.1 

0.75 47.2 

0.15 22.9 

0.94 24.2 

0.21 83.8 

0.06 '15.2 
0.41 38.7 

0.58 24.1 

0.80 52.2 

0.56 30.3 

0.46 16.3 

0.35 28.9 

0.73 85.9 

0.54 17.8 

0.43 60.8 

0.35 2.0 

0.40 24.7 

0.10 25.5 

0.76 21.7 

0.05 52.2 

0.05 42.6 

0.19 16.8 

0.U 6.7 

0.46 56.3 

0.89 2 .0  

0.43 26.1 

0.66 29.9 

0.46 17.5 

0.06 77.3 

0.62 4.2 

0.40 37.5 

0 . u  79.3 

0.37 0.3 

0.59 19.7 

0.32 74.2 

0.08 17.3 

0.33 3.7 

0.31W 

0.0000 

0.4488 

0.0000 

0.0000 

0.0000 

0.6266 

0.7602 

0.7670 

0. m20 
0.6629 

0.0402 

0.10- 
0 .  7976 

0.9462 

0.2627 

0.5956 

0.9690 

0.4451 

0.4345 
0.9974 

0.9626 

0.9017 

0.8147 

0.9001 

0.1201 

0 . 0 0  

O . E . 9 1  

0 . 0 0  

0 . 0 0  

0. OOOO 

0 . 0 0  

0.4620 

0.5625 

0.0026 

0. 0 0  

0.545l 

0.5831 

0.9631 

0.4439 

0.7495 

0.1557 

0.9634 

O.oo00 

0.1198 

0.4623 
O.oo00 

o . s m  
0.3737 

O.ooo9 
0.6775 

0.9654 

0.2209 

0 . 9 w  

0.8068 

0.0000 

0.3209 

0.0000 

0.4497 

0.0000 

0.0000 

0.0000 

0.6257 

0.757D 

0.7648 

0.9322 

0.6611 

0.0423 
0.4900 
0.1956 

0.9479 

0.26So 
0.5939 

0.9701 

0.44% 

0.63Sl 

0,9970 

0.9610 

0.90s9 
0.814l 
0.8W6 

0.1327 

0.0000 

0.0610 

0.0000 

0 . 0 0  

0 . m o  
0.0000 

0.4633 

0.5613 

0.0024 

0 . m o  
0.Y6.l 

0.5822 

0.96- 

0.4529 
0.7508 

O.l5@8 

0.9631. 

0 . 0 0  

0.U38 

0.4632 
0.0000 

0.9788 

0.3747 

0.0000 

0.6747 

0.9631 

0.2239 

0.oBOS 

0.8019 

0.0000 

-0.0025 

0. 0000 

-0.0009 

0 . 0 0  

0.0000 

0.0000 

0.0009 

0.0023 

0.0031 

-0.0002 

0.0019 

-0.0020 

-0. 0 5  

0.0020 

-0.0017 

-0.0023 

0.0010 

-0. oo l l  
-0. 0008 

0.0014 

0.0004 

-0.0014 

-0.0012 

0.0006 

0.0005 

-0.0046 

0.0000 

-0.0019 

0.0000 

0.0000 

0.0000 

o.Ooo0 

-0.0013 

0.0002 

0.0002 

0.0000 

-0.ooll 

0.0009 

-0.0031 

-0.0101 

-0.0014 

-0.0031 

0.0003 

0.0000 

-0.0041 

-0.0009 

0.0000 

-0.0010 

-0.0029 

0 .  0000 

0.0028 

0.0003 

-0.0032 

0.0005 

0.0019 

0.0000 

1 0 . 0  

10,000 

80, 000 

10,000 

10.000 

10,000 

77,000 

41,000 

45,000 

23,000 

72,000 

12.000 

02.000 

45,000 

20,000 

65,000 

80,000 

15,000 

82.000 

78,000 

10,000 

11,000 

24,000 

34,000 

20,000 

40,000 
10,000 

26.000 

10,000 

10.000 

10,000 

10,000 

82,000 

10,000 

10,000 

ps,O00 

79,000 

16,000 

H ' 000 

62,000 

49,000 

10,M)o 

10,000 

46,000 

79,000 

10.oO0 

1 0 , 0  

80,000 

1 0 . 0  

62,000 

10,000 

71,000 

10,000 

49,000 

10,000 

79,000 

0.0050 

0.0000 

0.0050 

0.0000 

0.0000 

0.0000 

0.0050 

0.0049 

0.0049 

0.0048 

0.0049 

0.0047 

0.0050 

0.0049 

0.0049 

0.0050 

0.0050 

0.0040 

0.0050 

0.0050 

0.0007 

0.0049 
0.0050 

0.0050 

0.0049 

0.0049 
0.0000 

0.0050 

0.0000 

0.0000 

0.0000 

0.0000 

0.0050 

0.0050 

0.001s 

0.0000 

0.0050 

0.0050 

0.0049 

0.0049 

0.0050 

0.0049 

0.0047 

0.0000 

0.0050 

0. om0 
0.0000 

0.0047 

0.0049 

0,0000 

0.0049 

0.0048 

0 .  ooso 
0.0032 

0.0050 

0.0000 

r 
x 
Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
Y 
Y 

Y 

Y 

Y 
Y 

Y 
Y 
Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 

n 
Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 
Y 

Y 

Y 
Y 
Y 
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Table A.4. (continued) 

e103 

e104 

e101 

e106 

e107 

e100 

e109 

e110 

e l l1  
e112 

e113 

e114 

e115 

e l l6  
e117 

e110 

(Ill9 

e120 

e121 

e122 

e123 

e124 

e125 

e121 

e127 

e120 

e129 

e130 

e131 

e132 

e133 

e134 

e135 

e136 

#137 

(I138 

(1139 

e140 
e141 

el42 

e143 

e144 

e145 

el46 

e147 

11140 

e149 

e150 

0.9190 

0.1730 

1.9040 

2.9330 

2.2400 

1.9560 

1.4750 

1.6300 

0.3260 

2.5970 

2.2710 

1.8840 

1.0760 

0.0790 

0.0090 

0.5570 

2.4220 

1.0020 

0.1380 

1.1110 

0.7090 

2.0690 

2.7560 

0.5950 

1.6510 

0.7600 

0.0390 

1.0750 

1.3050 

1.6190 

0.9760 

2.7410 

0.3010 

2.1960 

2.3660 

1.8160 

0.2570 

0.2090 
2.2440 

2.0360 

2.9700 

1.4030 

1.9420 

0.4070 

2.1160 

0.2000 

0.4400 

0.5010 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

LOO. 00 

loo ~ 00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100 * 00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

0.12 10.0 

0.67 25.3 

0.92 28.4 

0.40 24.9 

0.40 14.6 

0.11 6.0 

0.45 26.9 

0.40 14.7 

0.50 13.9 

0.89 22.0 

0.18 23.7 

0.46 29.0 

0.27 28.8 

0.73 2 . 1  

0.50 14.6 

0.61 6.0 

0.08 11.0 

0.65 7.2 

0.72 23.7 

0.47 24.6 

0.56 0.3 

0.15 9.3 

0.65 0.2 

0.75 14 .0  

0.14 10.3 

0.04 0 .9  

0.09 4.9 

0.36 26.2 

0.76 0.4 

0.10 10.B 

0.67 23.6 

0.00 10.4 

0.16 12.7 

0.89 9.2 

0.83 22.9 

0.26 21.3 

0.l3 12.5 

0.69 20.2 

0.68 6 . 5  

0.46 10.0 

0.71 3.4 

0.27 2.3 

0.90 27.0 

0.92 8 .9  

0.21 23.0 

0.77 10.1 

0.05 0 .9  

0.39 10.3 

0.6324 

0.9273 

0.0000 

0.0000 

0.0000 

0.2897 

0.0000 

0.0000 

0.7764 

0.0000 

0.0000 

0.0000 

O.Ol l .3  

0.9835 

0.0141 

0.3369 

0.0000 

0.0000 

0.9503 

0.0000 

0.1661 

0.0000 

0.0000 

0.0969 

0.1750 

0.0000 

0.9995 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.9474 

o.oO0o 

0.0000 

0.0000 

0.9689 

0.0907 

0.0000 

0.0000 

0.0000 

0.0043 

0.0000 

0.4472 

0.0000 

0.7010 

0.M9 

0.5320 

0.6338 

0.9202 

0.0000 

0.0000 

0.0000 

0.2920 

0.0000 

0. WOO 

0.7767 

0.0000 

0.0000 

0.0000 

0.0125 

0.9830 

0.0157 

0.3401 

0.0000 

0.0000 

0.9513 

0.0000 

0.1704 

0.0000 

0.0000 

0 .loo1 
0.1770 

0.0000 

0.9993 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.9510 

0. 0000 

0.0000 

0.0000 

0.9705 

8.8901 

0.0000 

0.0000 

0.0000 

0.0034 

0.0000 

0.4490 

0.0000 

0.7805 

0.9669 

0.5326 

-0.0015 

-0.0009 

0.0000 

0.0000 

0.0000 

-0.0023 

0.0000 

0.0000 

-0.0003 

0.0000 

0.0000 

0.0000 

-0.0011 

-0.0003 

-0.0016 

-0.0036 

0.0000 

0.0000 

-0.0010 

0.0000 

-0.0013 

0.0000 

0.0000 

-0.0032 

-0.0029 

0.0000 

0.0002 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

-0.0043 

0.0000 

0.0000 

0.0000 

-0.0016 

0.0006 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

-0.0026 

0.0000 

0.000s 

-0.0020 

-0 ~ 0006 

80,000 

22,000 

10,000 

10,000 

10,000 

10,000 

10,000 

59.000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

75,000 

10,000 

10.000 

11,000 

10,000 

34,000 

10,000 

10,000 

22,000 

42,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

12,000 

10,000 

10,000 

10,000 

12,000 

30,000 

10,000 

10,000 

10,000 

16.000 

10,000 

91,000 

10,M)o 

67,000 

12 ,000 

82,000 

67,000 

0.0050 

0.0040 

0.0000 

0.0000 

0.0000 

0.0050 

0.0000 

0.0000 

0.0050 

0.0000 

0.0000 

0.0000 

0.0041 

0.0035 

0.0030 

0.0050 

0.0000 

0.0000 

0.0049 

0.0000 

0.0050 

0.0000 

0.0000 

0.0040 

0.0049 

0.0000 

0.0007 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0049 

0.0000 

0.0000 

0.0000 

0.0049 

0.0049 
0.0000 

0.0000 

0.0000 

0.0049 

0.0000 

0.0050 

0.0000 

0.0049 

0.0047 

0.0050 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 



Table A S  Input file listing of 80 triangular grid cases 

TestTLBO.SIF, a triangular grid test file for Monte Carlo testing of ELIPGRID. 
* ELlPGRlD exhibited a discontinuity for triangular grids in the region where 
* L/G = 0.5 to 0.6 and the shape ratio is >= 0.85 and < 1.0. This file tests 
the old Linear regression coefficients used in ELIPGRID-PC for this region. 
Mote that a l l  angles are 15" since the angle is not significant in determining 

* the probability in this region as demonstrated by Rultiple regression. 
* Semimajor 

49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
51 .O 

51 .O 

51 .O 

51.0 
51 .O 

51 .O 

51 .O 

51 .o 
51 .O 

51 .O 

53.0 
53.0 
53.0 
53.0 
53.0 
53.0 
53.0 
53.0 
53.0 
53.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 

Shape 
0.84 

0.06 
0.88 
0.90 
0.92 
0.94 
O.% 
0.98 
0.99 

1 .OD 
0.84 
0.06 

0.88 
0.90 
0.92 
0.94 
0.96 
0.98 
0.99 
1 .oo 
0.84 

0.86 
0.88 
0.90 
0.92 
0.94 
0.06 

0.98 
0.99 
1 .oo 
0.84 

0.86 
0.88 

0.90 
0.92 

0.94 

Angle 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15 .O 

15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
45.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 

Gridsize Type Orient. Target10 
100.0 2 0 

100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 

100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 

100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 

#t01 

#t02 

#t03 
#T 04 
#t05 
#t06 
#t07 
UT08 
#t09 
UT10 
UT1 1 
UT12 
#T13 
#T14 
UT15 
UT15 
UT17 
UT18 
#t19 
#T20 
UT21 
#T22 
#T23 
#T24 
#T25 
fT26 
#T27 
#T28 

#T29 
UT30 
f f31  
UT32 
#T33 
#TU 
#T35 
UT36 
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Table AS. (continued) 

55.0 
55.0 
55.0 
55.0 
57.0 
57.0 
57.0 
57.0 
57.0 
57.0 
57.0 
57.0 
57.0 
57.0 
59.0 
59.0 
59.0 
59.0 
59.0 
59.0 
59.0 
59.0 
59.0 
59.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 

60.0 
60.0 

0.96 
0.98 
0.99 
1.00 
0.84 
0.86 
0.88 
0.90 
0.92 
0.94 
0.W 

0.98 
0.99 

1 .oo 
0.84 
0.86 
0.88 
0.90 
0.92 
0.94 
0.96 
0.98 
0.99 
1 .oo 
0.84 
0.86 
0.88 
0.90 
0.92 
0.94 
0.W 

0.98 
0.99 

1.00 

15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15 .O 

15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 

100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 
100.0 2 0 

* Next cases are near UT13 uhere the largest d i f f .  
50.0 0.87 15.0 100.0 2 0 

50.0 0.88 15.0 100.0 2 0 
50.5 0.88 15.0 100.0 2 0 
50.0 0.89 15.0 100.0 2 0 
51 .O 0.87 15.0 100.0 2 0 
51.5 0.88 15.0 100.0 2 0 
51 .O 0.89 15.0 100.0 2 0 
52.0 0.87 15.0 100.0 2 0 

UT37 
1138 

UT39 
#t40 
UT41 
1t42 
UT43 
#T44 
#T45 
UT46 
#T47 
#T48 

UT49 
#T50 
#T51 
YT52 
#T53 
#T54 
UT55 
dT56 
UT57 
UT58 
UT59 
dTb0 
UT61 
1162 
UT63 
dT66 
UT65 
UT66 
#T6P 
61611 
6169 
#T70 

with ELllPGRlD was found. 
UT71 
dT72 
dT73 
#T74 
#T75 
UT76 
UT 77 
UT78 
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Table AS. (continued) 

52.0 0.88 15.0 '100.0 2 0 1 T 7 9  
52.0 0.89 15.0 100.0 2 0 1TBD 
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Table A.6. Output file listing of 80 triangular grid cases tested with old regression 

T u g e t  Grid rypc 

I201 

IT02 

I X 0 3  

IT04 

*TO5 

IX06 

IX07 

WOE 

IS09 

#I10 

nll 
IT12 

IT13 

-14 

n15 

IT16 

#TI7 

Wl8 

IT19 

n2o 

IT21 

IT22 
IT23 

IT24 

*T25 

IT26 

IT21 

IT28 

IT2 9 

I T 3 0  

IT31 

IT32 

I133 

IT34 
IT3S 

IX36 

IS37 

ex38 

I139 

8x40 

IT41 

W42 

#T43 

*X44 

et45 

IT46 

0.4900 

0.4900 

0.4900 

0.4900 

0.4900 

0.4900 

0.4900 

0.4900 

0.4900 

0.4900 

0.5100 

O.SlO0 

0.s100 

0.s100 

0.5100 

0.s100 

0.5100 

0.s100 

0 ~ SlOO 

0.5100 

0.5300 

0.5300 

0.5300 

0.5300 

0. S3OO 

0.5300 

0.5300 

0.5300 

0.5300 

0.5300 

0. ssoo 
o.sso0 
0. ssoo 
0.5500 

0.5500 

0.5~00 

0. ssoo 
0.5SOO 

0.5500 

0.5500 

0.1700 

0.5700 

0.5700 

0.5700 

0.5700 

0.5700 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100 ~ 00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

0.84 15.0 

0.86 15.0 

0.88 15.0 

0.90 15.0 

0.92 15.0 

0.91 15.0 

0.96 11.0 

0 . W  15.0 

0.99 15.0 

1-00 15.0 

0.84 15.0 

0.86 lS.0 

0.88 lS.0 

0.90 15.0 

0.92 15.0 

0.94 11.0 

0.96 1S.O 

0.m 15.0 

0.99 lS.0 

1.00 15.0 

0.84 15.0 

0.86 15.0 

0.88 15.0 

0.90 15.0 

0.92 15.0 

0.94 lS.0 

0.96 15.0 

0 . W  15.0 

0.99 lS.0 

1.00 35 .0  

0.84 15.0 

0.86 15.0 

0.88 u . 0  

0.90 15.0 

0.92 15.0 

0.94 u . 0  

0.96 15.0 

0.90 15.0 

0.99 ls.o 

1.00 15.0 

0.84 15.0 

0.86 15.0 

0.68 l5.0 

0.90 15.0 

0.92 15.0 

0.94 lS.0 

0.2684 

0. ZSlO 

0.2335 

0.2161 

0.1987 

0.1813 

0.1639 

0.1464 

0.1377 

0.1290 

0.2079 

0.1814 

0.l537 

O.lS37 

0.1266 

0.1090 

0.0918 

0.0751 

0.07Sl 

0.0658 

0.1533 

0.1262 

0.1003 

0 .lo03 

0.0760 

0.0610 

0.046s 

0.0327 

0.0327 

0.0300 

0.1022 

0.0777 

O.OSS8 

0.0558 

0.0370 

0.0260 

0.0159 

0.0065 

0.0065 

0.00os 

0.0609 

0.0387 

0.0228 

0.0228 

0.0110 

0.00s0 

0.2699 

0.2525 

0.2353 

0.2171 

0.1996 

0.1816 

0.1670 

0.1496 

0.1u9 

0.1331 

0.2099 

0.1922 

0.1747 

O.lS66 

O.J.393 

0.1198 

0.lOU 

0.0834 

0.0745 

0.0679 

0.1578 

0.1377 

O.ll92 

0.0994 

0.0828 

0.0644 

o.os10 

0.0400 

0.0353 

0.0316 

0.1069 

0.0873 

0.0710 

O.OS24 

0.0393 

0.0293 

0.0206 

0.0127 

0.0106 

0.0086 

0.0657 

0.0465 

0.0319 

0.022s 

0.0139 

0.0093 

-0.0016 

-0.001s 

-0.0018 

-0.0009 

-0.0009 

-0.0003 

-0.0032 

-0.0031 

-0.0042 

-0.0040 

-0.0021 

-0. 0108 

-0.0210 

-0.0029 

-0.0128 

-0.0108 

-0.0097 

-0.0081 

0.0006 

-0.0022 

-0.0045 

-0.0116 

-0.0190 

0.0009 

-0.0068 

-0.0034 
-0.0044 

-0.0073 

-0.0026 

-0.0016 

-0.0017 

-0.0097 

-0.0153 

0.0033 

-0.0023 

-0.0032 

-0.0046 

-0.0062 

-0.0041 

0.0009 

-0.0049 

-0.0078 

-0.0092 

0.0003 

-0.0029 

-0.0043 

68,000 

63,000 

64,000 

57,000 

58,000 

55,000 

41,000 

36,000 

32,000 

32,000 

44,000 

35,000 

34,000 

33,000 

29,000 

28,000 

32,000 

28,000 

27,000 

27,000 

29,000 

31,000 

29,000 

2S,OOO 

20,000 

21,000 

20,000 

21,000 

21,000 

19,000 

27,000 

26.000 

20,000 

21,000 

19,000 

lS,OOO 

14,000 

10,000 

10,000 

10,000 

16,000 

1s ,000 

IS, 000 

14.000 

10,000 

10,000 

Q.0049 

0.0050 

0.0049 

0. ooso 
0.0050 

0.0050 

0.0040 

0. ooso 
0.0049 

0.0049 

0 .  ooso 
0.0049 
0.0010 

0.0050 

0.0049 

0.0040 

0.0049 

0.0049 

0.0049 

0.00s0 

0 .  ooso 
0.0049 
0.00so 
0 .  ooso 
0.0049 

0.0049 
0. ooso 
0.0049 
0.0048 

0.0048 

0.0049 

0.0049 

0.0050 

0.0048 

0.0048 

0.0047 

0.0049 

0.0049 

0.0044 

0.0038 

0. 0048 

0. ooso 
0.0050 

0.0048 

0.0044 

0.0045 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

I 

I 

Y 

I 

1p 

I 

H 

Y 

Y 

Y 
11 

Y 

Y 
I 

Y 

Y 
N 

Y 

Y 
Y 

I 
H 

Y 
Y 
Y 

Y 

H 

Y 

Y 

I 

n 
H 

.I 

'I 

Y 
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Tabie A.6. (continued) 

+x47 

11T48 

W49 

+Z50 

-51 

M 2  

+Z53 

w54 

M 5  

11256 

11x57 

+T!% 

1Z59 

li 60 
43! 61 
+3!62 

-63 

ma 
lT65 

ax66 

W67 

+me 
W69 

W70 

W71 

W72 

+T73 

-74 

e75 

11Z76 

w77 

h 7 6  

-70 

mo 

0.5700 

0.5700 

0.5700 

0.5700 

0.5WO 

0.5900 

0.5900 

0.5900 

0.5900 

0.5900 

0.5900 

0.5900 

0.5000 

0.5900 

0.6000 

0.6000 

0.6000 

0.6000 

0.6000 

0.6000 

0.6000 

0.6000 

0.6000 

0. do00 

0 .  W O O  

0.5000 

0.5050 

0. woo 
0.5100 

0.5150 

0.s100 

0.5200 

0.5200 

0.5200 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

loo. 00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

LOO. 00 

100.00 

100.00 

100.00 

100.00 

100.00 

LOO. 00 

0.96 15.0 

0.98 15.0 

0.99 15.0 

1.00 15.0 

0.64 l5.0 

0.66 15.0 
0.88 15.0 

0.90 15.0 

0.92 15.0 

0.94 lS.0 

0.96 l5.0 

0.98 15.0 

0.09 15.0 

1.00 15.0 

0.84 15.0 

0.66 15.0 

0.08 15.0 

0.90 15.0 

0.92 15.0 

0.94 15.0 

0.96 15.0 

0.m 15.0 

0.99 15.0 

1.00 lS.0 

0.67 15.0 

0.86 15.0 

0.m 15.0 

0.69 15.0 

0.87 15.0 

0 . W  15.0 

0.69 15.0 

0.87 15.0 

0.90 15.0 

0.89 15.0 

0.0000 

0.0000 

0.0000 

0.0007 

0.0277 

0.0123 

0.0035 

0.0035 
0 ~ 0000 

0.0000 

0.0ooo 

0.0000 

0.0000 

0.0000 

0.0162 

o.oMI9 
0.0042 

0.0014 

0.0001 

0. 0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.2110 

0.2019 

0.1682 

0.1929 

0.1814 

0.1397 

0.1537 

0.1531 
0.1260 

0.1260 

0.0045 

0.0024 

0.0018 

0.0010 

0.0279 

0.0176 

0.0097 

0.0046 

0.0020 

0.0004 

0.0000 

0.0000 

0.0000 

0.0000 

0 ~ 0171 

0.0091 

0.0036 

0.0015 

0.0002 

0.0000 

o.wo0 
0.0000 

0.0000 

0. 0000 

0.2140 

0.2044 

O.lS90 

0.1956 

0.1834 

0.1c02 

0.1852 

0.1551 

0.146s 

0.071 

-0.0045 

-0.0024 

-0.0016 

-0.0003 

-0.0002 

-0.0053 

- 0 . o o u  

-0.0011 

-0.0020 

-0.0004 

0.0000 

0.0000 

0.0000 

0.0000 

-0.0009 

-0.0002 

0.0006 

-0.0001 

-0.0001 

0. 0000 

0.0000 

0.0000 

0.0000 

0.0000 

-0.0030 

-0.0025 

-0.0200 

-0.0029 

-0.0020 

-0.0205 

-0. ouz, 
-0.0020 

-0.0205 

-0.0111 

10,000 

10,000 

10.000 

10.000 

14,000 

11,Ooo 

10,000 

10.000 
10.000 

10,000 

10,000 

10.000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

19,000 

49,000 

36,000 

46,000 

35.000 

34.m 
35, 000 

32,000 

31,000 

20.000 

0.0026 

0.0011 

0.0012 

0.0008 

0.0049 

0.0047 

0.oou 
0.0039 

0.0016 

0.0007 

0.0000 

0.0000 

0.0000 

0 .  ooao 
0.0049 

0.0032 

0.0026 

0.0014 

0.0004 

0.0000 

0.0000 

0.0000 

0.oooD 

0.0000 

0.0050 

0.0050 

0.0050 

0. ow0 
0.0049 

0.0049 

0.0040 

0.0050 

0.0040 

0.0049 

n 
n 
I 

Y 

Y 

I 
n 
Y 

I 
Y 

Y 

X 
Y 

Y 

Y 

Y 

Y 

Y 

Y 

X 
Y 

Y 

X 

Y 

Y 

Y 

x 
Y 

Y 

w 
I 

Y 

w 
I 
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Table A.7. Output file listing of 80 triangular grid cases tested with new regression 

O u t p l t  fro. CDYL -uC Yrmta Carlo TeDt kcgram V m r e i m :  11/14/94 

rile R.Y . : c: \arns7a2\mrrat\rnr\vam?rr\msm80 .m 
Created m: L1/14/94 

Inplt file: ~ 8 O . I X ?  wing IIF format. 

T i t l e  m: ?e8t?80.SIP, a triangular grid b e t  file for &x,te Carlo tr~ting of ~IRQUD. 

Tarqeb Orid Type 

*TO1 

ex02 

*TO3 

C204 

*TO5 

e206 

(107 

*Toe 

e109 

e210 

CT11 

e112 

m i 3  

*TI4 

eTl5 

* T I 6  

eT17 

n 1 8  

QTl9 

e220 

m21 

C222 

CT24 

bT25 

e126 

eT27 

e ~ 2 e  
-29 

CF30 

eF31 

n 3 2  

-33 

e234 

4T35 

bT36 

m37 

-30 

-39 

e240 

e141 

m42 

eZ43 

ST44 

e245 

(1246 

Bn Relative Units 

0.4900 

0.4900 

0.4900 
0.4900 

0.4900 

0.4900 
0.4900 

0.4900 

0.4900 

0.4900 

0.5100 

0.5100 

0.5100 

0.5100 

0.5100 

0.5100 

0.5100 

0.5100 

0.5100 

0.5100 

0.5300 

0.5300 

0.5300 

0.5300 

0.5300 

0.5300 

0.5300 

0.5300 

0.5300 

0.5300 

0.5500 

0.5500 

0.5500 

0.5500 

0.5500 

0.5500 

0.5500 

0.5500 

0.5500 

0.5500 

0.5700 

0.5700 

0.5700 

0.5700 

0.5700 

0.5700 

Bn Orig Unit. 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

0 . ~ 4  15.0 

0.86 15.0 

0.88 15.0 

0.90 15.0 

0.92 15.0 

0.94 15.0 

0.96 15.0 

0.98 15.0 

0.99 15.0 

1.00 15 .0  

0.m 15.0 

0.88 15.0  

0.06 15.0 

0.90 15.0 

0.92 15 .0  

0.94 15.0 

0.96 15.0 

0.98 15.0 

0.99 15.0 

1.00 15.0 

0.04 15.0 

0.06 15 .0  

0.88 15.0 

0.90 15.0 

0.92 15.0 

0.94 15.0 

0.96 15.0 

0.98 15.0 

0 .99  15 .0  

1.00 l 5 .0  
0.84 15.0 

0.86 35.0 

0.08 l 5 .0  

0.90 15.0 

0.92 15.0 

0.94 15.0 

0.96 15.0 

0.90 l5 .0  

0.99 15.0 

1.00 15 .0  

0.84 15.0 

0 . ~ 6  15.0 

0.88 15.0 

0.90 15.0 

0.92 l 5 .0  

0.94 15.0 

0.2684 

0.2510 

0.2335 

0.2161 

0.1987 

0.1013 

0.1639 

0.1464 

0.1377 

0.1290 

0.2079 

0.1937 

0.1722 

0.1522 

0.1337 

0.11a 

0.1015 

0.0877 

0.0814 

0.0658 

0.1533 

0 . 1 3 1 ~  

0.1136 

0.0970 

0.0818 

0.0683 

0.0563 

0.0458 

0.0412 

0.0300 

0.1022 

0.0824 

0.0675 

0.0542 

0.0425 

0.0322 

0.0236 

0.0165 

0.0135 

0.0095 

0.0609 

0.0455 

0.0340 

0.0240 

0.0156 

0.0087 

0.2699 

0.2525 

0.2353 

0.2171 

0.1996 

o . i e i s  
0.1670 

0.1496 

0.1419 

0.1331 

0.2099 

0.1922 

0-1747 

0.1566 

0.1393 

0.1198 

0.1015 

0.0834 

0.0745 

0.0679 

0.1578 

0 .U77 

0.1192 

0.0994 

0.0820 

0.0644 

0.0510 

0.0400 

0.0353 

0.0316 

0.1069 

0.0873 

0.0710 

0.0524 

0.0393 

0.0293 

0.0206 

0.0127 

0.0106 

0.0086 

0.0657 

0.0465 

0.0319 

0.0225 

0.0139 

0.0093 

-0.0016 

-0.0015 

-0. ooie 
-0.0009 

-0.0009 

-0.0003 

-0.0032 

-0.0031 

-0.0042 

-0.0040 

-0.0021 

0.0015 

-0.0025 

-0.0045 

-0.0056 

-0.0030 

0.0000 

0.0043 

0.0069 

-0.0022 

-0.0045 

-0.0059 

-0.0056 

-0.0024 

-0.0010 

0.0039 

0.0053 

0 . 0 0 5 ~  

0.0059 

-0.0016 

-0.0017 

-0.0049 

-0.0035 

0.0018 

0.0032 

0.0030 

0.0030 

0.0038 

0.0029 

0.0009 

-0.0048 

-0.0010 

0.0020 

0.0015 

0.0017 

-0.0006 

68,000 

63,000 

64,000 

57,000 

58,000 

55,000 

41,000 

36,000 

32,000 

32,000 

44,000 

35,000 

34,000 

33,000 

29,000 

28,000 

32 000 

28,000 

27,000 

27,000 

29,000 

31,000 

29,000 

25,000 

20,000 

21,000 

20,000 

21,000 

21,000 

19.000 

27,000 

26,000 

20,000 

21,000 

19,000 

15,000 

14,000 

10,000 

10,000 

10,000 

16,000 

15,000 

15,000 

14,000 

10,000 

10,000 

0.0049 

0.0050 

0.0049 

0.0050 

0.0050 

0.0050 

0.0049 

0.0050 

0.0049 

0.0049 

0.0050 

0.0049 

0.0049 

0.0050 

0.0049 

0.0019 

0.0049 

0.0049 

0.0049 

0.0050 

0.0050 

0.0049 

0.0050 

0.0050 

0.0049 

0.0049 
0.0050 

0.0049 

0.0048 

0.0048 

0.0049 

0.0019 

0.0050 

0 .  004e 
0.0048 

0.0047 

0.0049 

0.0049 

0.0044 

0.0038 

0.0048 

0.0050 

0.0050 

0.0048 

0.0044 

0.0045 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 

Y 

Y 
R 

Y 

Y 

Y 

N 

Y 

Y 

Y 

n 
Y 

Y 

Y 

N 

R 

N 

Y 

Y 

R 

Y 

Y 
Y 

Y 

Y 
Y 

Y 

Y 
li 

Y 

Y 

Y 

Y 

Y 
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Table A.7. (continued) 

er47 

yT4B 

-49 

W50 

W51 

m 2  

em3 

er54 

m 5  

*T56 

er57 

-8 

-59 

bl' 60 

CT6l 

*T62 

n63 

-64 

err65 

*T66 

*T67 

1T68 

M69 

er70 

W71 

W72 

.T73 

er74 

w 7 5  

#T76 

em7 

-78 

n 7 9  

ST80 

0.5700 

0.5700 

0.5700 

0.5700 

o.swo 
0.s900 

0.5900 

0 . 5 ~ 0  

0.5900 

0.5900 

o . 5 ~ 0  

0.5900 

0.5900 

0.5900 

0.6000 

0.6000 

0 .  bo00 

0 .  6000 

0.6000 

0.6000 

0.6000 

0.6000 

0.6000 

0.6000 

0. 5000 

0.5000 

0.5050 

0.5000 

0.3100 

0.5150 

0.5100 

0.5200 

0.5200 

0.5200 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

0.96 l 5 . 0  

0.98 13.0 

0.99 15.0 

1 . 0 0  15.0 

0.81 15.0 

0.86 15.0 

0.88 15.0 

0.90 15.0 

0.92 15.0 

0.94 15.0 

0.96 15.0 

0.98 15.0 

0.99 15.0 

1.00 15.0 

0 . a ~  15.0 

0.86 15.0 

0.88 15.0 

0.90 l5.0 

0.92 15.0 

0.94 15.0 

0.96 15.0 

0.58 15.0 

0.99 15.0 

1.00 l5.0 
0.87 15.0 

0.88 15.0 

0.88 15.0 

0.89 15.0 

0.87 i5.0 
0.88 15.0 

0.B9 l5.0 

0.97 15.0 

0.88 15.0 

0.80 S . 0  

0.0034 

0.0000 

o.oo00 
0.0007 

0.0277 

0 .02 l l  

0.0129 

0.00c2 

0.0012 

0.0000 

0.0000 

O.OOO0 

O.OOO0 
0 .  WOO 

0.0162 

0.  0089 

0.0042 

0.0014 

0.0001 

0 - 0000 

0.0000 

0.  0000 

0 * 0000 

0 .  woo 
0 .2 l lo  

0.2019 

0.1888 

0.1929 

0.1828 

0.l564 

0.1620 

0.15l.l 

0.1413 

0.  u 2 0  

0.0015 

0.0024 

o.ooie 
0.0010 

0.0279 

0.0176 

0.0097 

0.0046 

0.0020 

0.0004 

0 .  0000 

0.0000 

0.0000 

0.0000 

0.0171 

0.0091 

0.0036 

0.0015 

0.0002 

0.0000 

0.0000 

0.0000 

0.oow 
0.0000 

0.2140 

0.2044 

0.1890 

0.1%8 

0.1m4 

0.1602 

0.1652 

0 . m 1  

0.1465 

0.1371 

-0. o o l l  
-0.0024 

-0. OOlE 

-0.0003 

-0.0002 

0.0034 

0.0032 

0.0016 

-0. 0008 

-0.0004 

0.0000 

0.0000 

0.0000 

0.0000 

-0.0009 

-0.0002 

0.0006 

-0.0001 

-0.0001 

0 - 0000 

0.0000 

0.0000 

0.0000 

0.0000 

-0.0030 

-0.0025 

-0.0002 

-0.0029 

-0 ~ 0007 

-0.0038 

-0.0032 

-0.0040 

-0.0052 

-0.0051 

10.000 

IO, 000 

10,000 

10,000 

14,000 

El, 000 

10,000 

10,000 

10,Ooo 

10,000 

10,000 

10,Ooo 

10,Ooo 

10,000 

10,000 

10.000 

10.000 

10,oOo 

10,000 

10,000 

10.000 

10,000 

10, wo 
10.000 

49,000 

49,000 

36,000 

46,000 

35, 000 

34,000 

35,000 

32,000 

31,000 

29,000 

0.0026 

0.  ooll 
0.0012 

0.0008 

0.0049 

0.0047 

0.004l 

0.0039 

0.0016 

0.0007 

0.0000 

0.0000 

O.oo00 

0.0000 

0.0049 

0.0032 

0.00213 

0.0014 

0.0004 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0050 

0.0050 

0.0050 

0.0030 

0.0049 

0.0049 

0.0049 

0.0050 

0 .  0049 

0.0049 

Y 

n 
I 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
Y 
Y 

Y 

Y 
X 

Y 
X 

X 
Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 

Ii 

I 
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APPENDIX B 

MODIFIED REGRESSION FUNCTION SOURCE CODE 

t*****-*****t****** 

Function ProbO-Regr(nLtoG, nShapc) 
Determine prob. of missing, P(O), by using a 4th-order polynomial regression. 

New, 11/30/94, uses 4th-order wu l t ip le  regression based on Monte Carlo va lws  
* calculated from tr ianguler g r i d  discont inui ty region. Regression da\e with 

Minitab Release 10.2. 
* Shape fran the i r  respective means. 

* Input: nLt& Semi-mjor axis t o  g r i d  s ize rat io.  

* Output: ProbO Prob. of  missing target. 
* Errors: 
Local nRtnVaL := 0 

local -0, -1, 1162 
local  -11, -22, -12, -112, n6122, nB1111, -1122, nB111, a1112 

This regression was done on the deviations of  L/C and 

* nShepe Semi-minor axis t o  semi-major axis rat io.  

i f  nLtoG or nShape out o f  applicable range, returns 9. 

// Regression coeff ic ients 

* The 4th-order n u l t i p l e  regression used these meens t o  obtain the deviations 

* from the mean that became the predictor variables. 
* nLtd;Cken := 0.5467103 // L/G mean from 500 values used in reg. 

nShapeMean := 0.9159746 
local nLtoGDw := nLtoG - 0.5447103 // L/C &viat ion from i t s  mean 
local  nShapeDev := nShape - 0.9159746 // Shape ckviet ion from i t s  mean 

local  nLtmevSq := nLto0ev-2 // Deviatiwts from mean squered 
local  nShapeDevSq := nShapeDev-2 

// Shep mean f rom 500 values 

* Check L/C r a t i o  fo r  correct range. 

i f  nLtoG > 0.50 .and. nLtoG < 0.60 
* Use 4th-order rm t t i p le  regression c w f f s .  
See M i n i t a b  worksheet C:\Clipper2\Editor\EGPC\Validtst\NeuC500A.MTU 

* ALL coeffs. copied Over frm Minitab uorksheet 

nB0 := 0.05258302 
nB1 :* -1.92219150 
tS2 := -0.Y0375878 
-11 := ia.3428t112 
-22 := 2.59228277 
Ml2 := 10.74025822 
nBll2 := 86.09396836 

-122 := 26.11154175 
-1111 :E -464.66976929 
-1122 :e -725.48101807 
ne111 := 9.29963398 
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MI1112 := -1304.08276367 
else 

Error: nLt& ra t io  Out of range. 
nRtnVal := 9 

d i  f 
i f  nRtnVal I =  9 

Calculete 4th-order nutti-regr. polynomial. 
nRtnVa1 := nB0 + nB1 *nLtoCDev + nB2 nShapeDev + ; 

nBll * nLtoGDevSq + nB22 * nShapeDevSq + ; 
-12 * nLtoGDev nShapeDev + n8lll * nLtoGDev-3 + ; 
nB112 nltoGDevSq * nShapeDev + MI122 nLtoCDev * nSkapeDevSq; 
MI1111 * nLtoGDev-4 + nB1122 nLtoCDevSq nShapeDevSq+; 
nB1112 * nLtoCDev^3 * nShapeDev 

* R d  any neg. values up to 0.0. 
nRtnVal := iif(nRtnVal<O.O, 0.0, nRtnVal) 

di f 
return CnRtnVal) 
*** End of F m c :  ProbO-RegrO 
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APPENDIX C 

ELIPGRID-MC SOURCE CODE 

The first page of this appendix is an index of all user-defined functions in the 

program. The source code file name is listed for each function. The next two pages are 

example make and link files. Next are listed two ORNL-developed CA-Clipper@ language 

header files. These have a .CW extension and are listed in alphabetic order. Following 

these are all the CA-Clipper@ source code files. These files have a .PRG extension and are 

listed in alphabetic order after the main file named EGMCMAIN.PRG. 

Program execution begins with fbnction "Main". Execution can be traced fiom h c -  

tion to hnction fiorn that point. 
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Index of all userdefined functions in the ELIPGRID-MC program. 

All filenames have a .PRG extension. 

Function Name 

ALer tBox ( )  
Boxcenter0 
C h a n g e D r i v e O  
ChangeDrOrSub( ) 
C h e n g e S u M i r O  
ChooseGr id( ) 
C h o o s e l n p u t  (1 
DOS-Prompt( 1 
E 1 i p G r i d (  ) 
Err -MsgBoxO 
E x t r c t P a t h O  
G e t F i L e B o x O  
G e t F i  LOu tF i  Le0  
I n i t T S c o r e s O  
Input F r m F  i Le( 1 
N a i n O  
HC-ProbHi t 0  
MenuSox() 
H e n u c e n t e r ( )  
N o t R e e d y Y e t O  
NunT r i m( ) 
P a r a m H e l p O  
ProbO-RegrO 
R e c t o  
S a y C e n t e r O  
S e e d l n i f l a n d O  
S I F - F i L c l n p u t O  
S u W i  r() 
T e s t U n i f R a n d O  
Uni f Rand( ) 

File Name 

EGMCF I LE 
EGHCHAIN 
EGMCMAIW 
EGMCHAIN 
EGHCHAIN 
EGMCHAIN 
EGMCUAIN 
EGMCIUIW 
EGMCFORT 
EGMCCUIY 
EGMCF I LE 
EGMCFILE 
EGnCF I LE 
EGMCMCAL 
EGHmAIN 
EGnCMAIN 
EGHCMCAL 
EGHCHAIN 
EGMCMAIN 
EGHCHA I N 
EGMmAlN 
EGnCMAlN 
EGMCFORT 
EGHCFORT 
E G M W  I N 
EGMCMCAL 
EGMCFILE 
EGMCFILE 
EGHCMCAL 
EGHCMCAL 
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// File....: EGUC.rrrJc 
// Purpose.: Mnke file for EGRC progrm, ELIPGRID-PC Monte Carlo test program. 
// Compiler: Clipper 5.2 
// Author..: Jim Davidson 
// Started.: 10/27/94 
// Last nod: 11/01/94 
// Clipper conpiler witches: 
// /A = Autonretic declaration of publics/privates ns mewars. 
// /B = Include debugging info., delete this witch for final exc. 
// /I = #Include file search path. 
// /N = No automatic main prcc., must be used for file-uide var declarations. 
// /O = Object file drive and or path. 
// /Q = Quiet, suppress line nunber display. 
// /T = Path for tap file creation 
// /V = Treat nil anbiguous vnr references as dynamic vars, not as fields. 
// /V = Uarn of anbipuous var references. 

"e: \EGUCMain.OBJU : 'IC: \CLIPPERZ\ED 1 TOR\EGHC\EUIC)le i n. PRO" 

lle:\EGHCFile.OBJn: HC:\CLIPPER2\EDITOR\ECnC\EWFile.PRG~~ 

Ue:\ECnCFort.OIIJu: WC:\CLIPPERZ\ED1TOR\EGnC\EGHCFort.PRG8a 

c:\Clipper C:\CL1PPER2\EDlTOR\EGUC\EGMCHain /A/N/Q/V/Y /Oe:\ /Te:\ /le:\ 

e:\Ctipper C:\CLIPPER2\EDITOR\EGUC\EGHCFite /A/N/Q/V/U /Oe:\ /Te:\ /Kc:\ 

e:\Clipper C:\CLIPPER2\EDITOR\ECnC\EGMCFort /A/N/Q/V/U /Oe:\ /Te:\ /Ie:\ 

e:\C 1 ippcr C: \CLIPPERZ\EDITOR\EGMC\EGHCMCA 1 /A/N/Q/V/U /Oe:\ /Te:\ /I e:\ 
Ue:\EWCWCAL.OBJu: UC:\CLIPPER2\EDlTOR\EGHC\E~l.PRG11 

Ue:\EWC.EXEsl: ue:\EWCnnin.OBJu Ye:\EGnCFort.CSJn \ 
"e:\EGWCFi lc.OBJal ~e:\EoICHCA1.oBJn 

e:\blinker ~:\ClIPPERZ\EDfTOR\EGMC\EGUC.LN~ 
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# File.. ..: EGHC.Lnk 
# Purpose.: Bl inker 3.0 response f i l e  f o r  ELIPGRID-PC Uonte Carlo tes t  progrsm. 
# Compiler: Clipper 5.2 
#Author..: Jim Davidson 
# Started.: 10/27/94 
# Last Hod: 12/01/94 
b l inker  incremental o f f  
b l inker  message noblink 
output e:\EGMC 
f i l e  e:\EGHCnain 
# Star t  of dynamic overlay area f o r  Clipper code. 
beginaree 

f i l e  e:\EGMCFile 
f i l e  e:\EGMCFort 
f i l e  e:\EGMCCICAl 

endarea 
l i b  e:\clipper 
beg i narea 

enderea 
l i b  e:\terminal 
l i b  e:\dbfntx 
l i b  e:\ct 
# l i b  e:\cld 

l i b  e:\extend 

# Clipper Tools l i b r a r y  
# Clipper debugger l i b r a r y  
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****/ 

kkf ine C-BLK-UHT 

#define C-U-BLK 

#define C-U-BLU 
#define C-UHT-BLU 
#define C-UHT-BLKB 
#define C-UHT-RED 
#define C-UHT-MAG 
#define C-U-MAG 

#define C-CYN-ELK 
#define C-CYY-BLU 
Rdef ine  C-CYNBRN 
#define C-CYN-MG 

#define C-YEL-ELK 
#define C-YEL-BLNK 
#define C-YEL-BLU 
#define C-YEL-MC 

Mef ine  C-REO-BLK 
#dcf i ne C-GRN-ELK 

&f ine C-UHT-BLK 

// Black on uh i te  

// White on black 
// Bright uh i te  on black 
// White on blue 
// Bright white on blue 
// Br ight b l ink ing  uh i te  on black 
// Br ight white on red 
// Br ight white on mgenta 
// White on magenta 

// Br ight cyan on black 
// Br ight cyan on blue 
// Br ight cyan on broun 
// Br ight cyan on magenta 

// Br ight yellou on black 
// Br ight b l ink ing  yellow on black 
// Br ight yellou on blue 
// Br ight yellow on magenta 

// Br ight red on black 
// Br ight green on black 

Colors f o r  Fl ipper grf-colorsO * 
* 0 re fe rs  t o  #define o r i g i n  
* Normal colors 
&fine DBLACK 0 
#define DBLUE 1 
#define DGREEN 2 
#define DCYAN 3 
#define DRED 4 
#define DWAGENTA 5 
#define DYELLW 6 
#define DUHITE 7 
* Light, b r igh t  colors 
#define DLGRAY 8 
#define DLBLUE 9 
#define DLGREEN 10 
#define DLCYAN 11 
Mefine DLRED 12 
#define DLHAGENTA 13 
#define DLYELLOU 14 
#define DLUHITE 15 
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// Author...: Jim Davidson 
// Started..: 10/27/94 from EGPC 
// Last Mod.: 12/19/94 
// 
// Files....: EGMCUain.Prg 
// EGnCFi1e.Prg 
// EGMCFort.Prg 
// EGJ4CMCAl.Prg 
// 

code, 09/06/94 version. 

This f i l e ,  main module 
F i l e  input code 
Code translated from ELIPGRID FORTRAN 
Monte Carlo related functions 

// 
// although mein0 is the f i r s t  function i n  t h i s  f i l e .  
// 
// Notes .... : Compiler = CA-Clipper 5.2 
// Linker = BLINKER 3.0 
// 
// 
//=lIII=II=5=21r==P=PI--TI=Cr====5=S'L-e============= 

// Version I n f o  
#define VER-DATE 0012/19/94afi 

// Include f i l e s .  
// Clipper supplied include f i l e s .  
# i  nc l ude I'D i rec t  r y  . Ch" 
#i nc Lude nkey . Ch" // Key de f in i t ions  
#include 88Set.ChaB // s e t 0  definitions 
#include ?Setcurs .Ch" // setcursor0 re la ted 
#include lnBox ChB1 

// ORNL developed imlude f i l e .  
#i nclude aT.olors.Ch04 
// Belou f o r  rand nun test  
#define FC-NORMAL 0 // Create normal read/write f i l e  
#define CR-LF chr( l3) + chr( l0) // End o f  l i n e  

// User-defined coinnand 
#xcomnend DEFAULT <Theparem, TO Q)efaultVal* =a ; 

F u r t i o n s  are arranged i n  most f i l e s  i n  alphabetical order, 

Uses CA-Clipper Tools 3.0 l i b r a r y  

// F i l e  i n f o  de f in i t ions  

// Box drauing constants 

// Color definitions 

I F  (<Theparaw == NIL); <TheParaw:=4)efaultVal,; ENDIF 

*---------- ----------=-------------------- .................... I Main Module I==============IzII=======P 
F u r t i o n  Main0 
* Uein module o f  program. 

* I n i t i a l i z e  local 
loca l  nCh 
local  nLCo1 
local nTRou 
local cDOSScreen 
local nDOSRou 

local cDOSCmdLine 
local nHandle 

10~81 LDWR 

variables. 
:= 1 // Main menu choice 
:= 0 
:= 8 
: = savescreen(O,O, 24,79) 
:= r o u 0  .- .- .F. 
:= (111 

:= 0 // F i l e  handle f o r  rand rim tes t  

// Left co l  chosen by UenuCenterO 
// Main Menu top screen rw 

// Main Menu loop f l a g  
// DOS coinnand l i n e  params 

* Program w i d e  publics. 
publ ic  LOLR := .F. // O l d  l inear regression f l a g  
* The El ipGr id  correction levels belov provide a b i l i t y  t o  tes t  o l d  algorithms. 
* Correction Level 3 is only level used i n  EGMC. 
publ ic  nE1pGrdCor := 3 // ElipGrid correction level 
pub1 i c  C-Normal := C-UHT-BLU // Normal screen colors 
publ ic  C-HighLght := C-CYN-BLU // Current s u M i r  color 
publ ic  C-Help := C-WHT-MAG // Help screens 
publie C-Error := C-UHT-RED // Error screens 
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publ ic C-Menu1 := C-UHT-MAG // Menu screen color 1 
publ ic C-clenuz := C-VEL-MAG // Menu screen color 2 

* Get M)s comnand l i n e  parameters. 
cDOScsdL i ne := upper(dosparem()) 
i f  "Hl' f CDOSUrdLine 

* Help param. pessed. 
ParornHelp(VER-DATE) 
quit 

e l se i f  IIOLRaa f CDOSCndLine 
* Use W d  Linear Regression" (OLR) fo r  tri. g r i d  discontinuity. 
* Note that  default i s  2nd order Ru l t i p le  regression. 
m-,lOLR := .l. 

endi f 

set  escape on 
set scoreboard o f f  
set b e l l  o f f  
set confirm on 
set wrap on 

l e s t  randarn t u b e r  generator. 
setcoLor(C-Norne1) 
* T e s t  random &r gen. i f  check f i l e  does not exist .  
i f  ! file("RandTest.M") 

c l s  
?? rep1 i(Goa,80) 
?? It Testing rwdcar nakr generator em t h i s  capu te rus  f l oa t i ng  point" 
7 arithmetic." 
? repli(al..",80) 
i)rouO-2,12 
i f  TestUnifland() == .T. 

// Move cursor a f te r  "arithmetic.' 

i f  (nHsndle := fcreate(l'RandTest.OKH, FC-NORMAL)) == -1 

else 
* Can ' t  create dummy check f i l e .  

f u r i t e ( r tHd le ,  "File..: Rarw3Test.W" + CR-LF) 
f w r i t e ( n H d l a ,  "Result: Rand gm OK+ CR-LF) 
fwrite(nHandle, YDate..: " + dtoc(date0))  
fclose(nHand1e) 

U i l l  have t o  run test  eeeh time. 

endi f 

* Rand nm&r g m  test  f a i l e d  
? 'Random mmber generator test  f a i l e d  on t h i s  machine.'* 
? "Press a key t o  quit.* 

else 

Fit 
end1 f 

endi f 

& while ! {Done 
setcolor(m-+C-Normal) 
c l s  
di spbox(OO,OO,O4,79, B-DOUBLE-SINGLE 1 
setco 1 or (m- *C-Hel p) 
SayCmter(1, 
setcolor(m-*C-Norme 1) 
SeyCenter(2,"Conpares ELIPGRID-PC algorithm wi th  Monte Carlo results.") 
SayCmter(3,UVersian a + VER-DATE) 
as, 2 say Vurrent s d i r e c t o r y :  
ilrow(),col() say diskname() + ":* + direme0 color (m->C-HighLght) 
setcolor(m-,C-Help) 
SayCenter(Z3, 
setcolor (m->C-Norma 1 ) 
dispbox(06,00,22,79, B-DOUBLE-SINGLE) 
di spbox(22,00,24, fp ,  8-DOUBLE-S INGLE 1 

a22,T9 *2,00 say say "r 

// Reset since Looping back 

ORNL ELIPGRID-MC Monte Carlo Test Progrrn ") 

Esc key t o  Ex i t  ") 
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SayCenter(nTRou-1 ,Wain 

nCh := HenuCenter(nTRou, P P  Probabi l i ty  of  H i t t ing  Hot Spot" ,; 
"N New Drive or Subdirectory"' ,, 
OiD DOS Prompti4 # I  

Qui t  program...09, nCh,l, ihLCol) 
do case 

case nCh == 1 
P Probabi l i ty  of H i t t i n g  Hot Spot 

ChooseInput(nTRow+nCh+l ,nLCol+Z) 

* W Weu Drive or Subdirectory 
ChangeDrOrSub(nTRow+nChcl, nLCol+2) 

* D DOS Prompt 
DOS-Prompt( 1 

* Q Q u i t  program... (or Esc key) 
LDone := .T. 

case nCh == 2 

case nCh == 3 

otherui se 

LOOP 
endcase 

cnddo 

set color t o  
restscreen(0,0,24,79,cDOSScreen) 
devpos(nDOSRou-l,O) 

re turn t o  DOS // belou las t  pronpt. 
re turn (0) 
*** End of Func: Main0 

// -1 makes DOS prompt come i n  jus t  

// Return 0 t o  DOS ErrorLabel 

*====EE=~=======II==III======~ End of Mein M a l e  ....................................... 

*--- Begin Other Functions ---* 
F u r c t i o n  BoxCenter(nTRou, nRows, Width, nlype) 

Displays box centered on nRou. 
* nType of  1 = d w b l e  l i n e  top, s ingle side, 2 = double a i l .  

Returns l e f t  colum. 
Local M o l  := (€iO-nUidth)/Z 
defaul t  nType t o  1 
i f  nType =I= 1 

else 

di f 
return ( M o l )  
*** End of  Func: Boxcenter0 

............................................. 

Henu8ox(nTRou,nCol,nTRow+nRous,nCol+nUidth-l, B-DOUBLE-SINGLE) 

M~ox(nTRw.nCol,nTRow+nRous,nCol+nUidth-l,B-DWBLE) 

...................... 
Function ChangeDriveO 
* Change current drive. 
Local cCurrDrive 
local lOrgConfm 
local  LDone := .F. 
local GetList := 0 
LOrgConf m := set(SET-CONFIRH,.F 

do while I IDone 
c ls  
cCurrDrive := diskname0 
MenuBox( 02,01,7,67) 
903,02 say 
aO5,03 say "Enter neu dr ive le t te r "  get cCurrDrive p i c t  I8IB8 
aO5,col0 say 
r a d  

i f  I diskchange(cCurrDrive) 

Change current dr ive to?" 
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Inva l id  drive. 
Err-MsgBox<10,nE8aIHError: Inva l id  drive.", ; 

"Drive: + cCurrDrive) 
Low 

WJ 

else 
LDone := .T. 

endi f 
enddo 
~et(SET_MmFIR11,lOrgConfrm) 
return (NIL) 
*** End of Ftnc:  ChangaDriveO 

Function ChangeDrUrSub(nTR,nLC) 
Uenu f o r  changing dr ive or subir. 

* Input: nTR i s  top rou. * n l C  i s  l e f t  cot. 

*****ll~**ll**ll*****ll**~ 

* 
s t a t i c  nlestCh := 1 
local f S R  := nTR + 4 
local  nRc := nLC + 32 

Change drive. 
ChangeDr i ve( ) 
i f  las tkey0 != K-ESC 

Chenge subdirectory. 
ChangeSuMi r(1O) 

di f 
return (NIL) 
** End of F m c :  ChangeDrOrSuM) 

****e***********- 

FLnction ChmgeWir(nTR) 
* Changes current subdir. 
l oca l  cCurrSuhjir := "* 
local  cCurrDrive := ula 
local CDOSCnnd := *" 
local LDone := .F. 
local GetLiSt := c> 

// Remenbers Last choice 

cCurrDri ve := diskname0 
cCur r S u M  i r 

do wh i le  ! LDone 

:= dimeme0 

cCurrSubdir := pedr(cCurrSuMir, 64) 
clenuBox( nfR , 1, nTR+6, M) 
hTR+1,03 say 'Change current s a i r e c t o r y .  Must be on dr ive " 4 ; 

diskname0 + ":...I8 

ihTR+3,03 say "Change t o  
hTR+3,colO get cCurrSlWir p i c t  uaS50!n 
ilnTR+5,03 say "Current path: (I + diskname0 + 8a:u 4 dimname0 
keyboard chr(K-END) 
read 
cCurrSuWir := alltr im<cCurrSubdir) 

i f  las tkey0 == K-ESC 
ESC key abort. 

LDone := .T. 

e t s 2 n : H  s c c u r r s u i r  

+ cCurrDrive + ":la 

* Error. d r ive  name entered. 
Err-MsgBox<nTR+6,nEU,nError: Drive name entered.", ; 

"Note.: This option only changes subdirectories" 4 ; 
11 on current drive.", ; " Use change dr ive option f o r  neu drive.") 

loop 
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e lse i f  ! subdir(cCurrSuWir) 
Error, inva l id  subdirectory. 

E r  r_HsgBox(nTR+6, ltE1l,  IIError : I nva 1 i d  subdi rectory. It, ; 
"Path.: + cCurrDrive + 11:11 + cCurrSuMir 1 

LOOP 
else 

Do the DOS CD comnand. 
i f  len(cCurrSubdir) > 3 .and. right(cCurrSubdir,l) == ll\l* * I f  not root subdir and ye have t r a i l i n g  I1\l1, remove it. 

W i l l  mess up DOS CD comnand. 
cCurrSuMi r : = l e f t  ( cCurrSubdi r , len(cCur r S u M i  r - 1 ) 

endi f 
I f  no characters i n  subdir neme, defaul t  t o  root of current drive. 

i f  enpty(cCurrSubdi r) 
cCurrSubdir := ll\l* 

endif 

Form the cornnand and do the uork. 
cD0Semd := llCD (I + cCurrSuMir 
run (cDOSCmd) 

[Done := .T. 
LOOP 

endi f 
enddo 
return (NIL) 
-* End of  Func: ChangeSuWirO 

F u r t  i on ChooseGr id(nTR,nLC, cColor ) 
* Choose g r i d  type desired. 
* Input: Top rou, l e f t  col., mertu cotor. 
* Returns: Grid type as Wa, llR1l, or f o r  square, rect., or t r iangle.  

s t a t i c  nLastGrid := 1 // Remenhrs last  g r i d  type chosen 
local nBR := nTR + 5 
local  nRC := nLC + 30 
local cGridType := N I L  
Local cOrgColor := HI1 

defaul t  cColor t o  m->C-Norntel 
cOrgCoLor := setcolor(cCo1or) 

HenuBox(nTR,nLC,nBR,nRC) 
i)nTR+l,nLC+Z say 
GhTR+Z,nLC+i! prompt Square 
anTR+3,nLC+Z prompt Rectangular 
hTR+4,nLC+2 prarpt Triangular 
menu t o  nLastGrid 
i f  nLestGrid == 1 

* Square grid. 
cGridType := W1 

e l s e i f  nLastCrid == 2 
* Rect. grid. 
cGridType := *IR1l 

e l s e i f  nLastGrid == 3 
Triangular grid. 

cCridType := "TH 
cndi f 
setcoLor(c0rgCoLor) 
return (cGridType) 
*** End of  F v r :  ChooseGridO 

................................ 

* NIL returned i f  Esc pressed. 

O1Choose Grid Type )I 

***~t*C.t*t***************~* 

Function ChooseInput(nTR,nLC) 
* Choose input frm Screen/File. 
* Input: nTR i s  top rou. 
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nLC is l e f t  cot. 

s t a t i c  n last lnpr t  := 1 // Rmeubers las t  input type chosen 
local  nBR := nTR + 4 
local nRc := nLC + 30 
local  cOrgColor := setcolor(in->C-Menul) 

HenO)ox(nTR,nLC,nBR,nRC) 
?nTR+l,nLC+2 say UEnter Data F r m '  
OnTR+2,nLC+Z pronpt *I F 
ikrTR+S,nLC+Z pronpt S Screen Iqwt N/AH 
nmu t o  nLastInput 

setcolor(m- >C-Normal) 
i f  nLastInput == 1 

* F i l e  input. 
InputFromFi le(nTR+Z,niC+1) 

e l s e i f  nLastInput == 2 
* Screen input. 
// N/A GetProbHi t(ChooseGrid<nTR+Z,nLC+l), VER-DATE) 

endi f 
setcolor(c0rgColor) 
re tu rn  (NIL) 
*** E n d  of F u r :  ChooselnputO 

* 

F i  Le Input 

// Major er ror  code 
// Minor er ror  code 

*********e****** 

F u n c t i o n  DOS-ProneptO 
Shell t o  DOS. 

* Returns: NIL 
Local tWajErr := 0 
local rWinErr := 0 
Local LSucccss := .F. 
set co lor  t o  
c l s  
setcoLor(m-*C-#elp) 
scrolL(O,O,4,79) 
a0,o t o  4.79 
31,2 say "Type EXIT a t  DOS pranpt t o  return t o  ELiPGRiD-MC program." 
a3,2 say "The DOS HEM comnand w i l l  g ive largest executable program sire." 
* Bl inker 3.0 comnand, swprurad(u@*,0,HH,U19), 

leaves much more memory f ree than Clipper rm comnand. 
* Default s-0 parameters: ru1 cOlllRBnd.coat, f ree es nuch uiem as possible, * leave current p t h  the default, snap t o  current path. 
LSuccess : = swpmxd(88u ,0, 
i f  ! LSuccess 

scro11~0,0,2,79) 
7 UDOS eccess failed." 
fMajErr :* superrmej0 
WinErr  := swpermin0 
7 u81 inker major, minor er ror  codes: ", NuniTrintWsjErr)+n,n,NumTrim(nMinErr) 
7 'Press a key t o  cOntinue...U 
inkey(0) 

endi f 
return(N1 L) 
*- End  of  F u x :  DOS-PronptO 

law ) 

*W**~*mC***************************~*****~ 

F u r t i o n  Err-HsgBon(nTR, clype, CLinl, cLinZ, cLin3) 
Generic e r ro r  o r  msg box. Oefaults t o  error box. 
Displays up t o  3 l ines + Press key rnsg and wafts f o r  keypress. 

* Returns: NIi 
local cTnpScn := UII 

Local IDiSpnsg := .T. 
loca l  nC\axLineUdth := 0 
Local W i d t h  := 0 
Local cOrgClr :" UII 
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local  nLC := 0 
Local nBR := 0 
local nRc := 0 
local  nLines := 0 
local  nCurRou := 0 
local nCurCol := 0 
defaul t  clype t o  eaE8a 

Set box color. 
i f  cpper(c1ype) == WEoa 

else 

mdi f 

EOrgCLr := aetcolor(n->C-Error) 

cOrgC 1 r : = setcolor(m-*C-Help) 

// Default t o  er ror  box 

Get current cursor pos. 
nCurRou := row() 
nCurCol := c o t 0  

i f  (veltype(cLl65) == a m C e m l  
* 3 lines t o  display 
nBR := nTR + 4 + 3 // 4 l ines f o r  misc. + 3 msg l ines 
WaxLineudth := m x (  max(len(cLinl), len(cLin2)). Len(cLin31 > 
nLines := 3 

2 l ines t o  display 
nBR := nTR + 4 + 2 // 4 l ines fo r  nisc. + 2 mgl lines 
WaxLinUdth := mx( len(cLinl) ,  len(cLin2)) 
nLines := 2 

* 1 l i n e  t o  display 
nBR := nTR + 4 + 1 
WexLineUdth := len(cLin1) 
nLines := 1 

* Incorrect parems. passed 
LDispMsg := .F. 

endi f 

Display message. 
i f  ( LDi spnsg) 

e l s e i f  (valtype(cLin2) == arCao) 

e l se i f  (valtype(cLin1) == T?) 

else 

WaxLinelJdth := max( WaxLineUdth, 1ent"Press a key t o  continue...u) 1 
N i d t h  := 4 + rHexLineUdth 
nLC := (79 - N i d t h ) / 2  // center 
nRC := nLC + W i d t h  - 1 
cTnpScn := savescreen(nTR, nLC,  nBR+l, nRC+l) 
HenuBox(nTR,nLC,nBR,nRC) 
i f  (nLines >= 1) 

endi f 
i f  (nLines >= 2) 

endi f 
i f  (nLines == 3) 

endif 
W R - 1 ,  nLC + 2 say WPress e key t o  contirwe...w 
tont(440,l) 
i nkey(0) 
rcstscreen(nTR, nLC, nBR+l , nRC+l,  cTnpScn) 

// 2 iines/blanks + largest l i n e  

anTR+2, nLC + 2 say cL in l  

ihTR+3, nLC + 2 say cLin2 

ihTR+4, n L C  + 2 say cLin3 

else 
i3080 

a0,O say 
i nkey(0) 

Err-MsgBoxO error: Check parameters. Press a key t o  return... 

endif (IDispnsg 1 
setcolor( cOrgClr ) 
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anCurRou, nCurCol say 
return (NIL)  
*** End of  F v u :  Err-MsgBox() 

H**tt*+*t**t**~*HttHt.Hlt 

Function InprtFrmFile(nTR,nLC) 
* Get input data from ELIPGRID type f i l e  or S I F  type f i l e .  
* Input: nTR = Top row for  box. * nLC = Lef t  cot for  box. 
s t a t i c  nLastType := 1 // Rme&ers last  f i l e  type chosen 
s t a t i c  nLastFilef := 1 // Remefrbers last  ELIPGRID type f i l e  ch 
s t a t i c  nLastFileS := 1 // R d r s  last  S I F  typc f i Le ch 
locel nBR := nTR + 4 
local  nRC := nLC + 30 

MenuEox(nTR,nLC,nBR,nRC) 
*TR+l,nLC+Z say "Choose Input F i l e  Formatn* 
&TR+2,nLC+2 pranpt Y i I F  Type FormaP 
&ki'fR+3,nLC+Z prompt *'ELIPGRID Type F o m t  N/An* 
menu t o  nLastType 
if nLastType == 1 

* S1F F o m t .  
SIF-Filelnput(nTR+2,nLC+l,~LastFiLeS,MR-DATE) // Pass nLastFiteS by refer. 

e l se i f  nLastType == Z 
* ELIPGRID Format. 

// N/A FileInput(nTR+Z,nLC+l,~LastFilcE,~R-DATE) 
endi f 
re turn (NIL) 
*** End of  Func: lnputFrmFi le()  

*********+*.C..tH**H**H**+*.C..tH**H.C*t***. 

Function MenuBox(nTR,nLC,nBR,nRC, cSides, 1Shadow) 
* D r e u  box sides f o r  a m. 
* cSides defeul ts t o  duubte top, single sides. 
* cSides could be defined constants from from Box.Ch. 
* LShedou defaul ts t o  .T. 
local  cOrgColor := setcolor() 

defaul t  LShedou t o  -1. 
i f  lShadou 

// Pass nCastFileE by refer.  

defaul t  CSfdes t o  B-DOUBLE-SINGLE 

set color t o  
scrolL(nTR+l,nLC+1,nBR+l,nRC+l) 
setcolor(c0rgColor) 
scroll(nTR,nLC,nBR,nRC) 

endi f 
dispbox(nTR,nLC,nBR,nRC, cSides) 
re turn (NIL) 
*** E n d  of Func: Mlenu8ox() 

***H+tH*tt**H**H~*H**~*****U*********H**H***+*.C..tH***** 

Function MenuCenter(nRow, ePnrpts, Mhoice, nType,nLeftCol) 
* Displays centered menu of prompts. 

Returns choice. 
* Returns l e f t  cot o f  menu when nLeftCol i s  passed in  by reference. 
local  dong := 0 
local  nPLen : = O  
local  Wrrrpts := len(aPmpts) 
local  nLCol := 0 
local i 
defaul t  nChoice t o  1 
def8Ult nType t o  1 

// 1st choice t o  h i g h l i b t  
// l=Dwble top, single side,2=all double 

* F i n d  longest pronpt, set nLong. 
f o r  i = 1 t o  LeNaPmpts) 

np~en := len(aPrnptsti3 1 
n~ong := if(nPLen * nLong, nPLen, nLong) 
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next i 
nLCol := BoxCenter(nRcu,nPrpts+l,nLong+4,nType) 
nLeftCo1 := nLCol 
f o r  i = 1 t o  Wrmpts 

next i 
menu t o  nChoice 
return (nChoice) 
*** End  of  Func: HenuCenterO 

anRowci,nbCol+l prompt + padr(aPrptsKi1,nLong) + I' I' 

.......................... 
Function NotReedyYet(cHsg) 
* Not ready yet msg. 
save screen 

a0,o t o  5 , 7 9  
7 2, 2 say d s g  + In option i s  not ready yet." 
a 4, 2 say "Press a key t o  continue..." 
i nkey(0) 
re turn (NIL)  
*** End of F u r :  NotReadyYetO 

G l S  

...................... 
Function NunTrim(nNun) 
* Returns nNun i n  s t r  form trimned. 
local  cNunStr := alltr im(str(nNun)) 
re turn (cNunStr) 
*** End of  F u r :  NunTrim() 

***t*t.t..***.************** 

F u r t i o n  ParemHelp(cVerDate) 
* Parameter help screen. 
set color t o  W+/N 
c l s  
?? rep1 i (e-a,80) 
?? * W N L  ELIPGRID-NC Program, Version: 
? (I This program calculates the probabi l i ty  of  missing a hot spot by both" 
? II Monte Carlo and corrected ELIPGRID-PC techniques. 
? 
? 'I t r iangular gr ids in  the discont inui ty region.oa 

+ cVerDate 

Note that two 
d i f f e ren t  sets of  l inear regression coef f ic ients  are available fe r  *I 

? 
? Wsage: EGHC CH I OLRI" 
? 
? " EWC 
? I' 
? W  

? I' EWC Hlelpl  = 
? I' EWC OLR - 
? 'I 

? I' 
? 10 

? 
? 
? u Exmole: EGHC OLR" 

- I Uses new 4th-order n u l t i p l e  regression coef f ic ients  for1t 
t r iangular gr ids i n  region of  discontinuity, i.e.," 
L/G > 0.5 and < 0.6 and shape >= 0.85 and 
Help on comnand l i n e  parameters, t h i s  screen." 
Uses old l inear regression coef f ic ients  f o r  triangular" 
g r i d  discont inui ty region. 
of 4th-order s inple regressions of p robab i l i t y  vs L/G" 
f o r  various shapes. Usually, these are less accurate." 

1.0.l8 

These are based on a seriesB1 

7 I' 

7 rep l i<~~ l - " ,80)  
return (NIL) 
*** End of  Func: ParamHelpO 

F u r t i o n  SayCenterCnRou, cMsg) 
* Displays Cnsg on centered nRow. 
local M o l  := (8O-len(cHsg))/2 
anRou,nCol say cMsg 
return (NIL) 
*** End of F u r :  SayCmterO 
*** End of Fi le:  EGMCnain.Prg 

Use o l d  l inear  regression coefficients.oa 

e***************************** 
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// Include f i l e s  
di nc lude I nkey. Ch" 
#include nDirectry.ch" 

// key de f i n i t i ons  
// F i l e  in fo  de f i n i t i ons  

// Uax l i n e  width fo r  S I F  input files. 
#define nSIF-LINE-UDTH 90 

// User-defined carmend 
lbtcamnand DEFAULT <TheParW TO Q)efaultVal> => ; 

I F  (XTheParerrP == NIL); <TheParanv:=aefauLtVal>; E M I F  

***H************H**H******H**H**U**~*********** 

Function AlertBox(nTR, acOptions, nLin1, nLin2, n L i d )  
* Substitute f o r  a l e r t 0  function. 
* AlertBox obeys current color setting. A l e r t 0  i s  hard t o  read on LCD screens. 
* Lines 2 and 3 are optional. 
* Returns: Esc = 0, else nraber o f  array element of  scOptions chosen. 
local  cTwpScn := Ill9 

Local LDispnsg :- .T. 
local  WaxLineUdth := 0 
local  nPrnptUdth := 0 
local  W i d t h  := 0 
local  cOrgClr := HI1 

local nLC := 0 
local nBR := 0 
local MC := 0 
local n l ines := 0 
Iocel nCurRou := 0 
local  nCurCol := 0 
Local nNlRDps := len(ac0ptions) 
local nCurOp := 1 
local nopcol := 0 
local  nRtnVal := 0 

Set box color. 
cOrgClr := setcolor(m->C-Error) 

Get current cursor pos. 
nCurRow := rou0 
nCurCol := c o t 0  

i f  (valtype(nLin3) == IBCla) 
3 l ines  t o  display 

nBR := nTR + 4 + 3 
W a x L i W t h  := max( lnex(len(nLinl1, len(nLinZ)I, len(nLin3) ) 
d i n e s  := 3 

* 2 lines t o  display 
nBR := nTR + 4 + 2 
n)*rxLineUdth := max(len(nLinl1, lenCnLin2)) 
nLines := 2 

1 line t o  display 
nBR := nfR + 4 + 1 
WaxLincUdth := LenCnLinl) 

A l e r t 0  does not obey color settings. 

// L l ines f o r  misc. + 3 a s p  t i n s  

e l s e i f  (valtype(nLin2) == "CIN) 

// 4 lines fo r  misc. + 2 msg Lines 

e l s e i f  (valtype(nLin1) == 'CHI 
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nLines := 1 

* Incorrect parems. passed 
LDispMsg := .F. 

else 

endi f 

* Display message. 
i f  (LDispMsg) 

* Get t o t a l  width of  the pronpts plus inner spacing. 
f o r  nCurOp = 1 t o  nllmQps 

nPnptrdth := nPrmptUdth + len(ac0ptions tnCurOpl) 
next nCurop 
WrnptUdth := nPrnptUdth + 3 (nNunOps-1) 

* Determine overal l  u id th of box. 
MaxLineUdth := mex(MaxLineUdth, nPnrptUdth) 
N i d t h  := 4 + MaxLineUdth 
nLC := (79 - Width)/Z // center 
nRC := nLC + Wid th  - 1 
clnpScn := savescreen(nTR, nLC, nBR+l, n R C + l )  
MenuBox(nTR ,nLC,nBR,nRC) 
i f  (nLines >= 1) 

mdi f 
i f  (nLines >= 2) 

endi f 
i f  (nLines == 3) 

endi P 

* Display and get desired mertu option. 
fo r  nCurOp = 1 t o  rWunOps 

WTR+2, nLC + 2 say nLinl 

9nTR+3, nLC + 2 say nbin2 

hTR+4, nLC + 2 say nLin3 

i f  nCurOp == 1 

else 

cndi f 
WR-1,  nOpC01 pranpt acOptionstnCur0p3 

next nCurOp 
tone(440,O -3)  
mw t o  nRtnVal 

nOpC01 := nLC + 2 

nOpco1 := -01 + len(acOptionstnCur~p-ll) 4 3 

restscreen(nTR, nLC, nBR+1, nRC+1, cTnpScn1 

W,O say AlertBoxO error:  Check parameters. Press a key t o  return... n 
i nkey( 0) 

else 
90,o 

mdif (LDispwsg ) 
setcolor( cOrgClr 1 
ilnCurRow, nCurCol say 
return (nRtnVal) 
*** End of  Func: ALtrtBoxO 

*************tt*m**H*****m 

Function ExtrctPath(cPathFi1eN) 
Extract path from cPathFileN. 

* Example: ExtrctPath("D:\f i Le.extc8) ==> aD:\si 
* Based on Environ.prg fuction FilePethO supplied by Clipper. 
loca l  nE4kSlshPos := 0 
loca l  cPath := 1111 

nBkSlshPos := rat(8"\11, cPsthFi LeN) 
i f  nBkSlshPos == 0 

cPath := 1111 

else 
cPath := substr(cPathFileN, 1, nBkS1shPo.s) 
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mdi f 
return (cPath) 
*** End  of Fu rc :  ExtrctPathO 

H******H**lt*m**H**H**~**~**~**~**~**~***~**~*~*~*~*~*H 

F v l c t i m  GetFileBax(nfR, nFC, nBR, nRC, cOirSpec, LDispBox, ccolor, n In i tF i l e )  
* P o p - ~ p  f i l e  selector, a11 params. are optional 

Parameter defaults: 
* nfR top row -* t o  0 
* ~ L C  l e f t  cot ==> t o  0 
* nBR bot row ==> to  maxrou 
* nRC r i gh t  col  ==> t o  nLC + 38 * a i r s p e c  ==> ut *I1 

* 1DispBox ==> .T. 
* ColorVAr => W+/n,n/UH 
* n I n i t F i l e  ==> 1 
* Returns: * 

i f  Esc key =E> N I L  
* i f  error ==> N I L  

local cOrgClr := UH 

local cFileNeme := N I L  
loca l  cTapScn := 1111 

local  i // Scratch 
local aDrctry := C) // Array of  d i r  i n f o  
local  ecFileNernes := 0 // Array of f i l e  names 
local nFiLeChoicc := 0 

* I f  any parmn. not passed, belou assigns defaults as needed. 
default nTR to  0 
default nLC t o  0 
defaul t  n8R t o  laexrow() 
defaul t  nRC t o  nLC + 38 
defaul t  cDirSpec t o  **,*I1 

defaul t  LOicSpOox to  .f. 
default cColor t o  (m-*C-Help) 
default n I n i t F i l e  t o  1 

cTapScn :+ savescrem(nTR,nCC,nBR+1,nRC+l) // +1 f o r  shadov lines 

i f  ( ! SubD i r( c0 i rspec)) 

mdi f 

cOrgClr := setcolor(cCo1or) 
scrol  1 (nTR ,nLC, nBR, nRC) 
i f  (1DispBox) 

UenuE#ox(nTR,nLC,nBR,nRC) 
mdi f 
OnTR,nLC+Z say It Choose I n p l t  File... 

a r c t r y  := directory(cDirSpec) 
* Sort array according t o  f i l e  name. 
asort(aDrctry,, , ( 1  FrstNarne,YextWmeI FrstNametF-NAME1 c NoctUame[F-NMlEI)) 

F i l l  M array with f i l e  i n fo  t o  display. 
acFileNenrs := C> 
f o r  i = 1 t o  im(aDrctry) 

i f  Enter key ==* F i l e  name 

** 

Err_UsgBox<15,~EU,~No .SIF f i l e s  found i n  current suklir.") 
return (NIL) 

aadd<acFi LeNames, ; 
pedl(eDrctryfi,F-UAWEI ,131 + ; 
~l(nuntrila(8Drctryli,F_SIZEI ),a) + ; 
padl(dtoc(al)rctry[i,F_DATEI ), 9 )  + ; 
pad 1 (sUb6t r (eDrct r y  C i , f-1 IRE1 ,I, 5 1.6) ) 

next i 
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Display f i l e s  end get ehoice. 
nFileChoice := achoice(nTR+l,nLC+l,nBR-1,nRC-1, acFi leNemes,,,nInitFile) 
i f  (nFileChoice I= 0) 

* Is 0 i f  Esc key e x i t  
cFi LeName := d)rctrytnFileChoice,F-NMEI 
n I n i t F i l e  := nFiLeChoice 

d i f  
setcolor(cOrgC1 r ) 
restscreen(nTR,nlC,nBR+l,nRC+l,cTnpGcn) 
re turn (cFileName) 
*** End  of  Fmc: GetFiLeBoxO 

.*******+H***t********************t***** 

F v r t i O n  GetFilOutFile(clnFiLe, LProceed) 
* Returns f i l e  output f i l e  name entered by user. 

Updates f l a g  LProceed. 
* LProceed parameter should be passed in  by reference. 
s t a t i c  c0utFiLe := 1111 // Screen output f i l e  
Local nChoice := 1 
Local GetList := 0 
Local cCurrPath := "I1 

Local LOrgReadlns := reedinsert(.T.) // I n s e r t  mode fo r  reed = On. 

Wake defaul t  w t f i l e  name. 
cCurrPeth 
* Hake output f i l e  name, c lnF i l e  plus .WT. 
i f  at(ta.c8,clnFile) == 0 

else 

endi f 
Add  t r a i l i n g  \ t o  path, i f  needed. 

c W t  F i 1 e : = cCur rPath + i i f  ( r i ght (cCurrPath , 1 )==gs\04, 

do while ! LDone 

.- Local LDone .- .F. 

:= diskname0 + ":la + d i r m 0  

cOutFi l e  := c lnFi  l e  + I t .0UTm4 

c0utFi l e  := substr(clnFi le,l,et(B8.s~,clnFi Le)) + W I T t '  

\'I) + eOut F i 1 e 

c l s  
l4enuBox(2,1,8,67) 
cOutFi l e  := pedr(c0utFi Le,&) 
a3,03 say "Enter output f i l e  name:a1 
W,03 get cOutFile p i c t  NO!t1 
G@05,03 say "Current path: (I + cCurrPath 
keyboard chrCK-END) 
read 
readinsert(1OrgReedlns) 
cOutFile := elltrim(cOutFi1e) 

i f  l as tkey0  == K-ESC 
LProcetd := .F. 

else 
LProceed := .T. 
i f  f i le(c0utFi le )  

* Decide whether t o  overwrite output f i l e .  
nChoice := AL~~~Box(B,C~~YES, Overwrite It", "Enter N e u  N a m e V ,  ; 

Warning: Above wtput f i  Le existS!ol,Hna, ; 
I* Overwrite i t ?  11 1 

i f  nChoice == 1 
* Overwrite wtput f i l e .  
set a l ternate t o  (cOutFile) 

* Enter n e w  name. 
e l s e i f  nChoice == 2 

loop 
else 

Esc key. 
1Proceed := .F. 

D o n ' t  open wtput f i l e .  

di f 
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else 
* cOotFile does not exist ,  t r y  t o  open it. 
* F i r s t  test  f o r  v a l i d  subdir and v a l i d  f i l e  name- 
i f  ! SuWir(ExtrctPeth(ctFi1e)) .or. ; 

I f i 1 eva L id( token( cOut F i 1 e,": \'I) ) 
Inva l i d  path or f i l e  name. 

Err-Msg80~(10,~E~~,~~Error:  Inva l id  path or f i l e  ; 
V i l e . :  + a t f i l e )  

loop 
else 

Val id  path, open f i l e  fo r  output. 
set  a l ternate t o  (cOutFile1 

mdi f 
endif 

endi f 
LDone := .T. 

mddo 
re turn (cOutFi le) 
*** End o f  Fulc :  GetFi LOutf i le (  > 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F u n c t i o n  SfF-FileInput(nTR, n l C ,  n l n i t f i k ,  cVerDate) 
* Gets date from S I F  format input f i l e .  

Writes output t o  clnFile.0ut. 
* Input: * nLC i s  l e f t  col. 

nTR i s  row f o r  f i l e  select ion box, 

* 
* n f n i t F i l e  i s  i n i t i a l  f i l e  t o  highl ight .  

cVerDate i s  program version date. 
* Returns: N I L  
// For anResults array used by MC-ProMlitO function. 
#&fine nHIT-PROB 1 // man  h i t  probabi l i ty  
#define nSTD-DEV 2 // std. dev. o f  the mean 
#define rSwwD 3 // 99% confidmce ha l f - i n te rva l  
#define nTOT-TRIALS 4 // tote1 t r i a l s  needed 

local  LReadInsert := readinsert(.T.) 
loca l  c InF i l e  := WH // Input f i l e  name 
local  cOutFile := YH 

locat &ate l ine := uu 
local  nSemiMajor := 0 
local nShape := 0 // ElLipse semi-mejor/semi-mimr axis 
local  Wngle := 0 
1-1 *Sire := 0 // Grid sire, for Rcc. grids, short s i& 
loca l  nGTyp := 0 // Grid type, IsSq., 2=Tri., 3=Rtc. 
loca l  mrientn := 0 // Specific angle o r  UrBndQnn, 
Local cTrgtID := W I I  // i f  Mrientn > 0 use WrendanH mgies 
local  nlnputLine := 0 // Current f i l e  input Line 
ldcal  nRecRatio := 0 
Local dims := 0 // Lines in inplt f i l e  
Local nProblloHit := 0 
local  nPro!Sun := 0.0 // Used f o r  "rendom" angle case 
Local nCrntAngle := 0 // Used for "randornH angle case 
Local nLrGstAngle := 0 // Used f o r  "randoRI" angle case 
local  cFileText := HU 

Local LProcwd := .T. 
local  CetList := 0 // Stops compiler warnings 
* Monte Carlo related vars. 
local  rOsrdBaud := 0.005 // Desired 99% confidence ha l f - i n te rva l  
local  rUaxRuns := loo // M ~ X ~ R M  nwber of  simulation runs 
Local nllunRuns := 0 // NuRber of runs actual ly  needed t o  

local  nNunTrials := 1000//10000 
local  LConver := .F. // Flag f o r  Monte Carlo reaching b o d  
local  ardlesults[41 

c InF i l e  := GetFileBox(nTR,nLC,,,U*.SIFu,,,GhInitFiLe) 

// Rec. g r i d  long side/short si& r a t i o  

// achieve error  kKnd 
// Nuaber o f  t r i a l s  per s iau lat ion nsl 

// Monte Cario resul ts array 
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cFileText := memoread(clnFi1e) 
nL i nes := mlcount(cFi1eText) 
i f  l as tkey0  == K-ESC .or. enpty(clnFi1e) 

Just return, i f  Esc key pressed. 
e l se i f  nLines 3 

Error, i nva l i d  f i l e .  
Err-MsgBox(10,*8E11,@~Error: Less than 3 Lines i n  f i  le.#*, ; 

"File.: " + c l n f i l e ,  ; 
"Need (1) T i t l e  line, (2) Data l ine,  (3 )  EOF Line.") 

else 
* Input f i l e  looks OK, create output f i l e  name. 
dk r tF i l e  := GetFiLOutFiLe(cInFile, iatProceed) 

i f  LProceed 
Do the work! 

c l s  
set al ternate t o  (cOutFile) 
set a l ternate on 
?? Wutput from ORNL ELIPGRID-MC Monte Carlo Test Program Version: 
? "F i l e  Name.: + cOutFile 
? "Created on: '1 + dtoc(date0) 
? *alnput f i l e :  1) + c lnF i le  + using S I F  formt . "  
7 " T i t l e  l ine: + memoLine(cF~leText,,l) 
? 
? Varget  Grid Type Semi-major Axis Gridspace Shape Angle ELIPGRID MCarlo 

? i n  Relat ive Uni ts i n  Orig Uni ts Prob(0) Prob(0) 

Get data Lines 
nInputLine := 2 // Skip t i t l e  l ine 
do while nlnput l ine e= nLines 

cDateLine := alltrim(cnemoline(cFileText,nSIF_LINE-~TH,nlnputLine)) 
i f  left(cDeteLine,l) == 

+ cVerDate 

EG - MC MCarlo WC 99% EG in" 

D i f f  NunTriels H-C.I. 99% C . I . o a  

C m n t  line. 
nInputLine++ 
loop 

endif 
* Parse the data values. 
nSeniHejor := val(substr(cDataLine, 1,at(8a 81,cDataLine))) 
cDateLine := ltrim(substr(cDataLine,at(** ll,cDeteLine))) 
nShape := vel(substr(cDateLine, l,at(I8 n8,cDateLine))) 
cDateLine := ltrim(substr(cDetaLine,at(ll I1,cDetaLine))) 
nAngle 'I, cDa t aL i ne ) ) ) 
cDataLine := ltrim(substr(cDataLine,at(t8 na,cDeteLine))) 
ffiSize := val(substr(cDataLine, l,at(lI @I,cDataLine))) 
cDetaLine := Ltrim(substr(cDataLine,at(" *o,cDataLine))) 
WTW := vel(substr(cDataLine, 1,at(Oa ol,cDateLine))) 
cDateLine := ltrim(substr(cDetaLine,at(lt ",cDetaLine))) 
mrientn := val(substr(cOateLine, l,at(18 ",cDataLine))) 
cDa taL i ne := 1 t r i m (  substr( cDataLi ne,at (I( I#, cDateL ine))) 
cTrgtlD := cDeteLirae 

i f  nShape > 1.0 .or. nShape < 0.05 .or. nSemiHajor/nGSize 

endi f 

i f  nGTw == 3 

: = va I (subs t r ( eDe teL i ne, 1 , a t  ( 

3.0 
EOF or e r ro r  in  shape or  L/G r a t i o  > 3. 

e x i t  // Ex i t  do while Loop 

* I f  rect. grid, get long/short r a t i o  from next line. 
nInputL i ne++ 
cDataLine := memoline(cFileText,nSIF_LINE_H)TH,nInputLine) 
cDataLine := elltrirn(cDetaLine) 
nRecRatio := val(cDetaLine) // nRecRatio. Used n u l t i p l e  cormnand lines. 

i f  nRecRatio == 1.0 

// H a d  problems with ge t t ing  v a l i d  
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+ Trap f o r  a rect. g r i d  u i t h  a long/short side r a t i o  of  1.0. 
* Use a sq. g r i d  since problems can develop using rect. g r i d  in 

cer ta in  cases. Problem fand in tech. r w i e u  by J&n UiLson. 
n G T y p  := 1 

erdi f 
e l s e i f  nGTyp == 1 

+ Sq. g r i d  
MecRatio := 1.0 

mdif 

*,,,-,..-,,---.-- I Calculate probabi l i ty  of  no h i t ,  P(0) I - - - - - - +  
i f  m r i t n t n  <= 0.0 

+ Ca lcw l te  fo r  a s ingle angle. 
nProbEloHit := ElipGrid(rrSerninajor,nShepe,nAnglt,nGSize,~T~, ; 

+ b l c u l a t e  f o r  a s ingle -le using Wonte Carlo algorithm. 
lConver := nC-ProbHitC~#ni~Pjor,nShepe,nAngle,nGSize,nCTyp,nRecRatio, ; 

HaxRuns, nNunTriels, nDsrCfBbwd, anResults) 
i f  l as tkey0  == K-ESC 

ESC key abort 
e x i t  

endi f 

Calculate f o r  average of  w l t i p l e  angles, 
* i.e., ssrenkwn" choice in  Singer's 1972 ELIPCRID. 
i f  nGTyp == 1 

e l s e i f  nGTyp == 2 

e l s e i f  nGTyp == 3 

endi f 
* Sun up mult ip le  engtes results. 
nProbsuR := 0.0 
f o r  nCrntAngle = 0 t o  nLrgstAngle 

nRecRat io )  

else 

nLrgstAngle := 45 

+ For t r iangular g r i d  (hexagon). 
nLrgstAngle := 30 

For rectangular grid. 
nLrgstAngle := PO 

nProtUdlit := ElipCrid(nScniHajor,nShspe,nCmtAngle,nGSize, ; 

nProbSun := nProbSun + nProbtloHit 
nGfyp ,  nRuRetio) 

next nCmtAngle 

* Calculate average. 
nProbNoHit := nProbsun/(nLrgstAngle+l) 

endif 
+,---------*-..-----,------.--...-.--D---------------~----- " - - - - - - *  
+ P r i n t  a l ine of date. 
? padr(cTrgtlD,8) 
i f  nGTyp == 1 

e l s e i f  nGTyp == 3 

e l s e i f  nCTyp += 2 

endi f 

P r i n t  data f ie lds.  
?? trc#ls(nSami~jor/nGSire,*999P.0990nl+ spece(6) + ; 

+ spsce(7) + ; 
+ yxrce(3) + ; 

?? II + space(& 

?? "Rectangular, 

?? "Triangular + spece(8) 

+ t ra~(nRecRat io ,~99.9~~)  + "/l 

trans(nGSi te,*9999. WnU) 
t rensCnShape, 119. 9gn ) 
iif(n0rientn 7 0,ssRandan",trans(~ngle,n~.9"+n 

trans(nPr&otlit,U9.9999') + space(3) + ; // Monte Carlo related 
trans(l.O-anRes~ltsCnHIT_PROB1,~.9999~~) + spece(21 + ; 
trens(nProbUdlit-(l.O-anResults[l3 ),%W.999911) + ; 

"1) + ; 
space(2) + ; 
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trans(anResu1ts [nfOT-TRIALS] , 1L9,999,99911) + space(3) + ; 
trans(anResults~nBOUND3, "9.9999") + space(4) + ; 
i i f (abs(nProbNoHi t-( 1 .O-anResults [l])) c=anResults InBOUNDl , ilYai, iiN'i) 

* Increment Line index. 
nlnprtLire++ 

enddo 
? 
7 "END OF RUN 
set al ternate t o  
set a l ternate o f f  
sctcoLor<m-~C-Help) 
scro11(0,0,4,79) 
a0,O t o  4,79 double 
al,2 say *'Output wr i t ten t o  f i l e :  
iK,2 say "Current subdirectory..: I* + diskname0 + ":'I + direme0 
a3,2 say "Press a key to  
i nkey( 0 3 

(OR ERROR I N  SHAPE OR L/G R A l i O  > 3)" 

+ cOutFiLe 

endi f 
endif 
readinsert(1Readlnsert) 
re turn (NIL) 
*** End of F w :  SIF-FileInprtO 

F m t i o n  Subdir(c1estSubdir) 
Returns .T. i f  cTestSubdir exits, .F. otherwise. 

* The directory()  carmend w i l l  return an empty array 

Local LRtnWal := .F. 
Local aDirc t ry  := C) 

cTestSuMir := alltr im(c1estSubdir) 
d i r e c t o r y 0  returns an empty array, 0, i f  inva l id  c lest lubdir .  

aDirctry := directory(cTestSubdir, "D") // D t o  include a l l  subdirs 
i f  Len(aDirctry) > 0 

LRtnWal := .T. 
endi f 
re turn (LRtnVal) 
*** End of  Func: S u M i r O  

*** End of Fi le:  EGMCFi1e.Prg 

*,**t**t*t*+.+*tnt.t*~*a****** 

i f  cTestSuWir does not exist. 
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//==.:=J=g~115=t======g~*=g~-----̂------------- -------------I ------------- ------------ 
// Fi le:  EWCFort.Prg 
// For: EGMC.Exe, fo r  ELIPGRID-MC Honte Carlo tes t  progrm. 
// Purpose: Provides ELIPGRID FORTRAN code i n  Clipper form. 
// Note correction t o  ELiPGRlD in RECT subroutine. 
// Author: Jim Davidson 
// Prog Started: 10/27/94 frun 09/06/94 version of  ELIPGRID-PC. 
// Last Hod: 1 1 /30/96 
// Note: F w t i o n s  are arranged in alphabetical order. 
/ / .:~ltE=.L==Xtell======S=======~=~=======a.:====~~S=====~%=====~=~6==~SX======= 

**C*H**H*f***~H*tHt*Ht**~**~**f***~**~*****~* 

Fcnction E l ipGr id (A,  Shepe, Angle ,  GdSpat, Net, 9) 
* This function i s  taken from Singer's 1972 ELIPGRID program. 
* It retains the or ig ina l  algorithm, but i s  modified t o  remove 
* a l l  goto type statenents. Many l i n e  nuabers have been l e f t  in the 

cormtents as references back t o  the or ig ine l  code. 

Shape : Shapes > 1.0 are trapped before reaching t h i s  function. 
* assucptions: Shapes c 0.05 are trapped before reaching t h i s  function. 

* 

* 
* 
* 

Trapping a l l  Shapes < 0.05 i s  sanewhat more r e s t r i c t i v e  than 
ELIPGRID, but should have l i t t l e  p rac t ica l  conseqwnces. 
I wwld l i k e  t o  see a ve r i f i ca t i on  of the math before accepting * a r b i t r a r i l y  small Shapes, JRD, 04/15/94. 

* L/G 
* assurptions: Code assunes a l l  L/G ra t ios  P 3.0 are trapped. Very large L/G * 
e 
* 
* 

rat ios, e.g. 6 or  7, have caused problems. No k m  prac t ica l  
need requires them. Singer's largest L/G r a t i o  in h i s  100 
cases was 2.83. Gilbert 's  largest L/G r a t i o  in  nomographs i s  1.0. 

* note that  the MET parameter described belou, is not used in t h i s  function. 
* Rancknn angle case i s  taken care of by ca l l i ng  code. 

* B e l w  i s  o r i g ina l  code docunentation. 

PROGRAM ELIPGRID 

* PROGRAM TO DETERMINE THE PROSABLITY OF LOCATING AN E L L I P T I C  OR 
CIRCULAR TARGET UITH A SQUARE, HEXAGONAL OR RECTANGULAR GRID 

* 
* 

* DESCRIPTIO)( OF PARAMETERS 

TARGET= ANY IDENTIFICATION OF TARGET (READ I N  "An FORUAT) 
A= LENGTH OF SEMIMAJOR AXIS OF TARGET 

* SHAPE= SHAPE OF TARGET - SEMIMINS! AXIS DIVIDED BY THE SEIIIWAJOR 
ANGLE= POSITIVE ANGLE BETUEEN LONG AXIS OF TARGET AND GRID 

* DIRECTION - FOR A ! W A R E  GRID AWGLE CAN BE M Y  M C L E  F R W  
* 0 TO 45 DEGRESS, FOR A HEXAGOMAL GRID ANGLE CAN 8E ANY 

ANGLE FROM 0 TO 30 DEGREES INCLUSIVE, FOR A RECTANGULAR 
GRID ANGLE CAN BE ANY ANGLE FROM 0 TO 90 DEGREES 

* 

* 
INCLUSIVE AND IS UEASUREt) FROM THE K AXIS OF THE GRID 

* GDSPAC= DISTANCE BETUEEN POINTS ON THE GRID ( I N  THE SAME UNITS AS * "A") - FOR A RECTANGULAR GRID GDSPAC IS THE DISTANCE 
BETUEEN POINTS ALONG THE Y AXIS OF THE GRID c 

c NET= GRID TYPE - SQUARE GRID=l,HEKAWUAL GRID=2, RECTANGULAR 
GR I D=3 

MET= SPECIFIC OR RANDOM ORIENTATION - I F  I(ET>O - RANDOM 
0.: SHAPE OF RECTANGULAR GRID - LOWG(X) AXIS DIVIDED BY THE 

* SMDRT(Y) AXIS 
* 

These Locals are integers i n  ELIPGRID. 
local I := 0 
local  IBLANK := 0 
local  lUARN := 0 
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local IZONK := 0 
local := 0 

* These locals are reals  i n  ELIPGRID. 
local ALPHA 
Loca 1 ANP 
L oca L AWAR 
Local AREA1 
Local AREA2 
1 oca 1 AREA3 
loca l  AREA4 
Locel AREAS 
Local AREA6 
Local AREA7 
Local AREA8 
local AREA9 
local AREA10 
local ASP 
Local AVPRO 
Local AVPRl 
loca l  A W R 2  
Local B 
Local BALLS 
Local BSPU 
Local C 
local CAROL 
local ClW 
local CNW 
local D 
loca l  DJO 
Local DJ1 
loca l  DM0 
Local DM1 
local EOU 
Local F I N  
local FORN 
local W E  
loca l  GRO 
Local HA1 
Local HALFC 
Local HALF0 
Local HALFJO 
loca l  HALFJ1 
local HALFMO 
local HALFWl 
loca l  HORN 
local PET 
loca l  PI 
loca l  POT 
loca l  PROSO 
Local PROBl 
Local PROBZ 
local RO 
Local RDU 
local REVA 
Local REVANG 
local REVK 
Local SER 
Local SLING 
local SNGLE 
loca l  Sun0 
local SUM1 
loca l  sun2 
loca l  T 
local T I N  
Local T I 2  

:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 
:= 0 

// c/2 
// D/2 
// JO/2 
// e t t .  

// Constant pi,  3.141592 in  ELIPCRID 

// Pr&. of no h i t s  
// Prob. o f  1 h i t  

// F o r  rect. grid, transformed A 
// For rect. grid, transformed angle 
// For rect. grid, transformed SHAPE 
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local  UINE := 0 
local  XHAPE := 0 
local  X I  := 0 
local  W := 0 
local  Y l  := 0 
local  Y l  := 0 
local  YAM := 0 
local  YH := 0 
loca l  ZAP := 0 

/*** Note 08/11/96, JRD ***/ 
*--- Force fu l l  correct ion level  a l l  the time. ---* 
m-*rElpGrdCor := 3 

* Belou are a s s i g m t s  made i n  ELIPGRID. 
PI := 3.141592 // F o l l o u s  or ig ina l  value. 
TI2 := 0.50000 
RDU := SQRT(3.0)*0.5 

IZONK := IBLANK 
A := A/GOSPAC 
SLING := A 
XHAPE := SHAPE 
SNGLE := ANGLE 
sun1 := 0.0 
sw2 := 0.0 
Sur(0 := 0.0 

* 
* AREAS 1 TO 10 ARE RELATIVE AREAS OF OVERLAP I N  THE TRANSFORUED NET 
* 3s 
AREA1 := 0.0 
AREA2 := 0.0 
AREA3 := 0.0 
AREA4 := 0.0 
AREAS := 0.0 
AREA6 := 0.0 
AREA7 := 0.0 
AREA8 := 0.0 
AREA9 := 0.0 
AREA10 := 0.0 

* 
* PUOBO IS T I E  PR(3BABlLITY OF MISSING THE TARGET 
* PRO81 IS THE PROBABILITY OF LOUTING THE TARGET ONCE 
* PROEZ IS THE PROBABILITY OF LOCATING THE TARRGET TU0 OR MORE TIMES 

PRO60 := 0.0 
PRO61 := 0.0 
PRoB2 := 0.0 

DETERMINES THE GRID TYPE 

* GO TO (65,40,45),NET 
i f  WET == 2 

* 

* 
* 

***Neu Code, 04/04/94, JRD- 
Handle problem u i t h  tri. g r i d  discont inui ty near L/C = 0.577. 
A i s  the L/G ra t io .  

* I f  E l i p G r i d  correct ion level i s  >= 2, consider 4th order l inear regression. 
l I ~ l l / W i  ProbO-RegrO MU has n e w  2nd order catlt i-regr. option developed 

* from regressing Uonte Carlo resutts on Shape and A. Carrtvlnd line perm. 
* OLR w i l t  force "old linear regression" option instead of M reg. default. 
i f  m-mElpGrdCor >= 2 

if (A > 0.50 .and. A 0.601 .and. (Shape >= 0.85 .and. Shape 1.0) 
* Use 4th order l inear regression results, not ELIPCRID algorithm. 
return(ProbO_Regr<A,Shepe)) 
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d i f  
endi f 
***End New Code, 04/04/94*** 

* HEXAGONAL NET 
40 

F I N  := RDU 
IROT := 30 not needed i n  t h i s  f w t i o n .  

U P  := 6.0 
BALLS := 0.57735 
* G O T 0 7 5  

e l se i f  NET == 3 * 
* RECTANGULAR NET 

* 45 I F  (MROT) 50,50,60 

READ SHAPE OF RECTANGULAR GRID 

* 
* 

* 50 READ  IREA AD,^^) a 
* 55 FORMAT (F10.5) 
* 60 CALL RECT(SLING,XHAPE,ANGLE,P,REVK,REVA,REVANG) * Argunent SLING i s  never used by subroutine RECTO. 
RECT(XHAPE,ANGLE,P,aREVK,aREVA,aREVANG) 
SHAPE := REVK 
A := REVA*SLING 
ANGLE := REVANG 

IROT := 90 not needed in  t h i s  function. 
GO TO 70 
70 

F I N  := 1.000 
U P  := 4.0 
BALLS := 0.707107 

e l s e i f  NET == 1 

* 
W A R E  NET 

* 65 I R O T 4 5  
* IROT := 45 not needed i n  t h i s  function. 
* 70 
F I N  := 1.000 
U P  := 4.0 
BALLS := 0.707107 

* 

endi f 

GR ID1035 

SHAPE r e s t i c t i o n  belou handled by t r a w i n g  ALL SHAPES < 0.05 i n  c a l l i n g  
c a k .  This i s  more r e s t r i c t i v e  than SHAPES 
ELIPGRID-HC also trap6 a l l  L/G ra t ios  > 3.0. 

* 75 I F  (SHAPE-0.05) 80,95,% 
* 80 I F  (A-2.0) 95,95,85 
* 85 URlTE <IPRIN,W) TARGET 
* 90 FORMAT (1H ,6HTARGET,A4,45H I S  TOO NEEDLE-LIKE AN0 LONG FOR THIS P 

1ROGRAM) 
* GO TO 20 

0.05 and A (L/G) > 2 test  belou. 

*** 

95 I F  (SHAPE-1.0) 140,115,100 Note: 100 tenninetes. 
SHAPES > 1.0 or 0.05 are not al lwed t o  come i n  t o  E l i pGr idO.  

i f  SHAPE == 1.0 * 
CIRCLE 

ASQ := A**Z 
* I F  ( A - T I Z )  120,120,125 
i f  A - T I 2  e= 0.0 

// 115 
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PRO62 := 0.0 
PROBI := PI*ASP/FIN 
PROBO := 1.0-PROB1 
***Neu Code, 04/07/94, JRD** 
* Handle cases h e r e  a h i t  prob. i s  > 1.0, thus making P<O) negative. 
* See relevant ELIPGRID code jus t  above code l i n e  435. 
PROBO := iif(PRDB0 0.0, 0.0, PROBO) 
***End New Code, 01/07/94*** 

* 1st re turn 
return(PROB0) // In JRO notes es STOP 2 

IF (A-BALLS) 130,135,135 // 125 
i f  A-BALLS < 0 

CIM := ACOS(TIZ/A) // 130 
PROB2 := UP*(ASP*ClM-TIZ*SPRT(ASQ-0.25))/FIN 
PROBl :E PI*ASO/FIU-2.0*PROB2 
PRO00 := 1 .O-PROBI-PROBZ 
***New Code, 06/07/94, JRD*** 
* Handle cases where a h i t  prob. i s  > 1-0, thus making P(0) negative. 
* See relevant ELIPGRID code just  ebove code Line 435. 
PROBO := iif(PR060 < 0.0, 0.0, PROBO) 
***End New code, 04/07/94** 

2nd return 
return(PROB0) 

// Top, l e f t  STOP i n  Fig. 7 flowchart 
// (Singer and Uickman 1%9) 

else 

else 

IF THE RADIUS OF THE CIRCLE IS GREATER THAN 0.7071 THE PROBABILITY 
* OF MISSING IS ZERO AND PRO31 AND PRO82 ARE SET EQUAL TO 9. AS 
* FLAGS 

PROBI := 9.0 // 135 
PRO82 := 9.0 
PROBO := 0.0 
* 3rd return 
return(PROBO1 

* 

mdi f 

e l s e i f  SHAPE < 1.0 

* ELLIPSE 

endif 

* 

B := A*SHAPE // 140 * 
* B IS THE RADlUS OF THE CIRCLE IN THE TRAWSFORMED NET 

* IF (A-112) 145,145,150 
i f  A-TI2 <= 0.0 

PROBl := PI*A*B/FIN // 145 
PRO62 := 0.0 
PROBO := 1.0-PROB1 
***Nw Code, 06/07/44, JRD** 
* Handle cases where a h i t  prob. i s  * 1.0, thus meking P(0) negative. 
* See relevant ELIPGRID code just abave code l i n e  435. 
PRO60 := iif(PROB0 .c 0.0, 0.0, PROBO) 
-End N t u  Code, 04/07/94** 

* 4th re turn 
r e t  urn(PRO60 1 // Top, r i g h t  STOP in Fig. 7 flowchart 

// In JRD notes as STOP 1 
endi f // (Singer and Nickman 1949) 

*HNew Code, 04/06/94, JRD*** 
* Handle 0.0 angle k i n g  incrementfzd t o  0.1. 
i f  m->nElpGrdCor c 3 

* 1 F(ANGLE-0.1) 155,1S5,160 / I  150 
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i f  ANGLE-0.1 e= 0.0 * 
* ALPHA IS THE ANGLE I N  RADIANS 

ANGLE := ANGLE+O.l // 155 
* 

endi f 

Level 3 correct ion below does not increment 0.0 t o  0.1, 
* hut does make sure the angle i s  posit ive. 
ANGLE := ahs(ANGLE) 

else 

endi f 
***End Neu Code, 04/06/94*** 

ALPHA := ANGLE/57.295779 // 160 
CNH := l.O-SHAPE**2 

* 
* TRANSFORMED NET 

C := SQRT(1 .O-CNM*COS(ALPHA)**2) 

* 
C,D,DJl,DJO,DMl,DMO ARE DISTANCES BETUEEN CIRCLES I N  THE 

* 

* GO TO (170,165,17O),NET // 164 
i f  NET == 2 

* 165 belou. 

D := SQRT(Y1)*0.5000 

D := SQRT(l.O-CNM*SIN(ALPHA)**2)// 170 

Y l  := 3.O+SHAPE**Z-2.O*CNM*SlN(ALPHA)**2-CNM*4.O*FIN*SIN(ALPHA)*COS~ALPHA~ 

e lse i f  NET == 1 .or. NET == 3 

endif 

BSW := B**2 
FORM := C*C 
HORN := D*D 
UINE := FIN*SHAPE 
HALFC := C*0.50 
HALFD := D.0.50 

// 175 

* I F  (B-HALFC) 185,185,180 // 1T9 

EOU := ACOS(HALFC/B) // 180 
AREAl := 2.0*(BSPU*EW-HALFC*SQRT(BSQU-HALFC**2)~ 

AREAl := 0.0 // 185 

* IF (6-HALFD) 200,200,195 // 190 

HA1 := ACOS(HALFD/B) // 195 
AREA2 := 2.O*(BSQU*HAI-HALFD*SQRT(BSWI-HALFD**2)) 

AREA2 := 0.0 // 200 

i f  8-HALFC > 0.0 

e l s e i f  B-HALFC <= 0.0 

endi f 

i f  8-HALFD > 0.0 

else 

endi f 

* I F  (A-BALLS) 210,210,215 // 205 

PROB2 := (AREAl+AREAZ)/UINE // 210 
PROB1 := PI*BSQU/UINE-2.O*PROB2 
PROBO := 1.0-PROB1-PROB2 

i f  A-BALLS <= 0.0 

5th return 
***New Code, 04/07/94, JRD*** 
* Handle cases h e r e  a h i t  prob. i s  > 1.0, thus making P(0) negative. 
* See relevant ELIPGRID code jus t  above code t i ne  435. 
PROBO := iif(PROB0 < 0.0, 0 . 0 ,  PROBO) 
***End New Code, 04/07/94*- 

return(PROB0) 
// Center, l e f t  STOP i n  Fig. 7 flowchart 
// (Singer and Uickmen 1969) 
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else 
* I F  (ANGLE) 220,220,225 
if ANGLE <= 0.0 

endi f 
CAROL := C*D 

C := C+0.05 

// In JRO notes as STOP 3 

// 215 

// 220 

// 225 

T := ASIW(UIYE/CAROL) 

IF (ANGLE) 235,230,235 
if ANGLE == 0.0 

DJO := 5.0 

RO IS THE RADIUS NECESSARY FOR THE TARGET TO BE H I T  UITH CERTAIWTY 

RO := DJ1/2.0 

*l=I.O+(D*COS(T)/C) // 235 
I := int(l.O+(D*COS(T)/C)) // 235 modified with into 
* IF (1-1) 260,240,245 
if 1-1  C= 0.0 

DJI := SQRT<FORN+HORN) // 230 

else 

DJ1 := SPRT({FORU+HORN)-2.O*CAROL*COS(f)l 
DJO := 5.0 
RO := DJl/(Z.O1SIN(T)) 

X I  := I // 245 
Y I  := 1-1 
DJ1 :% SPRT(XI**2*fORN+HORY-2.O*XI*CAROL*COS(T)) 
DJO := SQRT(YI**2*FORN+HORN-2.0*YI*CAROL*C~(T)) 
RO :E DJlfDJ0/(2.0*D*SIW(T)) 

else 

endi f 
mdi f 

mdif 

250 IF (E-RO) 260,255,255 
if 0-180 *= 0.0 

PROM := 9.0 // 255 
PROBZ := 9.0 
PROBO := 0.0 
**Uw Code, 04/07/94, JRD** 
Handle cases where a hit prob. i s  * 1.0, thus making PCO) negative. 

* See relevant ELIPGRID code just above code Line 435. 
PROBO := iif(PROB0 < 0.0, 0.0, PR(3BO) 
u*End Ncu code, oC/07/94** 

* 6th return 
return( PROBO) 

endi f 

HALFJl := DJ1*0.50 
HALFJO := DJW0.50 

// Bot., right STOP in Fig. 7 flovchart 
// (Singer end Uickman 1969) 
// In JRD notes as STOP 4 

// 260 

* 6elou i s  CIRCLE A on flovchert Fig. 7. 

if B-HALFJ1 0.0 

(Singer and U i c h n  1969). 
* IF (E-HALFJ1) 270,270,265 

GRO := ACOS(HALFJl/B) // 265 

AREA3 := 0.0 // 270 

AREA3 := 2 . O * ( B ~ C R O - H A L F J l * ~ R T ( E ~ - H A L F J l * * 2 ) )  
else 

endi f 

* 275 l F  (8-HALFJO) 285,285,280 
if 6-HALFJO 0.0 
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PET := ACOS(HALFJO/B) // 280 
AREA4 :r 2.0*(BSQU*PET-HALFJO*SPRT(BSW-HALFJO**2)) 

else 

endi f 
AREA4 := 0.0 

* 290 M=l.O+(2.O*O*COS(T)/C) 
H := int(l.O+(2.[rD*tOS(T)/C)) // 290 modified with i n t o .  
YH := H-1 
XM := H 

IF (H-1) 295,295,300 
if H-1 *= 0.0 

DH1 := SPRT(FQRN+HORN*4.0-4.O*CAROL*COS(T)) // 295 
DNO := 5.0 

else 
DHl := SPRT(XH**2*FORN+4.0*HORN-4.O*CAROL*COS(l)) // 300 
DMO := SPRT(YM**2*FORW+4.0*HORY-4.O*CAROL*COS(T)) 

endi f 

HALFWI := DM1*0.50 // 305 
HALFMO := DM0*0.50 /*** 

I F  (HALFH1-DJ1) 310,325,310 
310 I F  (HALFHI-DJO) 315,325,315 
315 I F  (HALFHO-DJ1) 320,325,320 
320 I F  (HALFHO-DJO) 330,325,330 
replaced with belou: 

*-/ 
i f  HALFHl == DJ1 .or. ; 

HALFHl == DJO .or. ; 
HALFHO == DJ1 .or. ; 
HALFMO == DJO 
AREAS := 0.0 // 325 
AREA6 := 0.0 

330 I F  (8-HALFHl) 340,340,335 
else 

if B-HALFHI > 0.0 
YAM := ACOS(HALFHl/B) // 335 

AREA5 := 0.0 // 340 

AREAS :e 2.O*(BSQU*YAn-HALFMl*SPRT(BSQU-HALFHl**2)) 
else 

endi f 

345 IF (8-HALFMO) 355,355,350 
i f  B-HALFMO > 0.0 

GAUE := ACOS(HALFMO/B) // 350 

AREA6 :+ 0.0 // 355 

AREA6 := 2.~(BSW*GAUE-HALFHOg~RT(BSQU-HALFWO.*2~) 
else 

endi f 
endif 

* 360 IF (8-DJ1) 370,370,365 
i f  B-DJ1 > 0.0 

SER := ACOS(DJl/B) // 365 

AREA7 := 0.0 // 370 

AREA7 := 2.O*( BSWSER-D Jl*SQRT(BSW-DJ1**2)) 
else 

endi f 

375 IF (B-DJO) 385,385,380 
i f  B-DJO > 0.0 

A W A R  := ACOS(DJO/B) // 380 
AREA8 := 2.0*(BSQU*APUAR-DJO*SPRT(BSPU-DJO**Z)) 

else 
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AREA8 := 0.0 
endi f 

// 385 

* 390 I F  (8-C) 400,400,395 
i f  e-c 0.0 

else 

d i f  

405 I F  (8-0) 415,415,410 

POT := ACOSWB) / / 395 

AREA9 := 0.0 // 600 

AREA9 := 2.0*(BSQU*POT-rSORT(BSQU-fDRWI) 

i f  8-0 0.0 
T I N  := ACOSWB) // 410 
AREA10 := 2 . 0 * < B ~ T I N - D * ' S O R T ( B S P U - ~ N ) )  

AREA10 := 0.0 // 415 
else 

endif 

PROB2 := (AREA1+AREAZ+AREA3+hREA6+A~+~REA6-AREh7-hREA8-AREA9-hREA1O)/UINE 
PROBl := PI*BSPU/UINE-2.0*PRQBZ-(AREA7+AREA8+AREA~AREAlO)/~fNE 
PROBO := 1.0-PRQBl-PROS2 
***Neu Code, 06/07/94, JRD** 
* Handle cases uhere a h i t  prob. i s  
* See relevant ELlPGRID code just  above code tine 435. 
PROSO := iif(PR-0 < 0.0, 0.0, PROSO) 
**End Neu Code, 06/07/94*- 

1.0, thus making P(0) negative. 

* 7th return 
return(PROB0) 

endif 
// Bot., right STOP i n  Fig. 7 f l o w h a r t  
// 2nd page (Singer wd Uickman 1969) 
// In JRD notes e6 STOP 5 

* Error return, should never get here. 
* 8th re tu rn  
return( - 1 ) 
*** End  of  Func: ELIPGRIDO 

Furction ProbO-Regr(nLtoG, &ape) 
Determine prob. of missing, P(01, by using a 4th-order polynorsial regression. 

* New, 11f30/94, usas 4th-order mult ip le regression based on llante Carlo values 
* calculated fran tr iangular g r i d  discont inui ty region. 
* U in i tab  Release 10.2. This regression was done on the deviations of  L/C and 
* Shape from t h e i r  respective me-. 
* B e l w  describes o l d  regression which may be f o r d  
* with camand l i n e  parameter OLR. 
* The regression coeff ic ients e r e  determined using SigmaPlot 5.01 and data 
* sets u i t h  the values near the discont inui ty removed. 
* Input: nLtoG Semi-mjor axis t o  g r i d  size rat io.  

output: ProbO Prob. of missing target. 
* Errors: 
local  nRtnVal := 0 
lacel  e o .  nB1, ne2, nB3, ns4 
local nB11, nB22, nB12, -112, nB122, nB1111, nB1122, ne111, nB l l l 2  

* The 4th-order n u l t i p l e  regression used these mens t o  obtain the deviations 
* from the mean that became the predictor variables. 
* rtLtoGMean := 0.5447103 
* nShapenean := 0.9159746 
local  nLtoGDev := nLtoG - 0.5147103 // L/G deviat ion from i t s  mean 
local  nShapet)ev := ahape - 0.9159746 // Shape deviat ion f run  i t s  mean 
local  nLtoWevSq := nLtoliDev'2 // Deviations from mean squared 
local  nShapeDevSq := nShapeOev-2 

. . . . . . . . . . . . . . . . . . . . . . .  

Regression done with 

* nShape Smi-minor axis t o  semi-major axis ra t io .  

i f  n L t G  o r  nShape out o f  applicable range, returns 9. 

// Regression coeff ic ients 

// L/G m a n  from 5MI values used in reg. 
// Shape w a n  from SO0 values 
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Check L/G r a t i o  fo r  correct range. 
i f  nLtd;  0.50 .and. nLtoG < 0.60 

* Check i f  camnand l i n e  parmemeter, @IOLRaa, passed. 
i f  m->lOLR == .F. 

* Use 4th-order n u l t i p l e  regression coeffs., i.e. default. 
* See Uini tab worksheet C:\Clipper2\Editor\ECPC\Validtst\NewC5OOA.MTU 
* A l l  coeffs. copied over from Uin i tab worksheet 
nB0 := 0.05258302 
nB1 := -1.92219150 
nB2 := -0.70375878 
nBll  := 18.342821 12 
nB22 := 2.59228277 
nB12 := 10.74025822 
nBll2 := 86.09394836 
nB122 := 26.11154175 
m1111 := -464.66976929 
nBll22 :t -725.48101807 
nBlll := 9.29963398 
nBlll2 := -1304.08276367 

OLR cornnand l i n e  parameter forces "Old l inear regrnnB 
do case 

else 

case nShape *= 0.85 .end. nShape 0.86 
U i l l  use regr. coeffs. calculated with nShape == 0.85. 
Any shape < 0.85 did not appear t o  need regression. 

nB0 := 0.8?36 
nB1 := -5.8080 
nBz := 39.1737 
nB3 := -95.8914 
n64 := 71 -2386 

* U i l l  use regr. coeffs. calculated with ahape == 0.87. 
mo := -1.5907 
nB1 := 13.4531 
nB2 := -16.2801 
nB3 := -26.7985 
nB4 := 39.9151 

U i l l  use regr. coeffs. calculated with nShape == 0.90. 
nB0 := -8.7963 
nB1 := 71.1939 
nB2 := -187.7169 
nB3 := 195.8430 
ns4 := -66.7013 

U i l l  use regr. coeffs. calculated with nShape = 0.93. 
nB0 := -19.3100 
nB1 := 156.3713 
nB2 := -443.8610 
nB3 := 533.8017 
nB4 := -231.6841 

* N i l 1  use regr. coeffs. calculated with nShape == 0.95. 
nB0 := -27.4195 

nBz := -644.0422 
nB3 := 800.0227 
n&6 := -362.8194 

case nShape .= 0.86 .and. nShape e 0.88 

case nShape >= 0.88 .and. nShape < 0.92 

case nShape *= 0.92 .and. nShape < 0.94 

case nShape *= 0.94 .and. ahape < 0.96 

mi := 222.4ai4 

case nShape >= 0.96 .and. nShape 0.98 
* U i l l  use regr. coeffs. calculated with nShape == 0.97. 
nB0 := -35.7606 
nB1 := 290.7372 
n82 := -851.5507 
nB3 := 1077.1734 
n&6 := -499.9610 

case nShape >= 0.98 .and. ahape < 1.00 
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* U i l l  use regr. coeffs. calculated u i t h  nShape == 0.99. 
nB0 := -44.0006 
nB1 := 358.3580 
nB2 := -1057.7386 
n83 := 1353.4032 
n84 := -637.0739 

otherui se 
* Error: nShape out of  range. 
nRtnVal := 9 

endcase 
mdif 

Error: nLtoG r a t i o  out of  range. 
nRtnVaL := 9 

endi f 
i f  nRtnVal I= 9 

else 

i f  m->lOCR == .F. 
* Calculate 4th-order rml t i - regr .  polynamial. 
rRtnVai := 1-180 + nE1 *nLtoGDev + nB2 * nShepeOev + ; 

nB11 * nLtmevSq + nB22 * nShspaDwSq + : 
nB12 * nLtoM)ev * nShapeOev + -111 * nLtoCDev-3 + ; 
nB112 * nLtoGOevSq * nShepeDev + M122 nLtoCbev * nShapeOevSq+; 
nB1111 * nLtoCDev-4 + nBll22 * nLtoGOevSq * nShapeDevSq+; 
nB1112 * nLtoGDev-3 * nShapeDev 

else 
* Calculate 4th order polynomial. 
nRtnVal := nB0 + -1 * nLtaC + nB2 * nLtoC-2 + nB3 nCtoG-3 + nB4 * nLtoG-C 

endi f 
* ROud any neg. values up t o  0.0. 
nRtnVal := i if(nRtnVal.rO.0, 0.0, nRtnVal) 

endi f 
re turn (nRtnVal) 
*- End of Func: ProKt-RegrO 

F u n c t i o n  RECT(SHAPE,ANGLE,P,REVK,REVA,REVANG) 
This function i s  taken from Singer's 1972 ELIffiRID program. 

* I t  retains the or ig ina l  algorithm, hut i s  mcdified t o  remove 
* a l l  goto type statements. Many l i n e  nmbers have been l e f t  i n  the 
* cOmnents as references beck t o  the or ig ina l  code. 
* Note the cORiaent klou regarding apparent er ror  in the 1972 ELIPCRID code. 

RECT 15 
RECT 25 

* THIS SUBROUTINE REDUCES THE RECTANGULAR POINT NET TO A W A R E  RECT 35 
* WIN1 NET YITH AN AFFfNE TRANSFORIUTIDW RECT 45 

RECT 55 

*f*W*.H******************H**f**********W 

* 

* 
local  Aa 
local  SQY 
Local T I S  
local  ALPHA 

local SlAL 
Local T 

10~81  COAL 

Aa :I o*a 
SOK := SHAPE**2 
TfS := AO*SQK 

*f*Ncu Code, 04/06/94, JRD*** 
* Mandle 0.0 angle being incremented t o  0.1. 
i f  n->nElp6rdCor s 3 

* I F  (ANGLE-0.1) 5,5,10 
i f  ANGLE-0.1 e= 0.0 

endi f 
ANGLE := ANGLE+O.l // 5 

else 

RECT 95 
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* Level 3 correct ion below does not increment 0.0 t o  0.1, 
* but does make sure the angle i s  posit ive. 
ANGLE := abs(ANGLE) 

A d d e d  ANGLE = 90" t rap t o  Level 3 correction, 04/17/94. 
ANGLE := iif(ANGLE==90.0, 89.999, ANGLE) 

endi f 
***End Neu Code, 04/06/94*** 

COAL := COS(ALPHA)**2 
SIAL := SIN(ALPHA)**Z 
T 
REVK 
* Below appears t o  be an er ro r  in  the or ig ina l  code. 

See (Singer and Uickman 1969, p. 16) fo r  the or ig ina l  math formula. 
* REVANG=( ATAN( 2.0*Q*( 1 .O-SQK)*TAN( ALPHA)/( (AP-SOK)*TAN(ALPHA)**2*T IRECT 1 

S-l.0))/2.0)*57.295779 RECT 185 
i f  m->nElpGrdCor == 0 

ALPHA := ANGLE/57.205T79 // 10 

:= SORT( (( 1 .O-T I S)*MAL-  (AO-SQK)*SIAL)**2+4.O*AP*( 1 .O-SPK)**2*SIAL*CML) 
:= (( 1 .O+T I S)*CML+(AP+SPK)*SI AL-T )/(2.0*P*SHAPE 1 

Use or ig ina l  formula. 
REVANG := (ALTAN(2.0*P*(l.O-SQK)*TAN(ALPHA)/((AP-SPK)*TAN(ALPHA)**2 * ; 

TIS-1.0))/2.0)*57.295779 
else 

* Next l i n e  i s  corrected f o m t a .  
REVANG := (ATAN(Z.O*P*(l.O-SPK)*TAN(ALPHA)/(l.O-TIS-(A~-S~K)* ; 

TAN(ALPHA)**2) )/2.0)*57.295?79 
endi f 
REVA := SPRT(SHAPE/(Q*REVK)) 
REVANG := ABXREVANG) // RECT 205 
* The fo l lou ing  optional code matches (Singer and Uickman 1969, 16) 

and can be used i n  place o f  l i n e  RECT 205 above. 
* i n  output values uere seen uhen test ing Singer's 30 rect. g r i d  examples a f te r  
* t h i s  code was substi tuted fo r  l i n e  RECT 205 ( in  ELIPGRD2.FOR). 

i f  (tan(2.0 * REVANG) >= 0.0) then 
* REVANG = abs(REVANG1 

else 
* REVANG = 90.0 - abs(REVANG) 
* mdif 
RETURN (NIL) 
*** E n d  o f  Func: R E C T O  

*** E n d  o f  Fi le: EGnCFort.Prg 

However, no dif ferences 
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// Include f i l e s  
#include “1nkey.Ch” 
%i nc lude 18Colors. Cha8 

// key de f i n i t i ons  
// Color def in i t ions 

// User-defined c a ~ ~ e n d s  
#xco~mand DEFAULT <TheParerrP TO cDefaultVaL> => ; 

IF (CTheParaw == NIL); <ThePerenu:=4efaultVal>; ENDIF 

s t a t i c  nSeed := 1 // I n i t i a l i z e  seed fo r  UnifRandO. 

**r+*rr************ 
F u n c t i o n  UnifRandO 
* Uni fRandC) is a Clippcr inpleraentation o f  a h i n i m a l  standardfi1 random nmkr 
* generator. 
* Generators: Good Ones are Hard t o  Findn,  Corn. of  the A M ,  Vol. 31, No. IO. 

UnifRandO produces uniform random n m k r s  in the opm in terva l  (0,l).  
* The actual range is: l ~ m u i u s  = 4.656612875 x E-10 t o  * (nCUX)ULUS-l)/nCKX)ULUS = 0.9999999995. 
* Park and M i l l e r  g ive the period as equal t o  WOOULUS - 1, i.e., 2,147,483,666. 
#define MJLTIPLIER 16807 
M e f  ine nMobULUS 2147483647 
nseed := (nMULTIPLIER * M i d )  X ~ U L U S  
return CnSeed/WoOULUS) 
*** End of  Func: U n i f R d ( )  

Function Seed)nifRand(nNewSeed) 
* Put neu seed i n t o  f i lewide s t a t i c  variable, Meed. 
#define W-MINUS-1 2147483646 
i f  nNeuSeed == N I L  

e lse i f  nNeuSeed 1 .or. nNewSeed > MOD-MINUS-I // R-e i s  1 t o  2-31 - 2 

e lse 

d i f  
return (N IL )  
*** End o f  F u r :  SeedlnifRandO 

It i s  based on a r t i c l e  by Park and Hi l le r ,  “Randun Nunber 

***t*******t***r+******+**++.*t 

nseed := 1 

nseed := 1 

rrseed := nNeuseed 

r+**CH*m**IC**t***r+*CNIl*C******t**** 

Function TcstUnifRand(1DisplayAesult) 
* Tests Un i fRand( )  random nuher generator. 
* To display resul ts  t o  screen, c a l l  as TesHlnifRand(.T.) or  TestUnifRandO. 
* To merely re turn result of  test as .T. o r  .F., c a l l  as TestUnifRand(.F.). 
local Mount := 0 
loca l  n[)untny := 0 
local nE1apTime := 0 
Locel nStart := 0 

Display resul ts  i f  no perimeter passed. 
defaul t  LDisplayResult t o  .T. 
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/* 
Purpose, : 

Input 
Variables: 

Output 
Variable.: 

Return 
Value....: 

A lgor  i thm: 

Provides Monte Carlo simulation o f  ELLIPGRID type 
hot spot probabi l i t ies .  

nSemiMajor 
nShape 
n4ngle 
nGSize 
nRecRetio 

Length o f  semi-mjor axis o f  hot spot 
E l l i p t i c a l  hot spot minor/nmjor axis r a t i o  
Orientat ion angle of hot spot t o  g r i d  
G r i d  s ize ( f o r  rect. grid, short side) 
Long/short side r a t i o  f o r  rectangular gr ids 
nRecRatio = 1 f o r  square gr ids 
Grid type, 1 = square, 2 = triangle, 3 = rectangle 
M a x i m  number of simulation runs 
Nunber of  runs actual ly  needed t o  achieve error  bard 
Nunber o f  t r i a l s  per s inu lat ion run 
Desired p9x; confidence ha l f - in te rva l  

anResults[l l  = anResultstnHIT-PROBI 
anResults[tl = anResuLts[nSTD-DEVl i s  std. dev. of the mean 
enResul t s  [31 = anResul t s  lnBDUNDl 
anResultst41 = anReauLtstnTOT_TRlALSl i s  t o t a l  t r i a l s  used 

i s  mean h i t  p robab i l i t y  

i s  99% confidence ha l f - in te rva l  

LConverged = .T. o r  .F. f o r  whether algorithm converged 

* Loop through as many simulation rms as needed, rp t o  WaxRuns 
f o r  nRun = 1 t o  WaxRvls 

* 00 each t r i a l  f o r  a s i m l a t i o n  run 
f o r  nTr ie l  = 1 t o  nNunTrials 

* Get coordinates of random center 
* Get node mininuns and mximuns 

Check nodes f o r  a h i t  and count h i t s  
next nTr ia l  
** Check i f  we have reached bwnd c r i t e r i a  ** 

next nRun 
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Output ... : nMeanProb, nStdDev, n C u r B d ,  nTotalTr ia ls 
Note.....: 99x C.I. = WeanProb i nCurSoud 
*/ 
* Define g r i d  types used with f f i T y p  
#define nSOR-GRID 1 
#define nTRI-GRID 2 
#define nREC-GRlD 3 

Wefine nSIW60 0.866025404 // rin(60') 

* I n i t i a l i z e  and define key local  variables 
// Length of  semi-major axis scaled by g r i d  s ize 
local  nLt& := nSmiUajor/nCSize 
l o c a l  nNunRurs := 0 // Nunber of  rms actual ly  needed t o  achieve error  bound 
Local MuuHits := 0 // Nunber o f  times e l l i p s e  covers a senple noda 
locat fP r&H i tSun  :e 0 // Sun of h i t  probabi l i t ies  fo r  a l l  runs 
local  rUeanProb := 0 // Averege h i t  probabi l i ty  = nProbiiitSunfnRm 
local  nSuiUfSqrs := 0 // lunerator of standard deviat ion of  h i t  probabi l i t ies  

// &i&f%rs = Sun of (anProMlitEi1 - nMeanProb)^Z 
local  nStd)ev := 0 // Standard deviat ion of h i t  probabi l i tes 

// nStdDev = sqrt(nSWSqrs/(Mun - 1) 
Local nCurBowrd :a 0 // Current 99% confidence ha l f - i n te rva l  
local  tConverged := . F .  // Flag fo r  convergence 
local  W r o M l i t  := C) // Array of  h i t  probabi l i t ies,  one fo r  each run 

// anProbHitCi1 = MunHits/t#mTrials f o r  i t h  run 

Misc. local  variables 
Local nASq 
local  nssq := 0 
local n4ngle~ad := 0 
local  n4 := 0 
local  nB := 0 
local  nCos := 0 
local  &in := 0 
Local tWnxCnst := 0 
local  WaxXCnst := 0 
loca l  WinYCnst := 0 
Local rmXYCnst := 0 
local WinX := 0 
local  M x X  := 0 
local  Win7 := 0 
local  WinYRw := 0 
local  Waxy := 0 
local  WaxYRou := 0 
local nRandX := 0 
Local Mendy := 0 
local  nRun := 0 
local nTr ia l  := 0 
Local nTotTrials := 0 
Local nYNode := 0 
local  nXNode := 0 
Local nXNodeT : = 0  
local  nXNcdeTSq := 0 
local  nYNodeT := 0 
local  nYNodeTSq := 0 
local  miff := 0 
local n D F  := 0 
local  nRousChecked := 0 
local  i := 0 

:= 0 // See belw in  code fo r  var iable def in i t ions 

* Array o f  Student's t scores fo r  99% conf. in terva l  
l oca 1 anTScores t57l 
InitTScores(~nTScores) 

* Seed r a d .  nmber gen. 
SeedJnifRend(1) 

// Pass anTScorts by reference 
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Square o f  the scaled semi-major axis 
wsq := nLtoG * nLtoG 
* square of  the scaled semi-minor axis 
MSs := (nLtoG * nShape) * (nLtoG nShape) 

Constants 
n4ngleRed 
n4 
nB 
Mos 
nSin 
WinXCnst 
WaxXCnst 
Mi nY Cns t 
WaxYCnst 

needed t o  speed up f ind ing min/max x,Y nodes 
:= dtor(n4ngle) 
:= nLtoG 
:= nA nShape 
:= cos(rdng1eRad) 
:= sin(n4ngleRad) 
:= -n4 * nCos - nB * nSin // See Sept, 94 Log p. 67. 
:= nA * Mas 4 nB * nSin 
:= -nA nSin - nB nCos 
:= n4 * nSin + nB * Mos 

// Angle i n  radians 
// Scaled semi-major axis 
// Scaled semi-minor axis 

Loop through as many simulation runs as needed 
f o r  nRw = 1 t o  r#axRuns 

// nNunHits i s  fo r  each run // 
nNunHits := 0 // 

// 
Do each t r i a l  fo r  a simulation rtm 

fo r  nTr ia l  = 1 t o  nNunTrials 
Check f o r  Esc key abort 

i f  inkey() == K-ESC 
anResults tnTOT-TRIALS1 := -1 
return (.F.) 

endi f 

nTotTrials++ 
Get coordinates of randam center 

i f  nGTyp I=  nTRI-GRID 
* For rectangles, squares ( for  squares, MecRatio == 1) 
nRandX := UnifRandO nRecRatio // h i n  math Lingo 
nRandY := UnifRandO // k in  math l ingo 

For t r iangular gr ids 
* nRandX u i l l  vary from = 0.0 t o  = 1.0 
* nRancM u i l l  vary from = 0.0 t o  = 0.866 (peak of  tri. c e l l )  
nRandX := UnifRandO 
nRandY := nSIN60 * UnifRandO 

else 

endif 

* Get node m i n i m  and mexinuns 
See Sept. 94 Log p. 67. 

i f  n G T y p  == nSPR-GRID 
For square gr ids 

WinX := ceiLing(WinXCnst + nRandX) 
WaxX := floor(WaxXCnst + nRandX) 
WinY := ceiling(rWinYCnst + nRendY) 
Waxy := floor(WaxYCnst + nRandY) 

For tri grids, see Oct. 94 Log p. 98. 
WinYRou := int((nWinYCnst + nRandY)/nSIN60) 
WinY := WinYRou * nSIN60 
WaxYRou := int(Crrt8xYCnst + nRandY)/nSi1168) 
MaxY := WaxYRou nSIN60 
r#iw := int((WinXCnst + nRandX)/0.5) * 0.5 

I f  m i n  Y rou i s  even and rnin X i s  not an integer, add 0.5. 
i f  WinYRou X 2 == 0 .and. int(WinX) != WinX 

eridi f 
WaxX := int((rllaxXCnst + nRandX)/0.5) * 0.5 

For rect gr ids 
WinX := ceiling((WinXCnst + nRandX) / nRecRatio) * nRecRatio 

e l se i f  nGTyp == nTRI-GRID 

WinX += 0.5 

e lse i f  nGTyp == nREC-GRID 
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MaxX := f loor(  (MaxXCnst + nRenQ0 / nkeaa t io  ) * nkecRatio 
#inY := ceilirg(#inYCnst + nRandY) 
W I X Y  := floor(r9bxYtnst + nRandY) 

* Grid type error 
a , o  
iy),O say le Error in MC-ProbHitO: I nva l i d  g r i d  type. 

inkey(0) 

else 

+ ; 
*Results not valid. Press a key..." coLor(rn->C-Error) 

endi f 

* Check nodes f o r  a h i t  
F i r s t  see i f  a h i t  i s  possible 

i f  4 Minx .or. #axY < NinY 
* I f  here, hot spot i s  betueen g r i d  lines, can not be h i t  

JUst Loop back t o  next t r i a l  
LOOP 

cndi f 

W a r  sequence through a l l  possible nodes, Looking fo r  a h i t  
Break wt of sequence Men a h i t  Occurs 

i f  nGfyp I =  nTRI-GRID 
*,,, fo r  square and rectangular gr ids ---* 
begin sequence 

fo r  nXNode = #inX t o  WaxX step nRecRatio 
f o r  nYNode = FHinY t o  FHaxY 

* Transform nodes x-coord. t o  Xl,Ya transletad wl rotated axis 
* See "Math Handboolt" by Spiegel p. 36 
MNodeT := ((MMode - nRandX) * nCos)+C(nYNode - MandY) *nSin) 
nXNodelSq := nXNodeT * nXNdeT 
* Transform nodes y-coord. t o  X1,Y8 translated and rotated axis 
nYNodeT := ((nYN& - nRandY) * nCos)-(CnXNode - Mar&) %Sin) 
nYNodelSq := nYNodeT * nYNodeT 

*== Check i f  current rode i s  inside hot spot ===* 
i f  nXNodeTSqfnASq + nYNodelSq/n8Sq <= 1 

nNunWits* 
* Break out of node checking sequence and do 

another t r i a l  
break(N 1 I) 

endi f 
next nYNode 

next nXNode 
end sequence // fo r  square and rectangular gr ids 

*--- For t r iangular gr ids ---* 
* Now sequence through a l l  possible nodes, looking fo r  a h i t  
* Break wt of seqwnce when a h i t  occurs 
MwsChecked := 0 
ttegin sequence 

else 

f o r  nYNode = WinY t o  Waxy step & I N 6 0  
* As ye move up the g r i d  from row t o  row, the X coordinates o f  

the nodes al ternate by 0.5. m f i r s t  pass, uhm nRowsChukcd 
* i s  0, WinX i s  not altered. Thereefter, i t  alternates by 0.5. 
* See 11/2/94 JRD L o g ,  p. 98. 
i f  MwsChecked w 0 

i f  nRowsChecked X 2 == 0 

else 

endi f 

Minx += 0.5 

*in)( -= 0.5 

d i f  
WousCheckecW 

f o r  tlxwode = N i n X  t o  FHaxx 
* Transform nodes x-coord. t o  Xe,Y l  t ranslated and rotated exis 
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See V4ath Handbook" by Spiegel p. 36 
nXNodeT := ((nXNode - nRandX) * nCos)+((nYNode - nRandY) *&in) 
nXNodeTSq := nXNodeT WN&T 

Transform nades y-coord. t o  X1,YI translated and rotated axis 
nYN&T := ((nYNode - nRandY) nCos)-((nXNode - nRandX) *&in) 
nYNodeTSq := nYNodeT * nYNodeT 

*=== Check i f  current node i s  inside hot spot .I==* 
i f  nXWodeTSq/nASq + nYNodeTSq/nBSq <= 1 

nNunHits++ 
Break out of node checking sequence 6nd do 
another t r i a l  

break(NlL) 
di f 

next nXN& 
next nYNode 

end seqwnce // fo r  t r iangular gr ids 
endi f 

next nTr iat  

aadd(anProbHit, nNunHits/nNunTrials) 
nProbH i t S u n  += anProbH i t [riUml // fo r  each run. 

** Check i f  w have reached bourd c r i t e r i a  ** 
i f  dun >= 10 // Do a t  least 10 runs 

// The nunber of  t r i a l s  i s  f i xed  

Get current mean prob. of  a h i t  
WeanProb := nProbHitSun/nRun 
* Get current sun of squared differences 
nSunOfSqrs := 0 // I n i t i a l i z e  SUA of squares 
f o r  i = 1 t o  nRm 

Miff := (enProbHitti1 - nMeen8rob) 
nSunDfSqrs += miff * miff  

next i 
* Get current standard dev. of  h i t  probabi l i t ies  
nStcDev := rqrt(n$urOfSqrs/(nRun-l)) 

* Get degrees of  freedan f o r  t score array 
MF := nRun - 1 
i f  n D F  50 

e l s e i f  M F  >= 50 .and. MF e 100 
No change needed, nDF w i l l  index t score array 

* Get t scores f o r  df = 50 t o  99 
* SO t o  59 uses t score f o r  50 
60 t o  69 uses t score f o r  60, etc. 

nDF := 50 + int( (nDF - 50)/10 ) 
e l se i f  nPF *= 200 

* anTScoresI57I i s  f o r  df = i n f i n i t y  
MF := 57 

e l s e i f  nDF >= 120 
anTScoresK563 i s  f o r  df = 120 

n D F  := 56 
e l s e i f  nDF >= 100 

* enTScoreslSS1 i s  f o r  df = 100 
M F  := 55 

endi f 
nCurBwnd := anTScorestnDF3 nStcDev/sqrt(nRun) 

*t Key check f o r  bound convergence 
i f  nCurBwnd <= n D s r d B d  .and. nRun >= 10 

D a w ,  no more runs needed 
LCarrverged := .T. 
e x i t  

di f 
endi f  

next nRun 
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Set output values 
anResultstnHIT-PROBI := WeanProb 
anResults tnSTD-DEVl := nStd)ev 
anResul ts [nBWND] := nCurBovd 
anResul ts CnTOT-TRI ALSI 
rtturn(1Converged) 
*** End of F v n :  MC-ProbHitO 

:= nTotT r i a1 s 

Fmction InitTScores(anlirray) 
/* Initialize Student's t scores for 99% conf. intervai. 
* Values are tuo-tailed values for alpha = 1% with 0.5% in each tail. 
* Eased on Table A in "Applied Linear Regression" by 5. Ueiskrg, 1985. 
* Deg. of freedom = 1 to 50, and selected values to 120. 
* Row 1 = 1 deg. of freedom 
* Row 2 = 2 deg. of frtedan, etc. * ... 
Row 50 = 50 deg. of freedom 
 ow 51 = 60 deg. of frtedom, etc. 

* R o u  56 = 120 deg. of freedon 
* R o w  57 = infinite deg. of freedan 
*I 

anArrey := ; 
Cb3.66, ; 

9.92, ; 
5.84, ; 
4.60, ; 
4.03, ; 
3.71, ; 
3.50, ; 
3.36, ; 
3.25, ; 
3.17, ; 
3.11, ; 
3.05, ; 
3.01, ; 

2.92, ; 

2.98, ; 
2.95, ; 

2.90, ; 
2.88, ; 
2.86, ; 

2.83, ; 
2.82, ; 

2.79, ; 
2.78, ; 
2.77, ; 
2.76, ; 
2.76, ; 
2.75, ; 
2.74, ; 
2.74, : 
2.73. ; 
2.73, ; 
2-72, ; 

2.85, ; 

2.81, ; 
2.80, ; 

2.72, ; 
t .R,  ; 
2.71, ; 
2.71, ; 

2.70, ; 
2.70, ; 

2.10, ; 

/ I  Deg. freedom 
// 1 

// 5 

// 10 

// 15 

// 20 

// 25 

// 30 

// 35 

// 40 
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2.70, ; 
2.69, ; 
2.69, ; 
2.69, ; 
2.68, ; 
2.68, ; 
2.68, ; 
2.68, ; 
2.66, ; 
2.65, ; 
2.64, ; 
2.63, ; 
2.63, ; 
2.62, ; 
2.58 > 

return (N IL )  
*** End of F v r :  InitTScoresO 

*** End of File: EGMCMCAl.Prg 

// 45 

// 50 
// 60 
// 70 
// 80 
// 90 
// 100 
// 120 
// i n f i n i t y  
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